Appreciation and Presentation letter
Coronavirus (COVID-19) disease is one of the most dangerous and contagious
diseases in history. What sets Coronavirus apart from other historical epidemic
diseases is its speed of transmission. The high rate of transmission of the coronavirus
is not only due to the virus itself but to the medium and its transmission factor. The
transmission factor is human, so the higher the number of trips and the faster the
vehicles of travel, the faster the disease spreads.
Because at the moment, the highest travel speed is the speed of the aircraft, it can
be said that the speed of transmission of Coronavirus disease is close to the speed of
sound. For this reason, it soon became global. This high speed has caused two major
problems, first, the lack of medical physics facilities and tools that do not respond to
the rapid growth of the patient population and screening tests for at-risk individuals.
Second, the medical staff, which is by no means commensurate with the increasing
number of patients and individuals at risk. In addition, the burden of the first problem
was imposed on the medical staff.
Nowadays, the medical community especially nurses who are constantly in direct
contact with patients, are confronted with worry, fatigue, anxiety, despair, and hope,
which is at least difficult for people who are out of the hospital environment to
understand and feel if it is not impossible.
Is kidney pain worse than labor pain? This question should be asked of women
who have had a natural delivery without the use of painkillers or complete anesthesia
or local anesthesia and also have kidney pain.
I made this point here to show that the harsh conditions imposed by the
Coronavirus on the medical community, doctors, nurses, technicians, servants, and
even guards, are conditions that everyone cannot feel and understand. So I offer
this book to these nobles around the world.
Hossein Javadi
Tehran, Nowruz 1399
March 2020

Introduction:
It's been almost ten years since the second edition of the Book "Physics: from the
Beginning to Now" (in the Persian language) was published. During this time, the
knowledge of physics has improved and new experiments have been performed that
are unique in the history of science because of the accuracy of laboratory instruments.
Since I was planning to update the book, whenever I was confronted with something
new that fits this book, I would take notes to incorporate it into the new edition.
Because this book was welcomed, and my extensive communication with students
and professors across the world through scientific networks, a year ago, I decided to
edit the book "Physics: From the Beginning to Now" and publish it in both Persian
and English languages at the same time.
In the new edition of the book, while revisiting the old material, it is attempted to
provide a more detailed perspective with specific examples, to distinguish between
classical mechanics and quantum mechanics.
On symmetry in physics, and the unification of the fundamental forces has added
new stuff that wasn't in the old version.
In addition, in the last decade, the results of experiments and papers on the
behavior and properties of fundamental particles have been published those challenge
old theories (see chapter 32 of the book).
General relativity cannot provide a precise definition of gravitational singularity,
in the last three chapters of the book, attempted using CPH theory, the gravitational
singularity is defined and explained the reason for the relativistic jets of supermassive
black holes. There are other things that can be interesting for dear readers.
After the editing and translation of the book were well advanced, I entered into
negotiations with publishers, and early agreements were made. We were on the
signing of the conclusion that the disaster of Coronavirus disease happened, and I had
to change the way of publication of the book. Since every publisher who publishes a
book online has their own app, besides the book price is so high that not everyone can
afford it, I decided to publish it by the PDF app and the price of the book should be
as low as possible to make it easily accessible to all the people of the world.
Therefore, publication of this book using the PDF application is the best option.
After consulting with friends involved in publishing and distributing books, the price
of the PDF file was set $ 5, which is a lot cheaper than similar books. If you found
this book useful and informative, please deposit the equivalent of $ 5 into the
following account:

The account of Bank Melli Iran named Hossein Javadi, money can only be
deposited in Iran.

It is true that depositing money from abroad to Iran is difficult, but it's not
impossible. However, if the respected reader of the book failed to deposit the money
into the above account, one can donate $ 5 to an educational charity, and thus support
altruism and humanitarian goals.
Finally, in alphabetical order, I would like to thank Dr. Parviz Tajdari, Dr. Farshid
Forouzbakhsh, and Dr. Mahmoud Ghoran Nevis for their support and cooperation
over the years.
Hossein Javadi
Tehran, Nowruz 1399
March 2020
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Preface:
Newton's discovery of the Universal Law of Gravity by observing the fall of the apple
is no more than a fiction. But to say that Newton was the only one who understood
the commonality of the fall of the apple and the moon's orbit around the earth is an
undeniable fact. Thoughts about the Universal Law of Gravity existed years before
Newton was born, and some theories presented by other physicists were only a step
away from Newton's achievement and that was assuming the Earth and the Sun as a
particle, and only Newton took this important step. Similar trends are also observed
in the emergence of quantum mechanics and relativity. The intellectual contexts of
relativity can be found in Lorentz's works, and then we will see how Einstein took the
final step and by rejecting the ether absolute apparatus, introduced the man to a new
world in which space is not independent of matter and time is mingled with space...
Quantum mechanics, as Max Planck had present it, could not justify subatomic
phenomena, and several appropriate steps were taken by Einstein, Bohr, Compton,
and de Broglie, and eventually by Schrödinger, Dirac, and Feynman, and etc new
quantum mechanics Formed. However, quantum mechanics still need a lot of work to
eliminate the problems and ambiguities of particle physics.
The present book has been written to illustrate these steps and explain how to think
about physical phenomena. Although in the writing of this book, from the beginning
to the present, have been attempted to consider historical physics events, but this is
not the history of physics. But in this book, it has been so focused on the evolution of
physic science to explain the development of ideas leading to physical discoveries.
Philosophical arguments have been discussed alongside historical events to make the
philosophy of physics ornamental of its scientific content. However, this book cannot
be considered as philosophical. A deep understanding of the science of physics,
regardless of its historical trends and philosophical attitudes, diminishes the attraction
of this fundamental knowledge. For this reason, where it is necessary, the scientific
content of the book is emerged with the history and philosophy of physics to
illuminate the dark and obscure angles of physics for the reader.
The book is designed to be useful to all age groups with any base of physical
knowledge. However, this book is more suitable for students of physics, mathematics,
and engineering. It has been attempted to orient the contents of the book in such a way
as to enhance the research motivation of dear students. If students in any level choose
and read the contents of this book in line with the textbooks, the textbooks will be
more accessible and understandable.

16

Physics from the beginning to now

In addition, the reader involves in thoughts leading to scientific theories and, after
a while, he can critically study physical theories.
Each of the chapters of the book is a complement to the previous chapter, so it is
suggested that the book be studied with the presented chapters to determine the
connection and relevance of the physical theories and their importance. In this case,
the reader will see that no theory is complete and each new theory has its own
drawbacks and ambiguities that pave the way for further thoughts and researches.
Finally, it is necessary to appreciate the respected research assistant of the
University of Tehran, especially Dr. Farshid Forouzbakhsh, who with his assistance
made it possible to edit and complete the book. We are grateful for the valuable
guidance of Dr. Behzad Moshiri and Dr. Hassan Zand. We also thank the dear
professor, Dr. Mahmoud Quran Nevis, who provided valuable guidance in editing the
main outline of the book, especially for the plasma section, and the dear professor,
Dr. Parviz Tajdari, who has always provided guidance and assistance in the process
of publishing the book. We are thanks of Mr. Navid Alizadeh, Engineer Rashid
Maamori, and Seyed Amin Moradi Salari who contributed in the editing of the pages
and illustrations of the book.
It is hoped that this small step will be accepted by the scientific community of our
beloved country and pave the way for the publication of richer and more valuable
works. Dear readers are also urged to point out their points of view along with the
book's shortcomings to be modified in future editions. Any comments, criticisms,
suggestions, or mention of written errors of the book are gladly accepted and
appreciated. You can find more about the topics in this book at:
Good luck
Hossein Javadi
Afsanhe Javadi

javadi_hossein@hotmail.com

Chapter 1

Physics, before the middle Ages
The history of the sciences is a great fugue, in which the voices of nations come one by
one into notice. Goethe

Introduction:
Physics is derived from the Greek word physikos meaning natural, and physics
means nature. So, the science of nature was called physics. At the beginning,
physics studied all natural phenomena, but slowly with the development of
science, some branches of the natural sciences became separated from physics. In
recent centuries there have been many different definitions of the science of
physics, once known physics as it comes to discussing energy and converting
different types of energy. But with the advance of quantum mechanics, physics is
nowadays known as a science that studies only the behavior and interactions of
matter and force. This definition is likely to change in the future. Once Bertrand
Russell answering the question, what is physics, said: "Physics is mathematical
not because we know so much about the physical world, but because we know so
little; it is only its mathematical properties that we can discover." This definition
does not limit physics to some extent, but it shows that in order to understand and
explain physical concepts and phenomena, we have to use mathematical models.
Getting to the source and the main essence of physics is as hard as getting to the
source of many large rivers. Just as the great rivers come from several small
raceways and each raceway gathered by so many springs, the springs that created
the great river of physics and scattered throughout the earth, and wherever there
is a man of thought, evidence from the emergence of the knowledge of physics
can be found. The evidence suggests that the largest share has belonged to the
inhabitant of the southern slopes of the Balkan Peninsula (ancient Greece).
Other ancient nations, such as the Babylonians and the Egyptians, who
contributed significantly to the development of mathematics and astronomy, did
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not play a major role in the progression of physics. After the Renaissance, much
effort was made to formulate physical phenomena as mathematics. Thus the
knowledge of physics was expressed by mathematical equations and separated
from philosophy. First, new physical discoveries came under the heading of the
laws of physics, including Kepler's and Newton's laws. But nowadays the word
theory is used for physical discoveries. For this reason, discoveries such as
relativity are called the theory of relativity and quantum mechanics called the
theory of quantum mechanics.

1-1 prehistoric physics
Since ancient times people have been trying to understand the behavior of matter
and to understand why different substances have different properties. Why are
some materials heavier than some other materials? Although the earth and the
behavior of celestial bodies, such as the moon and the sun, were a mystery to all,
perhaps the most important physical mystery of man was the emergence of the
universe itself, its extent and lifetime and it is now. Before the Greeks put forward
the theory of the sphericity of the earth, most people believed that the earth was
flat. Hindus believed the flat ground was on the shoulders of four elephants,
elephants were standing on the back of four turtles, and turtles were floating in an
infinite ocean. According to ancient Egyptian mythology, the earth as a
cobblestone lounge, that the goddess Nut, the incarnation of the sun, bent over it.

1-1-1 Ancient Astronomy
The primitive peoples used the sky as a compass, clock, and calendar. Sunrise and
sunset respectively, represented east and west. The various forms of the moon
determine a month (the period of the moon's orbit around the earth), and the moon,
together with the annual movement of the sun in the sky, creates the calendar. As
the trade between cultures began, the position of stars was also used to guide
sailors. Many of the heavenly observations, even from prehistoric times (before
the events began to register) have survived.
Vertical stones found in some parts of Europe are thought to be the first
observatories, and arranged to show the position of the sun and the moon at certain
times of the year, such as the equinox. The exact use of the stones is not well
known, but probably religious ceremonies were held those days. A prominent
example of prehistoric vertical stones can be found in Stonehenge, England. These
stones are set around a circle and appear to have been erected between 2200 and
1600 BC. A long street leads to the place where the sun day by day, reaches the
highest point in the sky (summer revolution). Stonehenge has long been mixed
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with paganism, and there are still rituals of glorification of the Summer
Revolution. Usually, astronomy is called the first science.

Fig; 1-1: Carnac stones in France (2000 BC). They were apparently used to count the
lunar months.

Fig; 1-2: The Babylonian clay tablets (6th century BC), which have been recorded
astronomical observations of earlier centuries in it.
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Almost all previous civilizations studied the motions of celestial bodies and
used their knowledge reserves to determine the time, experiences, and regularize
their daily life, that was the first attempt to understand natural forces and to control
them for the benefit of mankind (figure 1-2).

1-1-2 Babylonian calendar
The Babylonians invented their calendar from the observation of the moon, which
has a rotation period of approximately 29.5 days. According to the Babylonian
calendar, which probably first appeared in 3000 BC, it was 12 months in each
year. After each 29-day period, there was a 30-day period and the lunar year was
354 days. To equalize the lunar and solar year that controlled the change of
seasons, the calendar was added every few months once in every few years (figure
1-3). According to the Babylonians’ beliefs, the bodies are placed in the sky by
the gods and are closely monitored. They found that planets move in a certain area
of the sky known as the constellation. They divided the star's motion into
constellations and recorded their observations of eclipses, meteors, and comets.

Fig; 1-3: This bronze pattern of the solar system (belonged to the ninth century BC) was
discovered in West Asia.

1-1-3 Egyptians
The ancient Egyptians paid little attention to the movement of the planets and used
astronomy only to determine the time. They were the first people to innovate a
calendar based on the solar year. The year of the Egyptians began with an uprising
of the Nile, an annual event that was vital importance to the contiguous
agricultural communities along its beach. The rising of the Nile was at the same
time as the brightest star in the sky, Sirius. Ancient Egyptians have noted the Sirius
was rose just before the sun each year immediately prior to the annual flooding of
the Nile River.
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1-1-4 the Chinese
The history of Chinese astronomy goes back to 4,000 BC. The Chinese used the
motions of the sun, moon, and planets to predict the future. They carefully
observed the sky, and today their notes on comets and supernovae are used by
astronomers. They paid special attention to the solar eclipse and considered it
disastrous and imagined that when the dragon ate the sun, it would be eclipsed.
During the eclipse they were trying by banging on the dishes and making noise,
to escape the dragon.

1-1-5 Maya Civilization
The Mayans, who lived in South America between 2000 and 900 BC, believed
that the planets and stars were gods. They set up pyramids to observe the variable
motions of celestial bodies and set up a precise solar calendar. Also with
calculations, they predicted lunar and solar eclipses.

1-2 Greek physics
The first physical discoveries accomplished when extensive efforts were made to
have explained theorem mathematics. At this time, electricity and magnetism
separately aroused human curiosity. The formative particles of the universe were
divided and the atomic theory of matter was introduced. The Greeks imagined that
in addition to the existing elements, there was a complete element in the world
that they called "ether". The spherical shape of the earth was proved rationally,
and since the Greeks imagined the circle as a complete curve, the rotation of the
universe around the earth was also self-evident. The deductive logic was
discovered and influenced all scientific thoughts and theories. The use of
geometry in astronomy began. The distance between the Earth and the Sun and
the Moon was calculated, and the central earth theory was called into question.
But it was still widely believed that the earth was the center of the world. The
Greeks, by dividing the sky's domes, considered a particular dome to each of the
planets, and by the sacredness of the circles, justified the complex motion of the
planets in the central earth system with using circular orbits. Greek mechanic, on
the basis of central earth theory, justified the cause of the collapse of objects
toward the earth. Greek scientists expressed the direct motion of light and
described the properties of mirrors. But deductive logic was so dominated by their
scientific thought that Greek physics was reached the dead end.
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1-2-1 Initial scientific thoughts
Human beings, because of their direct and intimate connection with nature, from
the very beginning of their thinking have considered natural phenomena and made
certain conceptions of them. Naturally, the sky from which rain, snow, and light
came to man, as well as having transparent stars, were among the first phenomena
of human interest, resulting in the first scientific commentary on this infinite
phenomenon. In this respect, the first scientific theories were presented by the
Greeks. Pythagoras, confident that numbers rule the world, explored the
relationship between the lengths of the strings in the musical instruments that
produce the coordinating combinations of sounds. His researches may be the first
mathematical expression of the laws of physics and can be considered the first
step in the emergence of "theoretical physics". Another major contributor to the
emergence of physics was Aristotle 1. He did great work in all fields that had
influenced human thought for up to 2,000 years after his death. But his most
important contribution to "physics" is to name this science. The first theories that
could be put forward in the field of physics and empirically-based were on
electricity and magnetism presented by Thales 2.

Fig; 1-4: Roman copy of a second-century Greek statue. Atlas bears the heavens. The
Greek god Atlas, son of Jupiter and Clemens, favored the Giants against the gods, and Zeus
condemned him to take the dome of heaven on his shoulder.

1
2

- Aristotle (384-322 BC)
- Thales of Miletus (624-546 BC)
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Before Aristotle, more "physical" research was done in the field of
"astronomy". The reason was that at least some of astronomy's problems were
finite, and it was easy to separate them from other "physics" issues. But sometimes
questions were answered superstitiously, and most of the proposed theories were
incorrect. Most of these theories were derived from philosophical terms and were
never tested by experiment and examination. In some cases, the answers given
seemed just general and sufficiently approximate. With a simple glance at the sky,
everything looks very close.
So in the first deductions, it is natural to suppose that the sky is a stable canopy
whose luminous objects, like diamond beads, hang on its roof. According to the
ancient Greeks, the sky sets on the shoulders of the god Atlas (figure 4-4). Also
according to Greek myths, the sky is not much higher than one or two meters
above the mountain's peak. In the sixth to fourth centuries BC, Greek astronomers
doubted the existence of just one canopy. Because in the relative situations of the
fixed stars that seemed to orbit around Earth, they did not observe any changes,
but the relative situation of the sun, moon, and the five planets of Mercury, Venus,
Mars, Jupiter, and Saturn changed. So it became clear that the planets could not
be connected to the dome of the stars.
The Greeks had imagined that each planet sets in an invisible dome and that
dome are positioned one above the other. According to that, the closest dome has
belonged to the moon with the fastest movement. Respectively, next are the domes
of Venus, Mercury, and the Sun. It is quite natural with such classification would
bring questions about the dimensions of the universe, the position and shape of
the earth, and also its constituents. Probably, these questions created when
experimental methods in mathematics were no longer enough. Therefore, it can
be guessed when thinking about why the diameter of the circle halves it, the
thinking about the path of the planets' movement is increased. The attempt to made
logic mathematics can be traced back to the birth of the earliest physical theories
because the first recorded mathematical and physical discoveries belong to one
person. Thales of Miletus is the first known person to have owned the first
discoveries of mathematics (Thales theorem) and physics (the study of electricity
and magnetism).

1.2.2 Electricity and magnetism
About 600 BC, Thales found out when a fossilized gum found on the Baltic beach,
was called electron in that time and calls amber today, touched by a piece of skin,
it can absorb feather, fiber, and fluff. Also, the word magnet means loadstone is
taken from an ancient Greek city called Magnesia, near which the first magnet
stone was discovered (figure 1-5). Magnets are oxides of iron that have magnetic
properties. It said that Thales was the first person to have described its properties.
Also, it said that he has predicted the solar eclipse in 585 BC and it happened.

24

Physics: From the beginning to now

Fig; 1-5: The first ideas that became the basis of electromagnetism.

1.2-3 Composing Elements of the Universe, Atoms
Around 450 BC, Empedocles 3 said that the earth was made up of four elements:
soil, air, water, and fire. The Greeks argued over this subject whether the matter
could be subdivided into smaller components and each component smaller and
still smaller, and the process of decomposition continued to infinity. Or is this
decomposition limited?
Democritus 4 declared that the decomposition was limited. He said that all
objects are made up of a non-biodegradable particle named atom. The atom means
indivisible in Greek. He even suggested that different materials were made of
different atoms or their constituents, and by changing the composition of the
atoms, could convert one material into another. Aristotle and other Stoic
philosophers disclaimed the theory of Democritus. They believed that space and
matter are interconnected, meaning that a piece of matter with no limitation, can
be subdivided into smaller and even smaller pieces without getting to the
indivisible particle. Aristotle imagined that beyond the layers of water, air, soil,
and fire, there was another complete, non-ground element that he called it "ether."
In this segmentation, there was no room for absenteeism, and the end of each layer
was not clear.

3
4

- Empedocles (490-430 BC)
- Democritus (460–370 BC)
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1-2-4 Astronomy
The Greeks believed that the earth was in the form of a globe. Pythagoras 5 was
the first to declare that the earth is spherical in 525 BC. But the earliest arguments
about the sphericity of the earth have belonged to Aristotle. He wrote in The Book
of “On the Heavens” that the earth is not a flat surface and is spherical in shape,
by giving two reasons for this claim. First, he found that the lunar eclipse is due
to the position of the earth between the moon and the sun, because the Earth's
shadow on the moon is always orbicular, so the Earth must be a sphere so that its
shadow is circled. The second reason was that the Greeks during their travels
observed that the northern star, in southern regions, appeared in the sky below
than northern regions. Because the northern Star appears above the earth, this
displacement can only occur if the Earth is spherical. Aristotle calculated the
circumference of the equator. He obtained the number of four hundred thousand
stadiums (each stadium is one hundred and eighty meters) which is almost twice
the number currently accepted for that. Aristotle believed that the earth was fixed
and is the center of the universe and that the sun, moon, planets, and stars in
spherical circuits orbited around the earth, and helping to stabilize the Greek’s
idea that the globe was the perfect shape. Aristarchus 6 applied mathematics in
astronomy. He used elementary tools to calculate the distance between the Earth
and the Sun around 280 BC. He was realized that the deflection of the Earth's
shadow when passing through the moon, had to show the relative dimensions of
the earth and the moon. After calculating the distance between the Earth and the
Moon and forming a hypothetical right triangle, he determined the distance
between the earth and the sun when the Moon was in the first quadrant. He thought
the sun was about twenty times farther away from the moon. Although the
calculations were incorrect, but Aristarchus concluded that the sun should be at
least seven times larger than Earth. Irrationally of the large sun's rotation around
the small earth, he claimed that the earth should orbit around the sun. His idea, of
course, was not accepted. Because he presented the central sun theory of the solar
system, he is now known as the Copernicus of ancient times.

1-2-5 Eratosthenes calculations
The first person to measure the size of the earth with a good approximation was
Eratosthenes 7. He noticed that the first day of summer in Aswan, the sun was
overhead, not in Alexandria that is 772 kilometers away. He thinks the earth's
surface relative to the sun should be curved. Eratosthenes calculated the curvature
of the earth by assuming its sphericity, using the shadow length formed on the first
summer afternoon in Alexandria, and comparing it with the length of the shadow
- Pythagoras (580-497 BC)
- Aristarchus of Samos (310-230 BC)
7
- Eratosthenes (276-194 BC)
5
6
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on the first summer day in Aswan, and even using straight-line geometry.
Therefore, he determined the circumference and diameter of the earth.
He measured the difference of the angle of sunlight over Alexandria and
Aswan at 7.2 degrees. This angle is equal to one fifty bows of a circle. He knew
that the distance between Aswan and Alexandria was 772 kilometers, thus
calculating the earth's perimeter 50 times of itself, about 38600 kilometers. This
figure is very close to the actual number of 40074 kilometers today (figure 1-6).
Hipparchus 8 calculated the distance between the earth and the moon around 150
BC using the Aristarchus method. He calculated the distance between the earth
and the moon thirty times the diameter of the earth. Considering the diameter of
the Earth according to Eratosthenes, the distance of the earth to the moon that
Hipparchus calculated was 384,000 kilometers, which is almost correct. He also
gives a report of the deviation of the orbit of the moon and the sun from circular
motion. Because the moon in its orbit around the earth, sometimes is in the north
of the equator and sometimes south of the equator, it shows the deviation of the
moon's orbit from the circle condition. Hipparchus, mentioning to this with no
reason, stated that this deviation causes the sun to reach equinox about 50 arc-sec
on the east side of the sun each year. Because in each year the equinox progresses,
Hipparchus calls this shift to the dedication of Equinox, which is still known by
the same name.

Fig; 1-6: Eratosthenes calculated the angle of sunlight in Alexandria by measuring the
shadow of a stick

8

- Hipparchus (190-120 BC)
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The next astronomers from Hipparchus to Ptolemy 9 studied the motions of
celestial bodies on the assumption that the earth is fixed and it is the center of the
universe and that the sun and planets orbit around the earth. The moon is 384,000
kilometers away and other celestial bodies are at an indeterminate distance.
Because they assumed the circle as a complete curve, they concluded that all
celestial bodies must orbit in circular paths around the earth. But their
observations, derived from sailing and calendar codification, showed that the
planets' paths were not simple and perfect circles. Thus, when Ptolemy adjusted
his central earth device, he showed the paths of the planets in a combination of
complex circles. In his book Almagest, he declared the laws of measurement of
celestial bodies’ motions. To describe the revolving motion of some planets,
Ptolemy stated that the orbits of the planets follow a series of the complex
constellation.

1-3 Greek physics deadlock 27
In about 150 AD, Ptolemy wrote an influential treatise entitled "Mathēmatikē
Syntaxis" or mathematical Compilation. Although this treatise is based on
Hipparchus's writing, it was considered for its compactness and eye-catching
beauty. Subsequent exponents named it Almagest means the greatest or most
important, to separate it from less important works. Arabic-language translators
also prefixed the word "Al" and called it "Almagest". Ptolemy in Almagest studied
phenomena that depend on the earth's sphericity. He then designed the central
earth device for astronomy, which has been widely accepted for nearly 1,500
years.

Fig; 1-7: Ptolemy's Measuring Circuits

9

- Claudius Ptolemaeus (۹۰  ـ۱٦۸)
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Almagest is the oldest scholarly attempt to clarify the kinematics of the solar
system. But in justifying the complex movements of planets that they have no
fixed distance with the earth, they were powerless in circular orbits. He therefore,
applied the concept of epicycle (figure 1-7). According to Ptolemy's central earth
theory, each planet moves on an epicycle whose center is on another larger sphere
or circle, at center of the earth. Ptolemy had to resort to other types of orbits, but
in all of them, the epicycle maintained his sanctuary as the principal shape of
planetary movement. Ptolemy used the essence of intercession’s sphere to teach
and explain his central earth device (figure 1-8). It consisted of a series of moving
rings representing the orbits of planets and stars in the sky. This was greatly
influenced by the development of his central earth theory and was known by other
astronomers.

Fig; 1-8: An armillary sphere is a model of the Ptolemaic, Earth-centered universe.

1-3-1 Greek Mechanics
Although Greek mechanics is not finished by Aristotle's ideas, his theory has had
a profound impact on the minds of scholars for centuries. Aristotle did not claim
to be a mathematician, but he had an extraordinary talent of mathematical methods
and organized deductive logic. Heraclides 10 said: "It is much easier to imagine the
earth turning around the sun than the whole dome of the sky orbiting around the
earth." But this was not accepted by Aristotle. Aristotle, more than any other, was
involved with the deductive logic device that he has been created. Aristotle's
discussion of the universe refers to the motion metaphysics of celestial bodies that

10

- Heraclides (387-312 BC)
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have continuous rotational motion. Aristotle does not consider a start to this move,
but he thinks it has an end.
He contemplates the cause, is the existence of an element or primary motive
that does not move, otherwise, it has to look for another principle. For Aristotle,
the subordination of the universe from some motives is not possible, although in
another part of his book he mentions several motives that are non-moving and
make the whole being to move. Aristotle divided existence of the universe into
four causes: matter, motion, idea or form, and why. It should be noted that these
four causes are not separate, but also they are together. For example, the cause or
purpose of the existence of objects and phenomena cannot be considered apart
from their motions. Because of that, the purposes of existence does not mean
without movement.
Heraclitus saw fire as the source of being because it pervades in objects and
reflects their depth. Thales saw water as the cause of existence and the first
material that created it. Plato 11 believed in three types of being: ideas, their
replicas, and matter. Whereas Aristotle considered movement the second cause
and idea or form the third cause of existence. In Aristotelian philosophy, the
answering to why questions, is the purpose of every object and phenomenon. For
example, the presence of leaves in trees is due to the protection of the fruit. This
teleology is also seen in the views of some other Greek philosophers such as Plato.
Aristotle saw metaphysics as the study's knowledge of existence for man.
He put forward any knowledge in the field of its own attributes that included
the examination of species, characteristics, and classifications. But the being is
not so, otherwise, he would find qualities that would separate it from other species,
while the being included everything. Aristotle believed in three types of
knowledge: physics, mathematics, and theology or basic knowledge. He laid
physics to the moving objects and inseparable part of the matter. Mathematics was
related to the immobilized and inseparable part of matter, that means, independent
of matter, and regarded the basic knowledge belong to immobilized and separated
parts of the matter.
In his view, if being were only in moving objects, the basic knowledge would
be related to physics. But since being is not just about moving objects, basic
knowledge is also not concerned with physics, and it included the essence or
nature of being and its related properties. He considered basic knowledge
universal and general. This theory is wrong because the science of physics is not
limited to the recognition of moving objects and includes non-moving objects
such as solids. It is impossible for Aristotle to see solids moving. In Aristotle's
time, energies were considered sedentary, and limiting the knowledge of physics
to moving objects in Aristotle's theory would mean removing solids from the
category of physics unless considering solids moving by a motive factor. The
11

- Plato (427-347 BC)
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random being, the categories, the ability, and the real being, which Aristotle
interprets them as the meaning of being, in fact, they are not separated, but they
are together and one without the other doesn’t have meaning. Aristotle implied
the primary motive as the cause of being, but did not explain it and only referred
to the fact that the primary motive operates and its action is thought. This is a very
primitive idea, and the concept of this primary motive has not come deeper into
Aristotle's metaphysics. Aristotle believes that every object goes back to its origin
and seeks its true spot. As the stone is made of the soil, it falls to the ground, and
as the smoke is of the fire, it ascends to the air. This conception could not justify
the cause of all movements, but the reason for the inertia of the objects was
imperfectly justified. In the case of the free fall of objects, he declared that the
heavier object would fall sooner if we dropped two objects of different weights
from a certain distance.
Aristotle believed that the external force was the reason. "The moving object
becomes to rest when the force that makes it move, can no longer affect it and
drive it," he said. According to Aristotle, the external force was the driving force,
and in the absence of the external force, all objects would become to rest.

1-3-2 Light
Greek philosophers believed that just as the stick of a blind hit to a hedge and
made it visible to him, the rays of light also getting out of the eye and hitting to
the objects, then indicate them by returning to the eye again. But there was another
theory about the motion and origin of light. Some others believed that light diffuse
from luminous objects and then getting to the eye. Plato has spoken of the apparent
curvature of objects while part of it is immersed in water. The direct diffusion of
light and its reflection law were expressed by Euclid 12. Archimedes 13 talked about
the properties of mirrors. Heron 14 also studied the properties of mirrors and points
out how to construct mirrors with specific properties. He even presented the way
to make mirrors whereby one can see behind or be seen upside down. Heron has
also explained that light travels the shortest path between two spots. Ptolemy
studied the refraction of light and determined the magnitude of the angle of
radiation and the re-radiation.

12

- Euclid (325-265 BC)
- Archimedes (287-212 BC)
14
- Heron (10–75)
13
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1-3-3 Aristotelian logic
In Abolhassan Jarjani's interpretation (290 to 392 AH), logic is a law that keeps
the mind free from error in thinking. Some see logic as a tool of philosophy, and
some as a tool and part of philosophy and some see it as a component of theoretical
science, and others consider it as knowledge outside of theoretical philosophy and
consider it to be part of practical knowledge. Logical rules and standards are the
criteria that when thinking and reasoning about a subject, we must evaluate our
reasoning with these criteria, so as not to conclude incorrectly. Logic can be
defined as the study and science of finding the truth because logic differentiates
between truth and error and sees the two as opposed to each other. Logic shows
how one should reason in order to achieve the truth and avoid errors. It can be said
that logic is the science of study and laws of reasoning. By the way, logic is called
the art of thinking. It discusses imagination, commandments, and arguments.
Logic determines that a person must be specific in his or her reasoning and
which of his or her commandments and arguments are true or false, and real or
fake. In short, logic distinguishes between the commandments and arguments of
man in terms of value and magnitude, and it does not consider what it is, it talks
about what it should be and better to be like that.
Logic is usually divided into formal and practical logic or methodology.
Formal logic studies the general laws of commandments and reasons, meaning
that the form of commandments must follow the general rules of thought, such as
the law of consensus of human thought with himself and the principle of
inconsistency. For example, if we accept that Socrates is human and human is
mortal, our formal logic leads us to conclude that Socrates is mortal. If a person,
by accepting those two sentences finally decided that Socrates is eternal, he denies
his former claims and makes a contradiction. In fact, the science of formal logic
is the science of inference and deduction.

1-3-4 Greek physics deadlock
The Greeks underestimate the knowledge connected with routine life. But they
did succeed in mathematics. The mathematics they believed was formed based on
a set of self-evident principles and deduced other theorems by deductive logic.
The Greeks were so enthralled that they considered analogy to be the only valid
means of acquiring knowledge. But they knew that the analogy was not enough to
answer some questions. For example, the distance between the two cities could
not be obtained by analogy but had to be measured. Whenever necessary, they
would observe nature, but this was not done by desire. It is not recorded anywhere
that Aristotle dropped two different weight stones off the ground to test his view.
For the Greeks, experimenting was in vain with the beauty of the pure analogy
and undermined its values.
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The belief in the value of analogy, based on the axioms, eventually reached an
edge with no way to cross. There were no further discoveries for mathematics and
physics. It was easy to get everyone assured that Aristotle said it or Euclid did.
Thus Ptolemy's central earth device, combined with Aristotle's physical theories,
which was often accompanied by contradictions, was sufficient for them to justify
the universe. Islamic scholars, who preserved the scientific achievements of the
Greeks during the middle Ages and also have important discoveries, failed to act
coherently. Although Khayyam may be the first to question the parallel principle
of Euclid, he was forgotten shortly afterward.
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Chapter notes:
(1) The Polar Star or the Northern Star is the brightest star in the constellation of
the little bear (the small bear) and is seen from the Northern Hemisphere as always
in a fixed position in the sky.
(2) When the moon is aligned with the sun from the perspective of the earth or
forming a zero-degree angle with each other, the state of wane of the moon occurs
and the moon is not visible from the earth in this case. Because it’s dark side is
toward the earth. Then the crescent moon appears. On the seventh night of the
lunar month, when the moon makes a nighty degree angle with the sun, half of the
moon is visible from the earth, which is called the first quarter. Then, on the
fourteenth night, the moon is positioned 180 degrees of the sun towards the earth,
and so obvious that it calls the full moon. Then the moon once again makes a
nighty degree angle with the sun at the twenty-first night of the lunar month, and
kindle half of it, which is called the second quarter.
(3) Plato's student Aristotle in his book Metaphysics studies the concept of being
as it is. In this book, he criticizes Plato that he is neither concerned with the
concept of being nor with its reason. In his book, Aristotle knows nature, as
whatever has its principle of motion and its inertia. The study of stability and
finality are other topics discussed in this book. Aristotle points out that when the
scholars rejected the movement in the being, Plato argued about stability in the
idea. Aristotle criticizes Plato for not accepting movement as the cause of
conversion in being, and for Aristotle, stability is an ominous visualization of
physics.
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Chapter 2

The Preservation and Evolution of Greek Sciences
Omar Khayyam was a renowned mathematician, philosopher, poet, and
astronomer. He was the first mathematician to think about the Saccheri quadrilateral
in the 11th century.

Abstract:
When Europe was in the darkness of asininity and medieval ignorance, Islamic
scholars, and above all, Iranian scholars collected and preserved Greek scientific
reserved, and emerged with the knowledge and ideas of the ancient Iranians. Although
the number zero was used by several ancient cultures, including the Maya and
Babylonians, the first written text to use zero as a number belongs to the Indians. The
Iranians studied and criticized Euclidean geometry definitions and principles,
invented spherical trigonometry, and completed the number apparatus using Indian
discoveries. Centuries later, these achievements were brought in Europe by
businessmen. From the eleventh century onward, some priests came to the Muslim
seminary and took the books that were carefully and sensitively protected with
themselves and translated for them.

2-1 The Dark Age and the first transition period 35
With the fall of the Roman Empire in the middle of the fifth century, the middle ages
began and civilization reached a very low level in Western Europe. Education was

36

Physics from the beginning to now

almost eliminated, and only the monks of Catholic monasteries and a few laymen
were a little familiar with Greek and Latin culture and knowledge. At this time1,
ancient knowledge was preserved by Islamic scholars. While preserving Greek
knowledge, Islamic scholars have also collected scientific reserved of ancient Iran,
China, and India, and have tried to fertilize it themselves. The caliphs of Baghdad
became the supporters of science and summoned some eminent virtuous to their
courts. Indian and Greek works, including Brahmagupta 1 and Euclid's and Ptolemy’s
Principles, were translated into Arabic. The Greek books, as one of the conditions of
peace, were confiscated from the Byzantine2 emperor and given to the Arabic
virtuous. In this era, many people have written works on mathematics and astronomy
that the most famous of them was Muhammad ibn Musa al-Khwarizmi. Khwarizmi
wrote a treatise on algebra and a book on Indian statistics, which was later translated
into Latin in the twelfth century and made a major influence in Europe. Abu al-Wafa
Buzjani 2 translated and described Ptolemy's books and wrote a book on the
explanation of the book of Diophantus 3. The most original and innovative algebraic
work came from Khayyam's solution to the third-degree equation. He also made an
exact revision of the calendar.
Nasir al-Din al-Tusi wrote the first work on planar and spherical trigonometry,
describing and emending Khayyam's earlier work and giving scholars like Sacheri4
the opportunity to begin his work on Non-Euclidean geometry with a note from Nasir
al-Din's parallel writings. Writings of Nasir al-Din were taught by John Wallis 5 at
Oxford. Ibn al-Haytham 6, known in the West as Alhazen, is the greatest Muslim
physicist. He wrote a treatise on light and discovered the magnifying glass. He
realized the ratio of radiation angle and the angle of refraction, and explained the
principles of the darkroom and discussed different parts of the eye. Light Ibn
Haytham's treatise had a profound influence on Europe. His works were followed by
Kamal al-Din Farsi. It is enough to say that many of the modern names and words in
astronomy took their roots from Arabic. While Iran was falling asleep scientifically
and neglectfully, the West was awakening and turning to research and discovery. The
scientific position in other Islamic countries and India and China was not better than
Iran, but even was worse, and gradually Iranian scientific works became only the
ornamentation of libraries.

1

- Brahmagupta, Indian mathematician (598-668)
- Abu al-Wafa' Buzjani, Mathematician (940-998 AD)
3
- Diophantus, Mathematician (200-284)
4
- Girolamo Sacheri (1667-1733)
5
- John Wallis (1616-1703)
6
- Ibn al-Haytham (965-1040 AD)
2
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2-2 Physics in Iran
Iranians have a long history of astronomy. The earliest text of pre-Islamic Iran is the
Avesta Zoroastrian religious book, which unfortunately only one-fifth of it has
remained. In this text, the earth's sphericity is explained as the documented trace of
astronomy in ancient Iran. Also, in Zoroastrian religious texts referring to the Sasanian
period, the names of constellations, stars, and planets have mentioned.
Another case of pre-Islamic Iran's astronomy dates back to the first century AD,
which means six centuries before the manifestation of Islam. In the first century AD,
some activists (religious leaders who were both religious leaders and scholars)
immigrated from Sistan to India during the Parthian period for an unknown reason,
bringing the Iranian knowledge and culture with them to the country and blended with
Indian culture and knowledge. These people are said to have remained in India and
have maintained their racial differentiation until now. They also brought the Iranian
calendar, which is there, the beginning of the year is the first of spring. There is no
astronomical book has left from the ancient books of Iran, except for one important
work by the name of Zij Shahriaran. The word "Zij" means the astronomical booklet
which is a Persian old word. This book was written in the time of Bahram Gor and the
Sasanian kings, and a century later, at the time of Anushirvan, they decided to make
it more complete. According to Anushirvan’s command, Greek and Indian astronomy
books were studied and compared and concluded that Indian astronomy books were
more accurate. As a result, they provided a new version of Zij Shahriaran, based on
Indian texts. Some famous astronomers, including Abu Rayhan Al-Biruni and
Khwarizmi, have noted some contents of this book in their works. Abu Rayhan AlBiruni 7 wrote a book named “A Single Article on Shadows” in which he quoted the
method of calibrating sundials from the book of Zij Shahriaran.
Also, in one of the Zoroastrian religious writings has mentioned a sacred ritual
whereby the ritual must be performed when the moon, stars, planets and the sun are
in a special position mentioned in the treatise. At the same time, it has been said in
the writings of Pahlavi's language, measuring the position of the moon, sun, stars, and
planets, must be calculated on the basis of a Zij (astrological booklet), and where the
Sasanian sources are mentioned, the Hindu, the Shahryar and the Ptolemy’s Zij is
mentioned too. Finally, it is known that during the Sasanian period, the Persians were
very familiar with ancient Greek astronomy which was advanced, and their most
notable work was the Ancient Greek Astronomy, which was later translated into
Arabic. There is also a belief that its first translation was taken from an ancient Persian
translation. Ancient Iranian astronomy was influenced by the astronomy of ancient
Greece and affected the astronomy of the Islamic period, and later the astronomy of
7

- Abu Rayḥan Muḥammad ibn Al-Biruni (973-1050 AD)
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this period influenced the evolution of astronomy in Europe. After Islam, a couple of
centuries passed with sabotage and consolidate a new government in Iran. Either there
was no work during this period or if it did, it would not remain. But after that, from
the third century until the 7th and 8th centuries AH, progression comes to Islamic
countries, especially in Iran, and Islamic scholars made many achievements that
became known as the Islamic Golden Age.

Al-Khwarizmi was one of the most influential mathematicians of all time.

2-3 Muhammad ibn Musa Khwarizmi
Abu Ja'far Muhammad 8 ibn Musa Khwarizmi is a great mathematician and
astronomer who was born about 164 AH (780 AD) in Khwarazm (now Khiva). There
is no reliable information about his life. His scholarly reputation is due to his works
in mathematics, especially in algebra. None of the medieval mathematicians didn’t
have any influence on mathematical progress like him. Khwarizmi's ancestors were
probably from Khwarazm, but he was from a city named Qatrabbul, the area near
Baghdad. During the Caliphate of Ma'mun, he became a member of Dar al-Hikmah,
a congregation of scholars in Baghdad headed by Ma'mun. Khwarizmi followed and
8

- Muhammad ibn Musa al-Khwarizmi (780-850 AD)
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expanded the work of Diophantus in algebra and wrote a book on this subject. AlJaber and al-Jabalah, presented to Ma'mun, is a book on elementary mathematics and
maybe be the first algebraic book was written in Arabic. Scholars disagree about how
much of the content of the book is taken from Greek, Indian, and Hebrew sources.
Khwarizmi outlined and edited two operations used in solving equations, and thus
helped to make algebra more practical. Another mathematical work he wrote after
algebra is an elementary treatise on arithmetic in which Indian numerals (that was told
Arabic numerals by mistake) were used and was the first book to explained the place
value system of numbers (also belonged to India) in a principled way. The first work
of Arabic astronomy was the Zij al-Sindhind, which he presented to Ma'mun, which
has been remained completely and whose shape of tables has been influenced by
Ptolemy's tables.
The Book of the Description of the Earth, a work on geography, was written after
195 AH (810 AD) and includes almost all the lengths and widths of all major cities
and places. This work, probably based on the Ma'mun’s world map (which Khwarizmi
himself might have worked on), was in turn based on Ptolemy's geography. In some
aspects, especially in the realm of Islam, this book was more accurate than Ptolemy's
work. The only other work has left is a short treatise on the Jewish calendar.
Khwarizmi also wrote two books on the astrolabe. Khwarizmi's scholarly works were
few in number but had an undeniable influence because they provided an introduction
to Greek and Indian sciences. Part of the algebra was translated twice into the twelfth
century AD to Latin and exerted a major influence on European medieval algebra.
Khwarizmi's treatise on Indian statistics had the greatest impact on the development
of European mathematics after it was translated and published in the twelfth century
into Latin. Khwarizmi's name was translated into algorithmic instead of AlKhwarizmi and became synonymous with any book on the new arithmetic subjects,
and hence the new term of the algorithm became popular, which meant the rule of
calculating al-Khwarizmi's algebra book, that was translated into Latin under the
heading of algebra, which made this word using in European languages to mean
algebra.
The Indian statistics were imported through the works of Fibonacci 9 into Europe.
These numerals revolutionized mathematics and made it possible to do any calculus
operations. For centuries, Al-Khwarizmi's book Algebra has been a source of
reference for scientists and scholars. Around 1120 AD, an English monk named
Adelard of Bath, who was educated in Spain, became a Muslim student and gained a
wealth of knowledge and translated Euclidian principles and astronomical tables of
Khwarizmi into Latin. The influence of Zij al-Sindhind’s Khwarizmi astronomical
9

- Fibonacci, full name: Leonardo Pisano Bigollo (1170-1250)
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book was not great, but it was the first work to make it to the West as a Latin
translation by Adelard of Bath. Tables of Toledo (astronomical tables that were used
to predict the movements of the Sun, Moon, and planets relative to the fixed stars),
were translated by Gerard Cremona 10 (who first used the term sine) at the late 11th
century, which was widely accepted in the West for about a hundred years. His other
work was the preparation of maps of the sky and the earth and the modification of
Ptolemy's geographical maps. His geography remained unknown in Europe until the
late 19th century. Khwarizmi's other important book is Mafatih al-Alum (in English,
the keys of sciences). Khwarizmi died in about 232 AH (848 AD).

2-4 Avicenna
In philosophy and science, Avicenna 11 was influenced by three powerful currents of
thought and sought to combine these three to create an innovative combination of
them. These are: Qur'an and its associated theological developments (theology, the
creation of the universe, anthropology and the eschatology); Science (central earth
theory, Greek astronomy, circular motion of the celestial bodies, hierarchy of
creatures in the universe, and classical elements theory) and philosophy, which is
Aristotelian philosophy, originates from strong Neo-Platonic resources, and includes
some aspects of the Iranian tradition.
Avicenna's conception of science is influenced by the physics of nature and the
cosmology of his time that is derived from Greek science. This set of cognitions can
be summarized in the way Avicenna learned and developed: Physics is the study of
natural bodies and motion. In several cases, Avicenna elaborately rejects the atomistic
theory of the body in particular, and reality in general, and advocates connectivity and
cohesion instead. In his view, a body composed of a substance in which it is a place
that has the form of the present. The ratio of matter to form is the same as the ratio of
bronze to the bronze statue.
In terms of form, the commonality of all bodies is to have three dimensions. These
three actual dimensions do not exist in the body, although they can be assumed in the
body. Therefore, they do not interfere in the composition of the material and are not
part of its definition. The matter that cannot exist without form is homogeneous and
receptive of any form. A matter has a fuzzy form, which is the physical or substantive
form, and that is three-dimensional. Alongside the physical form, there are other
forms, such as the quantity, the quality, this, and a summary of all Aristotelian
10
11

- Gerard of Cremonain (1114-1187)
- Avicenna, Ibn Sina, also known as Abu Ali Sina, Pur Sina (980-1037)
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categories (these are called widths). There is also a varied source that guarantees the
union of matter and form. Natural bodies have two types of perfection, the first and
the second. The varied origin is made secondary perfection by the forces that are
embedded in the body, and these powers are the first perfection and are the source of
the secondary perfection. Actions are in secondary perfection. The forces that are
embedded in the body are of three types: The first is the force that flows through all
bodies, and perfection protects them from the form and natural place and actions. If
the bodies depart from their natural place or lose their natural form, they return to their
former position and maintain their status by these forces, and this is accomplished as
in capture, without cognition, contraption, intent, and authority. These types of forces
are called natural and are the source of all the necessary movements of the bodies and
their inertia, and indeed the source of all the perfection of the bodies. There is nobody
without these forces.

Avicenna, (the Latinised version of his actual name, Ibn Sina) is known as one of the most
important scientists of all time.

The second type of force mediates the implementation of bodies and moves them,
either holding them in inertia or maintaining their type. Some of these forces have a
permanent action that requires neither action nor authority. The vegetal soul is like
that. Others, like the animal soul, find things to be beneficial and detrimental, and they
don’t have the power to quit. The other kind understands the facts of things from
thought and research, such as the human soul. The third kind of force derives the same
result without the interference of means and from a voluntary way which is directed
only towards one direction, and the heavenly soul is in this kind. Properties of the
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natural body include inertia and motion, time, place, vacuum symmetry of connection,
and sequence. The heavens inside this firmament have a circular and eternal motion.
When we know the relation between the center of the universe (earth) and the
constellation of sidereal, we can absolutely determine the "up" and "down" directions
in any part of the world. The upward direction is toward the constellation of sidereal
and the downward direction is toward the center of the earth. All bodies are inevitably
located in place. Places divide the bodies in terms of the direction in order to their
location (up and down). Every natural body has its own natural place. Composite
bodies are made by welding. Welding does not getting done directly between bodies,
but it is done through the mediation of tangible qualities.
There are four first tangible qualities that bring such unity: warmth, coldness,
wetness, and dryness. Coldness and warmth have a reaction in changing bodies and
call active forces. The other two qualities are called passive forces. The simple bodies
that make up the composite bodies are made of a particular combination of these four
forces. In each of these bodies, there must be an active quality and passive quality. So
there are four simple bodies: fire (hot and dry), water (hot and wet), soil (cold and
dry), air (cold and wet), and the natural location of perishable creatures is the Ferris
wheel, and the natural location of incorruptible bodies is in supernatural beings. These
bodies are not made up of four elements, and their firmament is neither light nor
heavy. In his view, it is only possible by using the various combinations of the four
elements and their qualities, as well as the motion of the firmaments (which make the
material receptive for form), to explain the formation of perishable bodies in the
supernatural beings; that is, the formation of minerals, rocks, metals, and metals;
plants and animals and humans that belong to the natural world in their flesh.

2-5 Ibn al-Haytham
Ibn Haytham is one of the greatest Islamic scholars. He especially has an eminent
position in optics. His writings on mathematics, physics, and astronomy are known to
be about a hundred books and treatises, most of which have unfortunately
disappeared. He has also been called the master of scientific methods for his exquisite
experiments on light. Ibn Haytham says: "I searched for the mine of truth and turned
to different kinds of theories, beliefs, and divine knowledge to reach it. But I did not
reach any impressive matters and found no way to obtain the truth and a way to get a
certitude insight. At the end, I realized that I would not reach to the truth, except
through the views that sensory affairs made their matters, and the rational affairs made
their forms."
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2–5–1 Book of Optics
Al-Manazir (in English, views) is Ibn Haytham's most famous work, that many
manuscripts of which are available in libraries around the world, including the
Istanbul Library in Turkey. In addition to his optics subjects, Ibn Haytham in his book
paid to meteorology, physiology, perspective, and painting. In this book, he discusses
the first systematic interpretation of physical and mathematical phenomena. In this
work, Ibn Haytham transformed the foundation of ancient optics, which relied on
Euclid's optics and the works of Aristotle and Archimedes and Ptolemy, and made it
as highly regular science. He combined the complete mathematical discussion with
examples of supreme physical imagery and detailed experiments. After Ibn Haytham,
the book was forgotten in Islamic countries until Kamal al-Din Farsi 12 was introduced
to it by his master, Qutb al-Din Shirazi 13, in the seventh century AH (Thirteenth AD),
and wrote the book of Tanqih al-Manazir (The Revision of the Optics) on the
explanation of it. Kamal al-Din has interpreted Ibn Haytham's seven articles of alManazir in the same way, using the “said and I said” method (interpreting Ibn
Haytham's book with said and his writings with I said).
1F

12F

Ibn Haytham, master of scientific methods known as Al-Hazen in the west.

12
13

- Kamal Al-Din Farsi (1267-1319)
- Qutb al-Din al-Shirazi (1236-1311)
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In addition to interpreting the seven articles mentioned above, Kamal al-Din added
one termination and one appendix and three additions at the end of the book. "I've
been working so hard to investigate the debate for a while and have been keen to
recognize how images of bodies are seen by eye, and I have paid particular attention
to the flexibility (refraction of light), whether seen some wonderful shapes in the water
or behind the crystal. Unlike what I saw directly in the air and what I was looking for,
it couldn't get by Euclid's book of landscapes. So I paused for a while and paid
attention to it, and I obtained rulings of sight through flexibility which all of them are
opposed to what is tangible. Then my astonishment is increased, and I told the story
to the presence of (Qutb al-Din Shirazi). The Majesty, who happiness always be with
him and help him succeed, turned to provide my need. Thinking for a while and then
said that in childhood in some Persian libraries, I have seen a book in the landscapes
dedicated to Ibn Haytham, in two large volumes, and maybe what you are looking for
was in it and it is up to me, though it was unattainable, to obtain it. Everything went
so well and I was close to my goal. A copy of the book was found in the line of Ibn
Haytham from a distant city. He asked for my presence and handed me the book. From
the benefits and favors of documentary to the correct experiments and experiences
gained from geometric and observational instruments and the arguments combined
with the correct premises in which I found, a disappointing certainty fell on my
heart..." Kamal al-Din said.
Ibn Haytham's book Al-Manazir was translated into Latin in the West as the
Treasures of Optics. Risner 14 published this translation in 1572 AD, in the city of Ball,
with a translation about the twilight of Ibn Haytham. Ibn Haytham's Latin translation
of Al-Manazir in Europe influenced all scholars working in light science, including
Witelo 15, Peckham 16, Roger Bacon 17, and Kepler. In his book, Roger Bacon has
repeatedly referred to Ibn Haytham as al-Hasan, and his comments and theories of alManazir have been cited in Bacon’s book. The influence of Ibn Haytham's al-Manazir
can be found in Peckham and Witelo’s books and briefly in Kepler and Descartes and
Fermat's 18 Optic Studies. In this book, Ibn Haytham describes how he proved
experimentally (as opposed to the predecessors), one thing can be seen because it
radiates from every point and reaches to our eyes. The concept of radial cones, which
emerge from something to the eye, became the basis of perspective, and in the 15th
century, Venice and Florence came to art. The manuscript translation of the book of
Al-Manazir is kept at the Vatican Library in Rome in which Lorenzo Giberti 19 wrote
- Frederich Risner, a German mathematician (1533-1580)
- Witelo, in Latin Vitello (1230-1290)
16
- John Peckham (1230-1292)
17
- Roger Bacon (1214-1294)
18
- Pierre de Fermat (1601 – 1665)
19
- Lorenzo Giberti (1381-1455)
14
15

2. The Preservation and Evolution of Greek Sciences

45

a commentary on it. Giberti is the one who made the famous bronze prospects of the
Florence Baptistery’s doors…

2-6 Abu Rayhan Al-Biruni
Parviz Shahriari 20, who has done many studies on the history of science in Iran, says
of the different aspects of Abu Rayhan Biruni: "When in Western Europe, medieval
ignorance ruled and there was no trace of science anywhere in the world, except a
little science in India and China, famous scientists of Iran shined, of which Biruni is
an outstanding figure". According to him, Biruni is one of the characters that he isn’t
yet well known. Abu Rayhan believed in the earth's sphericity and was the one who
accepts nothing but by experience. Francis Bacon 21, who is the source of the tendency
of experience, raised the question of experience centuries after him. Shahriari says:
"At the same time with Abu Rayhan there were also scientists like Avicenna, Koshyar
Gilani, and Khojandi, all of whom were excellent in mathematics and astronomy, but
among them, Abu Rayhan is more famous. In the six hundred years period of Iranian
science, we had various scientists who were shining all over the world and no one
could compete with them. But if you look at the history of the civilization of Will
Durant 22 written in about eighteen volumes, Iran's contribution to world civilization
is only about ten pages. We need to work harder to get to know our civilization to the
world and at least translate our scientists' books into Persian". Biruni was more
conducive to errors than Ptolemy. He writes: "Ptolemy believed that he would choose
the most authentic of his observations (it means he chooses observations that are
coordinated with his theories) and don't say anything to his readers about some
obsolete and ignored content that he didn’t choose". But Biruni more analyzed the
errors of his observations scientifically. While selecting some of them as more
accurate observations, he also presented other observations that were erroneous and
discarded. He was also sensitive to the errors of his calculations and always tried to
see the quantities needed the least manipulation to get to the response.
"Shadows" is one of the most important Biruni’s works written around 411 AH
(1020 AD). The contents of this work include Arabic terms of shadows and images,
new and unusual phenomena including images, tangent history, and crossover
functions. This book outlines articles that Biruni wrote about mathematics. Some of
Al-Biruni's works are presented below: Introduction to Astrology, Chronology,
Realizing the potentialities of the astrolabe, Mineralogy, Mixed astrolabes, Chords in
- Parviz Shahriari (1926-2012)
- Francis Bacon (1561-1626)
22
- Will Durant (1885-1981)
20
21
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the circle, Projections of the sphere, Specific gravities, Keys to Astronomy,
Pharmacology, Length of Life according to Indian astrology, Shadows, Asymptotes.
Biruni also provided articles on geology and geography. He introduced the method of
measuring the earth and the distances on it by triangle design. He estimated the radius
of the earth to be 6339/6 kilometers, which had not been earned until the tenth century
(17th century) in the western countries. His book "Masoudi's Law"3 contains a table
showing the coordinates of six hundred places, and he had sufficient knowledge of all
these places. Of course, Biruni didn't measure them all by himself. Some of them are
taken from a similar table that Khwarizmi presented. Biruni about the numbers
provided by Khwarizmi and Ptolemy seems to conclude that Khwarizmi’s numbers
are more accurate. He wrote a treatise on time synchronization, also wrote several
treatises on the astrolabe, and described the machine calendar. He made some
interesting observations about the speed of light and stated that the speed of light is
much higher than the speed of sound. He recalled the Milky Way as "a collection of
innumerable elements of the nebula's nature." He studied hydrostatic and provided
exact measurements of specific weights, and explained ratios between the density of
gold, mercury, and lead, silver, bronze, copper, brass, iron and tin.

Biruni or Al-Biruni was an Iranian scholar and polymath

Galileo and Copernicus believed in the theory of the central sun, but the proof of
the Earth's orbit around the sun that violated the central earth theory of its predecessors
was referred to Johannes Kepler. As a result, the honor of the mathematical proof of
this phenomenon belonged to Kepler. Copernicus honestly states in his book “On the
Revolutions of the Celestial Spheres” that he was influenced by Ibn Shater's thoughts4.
Existing Iranian sources indicate that although the Iranians did not succeed in
stabilizing the Earth's motion (or at least we do not have the resources to do so), but a
group of Iranian scientists believed that the Sun was in fact stable and the Earth was

2. The Preservation and Evolution of Greek Sciences

47

orbiting around it. One of the written evidences is the book al-alaq al-nafisa by Ahmad
Ibn Rustah Isfahani, with only one volume out of the seven remaining.
Ibn Rustah, 700 years before Copernicus, has gathered a set of theories of Iranian
scientists, some of whom believe in one or two earth’s orbit and rotation. The Earth
circles around its two poles once in 24 hours, beginning from the west and reaching
thereby passing through the other side of the earth in twenty-four hours. In his book
“Masoudi’s law”, Biruni mentions to a scientist by the name of Abdul Jalil Sajzi
(Sistani) who believes in the theory of the Earth's orbit around the Sun, and on this
basis has created the astrolabe known as "al-zuraqi" (Boat). Biruni explains that
rejecting the theory of Sajzi is not an easy work. Also, Biruni 600 years before Kepler
explicitly described the orbits of the planets as not "complete circle" but "elliptical".
Although Biruni does not refer to a mathematical proof of this claim, but the existence
of such a belief can be interesting.

2-7 Khayyam
Abu’l Fath Omar ibn Ibrahim al-Khayyam (Khayyami) 23 was born in 439 AH (1048
AD) in the city of Neyshabur during the reign of the Seljuk Turks over Khorasan. In
his hometown, he studied science and learned from the eminent masters of that city
of his time, including Imam Muwaffaq Neyshaburi, and, as they said, was a very
young man for being proficient in philosophy and mathematics. Khayyam left
Neyshabur in 461 AH (1069 AD) for going to Samarkand, where, under the patronage
of Abu Tahir Abdul Rahman Ibn Ahmad, the Samarkand Judge, wrote his illustrious
work on algebra. Khayyam then went to Isfahan and stayed there for 18 years, with
the support of King Shah Seljuk and his Minister of Nizam al-Molk, along with a
group of famous scientists and mathematicians of his time, at the observatory
established by Seljuki's King Malek, he had done astronomical researches. The result
of this researches was the modification of the current calendar at that time and the
setting of the Jalali calendar (title for King of Seljuk). In the Jalali calendar, the solar
year is 12 months, 365 days, 5 hours, 48 minutes and 45 seconds, which the first 6
months being 31 days, the next 5 months 30 days, and the last month has 29 days.
Every 4 years, one year is called leap year, in which the last month is 30 days and that
year being 366 days. In Jalali's calendar, there is a time difference of one every five
thousand years, whereas in Gregory's calendar there are three days of incorrectness
every ten thousand years.

23

- Omar Khayyam (1048-1131 AD)
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Khayyam's scientific achievements for the human community have been numerous
and highly regarded. For the first time in mathematical history, he admirably
categorizes the first to third degrees of equations. Then, using geometric drawings
based on conic sections, he was able to provide a general solution for all of them. He
used both geometric and numerical solutions for quadratic equations. But for the thirdorder equations, he only used geometric drawings, so that he could found a solution
for most of them and, in some cases, could have considered two possible solutions.
The problem was that because the negative numbers were not defined at that time,
Khayyam ignored the negative answers of the equation and simply rejected the
possibility of three solutions to the third-order equation. However, nearly four
centuries before Descartes, he was able achieve to the most important human
achievements in the history of algebra and to provide a solution that Descartes later
(more completely) stated. In addition, Khayyam was able to successfully define the
number as a continuous quantity and, in fact, for the first time define the positive real
number and eventually arrive at the conclusion that no quantity is a component of
indivisible components, and mathematically, any quantity can be divided into
infinite parts.

Omar Khayyam - Mathematician is best remembered today for his world-famous Rubaiyat.

Besides, seeking a way to prove the "parallel principle" (fifth principle of
Euclidean geometry), Khayyam wrote a Commentary on the Difficulties of Certain
Postulates of Euclid’s Work, became an originator of profound concept in geometry.
In an attempt to prove this principle, he put forward propositions that were fully in
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line with the propositions made by Wallis and Saccheri of European mathematicians
a few centuries later and paved the way for the emergence of Non-Euclidean
geometries. Many argue that the Pascal Arithmetic Triangle should be called the
Khayyam Arithmetic Triangle, and some go further and believe that Newton's
Binomial should be called Khayyam's Binomial. It is said, however, that before this,
Newton’s order and the law of formation of coefficient binomial expansion were
given by both Jamshid Kashani 24 and Nasir al-Din Tusi, while examining the laws of
the derivation of numbers. Khayyam's tremendous talent made him an accomplished
in other fields of human knowledge. He has also written short treatises in the field of
mechanics, hydrostatics, meteorology, music theory, and so on. Recently, some
researches have been done on Khayyam's activity in decorative geometry, which
confirms his connection with the construction of the northern dome of the Isfahan
Mosque.

2-8 Khvajeh Nasir Al-Din Tusi
Mohammed Ibn Hassan Jahroudi Tusi 25, known as Khvajeh Nasir al-Din Tusi, was
born in Toos on the 598 AH (1202 AD). He had a keen interest in the study of
knowledge, was excelled in mathematics, astronomy, and wisdom from his childhood,
and became one of the most famous scientists of his time. Tusi is one of the most
prominent and influential figures in Islamic intellectual history. He learned the
religious and practical sciences by his father, and natural wisdom by his uncle Baba
Afzal Ayoub Kashani. He completed his studies in Neyshabur (a city in Iran) and
became known as a prominent scientist in there. Allameh Al-Hilli 26, a student of
Khvajeh Nasir al-Din Tusi, writes about her master: "Khvajeh Nasir al-Din Tusi was
preeminent of our age and possessed many intellectual and traditional sciences, he is
the aristocrat of those we have known. God bless him. At his service, I read theology,
the healing of Avicenna and A Note on the Board of his writings".
Nasir al-Din fled to one of the fortresses of Nasser al-Din Mohtasham, the Ismaili
ruler 27, at the time of Mongol Invasion once before 624 AH (1227 AD). This enabled
him to write some of his most important ethical, logical, philosophical and
mathematical works, including his most famous book, The Nasirean Ethics. Nasirean
Ethics is a 13th-century Persian book in philosophical ethics that is divided into
24

- Jamshid Kashani a Persian astronomer and mathematician (1380-1429)
- Khvajeh Nasir al-Din al-Tusi (1201-1274)
26
- Allamah Al-Hilli (1250-1325)
27
- The Shia Imami Ismaili Muslims, generally known as the Ismailis, belong to the Shia
branch of Islam.
25
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three parts: ethics, domestic economy and politics. Much of Tusi's 150 treatises
and letters are written in Arabic. His breadth and dominance are comparable with
Avicenna, except that Avicenna was a better physician and Tusi was a superior
mathematician.

Ibn al-Shatir’s model for the appearances of Mercury, showing the multiplication of
epicycles in a Ptolemaic enterprise. 14th century CE.

Some of Tusi's important works are The Paradise of Submission, Contemplation
and Action, Tusi Memoir on Astronomy. He wrote papers on the works of
Autolycus 28, Aristarchus, Euclid, Apollonius 29, Archimedes 30, Hypsicles 31,

28

- Autolycus (360-290 BC)
- Apollonius (262-190 BC)
30
- Archimedes (288-212)
31
- Hypsicles of Alexandria (190-120 BC)
29
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Theodosius 32 Menaechmcus 33 and Ptolemy. His most important works on arithmetic,
the geometry, and trigonometry, the Comprehensive account, a Treatise on General
Medicine. He has also written a five-volume summary on trigonometry, which is in
the book - called "Kitab al-shakl al-qatta" (Treatise on the transversal figure), have
influenced the writings of Regiomontanus 34. His most famous astronomical work is
Zij Ilkhani, written in 650 AH (1252 AD).
When Hulagu Khan Mongol ended the Ismailian rule in 635 AH (1238 AD), he
kept Tusi at his service and allowed him to set up a large observatory in Maragheh,
which its beginning was in 638 AH (1240 AD). In addition to government funding,
endowments were earmarked for him across the country, using one-tenth of its money
to operate the Observatory’s works and purchase equipment, books, and stuff.

Khvajeh Nasir Al-Din Tusi was a Persian polymath, architect, philosopher, physician,
scientist, and theologian. He is often considered the creator of trigonometry as a mathematical
discipline in its own right.

Near the observatory was a large library containing about 400,000 volumes of
exquisite books for the use of scientists and astronomers which gathered from
Baghdad, Syria, Beirut, and Algeria. Next to the observatory, a magnificent hall was
32

- Theodosius (347-395)
- Menaechmcus (375-320 BC)
34
- Regiomontanus (1436 – 1476)
33
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built for the eunuchs and the congregation of astronomers, and there was a seminary
for the students to use. These works lasted for 13 years until the Mongol’s Hulagu
died in 663 AH (1265 AD). However, until the last minute of his life, Khvajeh did not
allow any disruption to his work, and he tried hard the others not to destroy the
observatory and the library.

An example of one of Tusi's treatises in Arabic

Probably Tusi's most prominent work in mathematics was on trigonometry. He
was the first to develop the trigonometry without resorting to the Menelaus or
astronomical theorem, and he was the first to explicitly state the Sine theorem, a major
event in the history of mathematics. In astronomy, his A Note on the Board is perhaps
the most complete critic of Ptolemy's astronomy and represents the only new
mathematical model of planetary motion written in medieval astronomy. This book is
probably to have influenced Copernicus through the writings of Byzantine
astronomers, and along with the work of Tusi's students, embodies all the Copernican
astronomy novels with the exception of its central sun hypothesis. Khvajeh Nasir alDin considered the clearest way to reach the eternal world, though he was more
involved in politics and society. In all of his writings, however, he speaks of
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independence and knowledge, but he openly states that knowledge can only be
obtained through faith and religion, and considers religion as the truth of knowledge
to be the comforting soul of the depressed.
Tusi is best known as an astronomer, and his observatory is a scientific institution
in the history of science. His Ilkhani letter (Book) is of secondary importance only in
relation to its counterpart, The Biruni’s Book (Al-Jamahir fi al-Jawahir, the book most
comprehensive in the knowledge of precious stones). Tusi is one of the foremost
Islamic philosophers who revived Avicenna’s teachings of peripatetic who had been
in the wane of terms for two centuries. He is the symbol of the first phase of the
gradual merging of the Peripatetic (school of philosophy in Ancient Greece) and the
Illuminati (the Secret School of Wisdom) schools.
His Nasirean Ethics was the most common ethical book among Muslims in India
and Iran. His Tajrid al-Kalam is based on the principle of the twelve Shi'a theologies.
Tusi was more likely to have revived Islamic science than anyone else. In the year
672 AH (1273 AD), Khvajeh Nasir al-Din Tusi, with a group of his disciples, went to
Baghdad to collect the remains of ransomed books and return them to Maragheh. But
death gave no respite, and he died. Khvajeh Nasir al-Din Tusi was a brilliant star who
shone in the dark horizon of Mongols, enlightened every city that he was to the light
of wisdom, knowledge and ethics, and in that dark period the existence of such a
scientist was a miracle. During his precious lifetime, Nasir al-Din was able to write
about 190 books and scientific dissertations on various topics, despite the turbulent
events and political and social pressures of that era.

Chapter notes:
(1) The Medieval or the middle ages is the name for one of four periods used to divide
European history. The four periods are Classical, Medieval, Renaissance, and Modern
which beginning in 1600 AD. It is generally considered it’s period from the end of the
Roman Empire in the fifth century AD to the fall of Constantinople and the end of the
Eastern Roman (or Byzantine) Empire in 1453 AD.
(2) The Eastern Roman Empire, known as the Byzantine Empire, which was known
by the Arabs as "Rome"; at that time was dominant on the territory of Greece, the
Balkan Peninsula, Anatolia or Asia Minor, Syria, Palestine, all the Mediterranean,
Egypt and all the territories of North Africa. Constantinople was the center of
government and its capital. Its beginning was in 395 AD and its downfall coincides
with the conquest of Constantinople by the Ottomans in 1453 AD.
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(3) Ibn Shater is one of the most prolific astronomers after Tusi. Ibn Shater's
importance is in two respects: the one is the design and completion of astronomical
instruments, in particular, the construction of the sundial and astrolabe, and the other
of his planetary theory. In these theories, attempts are made to refine the assumptions
of earlier astronomers and to refine the Ptolemaic system of errors. Ibn Shater's
planetary theory was first researched in 1950, and it turned out that his patterns were
mathematically the same as those of Copernicus.
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Chapter 3

The field of a scientific renaissance in Europe
To know that we know what we know, and to know that we do not know what we
do not know, that is true knowledge. Nicholaus Copernicus

Abstract:
Westerners became more connected to Islamic societies through businessmen and
were drawn to the scientific works of Islamic scholars. During this period, the reverse
path began, whereby many of the astronomical works of ancient Greece had
disappeared and only their Arabic translation remained, Western scholars, translated
these works from Arabic to Latin. It was during this period that many Arabic terms
came to European languages. Born in about 950, Gerber 1 studied Spanish at Muslim
schools and took Arabic-Indian numerals with him to Christian Europe. Gerber was
questioned by his contemporaries and accused of selling his soul to the devil.
However, Gerber gradually progressed to the Church, eventually reaching the papacy
in 999 (Pope Sylvester II). Thus, the entrance of works of Greek and Islamic science
in Western Europe accelerated. Around 1250 AD Aquinas 2 applied the basis of
Aristotle's reasoning and logic. On the basis of Aristotelian principles, he founded the
Thomism system, which is still the basis of Roman Catholic Church theology. Others
soon revived Greek ideas in worldly contexts. The most important work in this field

1
2

- Originally known as Gerbert of Aurillac (946-1003)
- Saint Thomas Aquinas (1225 - 1274)
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was the publication of Copernicus's 3 book, which rejected one of the axioms of
astronomy, the central earth devise of the solar system.

3-1 Emergence and Genesis of Renaissance
The Rebirth or the Renaissance was an important cultural movement that initiated a
period of scientific revolutions and religious reforms and art changes in Europe. The
Renaissance is the transition between the Middle Age and Modern times. Commonly
it is known that the beginning of the Renaissance is in the north of Italy in the 14th
century. This movement also spread to northern Europe in the fifteenth century. Why
did this phenomenon originate in Italy despite countries like Germany and France?
To understand the concept of the Renaissance and the advancement of science in
the West in general, it is necessary to consider this concept from different
perspectives. The West, with a 3,000 years old civilization rooted in Greek and Roman
civilizations, with all its important historical experiences and events, has not only been
scientifically advanced for ten centuries, but also was ignorant of the scientific
reserves of the past, and if the Muslims did not preserve the works of Greek scientists,
perhaps they would all be destroyed. Some historians of Western civilization, in the
quality of the emergence of Renaissance and religious reform in Europe, believe that
all these developments in the West arose after Europe's contact with the Islamic world.
The Muslim world, along with medieval Europe, was a religious and non-secular
world, but it contained huge libraries, universities, and hospitals, and had all the
scientific, political and theological vitality. The diverse relations of the Islamic world
with Europe, especially from the ninth century to the fourteenth century, through the
extensive translation of philosophical, theological, legal texts, as well as various
sciences, scientific, commercial and political exchanges as well as the Crusades, led
to the system of life and thinking in Europe is compared and eventually questioned.
Since the thirteenth century, all the theoretical and practical foundations of medieval
Europe have gradually been shaken.
A university was established in Bologna in northern Italy in 1119, and over the
next 50 years, other universities were established throughout Europe, including
Oxford University in England and the University of Paris in France. The base of
Christianity was in Rome, but under the pressure of the French kings in the late middle
Ages, the Pope's court was transferred from Rome to Avignon in France. Therefore,
the influence of the church in Italy decreased. Over time, the official and scientific
language in Europe became Latin, and many works of ancient Greece were translated
3

- Nicolas Copernicus (1473-1543)
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into Latin. It was also the main center of Roman civilization and the Roman Empire
in Italy.

The works of Islamic scholars have inspired European thinkers.

Eastern Rome and Byzantium were in Eastern Europe, the Balkans and Syria, and
the Western Roman Empire was in Italy, France, and Germany, but its centrality was
in Italy. Therefore the Italian people were more familiar with ancient Greek and
Roman civilization than the rest of Europe. In ancient Greece and Rome, the
originality was with the man. In order to return to the ancient Greek and Roman
intellectual period on all the fields including art, literature, and philosophy they had
to work the way they used to.
Therefore, they had to study the works of that time and since the Greek works were
translated into Latin, Italians who could more easily learn Latin received these works
sooner than others. So the Italians came into contact with ancient Greek civilization
earlier than the rest of Europe. Due to this set of reasons, the Renaissance phenomenon
began in Italy. The books were entered from Islamic countries in Europe, had the
prominent feature in which they criticized the scientific and philosophical
achievements of the Greeks and added to its content that led to a new European
attitude towards Greek knowledge.
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3–2 Fibonacci and Buzjani
In the history of Cambridge science, Buzjani's 4 works, including his book
"Arithmetic," were translated from Arabic into Italian by Fibonacci 5, who spent his
childhood in Andalusia (Spain) and so it reached the scientific societies of Europe.
Raised up by a Muslim-nanny, Fibonacci came up with a new concept of number and
called it "negative values" and called “zero” as a number. After learning the
mathematical knowledge of Muslims, he entered algebra in Italy and was one of the
first European scientists to end the age of darkness. He was able to show Euclidean
statements as arithmetic. He found Arabic numerals much simpler and more useful
than European numerical methods and numerals and did his utmost to disseminate
these figures and to acquaint the European nations with its importance. He published
"The Book of Abacus" describing how to use "Arabic numerals".

3- 3 Nasir Al-Din Tusi, Copernicus and the Problem of Earth’s Motion
At the Science Seminar at the Isfahan Mathematics House, Professor Jamil Rajab gave
a lecture on the Earth's motion and the similarities of the views of two Iranian and
Polish scientists. Rajab said in this Seminar: "The part of Nicholas Copernicus' work,
On the Revolutions of the Celestial Spheres, about the rotation of the Earth, shows
that Copernicus, directly or indirectly, was aware of a common scientific tradition
among Muslim scholars which is related to the subject of the movement of the earth,
and its history goes back to Nasir Al-Din Tusi." He added: "The most tangible
resemblance between the views of the two astronomers is the use of comets to
disprove the arguments Ptolemy has given in his famous book The Name of
Almagest." He emphasized: "The way Copernicus deals with this subject is more in
line with the astronomical tradition of the late age of brilliance of Islamic civilization
than with the scientific tradition of medieval Europe."
He declared that: "This method is mathematical more than physical, and is based
on mathematical models such as the ‘Tusi couple’ model of Nasir al-Din Tusi. Such
mathematical models have long been used in scientific areas of Islamic territory, but
no trace of them can be found in medieval Europe". He said: "Ali Qushji 6 has been in
favor of the Earth-moving hypothesis. As regards that Copernicus spent part of his
university education in Italy, which was not far from Constantinople, it is possible
4

- Buzjani (940-997)
- Leonardo Pisa or Fibonacci (1170-1250)
6
- Ali Qushji was an astronomer, mathematician, and physicist originally from Samarkand
(1403-1474)
5
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that scientific information in this field, except one way from scientific texts and
written works, has been transmitted from the Muslim world to Europe and has
influenced Copernican astrological assumptions."

3-4 Nicholas Copernicus
Nicholas Copernicus was a Polish and clerical secretary in the Roman Catholic
Church. He was particularly interested in the universe, and after observing and
accurately calculating the exact motion of the planets, he concluded that the Earth and
all the planets of the Solar System orbit around the Sun, and became known as the
Heliocentrism. Copernicus also believed that all celestial bodies were moving in
perfectly circular paths. It took a long time for Copernicus to publish his ideas. This
was probably because he was afraid of church authorities of his time who believed
that the earth should be fixed. In fact, Copernicus's book, "On the Revolutions of the
Heavenly Spheres" did not publish until his death. In this book, he describes a universe
in which the sun is in the center and respectively Mercury, Venus, Earth, Mars,
Jupiter, and Saturn, orbiting around it. Above these is the sphere of the fixed stars
(figure. 3-1). Copernicus was the first to make a major astronomical revolution during
the Renaissance. He was very interested in Plato's rotational motion of celestial bodies
and made great efforts in this regard.

Copernicus
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Copernicus believed that the motion of celestial bodies, such as stars, planets, and
the moon, was a circular motion or a combination of circular motions. Because in
rotational motions, the body in a fixed and constant period returns to its former state.
Copernicus, with extensive observations and detailed calculations, concluded that if
the planets' motion is related to the Earth's rotational motion and calculates the planet's
rotational motion based on their orbit around the Sun, then We can conclude that in
addition to the order and connection between them and the order of the orbits of the
planets, the rotational motion of these bodies is related. So, the change in each of these
orbits, causes to collapse the two bodies, and thus the solar system.

Fig 3-1: Copernicus central solar model

Eventually, Copernicus formulated his own system, which contradicted with the
Ptolemy's central Earth system that was popular with the public and the church of that
time. In his system, he centered the sun on which Earth and other planets orbiting
around it. He based his system on several assumptions:
• There is no precise geometric center for the orbit of the celestial body.
• The sun is in the center, the earth and other planets orbit around it.
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• The Earth is not the center of the universe and in addition to rotates around
the sun, orbits around itself too.
• The motion of the sun in the sky is based on the periodic motion of the Earth.
• The apparent motion of celestial bodies is not only based on their motion, but
also on the Earth's periodic motion.
Copernicus thought that the Earth's rotation would take about a full day. He tried
to prove his theory through mathematics and with his calculations he concluded that
the closer we got to the Sun, the faster the planets orbited the Sun. Saturn, the farthest
planet at that time, had a rotation of 29.5 years, Jupiter in 11.8 years, Mars in 687
days, Venus 224 days, and Mercury in 88 days. These numbers were calculated by
Copernicus, and the difference between these numbers and the present values is
negligible. These calculations were part of the proof of the Copernican theory with
using geometry. The advantage of Copernicus's theory was that he obtained an
interesting result by citing the central sun theory. Some of these results did not come
from Ptolemy's theory, the most important of which are:
A) Calculating the size of the orbits of the planets orbiting the sun.
B) Calculating the periodicity of the rotation of planets around the sun.
C) Obtaining the relative speed of the planet's rotational motion.
D) Determine the angular motion of the planets and their position in the sky. This
result was in both Copernicus and Ptolemy's theories.
Copernicus, therefore, concluded that there is a connection between the orbits of
the planets and their position. According to him, "Any location change in any part of
it will disrupt other parts and all of the universe”. Copernicus claimed that the
advantage of his theory is in its beauty and simplicity. In this regard, in the book of
On the Revolutions of the Heavenly Spheres, he says: "In the middle of all this, the
sun is motionless. Indeed, in this enormous and beautiful temple, who can put the
source of light in a place where everyone can brighten all the other parts? So based
on this predilection, we find admirable symmetry in the world and remarkable
harmony in the motion and size of the globe, so that it couldn’t be in another way at
all". It took more than a century for central sun theory to be accepted by astronomers.
The most important reasons against for this theory are:
1. The Copernican system had more mathematical, simplicity and beauty
aspects and did not match with the astronomical observations of that time.
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2.

Copernicus could not prove his theory by using previous theories.

3. One of the reasons that always came up against the theory of the central sun
was that if the earth was moving, it would have to be completely destroyed. Because,
if the earth moves, then the air, the birds, and the raindrops which falling to the ground
will be left. A similar example of what the opposition was saying to Galileo was that
if the earth is moving, the ball that was launched from above the Pisa tower would
have to stay behind (Contrary to Earth's rotation). But Copernicus did not know that
the air was moving alongside the earth, saying, "If it was, then why would no more
celestial bodies move around be destroyed?
4. The Copernican central sun pattern contradicted Aristotle's beliefs, and the
church was at that time in favor of Aristotelian principles. For this reason, all
Christians were against Copernicus. They cited Bible revelations, saying that the
architecture and design of the creation of the world were based on Ptolemy's
system and theory. For this reason, the Opinion Inquiry Organization banned
Copernicus’s book, which opposed to the Bible. Although Copernicus's central sun
theory was consistent with Ptolemy's central earth theory for scientific and
astronomical observations, it philosophically conflicted with it because
Copernicus had shifted its reference frame from Earth to the Sun.
Although Copernicus proves the central sun theory, the history of this theory dates
back to ages before him. The fourth-century BC Greek philosopher and one of the
disciples of Pythagoras, Philolaus 7 was the first to state the earth’s rotation.
Thereafter, Heracleides 8 defined the hypothesis of the transitional motion of the earth,
that is, the orbit of the earth to a point. Aristarchus 9 proposed the first comprehensive
theory of the central sun in the third century BC by combining the two theories. In his
model, the sun is fixed in the center of the universe and the Earth and other planets
orbit the Earth in a completely circular direction.

3–5 after Copernicus
The church's reaction to the Copernican votes was infuriating. Martin Luther 10 (the
founder of the Protestant religion) was opposed as soon as he becomes aware of the
Copernican theory, and said: "Only fools invert astronomy." According to Luther and
his contemporaries, the Copernican theory was not only opposed to the terms of the
- Philolaus was a Greek Pythagorean and pre-Socratic philosopher (470-385 BC)
- Heraclides Ponticus (387-312 BC)
9
- Aristarchus (310 BC-230 BC)
10
- Martin Luther (1483-1546)
7
8
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Bible but even taken away the supreme position of man as the highest creator in the
center of the universe.
But in the countries of the Roman Catholic Church, for a long time, no one objected
to the Copernican doctrine. Undoubtedly, the donation of the book to Paul Pope III 11
and the support of Cardinal Johannes Wiedemannstadt had an important role in
silencing any protest call. However, by the end of the 16th century, things had
gradually changed. A revolutionary monk named Giordano Bruno, who sought to
emerge Christianity with the ancient Egyptian sun-worship religion, found the
Copernican theory interesting and decided to support it. With Bruno's conviction in
the religious court, everything he put forward in his writings was also considered
suspect and anti-religion, and this was the beginning of widespread Catholic
opposition to Copernican theory that continued until it was fully proved in the
seventeenth century.

3-6 Tycho Brahe
By placing the sun in the center of the solar system, Copernicus was able to provide
a much simpler and more natural description of some of the features of planetary
motion. Although Copernicus's pattern was much simpler than Ptolemy's, because
Copernicus also believed in the sanctity of circles, he used circuits and the like as
much as Ptolemy. The only difference between the two systems was that one knew
the Earth as the center of the planets' motion and the other the sun. Though
astronomers avoided accepting the Copernican central solar system, but it had
influenced their thinking, and the disputation about that was growing day by day. This
led astronomers to obtain more accurate observational information. Tycho Brahe 12
gathered this information, believing that all planets orbiting the Sun except the earth,
and the sun would rotate around the earth with other planets. During this period
Johannes Kepler 13 was employed as an assistant to Tycho Brahe at the Prague
Observatory. After Copernicus, Kepler was the first astronomer to accept the central
sun theory; Kepler's partiality for the Copernicus central solar system was not favored
by Brahe, accomplished observations suggest that the theory cannot be completely
correct, as Copernicus declared it. Less than a year had passed since Tycho died,
leaving all the information he had collected as a valuable inheritance to Kepler.

- Pope Paul III, born Alessandro Farnese (1468-1549)
- Tycho Brahe (1546 – 1601)
13
- Johannes Kepler (1571-1630)
11
12
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3-7 Johannes Kepler
After the death of Tycho Brahe, Kepler received a huge aggregation of very detailed
observations of the planets' motions. Then he decided to provide a model for the
motion of the planets that exactly matched with the set of accomplished observations.
So Kepler needed to first guess the justified answer by imagination and then
persistently make a mountain of boring calculations to confirm or disprove his guess.
Kepler's great achievement is the discovery of three laws of planetary motion. Two of
these laws were published in 1609 and the third in 1619. He used the central solar
system to determine the orbit of Mars. He has been observing and calculating the orbit
of Mars for a year and a half, and he came up with a surprising result. The longitudinal
motion of Mars (east and west of the Ecliptic), which Kepler calculated, differed about
8 minutes from the longitudinal motion of Tycho Brahe. Brahe’s aides attributed the
reason for this to the errors of tools. Kepler didn't think so. Because he had found that
the maximum error of the Tycho Brahe's laboratory tools was two to three minutes.
Kepler assumed that Mars's path should not be as a circle. He came up with another
way to calculate and determine the orbit of Mars.

Tycho Brahe rejected the Copernican model. He proposed a model with the Sun revolving
around the Earth and the planets orbiting the Sun.
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The position of observing and calculating the orbit of Mars was moving by Tycho
Brahe and Kepler from Earth. For this reason, Kepler sought to move his frame from
moving earth, to the sun which is constant. To do this, Kepler had to precisely
calculate the Earth's orbit. To determine the orbit of the Earth, he assumed that at the
beginning, Earth, the Sun and Mars were aligned. The orbit’s period of Mars that he
obtained was 687 days. After a Martian orbit (687 days), Mars returns to its position,
but at this moment the Earth is not in the previous position, meaning that Earth, Mars,
and the Sun are not aligned since the Earth's period is 365 days. In this way, Kepler
was able to determine the Earth's orbit. He did not obtain the orbit of the earth as a
circle but found the orbit of the earth elliptical near the circle. He observed that the
speed of the earth was increasing near the sun, and this occupied Kepler's mind. He
was looking for a physical cause to solve his problem.
He thought the sun would force the planets to keep them in orbit. But he had no
way of proving his point. Method of Geometric proof of the Earth's orbit caused
Kepler to formulate his first law. According to this law, the planet's line of the
connector to the sun sweeps the same area at the same time. This law showed that the
speed of planets in different parts of the orbit varied during a rotation period. Kepler
could now calculate Mars' orbit by specifying a relatively precise of Earth’s orbit. He
determined the orbit of Mars in a similar way to the previous one and obtained the
orbit of Mars as elliptical. But the shape of the Earth's orbital ellipse was different
from that of Mars. Although the ellipses differ in shape, they are similar in a general
characteristic, in that the sum of the distances of each point on the ellipse from the
two fixed points, called the center, is always the same and fixed. With the discovery
of the Mars and Earth elliptical orbits, Kepler formulated his second law. According
to this law, the orbit of the planets around the sun is elliptical and the sun is in one of
its focal points. Kepler's genius was revealed by the discovery of the elliptical shape
of the Earth's path to the sun, which before had been assumed a complete circle. When
Kepler discovered the elliptical path of Mars, he began to predict its trajectory and
observed the planet everywhere in the predicted place and time. Kepler then began
calculating the motions and orbits of other known planets.
His achievement in this field was remarkable, by the low progress of mathematics
at the time. In 1609 Kepler made his name eternal with the publication of the book
“Astronomia Nova” (English: New Astronomy), and the circular motion that was
important in Ptolemy's theory completely abolished with the old astronomy. He also
for the first time guessed the principle of Inertia (Newton's First Law) in mechanics,
which was later investigated by Galileo. After many years of studying the motion of
planets in 1618, Kepler succeeded in discovering his third law, and on the basis of
these findings he stated the following three laws:
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1. The orbit of the planets around the sun is oval. The sun is in one of its two
focuses.
2. The planet's line of the connector to the sun sweeps the same area at the
same time.
3. The cube of the average distance of each planet to the sun is directly
proportional to the square of the time of its one complete rotation around the sun
(figures. 3-2, 3-3, and 3-4).

Fig 3-2: Kepler's first law: The orbit of the planets around the sun is oval.

Fig: 3-3: Kepler's second law: The line of the connector, sweeps the same area at the

same time.
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The second law shows that if the distance to the sun is greater, the speed of motion
is lower, and as the planet gradually reaches the points near the sun in ellipse’s way,
the distance to the sun decreases and the speed of the planet increase. This change in
velocity causes surface area in space to stay in constant at firm intervals, whether
planet close to or far from the sun.

Fig 3.4: Kepler's Third Law: illustrates the relationship between the distance and the period
of the planet's orbit.

Kepler's third law also can be stated as follows: When the average distance of each
planet to the sun can be reached to cube and the time of completion of one planet’
rotation should be squared, the ratio of the obtained numbers is always constant and
is the same for all planets.
Kepler worked on this formula for 7 years. The actual distance between the sun
and the planets was unknown at that time, but it was possible to calculate the ratio of
the distance of a planet to the sun to the distance of the earth to the sun. For example,
Kepler knew that the great half-diameter of Mars' orbit is about 1.5 times the great
half-diameter of Earth's orbit. He found out if we reach the great half-diameter of each
planet to cube and the rotation period to square, the ratios of the two figures would be
equal, with only minor differences for Jupiter and Saturn.
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Kepler died on November 15, 1631. Kepler was forgotten soon after his death, and
no one studied his works. His honor began when Isaac Newton and Laplace 14 were
recognized. Kepler had previously written: "I am writing my book, whether its readers
being of present or future people, it makes no difference. It can wait for many years
for its true readers unless God waited for six thousand for audiences to find his work!
In Kepler's time, the first two laws were only valid for Mars. Observations for other
planets were consistent with those laws, and it took a long time for absolute reasons
to be confirmed. The discovery of the first law means that planets move on elliptical
orbits, involved more than one could easily imagine for the people of today, trying to
free themselves from the grip of tradition. The only thing all astronomers agreed on
was that all of the celestial motions are circular or combined of circular motions.

3-8 Influence of Kepler's laws on human thought
Placing the ellipse instead of the circle required the release of the aesthetic tendency
that has been dominated by astronomy since Pythagoras. The circle was considered to
be the perfect shape, and the celestial spheres were also known as complete objects
that originally had divine status. Even in the works of Plato and Aristotle, they were
closely related to the gods. It seemed clear that a complete object should move on a
complete orbit. In addition, since the celestial bodies are free, that is, they move
without being dragged or driven, so their motion must be natural and the notion that
the circle is natural and oval is not was easy. Therefore, many of the earlier beliefs
must be abolished and rejected in order for Kepler's first law to be accepted.
The second law concerns the variable speed of the planet in different parts of its
orbit. The planet, at its closest distance to the sun, has the fastest speed, and at the
farthest distance to the sun, has the lowest speed. This also came as a surprise. Because
it was against the dignity of the planet to moves sometimes hastily and sometimes
lightly.
The third law was important in that it measured the motion of different planets
relative to each other. The third law states that if the average distance of a planet to
the sun is “r” and the length of the year is “T”, the ratio of r³/T² is equal about all the
planets. As far as this law is concerned with the solar system, it was the cause of
Newton's law of Universal Gravitation.

14

- Pierre Simon Laplace (1749 – 1827)
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As a result, what Kepler did, causes to reach from the details of local observations
to the generalities of the planet's motion. Kepler's three laws are one of the most
important events in science that completely broke the sacredness of the circles and
provided Copernican theory with effective support. These laws showed that if the sun
was taken as a reference, the motion of the planets could be easily described. The
drawback of these rules, however, was that they were purely experiential, namely
merely expressing the direction of observed motion, without providing any theoretical
interpretation or explanation of the origin of these rules. As Kepler presented these
rules, great events were about to take place. At that time, Galileo thought of the motion
of objects, the pendulum, the light ... and carried out historic experiments. Descartes
also discussed the concept of motion differently, explained how to use reason and
attacked to Aristotelian physics philosophically. These three certainly played a
prominent role in the formation of Newton's ideas.
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Chapter 4

Expanding innovation and dogmatic resistance

If you always think like before, you always get what you've got so far.
“Feynman”

Introduction:
Social conditions must be provided before human thought can flourish. In the
oppressive atmosphere of the middle Ages, the conditions for dissenting minds to
flourish were not available. For this reason, intellectual productions in Europe
almost abolished. For scientific advancement and increment, it must first provide a
philosophical background to society, that is, accepted and supported philosophies
for society must embrace new theories in order for the community to see its ideas
and products flourish. Medieval dogmatism was the greatest obstacle to the
scientific discovery and deterrent of the flourishing of the dynamic human mind.
The arrival of scientific ideas and views of Islamic scholars in the West has caused a
fatal blow to the dogmatism of some curious European youth and has provided the
basis for their dissent. The differing attitudes of Islamic scholars and their critical
treatment of Aristotelian physics, which was almost summarized to Iranian
scientists, stimulated the courage of talented young Europeans to explore the world
not through Aristotle's views but through deeper thinking and insights.
The result of this new attitude toward nature was to question the scientific
philosophy accepted by the general public and, above all, the Church. The growing
questions of thinkers were also circulated in the context of society, and preparing
more people to look at the world in a different way. For this reason, many scientists
soon found themselves no longer willing to accept Aristotelian physics and the
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scientific outlook of the church, and this was the beginning of scientific prosperity
in Europe and the foundation of the emergence of classical physics.

4-1 Philosophy of Science
Philosophy is an explanation for the natural disorder of a set of experiences, beliefs
or knowledge. Therefore, for each set of experiences and ideas, there is a specific
philosophy. Although it is possible to learn and apply it without attention to the
philosophy of its knowledge, but it is not possible to grasp and generalize that
knowledge without regard to its philosophy. In fact, it is the philosophy of science to
determine the scope of a science's activities, including the physics, the aims and
validity of its propositions, and to explain the method of obtaining results.
It is the philosophy of science to shows that the purpose of science is not to
answer every question. Science can only answer what belongs to the realm of
physical reality, that is, measurable empirical tests. Science cannot express a theory
about the value commandments that belong to the domain of ethics and the
consequences of an action. In science, no philosophy is the end of philosophical
thought, and when a particular philosophy reaches such credit, it will do with
scholars and people, what become on European in the middle Ages. The darkest
period of human life was when Aristotelian philosophy and physics gained religious
support and was considered the end of the philosophy of the natural sciences.
In the middle Ages, scientific propositions were valid when they were consistent
with previously accepted propositions. Therefore, testing new propositions was
considered worthless, and only their compatibility with previous ones would suffice.
In addition, the founder of incompatible statements faced severe punishment.
Bruno's burning and Galileo's trials were for this reason. The result of Galileo's
experiments, therefore, was, rather than a scientific endeavor, a revolutionary move
to overthrow a system of thought governing European human idea. Thinking in the
inductive method and experiments of Galileo 1 coincided with the teaching of the
works of Khvajeh Nasir al-Din Tusi and Khayyam at European universities, and all
of these were after the translation of Ibn Haytham's work.
Francis Bacon 2 first explored research methods in his book, The New Organon,
which its name is taken from Aristotle's book Organon. John Stuart Mill 3 also
1

- Galileo Galilei (1564-1643)
- Francis Bacon (1561-1626)
3
- John Stuart Mill (1806-1873)
2

4. Expanding innovation and dogmatic resistance

73

expanded his discussion of empirical methods in his book Logic. Some, however,
believe that the word inductive and practical logic was first used by Roger Bacon 4.
But it was Galileo who practically applied the inductive method with his
experiments.
Galileo went so far as to want to measure the speed of light, and that was really
the beginning of a European intellectual revolution. Because Europeans, have not
been very accustomed to experimenting for a long time. The tendency for
empiricism is a primarily oriental attitude, especially Iranian because the Greeks
considered experimentation in vain, but in the works of Iranian scientists, more
utilization of the experience was emphasized. Thus Galileo's experiments follow the
work of great figures such as Biruni and Ibn Haytham. The basic idea of inductivism
is that science begins with observation and that observations receive to
generalizations and predictions. Now if a case is found that was incompatible with
the accepted statement, that statement will be invalidated. The inductive
interpretation of this refutation is that scientific inferences never lead to certitude,
and they believe that such inferences can yield a high degree of probability.
Reinchenbach 5 says: "The principle of inductive judgment is the value of theories in
the sciences. Therefore removing it from science, it means that dismissing science
from the judgment position of validity and incorrectness of scientific statements.
Without an inductive principle, for what reason would science differentiates
between a scientific proposition and poetic description? But more precisely, the
principle of inductive authorization is read as the criterion for measuring
probabilities”.

4- 2 Giordano Bruno
Although the Inquisition banned Copernicus’ book, which was opposed to the Bible,
but Copernican thought left its great affected on dissenter minds. One of these
thinkers was Giordano Bruno 6. As a teenager, Bruno became acquainted with
Copernicus's writings and ideas, and his ideas left a deep and lasting impression on
Bruno's thoughts and spirit, as he remained loyal to his ideas until the end of his life.
Bruno was an Italian mathematician and philosopher who was both a professor at
the Paris College and taught at Oxford University. He said, "All truths have one
unique essence and God is one with the world". In his view, "spirit and matter are as
one, and every element of truth is composed of two material and spiritual things that
- Roger Bacon (1214-1292
- Hans Reinchenbach (1891-1953)
6
- Giordano Bruno (1548-1600)
4
5
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do not break down. The task of philosophy is to see unity in plurality, the spirit in
matter, and matter in the soul. It is also the aim of philosophy to find a compound in
which all contradictions and antithesis are united as one and it is also the aim is to
achieve the highest degree of the universal unity of knowledge that is equal to the
love of God".
He had fearless and even brazen thoughts from a young age, and therefore he was
always a target of criticism and even hostility of the priests. Wherever he went, he
was accused of atheism after a while. In almost all of his life, this Wandering
Philosopher (the name they gave to him) was homeless. After seeing his life in
danger and being threatened to atheism regularly, he fled Italy in 1576. From this
time he began to wander in European cities and countries. "I believe that every
corner of the earth is the real philosopher's homeland," he says. He spent some time
in Geneva, the center of Calvin's rule. Bruno was soon averted from the
stubbornness and fanaticism of the Calvinist sect, which denied freedom of will and
relied on divine fate and manifested its opposition to Calvin's ideas. As a result of
this opposition, he put into jail. After his release, he went to France and reached
Paris in 1581. Always and everywhere, he expressed his ideas in the utter
impudence of his writings and lectures. In 1583 he went to England and to Oxford.
He wrote many of his most important works in England. In 1585 he returned to
Paris again. There he gave a series of lectures. After that, he went to Germany and
spent some time in various German cities and taught at universities in there. In
Germany, Bruno was acclaimed as a comprehensive thinker. But he was told that no
signs of religion could be found in him. During his stay in Germany, Bruno came up
with some of his prominent theories.
Already exhausted of vagabondage, he returned to Italy in 1591 by invitation of
Venetian nobleman named Giovanni Mocenigo. Mocenigo learned from Bruno
some lessons to strengthen his memory, but since he did not make much progress in
this way, thinking that the master was hiding the secret from him. He was, therefore,
pessimistic and, on the other hand, scared from innovations of this talkative and
careless philosopher, he was deeply concerned about the charge of working with
him. While Bruno was about to return to Frankfurt, Mocenigo, with the advice of his
own priest, informed interrogators of Inquisition that was looked for him for a long
time, and Bruno was imprisoned in May 23, 1593. Mocenigo said the reason for this
attitude to his master and friend like that: "Bruno opposes all religions... accuses
Christ and the apostles for deceiving people with false miracles… and all the monks
are stupid and pollute the earth with hypocrisy, greed and evil life, and philosophy
should replace religion."
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Over seven years, the Inquisition tried him several times and eventually
adjudicated the following sentence: "Pagan prisoner, he has not given up on his
modernist ideas and has remained unrepentant and rebellious. Therefore, it is
ordered that he be handed over to a non - religious and ruling court in Rome to
obtain the punishment he deserves." When the verdict was read, Bruno told the
judicature: "I suppose you, judges, are more afraid of giving this verdict than I am of
hearing it".
Finally, on February 19, 1600, while he had not yet repented and had not put on
his clothes, and as they shut his mouth, beside an iron bar, on a pile of firewood in
the flower square of Rome 7, as he stood like a cedar, he had burned alive. He
became a martyr in the way of freedom of thought. Bruno was fifty-two at the time.
In 1889, they built a statue of Bruno and set up where he was burned alive. The
statue was built with the help of Bruno's non-geographical companions.
His ideas influenced generations to come. While in Rome's flower square, the
flames of dogmatists had covered the body of Bruno, in the Netherlands, the
invention of the camera was being provided, and Galileo was 36 years old. The
disgusting attitude of the Inquisition lasted for several centuries, turning Christian
Europe into a slaughterhouse that sending groups of people into torture chambers
and black holes and flames and gallows. In the Spanish Court of Inquisition,
according to church statistics, 31912 people were burnt alive. The Pope had
sentenced a religious dictum to the satisfaction of God about the legitimacy of all
these terrible crimes.

4 -3 Galileo
The great physicist and astronomer Galileo is called the father of experimental
science. Using the right tools and the right method, he was able to obtain some of
the laws of nature by experiment, and to prove the invalidity of Aristotle's theories
about the falling bodies by experiment. Considering the phenomena of nature and
finding the relation between them was one of his mental characteristics. It is said
that one of the days when he went to church he noticed regular fluctuations in
church lights. From this random observation, he was drawn to a practical experiment
on the pendulum and obtained the law of concurrency of the low-amplitude
fluctuations of the pendulum. Galileo studied the falling bodies at the time being a
professor at the University of Pisa (1592-1592), and by experimenting on inclined
plane he himself was invented, he concluded that if only the force of weight affected
7

- Campo de Fiori Roma
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the various bodies, the acceleration of the falling is the same for all of them. In other
words: where there is no air, all bodies fall at the same acceleration. In addition to
free fall, he also examined the movement of projectiles and concluded that the path
of projectiles is parabolic. In 1592 he taught at the University of Padua and
remained in this position for 18 years.

Fig 4.1: Galilean telescope 1610 - Observing the Night Sky

4–3–1 Galileo telescope
In 1609, a device was invented in the Netherland that showed distant objects closer.
Galileo was able to build a telescope that would move objects twenty times closer
(Fig. 4-1). The Galileo telescope consisted of a convex objective lens and a concave
eye lens, which with it discovered Jupiter's moons on January 7. 1610. Discovering
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Jupiter's moons and observing their movements and commenting on the correctness
of Copernicus's belief that the Earth and planets were turning around the sun had the
antagonism of the Church.
Galileo went to Rome in 1611 to prove that his views and observations were
correct, so that members of the church would avoid hostility by observing the
movement of planets within the camera. But these lovers of their thoughts did not
allow themselves to see the sky within the camera. Galileo's last scientific activity
was the writing of a book entitled "Dialogues Concerning Two New Sciences" in
which he wrote his scientific activities in the field of physics. Galileo invented a
camera that revealed that the moon has multiple mountains, and the galaxy is made
up of small stars, with the exception of the stars we see, there are countless stars in
the sky, and Discovered four months of Jupiter's moons and sunspots that were
moving.
Under Democritus's hypotheses, Galileo believed that any change in the universe
and the cosmos is mathematically based. It was not lasting that Galileo's studies
were added to Kepler's studies and the central sun hypothesis of the solar system
was extended. The basic logic of the church in rejecting Galileo's hypothesis was
that the Bible stated that God created the earth first, then the sun and the moon after.

4-4 Empiricism in Experimental Sciences
When Gauss 8 reported seeing the Eighth Planet in the Solar System, Hegel 9, his
renowned and compatriot philosopher, protested and mocked: "Such is impossible.
The structure of the Solar System has already reached its completeness with seven
planets. The existence of an eighth planet is unthinkable". According to Stillman
Drake 10, since philosophy as a way of explaining the universe sits in chronological
order between religion and science, it is only natural that philosophy was initially a
religion and a leader in science. In his study of the history of science, he places the
process of independence of the spiritual child of philosophy - that is, science - at the
center of his analysis. He sees Galileo as the beginning of this painful birth.
This is simple-mindedness that we do imagine Galileo and Newton began to use
mathematics in mechanics. Even when Aristotelian physics was the only physical
theory invoked, there were attempts to apply mathematical equations to mechanics.
8

- Karl Feredrich Gauss (1777-1855)
- Georg Wilhelm Friedrich Hegel (1770-1831)
10
- Stillman Drake (1910-1993) was a Canadian historian of science who published book
chapters on Galileo.
9
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One famous example was the group known as the Oxford Calculators in history.
Oxford Calculators were a group of 14th-century thinkers who were almost all
associated with Merton College at Oxford University who studied philosophical
problems with mathematical logic. At that time physics was also part of philosophy.
Two of their major achievements were the "average velocity theorem" and "constant
acceleration". Galileo was aware of the work of Oxford Calculators.
Galileo began his education at a school in Florence and then went to the
University of Pisa. Years later he wrote in a memo: "From the very beginning of
Aristotle's natural philosophy, I was skeptical that the speed of the falling bodies
was really proportionate to their dimensions." He had seen hail beads with varying
sizes, falling to the ground together, almost all at the same height at the same time.
Galileo became interested in Euclid's principles at meetings, and in spite of his
father's desire to study medicine, he studied mathematics, philosophy, and he left the
university in 1585 without earning a degree and spent several years teaching private
mathematics, and in 1586 he wrote his first scientific treatise on hydrostatic
equilibrium.
In 1587 Galileo discovered a clever method of determining the center of gravity
of some solids that went beyond Archimedes and took his reputation abroad. In
1588 the Florence Academy invited Galileo to lecture on the location, dimensions,
and classes of hell, as stated in Dante's Inferno, to members of the Academy. In
1589 he became a master of mathematics at the University of Pisa. He explained the
fundamental difference of Aristotle's approach to his method in his latest book as:
"Aristotle says a hundred-pound bullet dropped from a hundred-meter height before
a bullet with one pound from one height, reaches to the ground. I say that both
bullets hit the ground at the same time, and if you try, you will see that the larger
bullet at the end of the path is just two finger knuckles ahead of the smaller bullet.
Whether they want to hide Aristotle's ninety-nine meters behind these two knuckles?
Enemies of innovation interpret even the slightest mistake of me as a great error, as
if it were better for a person to go with the stream than to pursue the right way of
reasoning". On Copernican theory according to his friends, he says: "The Bible tells
us how to move to the Supreme Throne, not how the Supreme Throne itself moves".
Galileo invented a geometric and the military compass that was used to solve a
practical artillery problem and was later used to solve almost all practical
mathematical problems which are imaginable at that time. He also made a
thermograph that was used in medicine. In 1603 he solved several problems of
moving on an inclined plane and examined the acceleration. In 1604 he discovered a
method to measure the rate of distance change in the acceleration motion. From
Saint Aquinas to Galileo, for about four centuries Europe had its wisdom under the
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shadow of Aristotle. If anyone wanted to know, his way was to read Aristotle's
books carefully, read the interpretations written on Aristotle's works, to understand
what he meant in difficult paragraphs. Philosophy and knowledge became as one.
Aristotle had dealt with natural philosophy (physics) in numerous works, but he had
stated the principles of physical science in metaphysics. The main purpose of
Aristotle's philosophy was to meditate on the causes of phenomena and to
understand the purpose of all the events of nature. Aristotelian cosmology stood
against Ptolemy's astronomy and remained unchanged, but could not survive in the
face of Copernican astronomy, which knew the Earth itself was in motion. In the
history of European culture, three prominent thinkers have emerged who have
declared Aristotle's natural philosophy useless: Francis Bacon in England, Galileo in
Italy, and René Descartes in France.
Aristotle interpreted knowledge as scientific and practical. The scientific
revolution mainly consisted of removing these differentiations and linking them. In
fact, it was searching for the laws instead of searching for the causes. Galileo wrote
about the future of philosophy: "True philosophy itself will benefit from our
arguments, because if our assumptions are found to be true, new successes will be
achieved, and if they found to be false, their refutation means further confirmation
of the previous theories. So keep your worries for some philosophers; come to their
aid and defend it. And science, however, has no way but to progress".
Like Bacon and Descartes, Galileo wished for a new philosophy that could
replace Aristotle's school of thought, but unlike the two, this type of philosophy for
him belonged to a distant future. The first signs of science appeared outside the
universities in the sixteenth century. The philosophy of nature was already highly
organized and complete. Any change in it would lead to metaphysical change and
would affect the rest of philosophy. Science, then, had to be independent of
philosophy if it were to make progress. In October 1604, a supernova appeared in
the night sky. According to Aristotle's fundamental principles, no change in the sky
could take place, since everything in it was made of an immutable substance called
ether. Galileo gave three public lectures on the new star and indicated that the star
should be in the sky. This means that Aristotle was completely wrong. Nowadays it
is hard to understand how once a pure mathematician could prove that the sky was
really changing, he would have eliminated the root of natural philosophy! The
deputation of philosophers, Cremonini 11, stated that the usual rules of measurement
on earth cannot be applied to very distances. In response, Galileo said, "It doesn't
matter to the mathematician that what is observed is the fifth essence (ether) or the
mash of potatoes, because the nature of it does not change by its distance".

11

- Cesare Cremonini (1550-1631)
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While the philosophers of nature saw the planets as perfect and insisted on the
full sphericity of the celestial bodies, in the moonlight night sky, Galileo saw things
in the moon that interpreted them as volcanic mountains and pits. The discovery of
the four moons of Jupiter orbiting it contradicted the imagination of natural
philosophers that believed Earth was the center of all celestial motions. In Rome,
father Clarius stated that he believed that all the new things that had been seen were
in the lens, not in the sky. There is no reason whatsoever in bent glass can be found
anywhere except in the lens itself because if we take the lens out of sight it will
disappear. Cremonini never accepted to look up to the sky with a telescope.
Galileo's optical experiments showed that if the moon was a full sphere, we
would only see the sun's reflection as a bright spot. Galileo measured mountains in
the moon, which had four miles height. But religious philosophers, stating that the
moon was spherical and smooth, said that the moon's surface was covered with a
transparent crystal that Galileo saw the mountains beneath it and mistakenly
suspected that they are at the top. Thus, the Galileo method was essential to the
formation of modern physics, and it was actually caused science and religion that
eventually separated their paths.

Fig 4-2: Galileo Faced Science Deniers in the Catholic Church
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Galileo continued his research and wrote a research paper that concluded that the
Milky Way Galaxy is composed of many stars and that the Earth is in the complex.
Until this part of discovery, there was no religious problem for the church, since the
main idea was that the earth was the center of the world, and that all the stars were
spinning around it, so Galileo's popularity spread throughout Europe without the
church being an enemy to him. He went to Rome in 1611, and his research was
confirmed and appreciated. At the same time, Galileo met Cardinal Maffeo 12
Barberini, who was one of his main supporters in the case of Galileo. At that
meeting and the same dinner party held in honor of Galileo, one of the nobles asked
Galileo's doctrines and teachings of the Gospel and the Catholic Church, and Galileo
said, "Maybe the Bible says how man goes to heaven, but it has no answer to tell us
where heaven goes". Barberini became to the pope at the same time, and Galileo
went to talk to him about his discoveries, without the slightest mention of
Copernican studies and theories.
At the same time, as a result of the work of the Church Research Committee,
Galileo was forbidden from writing about his scientific findings. In 1633 he was
summoned to Rome to attend his final court. At the beginning of the court, they said
that he had no teaching right until the end of his life. But Galileo had two letters
from his pastor friends who agreed with his ideas. Since both priests were dead, the
courts found the letters invalid (figure 4-2).
The court's final result was that Galileo would be sentenced to life in prison and
sent to prison. Galileo was then tortured (at age 70) in order that investigators ensure
he had unsaid his writings about moving the Earth around the Sun and turning the
Earth. He was forced to kneel before judges and judges of the Inquisition, put his
hand on the Bible and swear that he renounced and repented of his infidelity. The
story of Galileo's repentance was a turning point in the struggle of religion with
those who sought to find truth outside the context of the "sacred texts" that the
Church naturally considered to be absolute blasphemy. It is known that when
Galileo repented and got up and went out, those who were there saw Galileo fingerwriting on the ground: "With all this, the earth is moving."
Due to his old age, he was not sent to jail and imprisoned in his own home.
Galileo, suffering from the disease, opposed any request for a doctor or medication.
Even some of the priests who were Galileo's friends interceded, but no change was
made. Galileo died in illness.
Galileo persisted in his thoughts until his death. He secretly continued his
empirical experiments. Before he dies in the late Florentine environs in Asteri in
12

- Cardinal Maffeo Barberini Pope Urban VIII (1568-1644)
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1643, he wrote two other valuable books. His works were removed from the
blacklist (banned books) by the Catholic Church in 1835 and allowed to be
published. In 1998, after nearly four hundred years, the Vatican issued Galileo's
pardon to free his soul from wandering and to go to heaven.

4-5 Rene Descartes: "I Think, Therefore I Am"
In addition to the philosopher, Rene Descartes 13 was also a great mathematician and
physicist of the Renaissance, as he is called the father of analytic geometry. He
attended to travelling the world at the age of twenty after an eight-year course, and
as he said, since then has tried to pursue his own wisdom. So he joined Netherland’s
army and went to war, thus spending time in various parts of Europe. In 1629 he
returned to the Netherlands, where he spent nearly twenty years there in peace.
Descartes' research was more empirical and personal, and he used fewer books and
writing. The age in which Descartes lived in is also known as the age of skepticism,
and it is apparent that "doubt" not only shakes religious beliefs but also disrupts the
comfort and peace of human life. Descartes, who believed in Christian theism and
said that he saw the existence of God as an obvious mathematical theorem, was
attended to a new philosophy in order to annihilate skepticism and to dispel beliefs
and sciences from the grip of doubt. For this reason, he is also called Father of
modern philosophy. Descartes, like Archimedes, argued that "Give me a place to
stand, and I shall move the world", seeking a fixed point to rely on. Hence,
Descartes says, "one must first doubt everything". He did not want to put the first
and the basic step in a loose position.
His suspicion goes beyond that and he says, "We can't even trust our minds, our
minds may fool us." But the only thing that was undisputed for him was his doubt.
This doubt was the only thing he was sure of, and when he doubts, he must think
and because he thinks he must be a thinker! Or in his words "I Think, Therefore I
am". He says, "When I judge that a body is or there is, then I see it, it definitely
needs more evident than myself who see that body to exist, because it may be what I
see is not really that thing, as I may not even have the eye to see something. But
when I see or think that I see (it does not matter), I myself think that it is impossible
for me to not to be".
Descartes' other activities in the field of research should be mentioned to lenses.
To do this, he finally tried to get one of his old friends, who had skilled in lenses, in
the Netherlands, to live where he was, and he unfortunately not satisfied and
13

- Rene Descartes (1596-1650)
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Descartes could not conduct his research practically. His third plan was the most
ambitious of all, and he kept thinking about it until the end of his life. He wanted to
write a detailed treatise that contained a single explanation for all natural
phenomena. The first part was called "The World" or "A Study of Light" and the
second part was "A Study of the Human Brain", both of which were published later
after Descartes's death. Unfortunately, during Descartes' life, the Church was
generally opposed to the theories he intended to present in Part I of the book. For
this reason, he stopped writing and publishing both parts of the treatise. But he never
took the thought of this treatise out of his mind and wrote part of it whenever he had
the opportunity. When the book was almost ready for publication, it reported that the
Court of Inquisition in Rome sentenced Galileo to the crime of paying to the theory
of earth’s motion. The treatise on the world also included a section discussing the
motion of the earth and he could not remove it from the book without harming the
content. Because he did not want to have Galileo's fate, he did not want to publish
the book.
From the text of this dissertation, which was published after his death, Descartes
did not express dogmatically the theory of the Earth's motion in this work, assisting
the literary form of the book. Descartes in this book claims to say merely a legend,
telling the story of a journey into a fantasy world, though this fantasy world is, by all
means is one with the present natural world. He says elsewhere: "After much
research, I have found that in mathematics you are concerned with the order and
magnitude, and there is no difference to you whether it is related to the stars or any
other form. So there has to be science that answers every question about order and
quantity, no matter the order or quantity of what thing is talking about. I call this
science Universal Mathematics". Some of Descartes' scientific works:
1. Discourse on the Method of Reasoning: It is a very famous treatise written
on the scientific method.
2. Dioptrics: In it, he explores his discovery of the reflection and refraction of
light and mentions the laws of these two phenomena.
3. The Treatise of the Universe of Atmosphere: It discusses the atmosphere of
the earth, the failure of light and the rainbow.
4. Geometry: This is the first work on analytic geometry.
5. Meditations on First Philosophy
6. Principles of philosophy
7. A Treatise on Human Interactions
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8. A treatise on human and fetal formation

Descartes considered that part of human consciousness to be science and to be
attained by reason. Mathematics is therefore considered a complete example of
science and strives to apply mathematical methods to all disciplines of human
knowledge. He abandoned the philosopher’s method for proving a matter by what he
or she said and heard, and argued that he should doubt everything to make sure his
practice was not imitative.

4-6 Preparation of classic mechanical infrastructures
It was at the time that Galileo died that Isaac Newton was born. Newton invented the
first reflective telescope. By inventing a telescope and donating it to the British
Royal Society, he became a member of this Society. Another of Newton's
discoveries was the preparation of a light-decomposition prism that observed the
spectrum of white light. Newton was equally outraged by the church as Galileo and
Bruno. For in Newton's theory, the universe equilibrium has subordinated the law of
gravity, while it was established in the Bible by the will of God, without any law. So
this theory was also seen by the Church as a new manifestation of Satan's
misguidance and they commanded that Newton attributed to Satan, infidels, and
apostates. But they could not afford to do so because Newton was in England and
backed by the government. If we suffice to the fall of Apple for discovering the
Newtonian law of gravitation that this law came to his mind at a glance, we would
have done something unscientific and superstitious. Newton's invention and
publication of equations of motion were rooted in research that dates back to human
life in the soil. This research process was accompanied by ups and downs
(sometimes violent and inhumane), and its paste was provided by many scholars,
that eventually came up as Newton's law. So, before Newton the classic mechanical
infrastructures were prepared. In addition, the European community was
philosophically and conventionally prepared to accept it. Newton formulated his
equations of motion on these infrastructures. This attitude does not in any way
diminish the value of the great work Newton did, but it also reminds of the role of
other thinkers.
Copernicus's central solar system, rather than a scientific theory, provided a basis
for dissenting and challenged the foundations of the Church's worldview of
philosophy. Although not considered for nearly 100 years, it changed the system of
scientific thought when it did. Table (4-1) presents the years and headings of the
theories to determine the process of formation of the foundations of classic
mechanical thoughts by comparing them.

4. Expanding innovation and dogmatic resistance
Table 4-1: Classic Mechanical Infrastructure Builders

Ptolemy, 2nd Century AD: Earth is the
center of the universe. The sun and the
planets each rotate around the Earth on a
circle

Bruno 1548–1600: Stars are like the
sun. Perhaps intelligent, living creatures
live on many of these planets of stars.

Galileo 1564–1643: The old assumption
as the central earth is incorrect and the
sun is the center of the solar system.

Copernicus 1473-1543: The sun
is at the center of the universe
and the earth is rotating around
the sun.

Kepler 1571–1631: Planets orbit
on the elliptical orbit around the
Sun that concluded breaking the
sacredness of the circles and the
reversal of Ptolemy's worldview

Descartes 1596–1650: It doesn't
matter to you whether the values
are related to stars or any other
form.
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4-7 Inductive Method and Differential Calculus
Galileo did many experiments to summarize the motion of bodies in a series of
general laws. Among these, the Galileo’s inclined plane is the most famous. But the
effect of Galileo's attitude on the advancement of science in these experiments
cannot be summarized. In fact, Galileo had a sort of logical attitude to physical
phenomena that was unprecedented until then. This attitude formed the basis of the
inductive method in physics and gradually expanded to other sciences.
Although Galileo's experiments are not qualitatively and quantitatively
comparable to today's experiments, but today's highly sophisticated experiments
follow the same principle of Galilean's inductive attitude. In this way, Galileo
created the infrastructure of physics and showed the way of behavior with nature
scientifically. Years later Newton formulated the results obtained by Galileo in a
series of mathematical equations and compiled the structure of classical physics.
Newton replaced the "differential attitude" instead of an integral way to justify
physical phenomena.
In the integral method, the results are always desired. Whereas in differential
attitudes, the analysis of the process of reaching the results is discussed and specific
answers can be obtained. For example, compare Kepler's laws with Newton's
Universal Law of Gravity. In Kepler's laws, one planet's rotation period cannot be
extracted from another planet's rotation period. In addition, each one of Kepler’s
laws is independent of others. While in Newton's law, all planets orbiting periods
around the sun can be obtained and all of them can be deduced from one law 14.
Thus, it can be said that Galileo invented the inductive method and Newton invented
the differential method. But from the time of Galileo to Newton there had been
major changes in the attitudes of science and physical phenomena. One of the most
influential factors in this area was the work of Rene Descartes. Descartes added a
three-part discourse in his treatise Discourse on the Method of Reasoning under the
titles of Optics, the Universe of Atmosphere, and Analytical Geometry. Although
Descartes' book of Analytic Geometry is not a systematic extension of the analytic
method, he did make a major difference in calculations by showing that a letter can
represent any quantity, positive or negative. The words latitude and longitude
coordinates, which are nowadays technically used in analytic geometry, came from
by Leibnitz 15, thus forming the Cartesian Coordinates System (1).
These efforts philosophically prepared the society for acceptance of new
scientific ideas and mathematically provided the basis of creating the necessary tools
14
15

- These are interpretations of Einstein's statements.
- Gottfried Wilhelm von Leibnitz (1646-1716)

4. Expanding innovation and dogmatic resistance

87

for continuity of new achievements. Therefore, the philosophical and scientific
context for the presentation of classical mechanics and the formulation of the laws
of motion was quite favorable. In these circumstances, Newton entered the realm of
existence.

Chapter note:
(1) Khayyam is the first to use in solving equations and thus has introduced the
analytic geometry for nearly four centuries before Descartes. Dr. George Sarton 16
commented on this as: "Khayyam is the first person to systematically and
scientifically apply equations in the first, second and third degrees and classify the
equations admirably. He studied in solving all forms of third-degree equations, and
he has systematically realized and succeeded in solving them geometrically. His
treatise on Algebra, which is consisted of these investigations, represents a
systematic scholarly thought, and this treatise is one of the most prominent medieval
works and arguably one of the most prominent in this field of science ".

16

- George Sarton (1884-1956)
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Chapter 5

Fundamental concepts of space and time
People like us, who believe in physics, know that the distinction between past,
present and future is only a stubbornly persistent illusion. Albert Einstein

Introduction:
Studying and understanding the physical phenomena and the relationships between
them does not seem very meaningful without regard for conceptions and intuitive
understanding of space and time. The concept, understanding, and explanation of
space and time, like other physical quantities, have a dynamic process and had
undergone many changes throughout history. Especially after relativity, the concepts
of space and time became emerged and human understanding of them underwent a
fundamental transformation. This chapter is preceded by Newton's laws to describe
the historical and dynamic process of the concepts of space and time, to give dear
readers more insight into the foundations of physics' founders about space and time.

5-1 What is space?
Space is a term widely used in many fields and categories such as philosophy,
sociology, architecture, and urban planning. But the widespread use of the word space
does not mean the same conception of it in all of the above areas. Rather, the definition
of space can be examined from different perspectives and in different disciplines and
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in different situations. Studies show that despite the common understanding of the
term, there is almost no consensus on the definition of space in scientific and
philosophical discussions, and the term has a wide variety of meanings, and there is
no clear and comprehensive definition inclusive of its concept’s aspects. Therefore,
this chapter will point out some generalizations about the concept of space.
Space is a very general category. Space fills the whole universe and surrounds us
all our lives. Space gives us a sense of comfort and security in the environment around
us and is no less important in a pleasant life than sunshine and a place for relaxation.
Everything that man does has a spatial dimension. In other words, any operation that
is doing requires space. The human desire to space has deep roots. This attachment
originates from the human need to communicate with other human beings through
different languages. Human beings also adapt themselves to physical objects using
physiology and technology, thereby creating a dynamic relationship and equilibrium
between humans and the environment (objects), in addition to communication
between humans. These objects are divided on the basis of a series of special
relationships, internal and external, near and far, single and unified, continuous and
discrete.
In order for human beings to be able to objectify their ideas and imaginations, they
must understand these relationships and harmonize them in a format of a spatial
concept. Thus, space does not represent a particular kind of communication, but a
comprehensive and encompassing form of communication, both between humans and
between humans and the environment. Space has a fluid nature, such as a creek, which
makes it difficult to capture and define. If the cage is not strong enough, it easily
penetrates out and disappears. Space can be so thin and wide that the sense of
dimension disappears (for example, on wide plains, space looks completely
dimensionless), or it is so full of three-dimensionality that gives anything in its domain
a specific meaning. Although it is difficult and even impossible to define space
precisely, space is measurable. For example, we say there is still enough space or it is
full. The closest definition is to think of space as a vacuum that can accommodate an
object or be filled with objects. Another point to be made about the definition of space
is that there is always a relationship between the observer and the space based on a
relationship that is not something predetermined. So that one's location defines space
and space can be understood in different ways according to one's perspective.

5–2 The historical evolution of the concept of space
Space is a concept that has long been considered by many scholars and has been
defined in various ways in many historical periods based on common social and
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cultural approaches. Although Egyptians and Indians had different views of space,
they shared the belief that there was no clear boundary between the inner space of
imagination (subjective reality) and the outer space (objective reality). In fact, the
inner and mental space of dreams, myths, and legends were combined with the real
world. What is most noticeable in the mythical space is the structural and systematic
aspect of space. But this systematic atmosphere is related to the kind of mythology
form that derives from its creator's imagination. In the language of ancient Greek,
there was no word for space. They used the word ‘between’ instead of space. Greek
philosophers called space the object of reflection. When Parmenides 1 finds out space
cannot be conceived as such describes it as an unstable state because it does not exist.
Leucippus 2 also considered space, although physically non-existent, but real. Plato
considered the matter further from the point of view of Timaeus 3 and explained
geometry as a science of space. But he left it to Aristotle to complete the theory of
space (Topos). For Aristotle, space is a set of places. He described space as the
container of all objects. Aristotle compares the space with the container and considers
it an empty space that must be closed around it so that it can exist and thus there is an
end. In fact, for Aristotle, space was the contents of a container. On the basis of
Aristotle's views, Lucretius 4 also referred to space as a vacuum. "All the universe is
based on two things: bodies and vacuum, which they have a place in their own
particular vacuum and in which they move," he said.
Later, theories of space were expressed on the basis of Euclidean geometry, so that
the characteristic of the Greek thoughts of space is visible in Euclidean ideas of
Euclidean geometry. Euclid established the science of geometry by gathering all the
theories of geometry among the Egyptians, Babylonians, and Hindus, which was a
system of subjective abstraction. The Euclidean space was a united, homogeneous,
continuous space with no pits, bumps or curves. Euclidean space was a measurable
space. According to what has been said, in Greece and in antiquity in general, there
are two types of definitions for space based on two intellectual tendencies:
• Plato's definition that sees space as a fixed and eternal being that whatever comes
into existence lies within it.

1

- Parmenides, Greek philosopher, born 515 BC
- Leucippus, Philosopher, Died: 370 BC
3
- Timaeus, book by Plato; http://classics.mit.edu/Plato/timaeus.html
4
- Titus Lucretius Carus was a Roman poet and philosopher, born: 94 BC, Pompeii
2
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• An Aristotelian definition, that defines space as a Topos 5 or place, considers it a
part of a more general space whose range corresponds to the volume range that
contains it.
Throughout history, Plato's definition has been more successful than Aristotle's,
and in the Renaissance, it has been supplemented with Newton's definitions and has
come to be understood as a three-dimensional, absolute space, consisting of the time
and the concepts that fill it. Giordano Bruno in the 16th century with the use of
Copernican theory, declared some theories as opposed to Aristotle's theory. In his
view, space is perceived through what is in it (the walls) and is transformed into the
space around or between. Space is a set of relationships between objects and - as
Aristotle puts it - it must not necessarily be enclosed and always endless.
In the late middle Ages and the Renaissance, the concept of space was again shaped
by Euclidean principles. In the world of Art, Giotto 6 played an important role in
transforming the concept of space. So he created a new way of organizing and
presenting space by applying perspective on Euclidean space. With the advent of the
Renaissance, 3D space was introduced as a function of linear perspective, which was
reinforced some of the medieval spatial concepts and was eliminated others. The
victory of this new form of expression of space brought to the attention of the
difference between the visual world and the field of vision, thereby distinguishing
between what human beings are aware of and what they see.
In the seventeenth and eighteenth centuries, Baroque 7 empiricism and Renaissance
created a more dynamic concept of space that was much more complex and more
difficult to organize. After the Renaissance, the metaphysical concepts of space
gradually separated from physical and spatial concepts, and more attention was paid
to metaphysical aspects, but in the scientific context, the spatial concept of space
became more pronounced. Descartes is one of the most influential thinkers of the
seventeenth century, between the flourishing of the Church on the one hand and the
rise of European philosophy on the other. In his theories, he emphasized the
metaphysical properties of space, but at the same time, he emphasized physics and
mechanics, using the principle of the Cartesian coordinate system to identify
distances, which was a representation of Euclid's important hypothesis about space.
In the Cartesian method, all surfaces are of equal value, and shapes appear as parts of
5
- In mathematics, a topos is a category that behaves like the category of sheaves of sets on a
topological space.
6
- Giotto Di Bondone (1266-1337)
7
- The Baroque is a highly ornate and often extravagant style of architecture, music, dance,
painting, sculpture and other arts that flourished in Europe from the early 17th until the mid18th century.
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infinite space. Prior to Descartes, space was only a matter of qualitative dimension,
and the location of objects was not expressed by numbers. His main role was to give
a quantitative dimension to space and place.
Leibnitz was a proponent of the theory of relative space and believed that space is
merely a system of relationships between non-volume and subjective things. He saw
space as the coexistence objects system or the system of existence for all things that
are simultaneous. Unlike Leibnitz, Newton believed in space consisting of moments
in which this space and time were independent of the objects and events in which they
were located. In fact, he believed in absolute space and time (the theory of absolute
space). In Newton's view, space and time are real objects and containers of infinite
expansion. Within them, the entire sequence of natural events in the world will find a
defined place. As such, the motion or inertia of objects actually created and is not
related to changes in other objects. 1800 years after Aristotle, Kant 8 saw space as an
aspect of human understanding, distinct and independent of matter. He expanded the
aspects of Newton's theory from the absolute space and time, from the outer world to
the human mind, and based his philosophical theories on them. In Kant's view, space
and time are conceptual and intuitive issues that are precisely in the human mind and
in his or her intellectual structure and are considered organs of perception and cannot
exist on their own. Space is not an empirical concept and a result of the experiences
gained in the outside world. We can only define space from the human point of view.
Beyond our state of mind, representations of space in any form whatsoever are
meaningless because they do not represent any of the properties and values of space
and do not have any hint in relation to each other. So, in this sense, what we call
foreign objects is nothing more than mere expressions of our senses that their form is
space. Hegel did not believe in the truth of space and time. In his view, time is merely
an illusion due to our inability to see the whole. In Bergson's 9 philosophy, space
emerges also as a characteristic of matter from the outage of outflow which is the
truth. On the contrary, time is an essential feature of life or mind. In his view, time is
not mathematical time, but it’s a homogeneous accumulation of moments, and
mathematical time is actually a form of space. Heidegger 10, another contemporary
philosopher in explaining the term space, believes that space means a place is being
ready for placement.
This definition of space can be partly consistent with the material notion of space,
place, and where it has not yet been realized by spatial objects. Here, however,
Heidegger distinguishes between the material dimension of space and the formal
dimension of space. He says that space in his essence is what place is made for. This
8

- Immanuel Kant (1724-1804)
- Henri Bergson (1859-1941)
10
- Martin Heidegger (1889-1976)
9
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definition of space requires the notion that the form of space existed before it could
be realized, which place made for it. This image of space merely makes it abstract.
Because, in order for space to exist before it, can be formally realized, it must only be
abstracted in the mind.

5–3 Time
Time is a concept so familiar, tangible, evident, trivial, and profound that it takes so
much courage to write about it. Understanding the concept of time and criticizing the
current understanding of this concept, if long enough, will lead to an attempt to gain
a new perspective and a more efficient approach to key concepts such as location, change,
and event. Time is such a pervasive concept that any new suggestion that it is otherwise
conceived leads to behavioral strategies for change in behavior. These theoretical
suggestions, and those operational recommendations, in particular, are the most important
aspects that make challenging the concept of time so daunting (figure 5-1).

Fig 5-1: Is there a time independent of the clock?
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Raymond Williams 11 once put the approaches of modern thinkers to the time into
three categories. In his view, three types of conceptions of time are imaginable.
First: a neutral conception that looks at time as an inactive and incidental variable
to explain other things. Such an understanding has led to mechanical and scientific
models from the abstract and mathematical times, the model that Newton is the first
founder of it. An impartial approach with a geometrical approach uses time as a
justification for causal analysis of events.
Second: a genealogical approach, as if it were first used by Nietzsche 12. This
approach uses time as a context to explain why particular events occur in a particular
way. Contrary to the aforementioned abstract concept, this time is fluid and dynamic,
and depending on the nature of the event and the subject under study, it is highly
flexible.
Third: is a hostile or critical approach, based on an attack on the two previous
attitudes, whose purpose is to destroy the theoretical foundations of the concept of
time that are assumed evidently. This approach looks at the historical and temporal
approaches with a critical perspective and doubts about the validity of historical laws.

5–4 physical time
In physics, time is defined in two different ways:
A. Thermodynamics Method: This method was first developed by physicists such
as Kelvin 13 and Celsius 14 who were interested in the concept of temperature and heat
transfer. But today's mature form of it is seen in the works of thinkers such as
Boltzmann 15. The thermodynamics definition of time is based on patterns of behavior
seen in simple systems. An important part of the systems around us is simple orders
that consist of a large number of relatively simple elements. Elements whose behavior
seems almost random, but the result of the behaviors of their small scale, are
predictable on a large-scale basis. An examination of the energy evolution of these
systems forms the backbone of thermodynamics science (figure 5-2).

11

- Raymond Williams (1921-1988)
- Friedrich Nietzsche (1844-1900)
13
- Lord Kelvin or William Thomson (1824-1907)
14
- Anders Celsius (1701-1744)
15
- Ludwig Boltzmann (1844-1906)
12
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The whole foundation of thermodynamics is a building that rests on several pillars.
These columns are called thermodynamics laws. The above rules are reasonably
simple and obvious. For example, according to the law of zero thermodynamics: If
two systems A and B, were thermally balanced, and two systems B and C were also
in this situation, then two systems A and C will be in thermal equilibrium together.
As you can see, this is in fact a thermal expression of the logical principle of this.
The second law of thermodynamics state that open systems tend to entropy over
time. This means that a constant, general variable named time governs the behavior
of such systems. A simple example can show the relation of time and entropy.

Fig 5-2: In Thermodynamics, thermal communication of systems is examined.

Suppose we have a glass of perfume in a room and the door be opened. In such a
situation, the density of the perfume molecules in a particular point in the room inside the glass - indicates a form of order. The room where the perfume molecules
are together and the air molecules are also together is a regular room and its
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information content is more than a room where the molecules are arranged irregularly
and interchangeably. The second law of thermodynamics tells us that an open system
- such as a glass containing a perfume with an open door - will over time moves from
the initial order to the second irregular state. What is growing is the disorder of the
room known as entropy in thermodynamics.
B. Historical Method: This method defines time on the basis of a complex system
that has the potential to accumulate information and experience. In these systems, the
passage of time leads to a decrease in disorder and an increase in order. For example,
when we look at the wounding of a human being or the seed of a plant, we see that
the internal order values of these systems increase over time. The wounded person
heals and the seed becomes a plant. As such, the historical definition of time seems to
be conflicted with its thermodynamics definition. As we know, the most important
feature of the laws of empirical sciences like physics is invariant, or symmetry.
Symmetry means that the rules apply to all conceivable conditions. This means that
these laws reflect the nature of the subject of the research and the manner in which it
is conducted and does not depend on the conditions surrounding it. All the laws of
physics are invariant in all conditions. The only variable that breaks this symmetry is
time, and the origin of this violation of symmetry is the second law of thermodynamics.
The axis of time is the only physical index that has a vector and flows in a certain direction,
and the behavior of the systems changes according to this vector.
Take, for example, the law F = ma . The law states that an index like the force is
related to two other indexes (acceleration and mass). This equation is invariant to
place axes. That is, if we apply force to an object in a direction, the acceleration of the
object is determined by its mass - and nothing else. If we apply force to the same
object in the opposite direction, this is also the only mass that determines its
acceleration. The direction of the force and place of such phenomena does not affect
the accuracy of this equation. The place is a neutral context in which the law always
applies in it. The direction of the force and the place of the examination do not have
any effect on this law, the law applies throughout the universe and in all imaginable
directions to apply force. But the second law of thermodynamics is not so and is not
invariant to the time axis. If a system "go ahead" on the time axis (from past to future),
the second law of thermodynamics applies. If a reverse vector is assumed, the validity
of this rule will be lost. Open systems increase their entropy only when time moves
in a certain direction. This is why time is entered in the physical equations as an
independent variable and acts as a general index that indicates the "direction and
sequence" of events.
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5–5 Problems of the physical concept of time
The physical concept of time has two fundamental problems:
A: The thermodynamics and historical definition of time is at opposition, and there
is no single and general definition of time. Time in open systems (simple and
complex) is defined in two different ways.
B: It is difficult to explain why time as a general variable acts as unilateral and
only flows in a particular direction. In other words, the "arrow of time" and its
continual and stable movement from the past to the future is something that needs
clarification.
Much effort has been made to reconcile the thermodynamics and historical
definitions of time. One of the most interesting of these efforts is Lasser’s 16 proposal.
He believes that the concept of information - the main basis for defining the concept
of entropy - cannot be defined at the minor and microscopic levels. In other words, at
the microscopic level, the time axis is symmetric and there is no distinction between
moving from past to future and vice versa. He uses the Heisenberg uncertainty
principle to confirm his point. This principle states that the number of states
conceivable for a physical system is finite, so it is possible to describe it with a finite
amount of information. This means that information at the microscopic level has a
certain limit and is not infinite. This principle also applies to all cosmic subsystems.
The principle of Heisenberg’s uncertainty can be extended to the universe itself.
The universe differs from its subsystems in one thing, and it is being endless. At the
minor level, it is possible to identify information similarities among systems that
differ at the macro level, that is, have distinct information content. In short, the
Lasser’s proposal is to assume the time axis at the symmetric microscopic levels. In
such a situation, the thermal deaths caused by the Big Bang1 lose their certainty by
the assumption of cosmologists such as Hoyle 17 and Narlikar 18 who believe in the
eternal universe. From the Lasser’s point of view, such an idea of the evolution of the
universe is rooted in older assumptions. The assumption is that the universe is a closed
system of dynamics, and therefore the motion observed in it is explained by the second
law of thermodynamics. Due to the violation of time-orientation at the microscopic
level, the state of the universe that is moving from unbalanced situation to equilibrium
is as likely as the opposite. In fact, Lasser defends this model and believes that the

16

- David lasser (1902-1996)
- Sir Fred Hoyle (1915-2001)
18
- Jayant V. Narlikar (1938- )
17
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starting point of the universe was a state closed to thermodynamics equilibrium and
that in time the universe departs from this equilibrium.
The second problem, according to physicists such as Borel 19, the openness of
physical systems, makes no system safe from the effects of random and wandering
elements of its environment. As a result of these factors, when organizing macro-level
disciplines, information at the micro-level is regularly wasted, and this is what results
in entropy and time orientation. Other thinkers, such as McTaggart 20, have rejected
the orientation of time. McTaggart’s emphasis is on a concept of time that implies on
events that are arranged together in sequences of before and after. In this definition
that has a Newtonian attribute time is "something" like a place that encompasses the
container of events. There is a point of now on this axis that the events before and
after it refer to the past and future, and their placement on that axis relative to each
other signify to them and to the time axis. McTaggart argues that there are two
expressions of this time axis:
First: “Series A” is based on the arrangement of events relative to the reference of
the name now. Series A is meaningful if it can arrange events based on genuine, nonconcrete attributes relative to each other.
Second: “Series B” which measures the order of events based on their relationship
to each other before and after, and ignores the reference of now.
His argument for rejecting the linear concept of time is as follows:
A) Time exists if and only if series B existed. That is, there are contexts of events
and developments that are comparable.
B) This is only possible if there is something called change. That is, something
differentiates between events of different times.
(C) Change may occur when there is a type of series A. That is, the existence of
contexts of similar events, that have a priority to each other, but there was no external
reference to their arrangement, does not imply the difference between them - the
presence of change.
D) Events within Series A are connected only to one of the concepts of the past,
present, or future. Their connection to more of one of these concepts leads to a
contradiction.

19
20

- Émile Borel (1871-1956)
- J. M. E. McTaggart, Metaphysician (1866-1925)
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(E) Consequently, the validity of time axis and reference of now - which makes
Series A, depends only on a chain of conceptual relationships that have no full
validity. That is, in each observation slice, each event accepts only one of the three
conditions mentioned. It follows that the three concepts of present, past, and future have
a concrete character and therefore cannot provide a solid foundation for series A.

5-6 Biological Time 104
A living system is a system that extends in time and place. Consequently, in order to
regulate its behaviors and adapt to the environment, it needs to recognize or produce
both of these contexts and thereby fulfill its ultimate function of survival based on it.
Complex animal systems understand the place with the help of visual and auditory
senses. The place is broadly appeared, identified and understood, based on new and
exotic events that emerge around the living being. But time is perceived internally as
the opposite of place. The living system relies on its internal variations and variables
to understand time more than external stimulus and environmental changes.

Fig 5-3: Time can also be examined in vital phenomena as in physical phenomena.
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The time recognition system in all organisms follows a nearly identical chemical
structure (figure 5-3). The basis of all these devices is biochemical cycles that can be
repeated intermittently, and each cycle of repetition lasts for a specified time. As such,
organisms at the biochemical level are equipped with an internal clock that ticks with
molecular gears based on chemical actions and reactions. The animals have a
sophisticated and highly evolved nervous system called a "timer" 21. In Arthropods,
part of the head’s gland carries out this task, and in cold vertebrates (fish, amphibians,
and reptiles) it does by Pineal gland (figure5-4).

Fig 5-4: The inner clock of the cold vertebrates

In humans, the human brain well understands the passage of time, schedules the
received information, even shifts priorities if necessary. For example, a hungry and
thirsty person enters the house and goes to the fridge, he hears the cry of his baby.
The brain delays the feeding clock and does go toward the sound. The human brain
has different timers that work at different speeds and are located in different parts of
the brain. Some of these clocks measure milliseconds and other decades, some
manage body movements and some measure information they receive from different
senses. Some can predict future times, and others are responsible for timing past
memories. The brain sometimes shrinks or expands itself. Changing feelings,
concentration, medications, and illnesses can affect a person's different understanding
of time. Sometimes people feel time - longer or shorter than reality (figure 5-5).
Different parts of the brain communicate through electrical messages.

21

- In German, Zaitgieber
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Circadian rhythms: The suprachiasmatic nucleus (SCN) or nuclei is a tiny region
of the brain in the hypothalamus, situated directly above the optic chiasma. It is
responsible for controlling circadian rhythms. The neuronal and hormonal activities
it generates regulate many different body functions in a 24-hour cycle. The SCN
contains approximately 20,000 neurons. These neurons, with closed-loop chemical
cycles, regularly produce repetitive electrical messages. Messages resonate in the
SCN neurons and send a neural message to the other brain structures at constant
intervals. This allows the SCN to tick at a constant speed.

Fig 5-5: There are some internal clocks in different parts of the brain
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The inner clock adjusts itself permanently with the help of optical stimulus coming
from the eyes (figure 5-6).

Fig 5-6: The inner clock that regulates the circadian rhythm.

For example, the 24-hour inner clock is longer than an astronomical and outer
clock. If some people stay for a while in an environment like the depth of a cave that
lacks any kind of time-consuming stimulus, their nighttime life will increase slightly
and stabilize around twenty-five hours. The behaviors of these subjects are adjusted
to 25-hour cycles and their eating and sleeping are organized in such away. With this
details brain that produces within it a 25-hour day, it has to constantly correct itself in
the real world. This is done by means of feedback from the visual system. Animals
adjust their biological cycles based on this inner clock. These cycles include daily
periods for sleep and wakefulness, monthly periods for ovulation, and annual periods
such as hibernation. These cycles are also corrected by factors such as the time ratio
of day to night and changes in air temperature.
These exogenous cycles themselves arise from repetitive events in the cosmic
dimensions. As such, a series of endogenous repetitive events, produce nerve-firing
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and exogenous (the Earth orbiting the sun and the moon around the Earth) creates the
phenomenon of time in living things.
In mammals, the SCN connects from the posterior to the midbrain and other
hypothalamic nuclei, and sending their axons from the front to the septum. The main
functions associated with this nucleus are: adjusting sleep and wake cycles, adjusting
body temperature at different times of the day, and adjusting periods of activity and
rest. The first cycle length (sleep and wake cycle) is 24 hours and the third cycle length
(activity and rest period) is 90 minutes. The inner clock regulates time periods but
does not determine the continuity of biological functions. That is, if we destroy a
mouse's SCN, its sleep and wake cycles will lose their order, but the total time it sleeps
at night will not change.
The inner clock is highly resilient and does not easily is hamper with a stimulus
such as cold, nerve medications, hormonal disorders, and hypoxic shock 22. The
function of the inner clock is directly dependent on the function of the genes. In a very
complex processor, such as the human brain, time takes a function beyond adjustment
ensuring the environment. In such brains, the overall volume of information
processing is so high and the number of functions within the system so high that time
is also centralized as a key tool for coordinating the system's internal mechanisms. In
this way, the living body, which in the early days of life understood time on the basis
of exogenous cycles and repetitive environmental changes and used it to adapt to
changes outside the boundaries of its system, had no choice to invite an endogenous
device for the segregation of time in order to achieve behavioral and functional unity
and use it as a reference point to adapt its subsystems together. This time-built internal
machine was the center that led to the evolution of vertebrate to the pineal nucleus in
reptiles and amphibians, and the SCN in mammals.
Thus, the time was relied heavily on external variables and ensured system
compatibility with the environment became an autonomous system that had to
coordinate the behavior of the various subsystems with the main system. The
importance of this new function can be understood by examining several neurological
controls. Pay attention to the different sensory subsystems of the human brain. The
channel of entering information in living beings, such as humans, are so complex and
sophisticated that they only detect and pay attention to particular aspects of the
changes in the external environment. For example, the olfactory brain system, which
starts from the olfactory bulb and extends to the septum and olfactory comprehension
centers in the anterior segments of the brain, focuses only on processing olfactory
information. The visual sensory system, which encompasses the path from the retina
22

- Hermann Haken, Physicist (1927- ) and Hans-Peter Koepchen (1939-1999), Institute of
Physiology, University of Berlin
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to the posterior cortex, works only with optical stimulus and the hearing center only
records and analyzes air-waves and vibrations.
What we identify as phenomena and objects in the outside world are in fact, a
fabricated product that results from the overlap of these various sensory perceptions.
That is, when we take a grain of cherry in our hand, we deduce the so-called
phenomenon of cherry by combining optical stimulus (cherry color and shape),
posture (softness and specific texture) and…If viewed from a functional perspective
to nervous system, is a system for processing information that establishes the
relationship between sensory inputs and motional outputs. This relationship, in fact,
creates a complex network of response to an intercurrent stimulus that allows the
emergence of the "I" in the context of the "world". Reacting to this system is a timeconsuming process. That is, from the moment the stimulus enters the sensory system
to the point in which the reaction occurs in the emotional system, there are
interruptions that neurologists call it the reaction time. This interruption depends on
the speed limitations of the message passing and the processing of information on the
nervous system. This interruption has different values in different senses. For
example, in the visual system, it is 100 milliseconds, much longer than the reaction
time in the auditory system (one millisecond). It is this difference in the speed of
information processing that creates the risk of an asynchronous understanding of
individual information.
The time difference between the different reactions to the events that are closest to
us is not significant. For events that occur less than ten meters away, the difference of
processing speed between these two systems and the different diffusion rates of the
stimulus in the environment is so small that events are understood as one and the same.
This distance is unique in every animal, and is known as the "synchronous horizon".
For events beyond this horizon, the direct involvement of the neural timing system is
necessary for the phenomenon to be understood uniquely. If this system had not
evolved, we would have had a firelight-like understanding of phenomena beyond our
synchronization horizon. That is at first, we understood one of the stimulus-related to
it, for example, light, and then we understood its other stimulus, for example, sound.
From examining the concept of reaction time, several points emerge:
First, our nervous system, react primarily as environmental changes, but it
understands these changes and their reactions later than they actually do. This means
that the living system is always at the heart of environmental changes and is affected
by environmental fluctuations, but the interruption that results from processing these
fluctuations always keeps it off late. In simpler terms, our brains always perceive
images of the outside world that happened ten to one hundred thousand seconds before
the real one. That is, for neurological reasons, we are always behind time.
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The second point is that the continuity of time and the continuity of events are
born out of the neural system process. This needs further explanation. The nervous
system is made up of functional units called neurons that act as discrete. It means they
transmit the electrical message that is discrete by a stimulus. As such, we expect the
images resulting from these messages to be discrete. In other words, it makes sense
for the visual system to produce an image of the world that, like stroboscopic
photography, represents discrete, cut-through sections of environmental changes. But
our inner experience shows that our understanding of existence is fluid and unbroken.
But how does this connection emerge?
In fact, sensory stimuli are inputs from neural firing that modify the regular,
structured fluctuations of the neural network. Neural processing can be understood as
a more complex fluctuations pattern of a coherent network, influenced by inputs that
are translated into the same fluctuations language.
Normal fluctuations speed of the neural network in the absence of external stimuli,
such as in coma or sleep, have a threshold of about 30 to 50 milliseconds. This means
that the usual neural network fluctuations have temporal quantities at this level. Since
the firing time of each neuron is 1 to 5,000 milliseconds, the quantum of sensory
stimuli recorded and transmitted is much less than the time units required to
processing them. As a result, the neuronal surface disruption disappears in the
fluctuations of the network surface and the world is perceived continuously23.

23

- Haken and Koepchen
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Chapter note:
(1) In the Big Bang (cosmological) model, the universe was created by the
explosion of a dense mass of extremely low volume and infinite density, and the
universe is expanding. In Fred Hoyle's model called the stable universe, the
universe is expanding. But when a galaxy goes out of our sight, a new galaxy is
produced, and the density of the universe remains constant. Fred Hoyle was a
staunch opponent of the Big Bang theory, so he always ridiculed the Big Bang and
attacks it in his speeches. This also promoted the Big Bang theory, and eventually,
the supporters of the stable world became less and less popular today, to the point
where there is no serious advocate today.
Comment: Many years ago important sections about time in this chapter of the
site www.soshians.ir Cited. I am pleased to inform the respected readers that this
text is on pages 11-13. 105-106, 137-139 is published in the book "About Time:
Zarvan Kranmand" by Sherwin Vakili/Shour Afarin Publications / 2012.
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Chapter 6

Newtonian mechanics
Before the discovery of quantum mechanics, the framework of physics was this:
If you tell me how things are now, I can then use the laws of physics to calculate, and
hence predict, how things will be later. Brian Greene

Introduction:
The last person whose ideas deeply influenced on Newton and the formulation of
classical mechanics was Descartes. There is less talk about Descartes’s physics and
the concept of motion from his point of view. It is as if Descartes' physics, with all its
importance and influence on Newton's ideas, is less attentive rather than his other
ideas, such as the innate and dualistic notions of the mind. Although Descartes' views
and works on physics were descriptive, the same descriptive issues were strongly
opposed to Aristotelian physics. But from a logical perspective, Newton's laws are the
mathematical form of Galileo's theories. In fact, Galileo paved the way for describing
the equation. For this reason, Cartesian physics and then the Galilean mechanics are
first brought to clear the value and importance of each' work, by comparing them with
Newton's work.

6–1 Descartes and the Concept of Motion
Physics and its foundations were pivotal to Descartes. Although today he is probably
best known for his metaphysics of mind and body or his epistemology and method,
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but in the seventeenth century Descartes' knowledge of geometrical physics and
mechanics played a large role in his acceptance with his contemporaries.

6-1-1 Historical Backgrounds of Cartesian Physics
The most important thing in understanding Descartes' physics was to revive traditional
atomism. Traditional atomists, such as Democritus and Epicurus 1, against the
Aristotelian view, attempted to explain the specific behavior of bodies not as
substantive forms, but in terms of the size, shape, and motion of smaller bodies called
the atom, which moving in the open space. In the sixteenth century, was widely
discussed about the atomicity of matter. At the beginning of the 17th century a
considerable number of its supporters, including Sebastianus Basso 2, Francis Bacon,
and Galileo, could be named. Descartes' physics put an end to the debate that it was
completely alien to the atomistic world. Descartes abandoned the idea of separate
atoms and empty spaces that were characteristic of atomic physics.

6–1–2 body and extension
Descartes' natural philosophy begins with the concept of the body and extension is the
essence of the body or the physical substantive. As he stated in the Principles
(Principles of Philosophy book by René Descartes), the extension is the main trait of
physical substantive. From Descartes' point of view, our knowledge of substances is
not obtained directly, but through their complications, traits, and qualities, and so on.
He writes in the Principles: "Although every attribute is sufficient to give us the
knowledge of the substance, it is only this attribute in the substance that constitutes
the nature and essence of the substance and all other attributes are subordinate to it. I
mean an extension in length and width and depth which constitutes the nature of the
physical substance or thought, which constitutes the nature of the thinker’s substance.
Because all other attributes belonged to the body are depending on the extension and
a function of it, and also... ".
"This particular attribute is the extension of the body and the thought of the soul.
All other imaginations and conceptions come back to this particular trait. As far as it
is through the forms of the extension that we consider the size, shape and motion and
other attributes of the body. And it is also through the concept of thought or meditation
1

- Epicurus (341-270 BCE)
- Sébastien Basson, Latinized as Sebastianus Basso (1573- he left the town in anger in
1625. Where he went and when he died is unknown)
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that we are able to understand our special thoughts". The imagination of extension is
very close to the notion of physical substance, so Descartes acknowledges that we are
not incapable of understanding the meaning of this substance, regardless of its original
trait. Descartes writes in his Principles: "The notion of a physical substance distinct
from its quantity is a vague notion of something non-physical. Although some say this
in a different way, I think, anyway, that they are thinking differently than what I just
said. For when they abstract substance from extension and quantity, either they mean
the literal substance which means nothing, or they have a vague conception of a nonphysical substance in their minds which attribute it wrongly to the body, and they shift
their true imagination on that physical substance to extension, which is also called
width. So it is easy to see that their words do not match with their thoughts".
Descartes considered the motions, states, and shapes that bodies could have them.
As such, colors, tastes, heat and cold do not actually exist in bodies, but they exist
only in the mind that perceives them. It is important to note that when Descartes
assumed the essence or substance of the body as an extension, he did not believe in
the substance as much as his contemporary teachers. In short, the distinction between
a substance and its complications in scholastic metaphysics is a principle 3. But nonsubstantive complications have a completely different relation to the substance, so
that does not any change in the nature of the substance by their elimination. Now,
some of those complications are a set of things that are only found in humans. Cartesian
bodies are thus geometrical bodies that exist outside the mind that perceives them.

6–1–3 Motion
Motion on Descartes’s physics is absolutely crucial. All that exists in the body is an
extension and the only way to distinguish a body from another is through the motion.
As such, what determines the size and shape of individual bodies is motion, and thus
the motion is the most central explanatory principle in Descartes' physics. It should
be noticed that the geometrical theory of the body as extension offers us a static
universal inherently. But it is clear that motion is a fact that its nature must be
examined. However, we should only consider spatial motion. Since Descartes, insists
that no other kind of motions is imaginable for him.
In general, motion is the act by which a body passes through a place to another,
and in the case of a considered body, we can say that it, in terms of the reference
points we have, at the same time it is both moving and motionless. The person on
3

- For example, man is intrinsically a talking animal who, by losing any of the animals or
talker's traits, is no longer human. But non-intrinsic effects - are quite different in essence.
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board a moving ship is moving relative to the coast he left but is still stationary relative
to the ship’s component. Motion in a particular definition is the transfer of a
component of matter or a body from the vicinity of bodies that are in direct contact
with it and which we consider to be inertia, along with other bodies. In this definition,
the terms "component of matter" and "body" must be understood to mean something
that is subject to transitional motion, though it is composed of many components
having their own specific motions and from the word "transitional motion" must be
understood that motion is in the physical body, not in the factor which moves it.
Motion and inertia are merely different states of a body. In addition, the definition of
motion as a transitional motion, a physical body in the vicinity of other bodies, implies
that the moving body can only have one motion.
Whereas, if the word "place" were used, we could give to a single body multiple
motions, because the place could be considered as the points of different reference.
Finally, in the definition, the words "we consider them in the state of inertia" limit the
meaning of the words "bodies in direct contact with". Descartes begins to define
motion precisely in order to remove the ambiguity of the scholastic motion picture.
With regard to the clear meaning of the conventional notion of motion, he considers
it geometric to avoid being trapped in the hank of deceptive scholastic definitions.
Descartes later to remove the ambiguity of the Scholastic 4 definition of motion, tries
in Principles by systematizing his thought, to clarify the concept of motion, with the
definition used by the public. "But the motion, that is, spatial motion, in the ordinary
sense of the word, is nothing but the act by which the body moves from one place to
another. Because I cannot imagine another motion, and I guess no one can imagine
another move in nature" he says.
Descartes proposes another definition of motion to illuminate the concept of place.
In Principles, he writes: "But if we let go of the general habit and pay attention to the
essence of the matter, let us see what can be understood by the truth of the body of
the motion. To determine the specific nature of motion, motion can be said to be a
partial transfer of matter, or of a body alongside bodies that are indistinguishable from
it, and we consider them to be in inertia with other bodies. My purpose of "component
of matter" and ‘a body’ is all that, at once and on themselves, shifts its place, though
this body may itself be composed of many components that have its own motions. I
call it transition, not the force or the subject that transmits to show that the motion is
always in the moving body, not in the stimulus, because in my opinion the two are not
exactly separated from each other. In addition, I suppose that the motion is a state of

4

- Scholasticism: the system of theological and philosophical teaching predominant in the
middle Ages, based chiefly upon the authority of the church fathers and of Aristotle and his
commentators.
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a moving body and not a substance; just as the state of shape is a state of a constituted
body and inertia is a state of inert body".

6–1–4 Duration and time
The notion of time is related to the notion of motion. But we must distinguish between
time and duration. The duration of a state of a body is valid for its existence durability.
But time, which is described as the amount of motion, differs from duration in the
general term. But in order to understand the duration of all bodies under the same
standard, we usually compare their duration with those of the largest and most regular
motions, the motions that give rise to years and days, and we interpret these as time.
So time does not add anything to the concept of the term duration, in the general sense,
but it is a way of thinking or validating the mind. Descartes can, therefore, say that
time is only a way of thinking or validating the mind, or, as it goes, in principle: "It is
only a way of validating this duration". Bodies have a duration or lasting, but we can
justify these durations by comparison, and in that case, we have the notion of time,
which is the common sum of the different durations.
As already mentioned, if we validate the geometrical theory of physical substance
by itself, we come to the idea of a static universe, because the idea of self-extension
does not require the notion of motion. Therefore, the motion necessarily comes as a
waste to the substance of the body. In fact, Descartes' motion is a state of the body.
Therefore, the origin of the motion must be investigated. At this point, Descartes
declares the notion of God and divine subject, because God is the first cause of motion
in the universe. In addition, he maintains an equal and constant amount of motion in
the universe, so that, whilst transition is doing in motion, the overall amount of that
remains constant.
He says: "In my opinion, it is clear that there is no other than God who, with his
full power, has created matter by the motion and the inertia of its components, and
with its mature providence, it now maintain the motion and inertia in the universe as
when it was created, for though the motion is only a state of the stimulus matter.
Nevertheless, the matter retains a certain amount of motion that is never immense or
imperfection, even though there is sometimes more and sometimes less motion in
some of its components... ". It can be said that God created the universe with a certain
amount of force, and the total amount of force in the universe remains constant,
though it is continuity transferred from one physical body to another. Finally, it should
be noticed that Descartes seeks to deduce the amount of motion (a measure of motion)
from metaphysical premises, that is, from the consideration of divine perfection.
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6–2 Galilean mechanics
After Copernicus and Kepler who made major developments in astronomy, Galileo
took charge of the historical transition from astronomy to physics. Galileo deduced
gravity and acceleration from the attraction set out in Kepler's third law on the one
hand, returning to the non-circular motions and the unsteady velocity of celestial
bodies, and on the other hand, was related to the falling of bodies on earth (figure 61). One side of astronomy and the other side were of the laws of physics. The basis of
Galileo's theory was to define acceleration as "acceleration means velocity change in
value or direction" which was different from the predecessor’s definitions. The
previous theory used to say that the direction of the natural motion of the celestial
bodies is circular, and the motion of the terrestrial bodies is a straight line, and if we
leave the earthly body alone, it will gradually stop. But Galileo said that a body,
whether celestial or terrestrial, would continue to move at a steady speed in a straight
line if no external force was exerted on it, and that the applied force could change in
in the direction or amount the speed of the body which in both cases is called
acceleration (figure 6-2). He also discovered the law of acceleration, a famous
example of a feather and bullet in vacuum applied to prove this. He assumed with a
scientific notion that if one could create an airless column, the two bodies would reach
to earth at the same time and at the same speed 5.

Fig 6-1: Free Fall of bodies in the Galileo experiment

5

- In 1654, an air the evacuation machine was invented and Galileo's view was confirmed.
At the same time, it was also possible to measure the acceleration of Earth's gravity.
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He also discovered the rules of projectile motion, which is now taught as a classic
issue in high schools. Galileo's theories show very important points that no one had
mentioned before:
1. For the first time, the study of motion and its cause goes beyond the
descriptive state.
2. Movement is universally considered. That is, it makes no distinction between
motion on the ground or space and attempts to explain the relationship
between the force exerted on the body and its motion or inertia.
3. The difference between speed and acceleration is taken into account.
4. Factors affecting acceleration (speeding up and slowing down) are examined.
5. Galileo was the first person to find out the factor of motion (force), calculated
the direction of the cannonball movement in the air and expressed its
parabolic shape.

Fig 6-2: Galileo performed many experiments on the inclined plane and introduced the
concept of acceleration into physics.

6–3 Importance of Newton's Laws
The three sets of Newton's laws of motion and the universal gravitational law form
the basis of classical physics and have not diminished its importance despite the
emergence of new theories. In an essay he wrote in 1931 on Maxwell's 100th birthday,
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Einstein says about Newton 6: "Since Newton founded theoretical physics, the biggest
change that has occurred in the fundamentals of physics, was by the opinions of
Faraday and Maxwell 7 on the phenomenon of electromagnetism. From Newton's
point of view, physical events assumed as the motions of material points in space and
the motions are subordinate under the stable laws. The material point is the only shape
that reality can be represented when discussing the changes takes in it. This is the only
means of displaying the event to the extent that the event was changed. It is clear that
the concept of the material point has arisen from the tangible body which, after
abstracting all the properties of expansion, shape, the direction in space, and the
intrinsic properties of these bodies, it is obtained from remaining the sole property of
the transient motion and the concept of force. The material bodies that have given us
the idea of the material point can now be regarded as a set of material points”.
“It should also be noted that the basis of this theoretical design has atomic and
mechanical aspects. Any event must be defined and described merely in the
mechanical aspect, as the motions of material points, in accordance with Newton's
law of motion. The most flawed and unjustified aspect of this device, despite the
drawbacks of the notion of absolute space, and more recently once again found, is in
its definition of light and in conformity with the general principles, it consists of
material points. Even in the Newtonian era, there was much debate about the question
of what happen to material points of its constituents after the absorption of light?
Moreover, the use of material points has quite different properties that have been
accepted as a presumption to represent weighted mass and light, which does not seem
reasonable at all 8. Later, electric particles were added and a third type was introduced
with other properties. In addition, there was another weakness and the fact that
reciprocal action forces (action and reaction) that represent and characterize events
were necessarily considered arbitrary and optional. While such a conception of reality
seemed, in many cases, to justify persuasive subjects, but what happened the scientists
ignored it? Newton had to apply the concept of differential fractions and propose the
laws of motion in general differential equations in order to give mathematical
formulation to his device. Perhaps this has been the greatest scientific service that a
person's thought and genius has done in the science world. Equations with partial
derivative were not required for this purpose, and Newton did not use them rationally,
but they were necessary to formulate the mechanics’ principles of transformable
bodies".

6

- Isaac Newton (1643-1727)
- James Clerk Maxwell (1831-1879)
8
- In classical mechanics, objects/particles have mass and gravity affects them, but the light
is massless and gravity should not affect it, while it has.
7
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The importance of Newton's laws is in their universality. Separating forces and
thus finding the effective force on a body is of great importance for examining and
predicting the future motion of the body. It is this recognition of the effective force
exerted on the body that demonstrates the universality of Newton's laws and its
beauty. The beauty and attractiveness of these rules are in their simple appearance and
its profound and fundamental conceptions that explain the commonalities and
differences of the motion or inertia of a rock on the surface with the circulation of
giant planets around a star under specific rules. This great achievement was the result
of many thousands of years of hard work by many thinkers, eventually devised by
Newton. A brief look at the history of science shows how the scholars endured
tremendous hardships and the enormous costs involved in identifying the equations
of motion. For this reason, over the last few chapters of this book, small parts of their
suffering have been inserted to illustrate the importance of these laws. It is not without
reason that the history of science and the fate of humanity changed when Newton's
laws were formulated and introduced.

6-4 Isaac Newton
During Newton's studies, college courses were generally based on Aristotle's
teachings, but Newton preferred to become familiar with the ideas of modernist
philosophers such as Descartes, Galileo, Copernicus, and Kepler. In 1665 Newton
succeeded in discovering the binomial theorem in algebra. A finding that later led to
the invention of the differential calculus. In 1687 Newton wrote "The Mathematical
Principles of Natural Philosophy". In this book, he introduced the concept of general
gravity and outlined the laws of classical mechanics by explaining the laws of motion
of bodies. Newton is also proud to be a partner with Leibnitz's differential calculus.
Newton's name was associated with the scientific revolution in Europe and the
promotion of central sun theory (heliocentric). He was able to find mathematical
proofs for the Kepler laws of motion of the planets and showed that the orbits of the
celestial bodies are not necessarily elliptical, but can also be hyperbolic or parabolic.
In addition, Newton, after careful experiments, found that white light was a
combination of all the colors in the rainbow.
In 1684 Newton, who had completed his studies of gravity and how the planets
move, wrote a treatise on the subject which attracted the attention of the famous
English astronomer Edmund Halley 9. Encouraged and pursued by Halley, Newton
eventually completed his book and published it with him fund. The book
Mathematical Principles of Natural Philosophy has had a profound impact on the
9

- Edmond Halley (1656-1742)
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world of science, especially physics, and some have considered it the most important
scientific book in history. Kepler failed to explain why the orbits of the planets are
oval and what force drives them. It was also unclear why the orbital velocities of the
planets increase as they get closer to the sun. Newton answered all these questions in
his book Mathematical Principles of Natural Philosophy. He proved that the force of
attraction between the celestial bodies was in accordance with the inverse-square of
the distance law.

Isaac Newton

Newton's mathematical analysis showed that the gravitational law would make the
route of the planets elliptical. Then, by taking a great step, he enacted the law of
universal gravitation is stated that every particle attracts every other particle in the
universe. In another part of the book Mathematical Principles of Natural Philosophy,
Newton describes how bodies move in the form of three laws.

6-5 Newton's Laws
Newton realized by Galileo's work that if a body moves at a constant speed and no
external force applies on it, it will continue forever to move at zero acceleration (in
terms of direction and amount). Newton states this feature in the first law of motion:
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Newton's First Law: Every object will remain at rest or in uniform motion in a
straight line unless compelled to change its state by the action of an external force.
The second law explains how the velocity of an object changes when it is subjected
to an external force. Newton with the definition of momentum explained the
dependence of the force and the changes of momentum (mass times velocity). The
momentum of an object with a mass of m that moves at a velocity of V is defined by
the relation of P=mV in which P is the momentum.
Newton's Second Law: the momentum change rate of an object is directly
proportional to the force applied, and this takes place in the direction of the applied
force.
𝐹𝐹 =

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

(6-1)

Where F is the force, P is the momentum, t is the time.
Newton's second law, with its simple appearance, has such a wide application that
it covers the motion of planets and stars to subatomic particles.
Newton's Third Law: the third law states that for every action (force) in nature
there is an equal and opposite reaction.
In other words, if object A exerts a force on object B, then object B also exerts an
equal force on object A. Notice that the forces are exerted on different objects.
Before proceeding, we need to briefly refer to circular motion. If an object moves
along the circumference of a circle or rotation along a circular path, we can also define
for its angular velocity and angular acceleration (figure 6-3).

𝑎𝑎 =

dω
dt

=

v2
R

(6-2)

Angular acceleration

L=R×P=R×mv=mR×v=mRv

(6-3)

Angular momentum

Where R is the radius of rotation, ω angular velocity, α angular acceleration, v
linear velocity, and L are the angular momentum.
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Torque 𝜏𝜏 is a measure of the force that can cause an object to rotate about an axis
that is defined as follow:
𝑑𝑑𝑑𝑑

𝜏𝜏 = 𝑑𝑑𝑑𝑑

(6-4)

Comparing relations (6-1 and 6-4) shows the force is a factor of linear
acceleration and the torque is a factor of rotational (or circular) acceleration.

Fig 6-3: In circular motion, in addition to linear acceleration, angular acceleration
can also be defined.

When an object moves in a circle at a constant speed, its velocity V (which is a
vector) is constantly changing. Its velocity is changing not because the magnitude of
the velocity is changing but because its direction is. According to relation (6-3), as m
and R, are constant and the magnitude of speed does not change, so we have:

dL
=0 → L =constant
dt
The above relationships show how linear quantities can be used in rotational
motion. Therefore, the moon's orbit around the Earth can also be described by its
linear velocity.
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6–5–1 Universal Gravitational Law
Newton hypothesized that the force of gravity on Earth would be scattered in all
directions on the large and expanding surface of a globe. So the area of the sphere S
with radius r is equal to:
If a projectile with high-velocity is launched from the top of a summit, it will pass a
curved path under the influence of gravity and eventually falls to the ground. If the
projectile speed is high enough, its movement can be a full circle around the Earth
and rotates around the Earth (figure 6-4). Newton assumed that the force gravity of
Earth would be scattered in all directions on the large and expanding surface of a
globe. So the area of the sphere S with radius r is equal to:

S = 4π r 2

(6-5)

Fig 6-4: If the projectile speed is high enough, it can orbit around the Earth.

That is, the same force that causes the apple to fall toward the ground also applies
to the moon (figure 6-5). He assumed that the force of gravity is proportional to the
distance inverse-square between two bodies, namely:

F∝

1
r2

(6-6)
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Fig 6-5: The acceleration of the moon toward the earth follows the same law that
caused the apple to fell to the ground.

Newton then concluded that the gravity force between the two bodies in the
universe is directly proportional to their mass multiplication. Then he, by introducing
a constant coefficient, converted the ratio to an equation and introduced the universal
law of gravity as follows:

F=

Gm1m2
R2

(6-7)

Newton's Universal Gravitational Law

Where 𝑚𝑚1 𝑎𝑎𝑎𝑎𝑎𝑎 𝑚𝑚2 the masses of two bodies and R is the distance of two bodies,
and G is the Newton's gravitational constant and its value is:
G=6.672×10-11 Nm 2 /kg 2

It is noteworthy that Newton assumed that the masses of bodies that apply
gravitational forces (such as Earth and the Sun) to each other are centered at their
center and act as two particles. As shown in figure (6-6), the outcome vector of the
forces applied to the body M by the earth's constituent particles is toward the center
of the earth. Also being opposed to the forces that the two bodies apply to each other,
causes the bodies to be pulled toward each other (figure 6-7). Over time, the behavior
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of planets and stars showed they obey Newton's gravitational law. Newton never
wrote his laws analytically, this was first done by Euler 10.

Fig 6-6: The gravitational forces that exerted by the Earth on the body is toward the center
of the Earth.

Fig 6-7: Two bodies force each other that their values are equal and their direction
is opposed to each other.

10

- Leonhard Euler (1707-1783)
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6–6 Bodies paths around the Sun
Using the Newtonian law of gravity, the trajectory of the planets can be easily
predicted. To do this, we obtain the intensity of the gravitational field and we will see
how the intensity of the gravitational field is supplying the attractive force to orbit
planet around the sun. According to figure (6-8) and Newton’s second law we can
write:

=
=
F ma

GMm
r2

(6-8)

Fig 6-8: Circular motion is due to acceleration toward the center.

If the gravitational force was not applied to body from the center of the rotational
period, the body would move in the direction of velocity v. The attractive force gives
acceleration to it that equals to:

a=

F
m

(6-9)

Because the force F is supplied by gravitational force, we will have the following
relation:

a=

GM
r2

(6-10)

Consider that the earth's orbit around the sun is nearly circular (not exactly a
circular) because earth is orbiting around the barycenter of earth and sun. In
astronomy, the barycenter is the center of mass of two or more bodies that orbit one
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another and is the point about which the body orbit. Suppose that in the circular
motion, the mass m revolves around 𝑚𝑚1 that its acceleration with respect to Newton's
second law will obtain from the following relation:

=
a

Gm1 v 2
=
r2
r

(6-11)

The angular momentum of the body m around 𝑚𝑚1 is equal to:

L = r×p = r × mv = mr×v

(6-12)

Fig 6-9: Since the center of rotation is not constant, the direction of rotation is not circular.

Since no external force is applied to the system, 𝑚𝑚 𝑎𝑎𝑎𝑎𝑎𝑎 𝑚𝑚1 , so there is no external
torque. So the angular momentum of the system is constant and we will have:

dL d (mr ×v)
d (r ×v)
] m [v×v+r×a]=m[0+0]=0
= = m [=
dt
dt
dt
dL
=0 → L =constant
dt

(6-13)

If we consider a system composed of Earth and Sun, the gravitational force causes
the Earth orbit around the Sun. Assuming this system is isolated (ignore other bodies),
the angular momentum of the Earth L is also constant.
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Therefore, with regard to the relation L=mrv the velocity increases as the distance
decreases. In fact, the Earth does not revolve around the center of the Sun, but orbits
around the barycenter of the system (figure 6-9). As the Earth's position relative to the
Sun shifts, the barycenter also changes, and the orbit of motion appears to be oval and
the Sun is in one of its focal points. Since planets are also affected by the gravity of
other planets in addition to the sun, their orbits must be calculated with respect to the
motion of other planets (figure 6-10).

Fig 6-10: The Solar System, each of the planets in addition to the sun, is also
affected by the attraction of the other planets.

If a flat plate cuts the surface of a cone, the resulting shape is called a conic section,
which can be a circle, an ellipse, or a hyperbola. Newton's laws showed that the route
of motion of bodies around the sun is not necessarily elliptical, but is one of the conic
sections.
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6-7 Historical background of Newton's universal Gravitational law
After introducing Kepler's laws and Galileo's important discoveries, mathematicians
and physicists became increasingly interested in astronomical topics. Different
theories were given in this regard. Robert Hook 11 and Edmund Halley were of the
view that the force pulling the planets into the sun kept them in its orbit. In addition,
they assumed that this force would be weakened by turning away from the sun and by
distance squared. Kepler also accepted gravity and thought that by the distance it
would be weakened. So the story of the fall of the apple and Newton's attention to
gravity could be real in that Newton tried to show that the force that the earth applies
to the apple to have the same nature as the earth applies to the moon. But if it is
claimed that Newton discovered the law of universal gravity suddenly due to the fall
of the apple, it would disrupt the understanding of the evolution of science. Even 50
years before Newton, Galileo had noted the gravitational acceleration and expressed
it. Newton's point was that he explained the effect of all forces under general law and
expressed them mathematically. In addition, Newton was able to formulate a universal
law of gravity with a basic premise that had not been considered before. He assumed
that a spherical body, whose density depended anywhere on its distance to the center
of the sphere, would attract an external particle as if all its mass were concentrated in
the center. This completes his justification for the laws of motion of the planets since
the sun's slight deviation from the real spheres can be neglected here. After Newton
declared the universal law of gravity, Robert Hook claimed that Newton stole his law
of gravity and made its name for himself. For this reason, there was a fierce dispute
between Newton and Hook that caused Newton's annoyance and even illness.

6–8 Galilean Relativity and Reference Frame
Ptolemy's central Earth system had been in use for more than 1,500 years, and was
respondent for the needs of astronomers until the Copernicus central solar system was
replaced. Apart from the beliefs of Aristotelian proponents, physically any of these
bodies (earth, sun, or any other body) can be referred to and used as a reference frame.
Physical movement cannot be described and understood without comparison with
another body. But the question is compared with what? Or moving relative to which
physical object?
Newton presented the laws of motion without any talking about the reference
frame. Indeed, in these laws, motion relative to which reference frame is to be
compared? Before answering this question, it is best to study Newton's view of space
11

- Robert Hook (1635-1703)
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and time in order to become more familiar with his philosophical vision of nature.
Then we will get to know the reference frame that Newton was looking for.

6–8–1 Time from Newton’s point of view
Newton's conception of time is absolute, real, and precise, of itself, and from its own
nature flows without regard to anything external. It's unique. It is always acting
according to his nature and has no contact with outside his nature. It is free of motion
and is necessarily immutable. The exact passage of the absolute time occurs in the
absolute interval where there is no change in the existence of objects and bodies.
Therefore, it can be measured only by its own entity. On the other hand, there is
relative, apparent and conventional time, which is sensitive toward the things outside
its nature. Relative time is not unique and is measured by the tools around it. It is
analyzed by the element of motion, and since it can be in the interval, its understanding
is evident. Two hours, one month, three years, etc. shows our understanding of time.
Since we are not able to conceive of something residing in the dimension of time, we
achieve, through the element of movement, to change and motion, and thereby
become aware of the passage of relative time. Absolute time is beyond our
comprehension and cannot be measured by our measuring instrument (and any other
relative measuring instrument). Absolute time is measured only by the absolute.
The "absolute" can be part of the absolute nature. Since we have no practical
knowledge of the "absolute," we cannot analyze its meaning. Part of the problem is in
being relative to us and our understanding. For example, we say, "it was about an hour
ago that he left". How do we know? Since he is not here anymore, now he is
somewhere else. Through the sense of change, we realize that the time interval of the
moment he left us to the present moment is based on the unit and base of time which
we operate, such as about 3600 seconds (this unit is also not of itself). But this basis
does not exist. There is only one contract between us. We say then it was about an
hour ago he left. This "one hour" is quite relative and reflects our understanding of
time.

6–8–2 Newton and space
From Newton's point of view, space is also absolute; according to him, the absolute
space, of itself, remains the same without motion (without change), and without the
need for external factors. Instead, relative space is a variable dimension or a value for
measuring absolute space. Our senses are always guessing and speculating their
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position to objects. The result is a measurement of the objects around us that we call,
as colloquial, the dimensions of movable space. The things through which we perceive
"change" are not capable of understanding "change" in the absolute dimension. So I
say: the absolute space is immutable. Absolute space may be changeable in its entity,
but certainly not in the concept of "change" we refer to in relativity 12. In other words,
it can also be said that absolute and relative space are the same in shape and volume,
but are not identical in numerical basis. When we think of absolute space, numbers
are an external tool. Therefore, they cannot measure the absolute dimension. Imagine
an underground tunnel or flying bridge, the absolute and relative space that the two
images in our minds are at the same size and volume. But as soon as we want to settle
them, we consider their relation to the surface of the earth. We measure their extension
by numbers. In short, we constantly create an external tool for absolute nature to make
the image palpable. Here we trace a relative image in our mind, not the absolute.
The place is also part of the space that occupies a volume. This volume can be
relative or absolute depending on the properties of the space which it occupies.
Newton saw this volume only as of the kind of bodies that have been shaken by the
findings of quantum physics in the 20th century. The concept of "Location" is
different from the concept of "Place". Each place has its own characteristics, while
each location is influenced by the characteristics of the place around it. In other words,
it can be said that the location is an image of a place and this is a relative image. Each
place, on the other hand, is itself part of a space and is an intrinsic factor. "Place" is a
subset of space. Location is a function of place and each place within a space. With
absolute or relative to space, place, and location, are experiencing a conceptual
evolution.

6–8–3 Motion from Newton’s point of view
Newton describes absolute motion as the moving of a body from one absolute place
to another absolute place. Relative motion is also the moving of a body from one
relative place to another relative place. Imagine someone standing on a moving ship
without any action. His relative place is where he stands, or space he occupies. The
ratio of his place to the ship on which he is leaning on is determined. To understand
this person's absolute motion, we must assume that the earth and all space are
stationary and that only the ship is moving. So the ship, which moves from one
absolute place to another, shows his absolute motion. Therefore it is also possible to
move at the absolute dimension. But absolute motion also requires absolute place,

12

- This is Newton's statement and does not mean Einstein's relativity.
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absolute space, and absolute time. In absolute motion, the existence of bodies remains
intact, even though the nature of the motion can be rapid or slow.
Any bod that exhibits the least amount of motion in space can be a good basis for
measuring the motion of other bodies. That is why in solar system, the sun is the basis
for measuring the motion of planets. However, the sun itself is moving within the
Milky Way galaxy and this galaxy is also moving. That all of the bodies under study
are moving in some way indicates that we may have not been absolute stagnation. But
at some point in space, beyond where the stars are almost stationary, maybe those that
are perfectly stationary. But with the tools we have, we can't figure out how far we
can get from that location of space. Therefore, absolute rest cannot be understood by
the current position of the bodies around us. Perhaps because there is no fully
stationary body, Newton believes that in philosophy we must abstract from our five
senses in order to be able to perceive bodies as they are. By the information, causes,
and effects we obtain from the functioning of the bodies, we find out whether they are
stable or moving, absolute or relative.

6–8–4 Newton and absolute reference frame of ether
One important point has been neglected when making Newton's laws, these laws are
applicable to which reference frame. Because in all mechanical experiments of any
kind, the disposition of material points at a special moment, relative to a particular
place, must be considered. Newton had declared that the body of space is in inertia.
That is, one can speak of absolute motion (previous section). But at that time, it was
widely believed that the body of space was stacked with ether (the fifth Aristotelian
element). The ether was thought to be stationary in space, not moving at all, and all
bodies were immersed in ether. Such a comparator is not only invisible, but also it
cannot be defined, and even it’s impossible to have the alike notion. In any case,
Newton's laws (at least at that time) were written for the absolute reference frame of
ether or body of space. Classical scientists had always thought of the act at a distance
that was difficult to imagine, and the force of gravity that could act at a distance had
surprised Newton. For example, the Earth and the Sun are in the gravitational
interaction that we always have under Newton's Third Law:

Fes = -Fse

(6-14)

In which, Fes is the force going from the earth to the sun, and Fse is the force that
coming from the sun to the earth. Now any change in Earth's mass (such as a falling
rock on Earth) is affecting the entire universe at the same time. The idea of such an
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effect was unacceptable to scientists. To explain this action, Newton accepted
Aristotle's belief that the planets were filled with ether and thought that gravity might
be transmitted by ether somehow. Ether, while being an absolute comparator, was also
considered an instant gravity transfer device. Such a view of absolute in Newtonian
laws led to many problems in Newtonian mechanics. Absolute Time, Absolute Space,
and Absolute Motion were the elements upon which Newtonian mechanics was
formed. However, the efficiency and simplicity of Newton's laws prevented these
drawbacks from being a hedge for accepting that.

6–8–5 inertial reference frame
Years before Newton, Galileo needed to define the inertial reference frame. When
Galileo became acquainted with Copernicus's central solar system, he accepted this
theory and promoted it very well. The fact that the Earth revolves around its own axis
and around the sun, was not consistent with the official philosophy of that time. The
argument that had put forth by the opponents of the Copernican system, is why we do
not notice the earth moving. Galileo thought about it and made a discovery that is very
important. Galileo discovered that the laws of motion are the same in all inertial
frames. In other words, in all inertial reference, no experiment shows their uniform
motion. That is called the Galilean invariance or Galilean relativity. The term Galilean
invariance today usually refers to this principle as applied to Newtonian mechanics,
that is, Newton’s laws hold in all frames related to one another by a Galilean
transformation. This Galilean argumentum can be used to define the inertial reference.
According to Newton's laws, nowadays, the inertial reference is defined as: Any frame
in which Newton's first law is true is called the inertial reference frame. Newton's
first law is also called the Inertial Law.
To visualize the Inertial reference frame, its motion does not change with respect
to the relation F = ma, until a physical force is applied to it. A rotating plate or a car
that is accelerated is not an inertial frame. In this frame as Galileo put it, with no
experiment can detect its motion. If a train is moving at a constant speed, everything
inside the train is the same as it was at the station, with no test we can know whether
the train is moving or not, and only by looking out we can understand the relative
motion of the train. Physicists call this the Galilean principle of relativity. Physics is
the knowledge of measurement and understanding of the relationships between
phenomena. To explain the phenomena we must measure any physical quantity
related to it, including mass, velocity, location, and so on. To measure the location of
a body and calculate some of its quantities, such as velocity, we need predefined scales
for length, width, height, time, and appropriate tools. We use a ruler to measure the
location of the body. But these measurements need to be done in terms of an origin.
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That's why we need to set up a coordinate system. The physical coordinate system
(in this case Cartesian) consists of three rigid and perpendicular bars that we place
them on a body. Regardless of the body on which the bars are mounted, one cannot
speak of the actual physical coordinate system. If we have a line gauge and a regular
clock, and we place the coordinate system on the body where the inertial law applies,
we will have an Inertial System.

6–9 Galilean transformations
In classical physics, the equations that are used to transform between the coordinates
of two reference frames which differ only by constant relative motion constant speed
are called Galilean or Newtonian transformations. Each observer can describe each
event by specifying the place and time of a physical phenomenon. If the spatial and
temporal coordinates of an event are in the frame K , (x , y , z , t ) and for the observer
K′ , (x ', y ', z ', t ') and the observer K′ moves with the observer K at a uniform speed
v (figure 6-11), then the Galilean transformations are as follows:

x= x '+ vt '
y =y'
z =z '
t =t '

(6-15)

Fig 6-11: Frame K' is moving at speed v relative to frame K.
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In Galilean relativity, time is also absolute. That is to say, two concurrent clocks
running at any speed, observers will not observe any time difference in these clocks.
Galilean transformations show that time is measured at the same in two frames, and
all inertial observers reach the same conclusions about measuring length and time. In
physics, any quantity that is constant for all observers is called absolute. So time and
length are absolute in classical mechanics.

6–10 the Covariance of classical mechanics in Galilean transformations
The laws of physics under Galileo's transformations must remain the same. Including
the physical laws under these transformations maintain their mathematical form, are
the conservation law of linear momentum and the conservation law of energy. Also,
Newton's second law, by which the law of conservation of linear momentum results
from it, retains its mathematical form. In other words, it can be said that Galilean
transformations and classical mechanics require that in physical experiments the three
basic quantities, namely length, time, and mass, are all be independent of the relative
motion of each observer.

6-11 Criticism of Newton's Laws
Mentioning the drawbacks of a theory is by no means a disregard for its ability and
importance. The history of science shows that no scientific theory has been brought
up without mistake or ambiguity. It is these drawbacks and ambiguities that set the
stage for future research. Some of the drawbacks of Newton's laws mentioned in there
were modified in relativity.

6–11-1 the Problems of Newton's First Law
When Einstein examined Newton's laws, he said of the first law: "This law is not a
direct result of experience, but scientific thinking that is consistent with the
observations from experience has led to its emergence. However, cannot be given
such an experience of external realization in action, but this imaginary experience is
a means of fully understanding the real and possible experiences". Newton's First Law
is well interpreted by Einstein. Although this law is not a direct result of experience,
it has so far been successful in inductive-based experiments to the extent that it allows.
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6-11-2 Newton's Second Law
Newton's Second Law, which is given as follows:

=
F

dP
dv
= m
dt
dt

(6-16)

It is written as follows to obedience, the speed of force is better illustrates.

dv F
F
=
→ dv = ( )dt
dt m
m
Because in Newtonian mechanics m is constant, speed is a function of force.
Suppose the force is also constant then it will be dv = kdt . This relationship shows
that whenever a body is physically affected by an external force, its speed is constantly
increasing. In classical mechanics Newton said that time is absolute, in classical
mechanics speed has no effect on time. Therefore, due to the above relationship, the
speed can be increased without any limitation. Thus, in classical mechanics, infinite
speed was accepted. But infinite speed was by no means compatible with physical
experience. This law was modified in relativity.

6–11–3 Newton's Third Law
According to Newton's third law, when body 1 applies force F1 to body 2, body 2 also
applies the same amount of force in opposite direction of body 1. Due to that infinite
speed was acceptable under Newton's second laws the third law was always and at all
times present. Even if the two bodies are in the desired distance from each other, any
change in the position of each is immediately transmitted to the other. That is, two
points concurrent in the universe, and indeed the whole universe can be affected by
an event. On the other hand, according to the universal gravitational law:

F=

GMm
r2

Every object in this universe is affected by the gravitational force of other objects
in the universe, and any starbursts or changes in the mass or position of celestial
bodies would have to affect other objects in the universe simultaneously. Einstein
gives an interesting example, he says: "Light travels the distance between the sun and
the earth in about eight minutes. Suppose the sun disappears in a moment. Its
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gravitational effect is lifted off the earth at the same moment, and it deviates from its
path, while its light reaches the earth for another eight minutes". The sun is seen, while
it does not exist, and its gravitational effect is gone.

6-11-4 Universal Gravitational Law
The most important problem with Newton's laws was in the universal gravitational
law and Newton himself had noticed it too.
Newton realized that because of his law of gravity, the stars had to attract each other,
so they did not appear to reside at all. In 1692, Newton wrote in a letter to Richard
Bentley 13: "If the number of stars in the universe is not infinite, and these stars are
scattered in some area of space, they will all collide. If numerous stars scattered more
or less uniformly in the unbounded space, there will be no central point to draws
everything to it, and so the universe will not collapse". This perception also had a
major drawback. According to Seeliger 14, based on Newton’s theory, the number of
lines of force that come from infinity to a body is proportional to the mass of that
body. If the universe is infinite and all the bodies being in interaction with the
mentioned body, the intensity of gravity will be infinite.
Consider the tide (figure 6-12), while the moon crossing the surface of the earth,
It causes everything to move even the mountains toward the moon. Assuming that the
mass of the moon is multiplied, naturally, the seawater level rise toward the moon will
also increase. With such an assumption, consider the Earth that is drawn from every
direction and the number of stars is infinite. What will happen then? Although the
gravitational force decreases into the distance inverse-square, it is notable that the
intensity of these forces, with a large number of celestial bodies.
The next problem with Newton's gravitational law is that according to this law, a
body can indefinitely absorb other bodies and grow, meaning that the mass of a body
can increase infinitely. This also does not match the experience. In the Newtonian law
of gravity, there is no limit for the increasing of the mass. Whether unlimited
accumulation of matter is possible?
Since Newton some physicists have believed that on the contrary of gravity, which
is a gravitational force that should cause the universe to collapse, there is a repulsive
force that prevents the universe from collapsing and the universe remains stable. Even

13
14

- Richard Bentley (1662-1742)
- Hugo von Seeliger, German astronomer (1849-1924)
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Einstein believed in the stability of the universe. In any case, neither the opponents of
the stable universe had any reason to claim it, nor their supporters could prove it.

Fig 6-12: The tide causes all the particles of the earth to be drawn towards the moon.

6–12 Classical mechanics’ approaches
Although some of the material in this section is considered unprofessional by some
careful readers, there are two reasons for it: First, to show that only classical
mechanics has no usual ambiguities and problems, but also other theories are not
without problems. Second, as the present book is not a textbook, it has been attempted
dear readers, especially students and those who have a research spirit to become more
familiar with the fundamental issues of theoretical physics. In textbooks, science
emerges as a solid foundation, but as we delve deeper into its foundational basis, we
find that textbooks relate far from controversy and unresolved issues. Within
mathematics and physics, there are unsolved and open-ended problems that can be
studied not only as a problem but also that openness in some cases does shake the
whole of physics and mathematics. In theoretical physics also there are many such
problems that have become more serious over time. Most of these issues in the
fundamentals of quantum mechanics and quantum field theory and the principles of
special and general relativity have sometimes pushed theoretical physics beyond a
crisis. The following are some of these issues:
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1. The problem of infinities and the renormalization process in the quantum field
theory and string theory.
2. David Bohm's 15 conception of quantum theory and his serious challenge to
special relativity16
3. The serious challenge of theoretical physics with some of the philosophical
classical concepts
4. The problem of exchangeable and virtual particles in quantum field theory
5. Physics making distance from observations
Despite the problems of classical mechanics, some of which were resolved in
relativity, Newton's laws are one of the greatest (and perhaps the greatest) scientific
achievements in the history of human life. Newton passed away in London on March
20, 1727, at the age of 84, and was buried in Westminster Abbey with great dignity.
To thank him, the unit of force was called Newton. There is no doubt that there is no
supreme of Newton among the renowned scientists, and no work will be as great as
his Principles of Natural Philosophy.
Laplace 17, the greatest continuator of his discoveries, says of him: " "Newton was
the greatest genius who ever lived, and once added that Newton was also "the most
fortunate, for we cannot find more than once a system of the world to establish".
English poet Alexander Pope 18 wrote the famous epitaph: "Nature and nature's
laws lay hid in night; God said 'Let Newton be' and all was light".
The mathematician Lagrange 19 said: "Newton was fortunate enough to be able to
describe the system of the universe. Alas, there is no more than one sky in the
universe".

6-13 I do not make a hypothesis
The starting point for Newton's work was the continuation of Descartes, Galileo, and
Kepler. Descartes launched a massive revolt against Aristotelian mechanics in two of
his famous works, the first Philosophical and the other in the Discourse on the
15

- David Bohm (1917-1992)
- http://www.vision.net.au/~apaterson/science/david_bohm.htm
17
- Pierre-Simon Laplace (1749-77)
18
- Alexander Pope (1688-1744)
19
- Joseph Louis Lagrange (1736-1813)
16
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Method. Descartes with intelligence found that the structure of the universe is as a
precise and regular clock. To understand the mechanism of this clock we need to
achieve a completely scientific and distinctive structure of Aristotelian mechanics. He
devised a new type of Euclidean geometry called analytic geometry. Analytic
geometry gave physicists great power in analyzing and solving problems in the
algebraic method. Descartes also conducted a systematic study of collisions and was
able to create an initial form of what is now called the law of conservation of linear
momentum, which was later introduced by Newton as a principle of mechanics to
study celestial motions and basically motion.
On the other hand, Galileo was formally opposed to the Ptolemaic system and
defended Copernican ideas. Galileo was the founder of libration in theoretical physics,
the libration to make the world understandable by mathematics. Although this debate
today has been the subject of much controversy from some philosophers of science,
physicist mathematicians such as Roger Penrose 20, logicians such as Kurt Gödel 21,
and mathematics philosophers, but it was considered an innovative tradition in
Galilean time. Galileo's arguments, in the book Dialogue Concerning the Two Chief
World Systems, provided the basis for the separation of physics from medieval
theology and the era of scholastic philosophy. Galileo was the first to introduce the
concept of inertia and to separate it from the will of God, which was often referred to
in theology. However, the concept of inertia has often been disputed by people like
Ernst Mach, Einstein, and Reichenbach 22 and….
Kepler, on the other hand, by adopting Copernican theory and using the numerical
tables of Tycho Brahe, formulated his basic laws in celestial mechanics which was a
purely empirical approach, and it is one of the masterpieces of experimental physics.
Philosophers of science also see Kepler's laws as examples of anticipation of empirical
observation over theorizing.
Newton had said somewhere: "If I could reach to this position the main reason was
to climb the shoulders of giants" Newton had said. These giants are obviously
Descartes, Galileo, and Kepler. Newton, as the architect of theoretical physics, began
when the field had already been prepared by Descartes, Galileo, and Kepler. The
approach Newton advocated was a purely empirical one. In his book ‘Mathematical
Principles of Natural Philosophy’ he wrote, "I do not make hypothesis".

20

- Roger Penrose (1931- )
- Kurt Gödel (1906-1978)
22
- Hans Reichenbach (1891-1953)
21
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6–14 Inductive Method from New Philosophers’ Perspectives
Newton's statement "I do not make hypothesis" is highly puzzling. He intended to
study the world on an empirical basis. Although he formulated the principles of the
subject, these principles stemmed from experience rather than merely an abstraction
that could easily accommodate with empirical data. The basis of Newton's motion was
inductivism, in which time was the perfect basis for scientific researches. Over time
inductivism was hotly contested by great people such as Hume 23, Russell 24, Popper 25,
some of the Viennese (and the Vienna Circle) and eventually some of the Americans.
Hume was the first to invade induction and reduced it to a psychological habit, and he
had doubts about induction from the beginning. In the Philosophy of Problems,
Russell raised interesting problem about the rejection of induction, which is referred
to as Russell’s turkey. "Our starting point in the natural sciences is to observe a
repetition of certain phenomena, and ours trying to find some causal relationship
between the phenomena is like a turkey that for some days, they were given a large
amount of water and seeds in order to feed to it, and the turkey get used to it. One day
it saw a man with a knife in his hand, a completely new and unpredictable experience"
Russell says.
Rudolph Carnap 26 cites another interesting example. He assumes that there is a
church in a town. In every day at eight o'clock in the morning, the church bell rings
for worship. Also, the school service crosses the church at eight o'clock every
morning. Is there a causal relationship between passing the school service and the
church bell? How can a person who watches such a scene for the first time discover
the truth?
However, inductivism was the most justified starting point at that time. Newton also
put inductivism at the forefront of his work to become a natural philosopher from a
captive philosopher in metaphysics.

6–15 Study of the main Principle
In the face of classical mechanics, most people clearly see Newton's first principle as
evident, and ask themselves, what is its application in practice? Or they think of it as
the crude state of the second principle. In answer to the question of what is the position
of the first principle, it must be said that this unique principle is a practical entry that
23

- David Hume (1711-1776)
- Bertrand Russel (1872-1970)
25
- Karl Raimund Popper (1902-1994)
26
- Rudolf Carnap (1891-1970)
24
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prepares the space for mechanic’s foundations. This principle is a test in which we
can have a conception of an isolated body and be able to distinguish isolated bodies
from other bodies. We should say as mature statements: our approach to the world is
a kind of observation (only in classical physics), and of course every observer is not
allowed to comment on the universe. Only observers are allowed to comment to be
consist of Newton's first principle. In modern terms, they were being inertial observers
or an inertial frame of reference. In other words, the inertial frame of reference is an
observer to observe the world in this way: in the absence of any effective forces, a
body continues its inertia or uniform motion. For example, an observer driving a car
is not allowed to apply other principles as the first to the world around him but must
make manual changes to them. These changes are the addition of the concept of virtual
forces to non-inertial observers. If we don’t enter these forces into a non-inertial frame
of reference, it will result in incomplete and inconsistent system analysis.
Although Newton's first principle is the first practical entry into the face of the
world, this principle or more properly defined inertial frame of reference is inherently
problematic in some ways. In its innermost layers, this principle seeks to isolate the
particles or systems of the particles being studied, while in practice this is never
possible. The analysis of a mechanical structure is at the heart of the universe and we
can never examine the structure in question in the absence of the whole world.
Therefore, we have to assume that only by a partial approximation can have an inertial
frame of reference. Newton also knew that. In the approximation he refers to, he
considers the center of the galaxy or some part of the earth with some kind of
emergency optimism, the inertial frame of reference. Although Ernst Mach 27 and
Henri Poincaré 28 later investigated the disadvantages of these approximations, for
nearly 300 years this approximation was the only practical way of dealing with the
world.
Newton's starting point was sensitive and difficult. On the one hand, laws had to
be made to explain Kepler's observations, and on the other hand, they had to be correct
in the case of structures other than celestial bodies. Newton had to provide two basic
and key definitions based on the known quantities of his time. One is the definition of
force and the other is the traction force that the celestial bodies bring together. It may
not be too far-fetched to assume that Newton correctly assumed Kepler's triple laws
and then came up with consistent definitions of them. He had to provide two
definitions early on, from which the elliptical trajectory of the seven planets of the
solar system orbit around the sun is obtained. Perhaps he knew he had more than two
factors in defining force. First, the intrinsic resistance of the body to the change of its
state (inertia) to which it names the inertial mass, and also the change of velocity, such
27
28

- Ernst Mach (1838-1916)
- Henri Poincaré (1854-1912)
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that the multiplication of the two quantities and the force applied at each point of the
rigid body are somehow proportional to it should be.
He concluded that for reaching to Kepler's laws, the shape of the distance inversesquare forces is the best definition for the interaction between two bodies with a
specified inertial mass. He assumed the equivalent of gravitational mass with inertial
mass without any convincing explanation. This was not obvious in his time, but today
it can be explained by examining Einstein's general relativity.
Newton defined and applied the universal gravitational law based on the form of
the distance inverse-square proportional to the gravitational mass. This law is consists
of Newton's third principle, the law of action and reaction. But this has created a doubt
in Newton, which he mentions in his book of principles. The two bodies that are in
the same gravitational field, both at once and without any interval, exert a gravitational
force on each other. Whether they were in a short distance or were at a long distance.
However, Newton felt deeply that if the Earth were suddenly eliminated, for example,
it would take some time for the moon to free itself from the gravitational pull of the
Earth and continue to move in a straight line along the tangent path.
Although Newton was aware of this dilemma, there was no other choice than that.
This problem took a more serious form after Maxwell's revolutionary actions in
electromagnetism and was considered an open question until the advent of Einstein's
theory of general relativity, but after the revolution of general relativity and the field
approach to gravity, it somehow improved.
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Chapter 7

Space geometry and mathematical physics
Einstein's gravitational theory, which is said to be the greatest single achievement
of theoretical physics, resulted in beautiful relations connecting gravitational
phenomena with the geometry of space; this was an exciting idea. Richard Feynman

Introduction:
Sciences of ancient Greece which was protected and supplemented by Islamic
scholars, who were transferred to Europe in the 11th century, were more concerned
with mathematics and natural philosophy. Natural philosophy was challenged by
Copernicus, Bruno, Kepler, and Galileo, and it came out in Newtonian physics.
Because the Church considered itself to be a defender of Greek natural philosophy
and investigating it involved many dangers, curious scholars turned to mathematics
because the Church was not sensitive to it. So mathematics was more advanced than
physics. One of the major branches of mathematics was geometry, which was
summarized in Euclidean geometry.
In Euclidean geometry a number of basic concepts such as line and dot were
defined, and five principles of its subject accepted as axioms and deduced other
theorems using these principles. But the fifth principle did not seem so clear.
According to Euclid's fifth principle, from a point outside a line, one line and only
one line can be drawn parallel to the assumed line. Some mathematicians have argued
that this principle can be proved as a theorem. In this way, many mathematicians made
great efforts and did not succeed. Khayyam sought a way to prove the "parallel
principle", but instead he found himself in deep conceptual geometry. In an attempt
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to prove this principle, Khayyam made statements that were fully in line with the
statements made by Wallis and Saccheri a few centuries later and paved the way for
the emergence of non-Euclidean geometries in the nineteenth century. Eventually,
after two thousand years, different principles were put forward with it, and nonEuclidean geometries were introduced into mathematics as a new kind of geometry,
and free thinking began in mathematics. Thus, in addition to natural philosophy,
mathematics also departed from the Greek monopoly and took a new direction.

7-1 Basic mathematical terms
Over the centuries, mathematicians have considered objects and favorite topics such
as points, lines, and numbers as quantities that exist within themselves (figure 1).
These beings have always failed attempts to properly define and describe them.
Gradually, it became clear to nineteenth-century mathematicians that defining the
meaning of these beings could not be meaningful within mathematics, even if they
were meaningful at all. What numbers, points, and lines really are is neither debatable
nor needed in mathematical science.
"Mathematics may be defined as the subject in which we never know what we are
talking about, nor whether what we are saying is true", said Bertrand Russell. The
reason for this is that some of the basic terms such as point, line, and plate are not
defined, and we may substitute other terms without affecting the accuracy of the
results. For example, instead of saying two points denote a line, we can say that two
alpha denotes a beta. Notwithstanding the change in terms, all the proofs will remain
valid. Because the right reasons are not dependent on the shape of the diagram, they
depend only on the principles of the subject and the rules of logic.
Therefore, mathematics is a purely formal exercise to derive some results from
some formal premises. Mathematics makes judgments as they are, then they will, and
basically it is not about the meaning of the assumptions or they're being true. This
(formalism) view is fundamentally divorced from the older belief that mathematics
considered pure truth and the discovery of non-Euclidean geometries destroyed its
structure. This discovery had a liberating effect on mathematicians who made
mathematics more abstract.

7–2 Errors in Euclidean geometry
Euclidean geometry was based on the following five principles:
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First Principle - A straight line can be drawn from any point to another.
Second Principle - Every straight line segment can be extended indefinitely on the
same line.
Third Principle - You can draw a circle with any desired point as its center and with
a radius equal to each line segment.
Fourth Principle - All the right angles are equal.
Fifth Principle – Through any given point not on a line there passes exactly one line
parallel to that line in the same plane.
Euclid's Fifth Principle, which did not have briefness of other principles, was by
no means self-evident. In fact, this principle was more like a theorem than a principle.
So it was only natural to question its true necessity as a principle. Since it was thought
that it might be derived as a theorem, not a principle alongside other principles, or at
least it could be substituted with a more plausible equivalent. Throughout history,
many mathematicians, including Khayyam, Khvajeh Nasir al-Din Tusi, John Wallis,
Legendre 1, Farkas Bolyai 2 and others, have tried to deduce Euclid's fifth principle
using other principles and to prove it as a theorem. But all these efforts were in vain,
failing to prove or in some way was used the same principle to its proof. In the 18th
century, the parallel principle was so important that some of Kant's critics were
blamed for he does not say anything about the parallel principle.
János Bolyai 3 was a young mathematician working on this. His father, who had
been trying in this path for years, wrote in a letter to his son: "Do not try the parallels
in that way: I know that way all along. I have measured that bottomless night, and all
the light and all the joy of my life went out there". Farkas discouraged his son János
from any further attempt. But Janos was not afraid of father's warning, for he had a
completely new idea. He assumed that contravening the parallel postulate was not a
nonsense proposition. He informed his father of himself discovery secretly in 1823,
and in 1831 he annexed his discoveries in his father's Tentamen book and sent a copy
of it to Gauss. "Euclid taught me that without assumptions there is no proof.
Therefore, in any argument, examine the assumptions". Eric Temple 4. This is what
the founders of non-linear geometries did.

1

- Adrien Marie Legendre (1752-1833)
- Farkas Wolfgang Bolyai (1775-1856)
3
- János Bolyai (1860-1802)
4
- Bell, Eric Temple (1883-1960)
2
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Fig 7-1: Ordinary objects are compatible with Euclidean geometry.

Then it turned out that Gauss had discovered it himself. Later it became clear that
in 1829 Lobachevsky 5 published his discoveries on non-Euclidean geometry in the
University of Kazan two years before Bolyai, and finally, discovery of non-Euclidean
geometries were recorded in the name of Bolyai and Lobachevsky.

7–3 Non-Euclidean geometries
What is essentially non-Euclidean geometry? Any geometry other than Euclidean is
called non-Euclidean. Such geometries have been known more until now. The
distinction between non-Euclidean and Euclidean geometries is only in parallel
postulate. In Euclidean geometry, for each line and for each point not on that line,
exactly one line can be drawn parallel to it and no more. This principle can be
contradicted in two ways: There is more than one number of parallel lines that can be
drawn from a point out of it. Or there are no parallel lines at all. Given these two
contradictions, non- Euclidean geometries can be divided into two groups:
The First: hyperbolic geometries
Parallel Postulate in Hyperbolic Geometry: Through a point not on a line, there is
more than one line parallel to the given line.
The hyperbolic plane (figure 7-2) differs from the Euclidean plane. This principle
shows that a large number of lines from a point outside a line can be drawn in parallel
with it (figure 7-3). In figure (7-4) the lines CD and EF are parallel, but CD and AB
are not parallel. In this geometry, the shortest distance between two points is the
"geodesic".

5

- Nikolai Ivanovich Lobachevsky (1856-1792)
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Fig 7-2: An example of a hyperbolic plane

Fig 7-3: A large number of lines from a point can be drawn parallel to a line
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In hyperbolic geometry, the sum of the angles of a triangle is less than 180 degrees
(figure 7-5). In addition, there is no rectangular in hyperbola geometry (figure 7-6). If
two triangles are similar, they are congruent triangles. The ratio of the circumference
of a circle to its diameter is also greater than the 𝜋𝜋 number.

Fig 7-4: Parallel and intersecting lines in hyperbolic geometry

Fig 7-5: In hyperbolic geometry, the sum of the angles is less than 180 degrees.

The Second: Elliptic geometries
In 1854 Riemann 6 showed that if the infinity of a straight line was abandoned and
merely its infinity was accepted, then with a few subtleties and modifications to the

6

- Georg Friedrich Bernhard Riemann (1826-1866)
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principles of the subject, another non-Euclidean geometry would be obtained. He then
presented the parallel postulate of elliptic geometry as follows:
The parallel postulate of elliptic geometry: from a point outside of a line, one cannot
draw a line parallel to that line.
When we rotate an ellipse around one of its diameters, an elliptical surface is created
(figure 7-7).

Fig 7-6: There is no the rectangle in the non-Euclidean geometry

Fig 7-7: Elliptical surface
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Fig 7-8: In elliptic geometry, the surface of the sphere is considered a plane.

In elliptic geometry, there are no parallel lines. By visualizing the surface of a
sphere, can be considered a surface similar to an elliptic surface (figure 7-8). Consider
this spherical surface similar to a plane. Here are the lines with the giant circles of a
globe. Thus the geodesic line in the elliptic geometry is part of a large circle (figure
7-9). In elliptic geometry, the sum of the angles of a triangle is greater than 180
degrees (figure 7-10). In elliptic geometry you can go back to the starting point by
moving from a point and passing a straight line on that plane. Also in elliptic geometry
the ratio of the circumference of a circle to its diameter is always greater than the 𝜋𝜋
number.

Fig 7-9: Geodesic lines
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Fig 7-10: In elliptic geometry, the sum of the angles of the triangle is over 180 degrees.

7–4 Surface curvature or Gaussian curvature
Assuming the line to be straight not curved, if we have to attribute a numerical
curvature to a line (figure 7-11), we will have for the straight line κ = 0 , and the
curvature of a circle with radius r is equal to:

κ=

1
r

(1-7)

Fig 7-11: The straight line curvature is zero.
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Fig 7-12: The curvature of the curve at any point on it is equal to the curvature of the
Osculating circle at that point on the curve.

Definition: A smooth curve is a curve that every point has a neighborhood on
which the curve is the graph of a differentiable function.
Definition: The Osculating circle at one point of the curve is the circle at which
that point is most in contact with the curve (figure 7-12).
In other words; the osculating circle of a curve C, at point P is the tangent circle to
the curve at P that best approximates the curve in the neighborhood of P.

κ=

1
r

(7-1)

To obtain the curvature of a curve at one point, draw the Osculating circle at that
point, the curvature of that curve is equal to the curvature of the Osculating circle at
that point (figure 7-12). Note that for the straight line the radius of the Osculating
circle is infinite at any point on it. To determine the curvature of a surface at one point,
we select two geodesic lines in two major directions at that point and determine the
curvature of these two lines at that point. Suppose the curves of these two lines are
κ1 , κ 2 . Then the surface curvature at that point is equal to the multiplication of these
two curves, namely:
=
κ κ=
1κ 2

1
R 1R 2

(7-2)

The curvature of the Euclidean plane is zero. Also the cylinder curvature is zero
because for both of these surfaces is κ = 0 . For the hyperbolic surface, the surface
curvature is always negative (figure 7-13). For the elliptic surfaces, curvature is
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always positive κ > 0 (figure 7-8). In the table (7-1) the Euclidean, hyperbolic and
elliptic geometries are compared. Each of these geometries is applying in a particular
field, and elliptic geometry was used in general relativity.

Fig 7-13: The curvature of the hyperbolic surface is always negative.

Table (7-1): Euclidean and non-Euclidean geometries
The type
of
geometry

The number
of parallel
lines

The sum of
the triangle
angles

the ratio of a circle's
circumference to its
diameter

The size
of the
curve

Euclidean

one

180 degree

zero

Hyperbolic

Infinite

Less than
180 degree

𝜋𝜋

Elliptical

zero

greater than
180 degree

Greater than 𝜋𝜋
Less than 𝜋𝜋

negative
positive

Note: In Euclidean geometry, the ratio of the circumference of a circle to its
diameter is always constant but is not in Euclidean geometry. Meaning that if the
circle becomes smaller or larger, the ratio of the circumference to the diameter of the
circle also changes. Eventually, the smaller the circle, this rate is getting closer to 𝜋𝜋,
because in very small sizes, the non-Euclidean geometry approaches to Euclidean
geometry.
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7–5 The concept and intuitive understanding of the curvature of space
The key question is which of these Euclidean or non-Euclidean geometries is correct?
The straightforward answer is that we have to determine the curvature of a surface to
determine which one is correct. The best knowledge that can be used to understand
the kind of geometry of a surface is physics. Take a sheet of paper and draw two
intersecting lines on it. Then determine the curvature of these lines at the intersection
point and obtain their multiplication by definition of the curvature of the surface. If
the curvature is being equal to zero, the plane is Euclidean, if negative, we say the
plane is hyperbolic and if positive, we say the plane is elliptic.
In typical engineering tasks such as building construction, the surface curvature is
approximately zero. For this reason, engineers have always used Euclidean geometry
throughout history and have encountered no problems. Or we use Euclidean
geometrical principles to survey the surface of a country and determine the earth’s
ups and downs. In these calculations, we can use the rulers made in laboratories or
factories. Now the question is what to do if our ruler is affected by environmental
conditions? But we know that whatever material we use to make a ruler, the physical
conditions of the environment affect it. However, with regard to the environmental
impact on the ruler, we try to use the best material possible. That's why wood is better
than rubber and iron is better than wood for making a ruler. But what rulers can we
use to long distances such as astronomical distances? It is natural that there is no ruler
here to measure the distance between the earth and the moon or the stars. So we must
look at other facilities that are practically usable. For such calculations or studying
space curves, the best known means is electromagnetic waves. If the path of light in
space is a straight line, then we can boldly claim that space is Euclidean. To
understand the kind of curvature of space, we must examine the path of the light beam.
Experience shows that the path of light when passing besides matter, that is, when
passing through a gravitational field, is not a straight line but a curve. So the space
around bodies is not Euclidean. In other words, the geometrical structure of space is
non-Euclidean. For this reason, Einstein presented general relativity field equations
using non-Euclidean geometry. Usually, humans are empirically involved with
Euclidean geometry and in schools, Euclidean geometry is taught. For this reason,
most people are unfamiliar with non-Euclidean geometries. Non-Euclidean
geometries were not much of a concern to engineers and physicists until Einstein
proposed general relativity using elliptical geometry. Since then, non-Euclidean
geometries have been used in various scientific and technical fields. Here, it is
necessary to clarify some of the mathematical concepts, including the curvature of the
Riemannian space used in physics.
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7–6 Groups
Definition: The set G is called by the binary operator *, the group (G, *) , if the
following four principles apply:
1. Closed: If (a) and b belong to G, then a*b also belong to G.
2. Associative: For (a), (b) and (c) belong to G, then: (a * b) * c = a * (b * c)
also belong to G.
3. Neutral member: There exists a member such as e in G so that for every
member (a) in G, e * a = a * e = a
4. Inverse member: For every (a) in G, there is a member such as b in G so that:
a * b = b * a = e where (e) is called a neutral member in that.
Abelian group: Whenever in a group its operator has displacement feature, that
is, if a, b belong to G, then a*b=b*a is called the commutative group or Abelian
group.

7–6–1 Cyclic Group
The G group is called a cyclic group, whenever G is produced by an element of its
own.
The Generator of cyclic group: Suppose (G, *) is a cyclic group. If an element
such as x create group G, we write G 〈 x〉 and call x the generator of group G.
The generator of each group is not necessarily unique.
If G is a collective group and (a) is a generator of G, then:

G = 〈 a〉 = {na | n ∈ Z }
Likewise, the multiplicative group G, which x is the generator of it, is as follows;

G = 〈 x〉 = { x n | n ∈ Z }
Note: Each subgroup of a cyclic group is also a cyclic group.
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7–6-2 Field
Definition: Suppose R is a Nonempty Set and (+, ⋅) defined as two actions, addition,
and multiplication. Mathematical construction (R, +, ⋅) is called a field, if the
following conditions are set:
1.
2.

(R, +) Be a commutative group.
(R, ⋅) have the following properties:
A. ∀a, b ∈ R , a.b=b ⋅ a ∈ R
B. 1 ⋅ a=a ⋅1 =a , which 1 is the neutral member of the multiplies
C. (a ⋅ b) ⋅ c=a ⋅ (b ⋅ c)
D. a.(b + c)=(a ⋅ b)+(a ⋅ c)
E. (𝑎𝑎 + 𝑏𝑏). 𝑐𝑐 = (𝑎𝑎. 𝑐𝑐) + (𝑏𝑏. 𝑐𝑐)

The simplest definition of a field in abstract algebra is an algebraic structure, in
which the four operations of addition, subtraction, multiplication, and division (except
division by zero) are defined, and both actions have the property of commutative. So
the set of real numbers R is a field.

7–7 Vector space
Suppose F is a field (such as R as set of real numbers) and V is an abelian group under
the addition operation +, a set that applies to:
A. ∀��⃗,
xy
�⃗ ϵ V → x�⃗ + 𝑦𝑦⃗ ϵ V , x�⃗ + 𝑦𝑦⃗ = 𝑦𝑦⃗ + x�⃗ , commutativity of addition
���⃗ + 𝑦𝑦⃗) + z⃗ ,
B. ∀ x�⃗, 𝑦𝑦⃗ , z⃗ ϵV → x�⃗ + ( 𝑦𝑦⃗ + z⃗) = (x

Associativity of addition
�⃗ ∈ V ∋ ∀ x�⃗ ∈ V → x�⃗ + �0⃗ = x�⃗ , where 0
�⃗ is the zero vector and unique.
C. ∃ 0
D. ∀ x�⃗ ∈ V ∃ (− x�⃗) ∈ V → x�⃗ + (− x�⃗) = �0⃗ , additive inverse

And on the multiplication operation called the scalar product
1. ∀ a ∈ F , a. x�⃗ ∈ V
2. ∀ x�⃗ ∈ V, 1. x�⃗ = x�⃗
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3. ∀ 𝑐𝑐1 , 𝑐𝑐2 ∈ F, ∀ x�⃗ ∈ V → (𝑐𝑐1 + 𝑐𝑐2 )x�⃗ = 𝑐𝑐1 . x�⃗ + 𝑐𝑐2 . x�⃗
4. ∀ c ∈ F , ∀��⃗,
x ��⃗
𝑣𝑣 ϵ V → c. (x�⃗ + 𝑣𝑣⃗ ) = c. x�⃗ + c. 𝑣𝑣⃗
5. ∀ a , b ∈ F , ∀��⃗,
x ϵ V → a. (b. x�⃗ ) = (a. b). x�⃗
Associativity multiplication

So we say V is a vector space on the field F. It can be easily shown that
R = R×R×...×R is a vector space.
n

Basis of vector space: Each vector space R n has a basis as follows:
e1 =(1, 0, ...,0)
e 2 =(0, 1, ...,0)

(7-3)


e n =(0, 0, ...,1)

Therefore any optional vector in R n can be represented as follows:
n

X= ∑ x i ei

(7-4)

i=1

Example: In the Cartesian coordinate system and R 3 the basis of the space is as
follows:

i=(1, 0, 0)
j=(0, 1, 0)
k=(0, 0, 1)
So the vector r can be represented as r=xi+yj+zk .

7–7–1 Scalar product of two vectors
The scalar product or dot product of two vectors x, y is defined as follows:

x.y= ∑ i=1 x i y=i x1 y1 + x 2 y 2 + ... + x n y n
n

(7-5)
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The result is a real number. The vector length x is obtained from the relation:

||x||= x.x =

n

∑ (x )

2

(7-6)

i

i=1

Which it calls Euclidean Norm. The angle θ between two vectors x, y is obtained
from the following relation:

θ = cos −1 θ (

x.y
)
||x|| ||y||

(7-7)

7–7-2 Vector product of two vectors
Vector product of two vectors x, y is a vector such z that is defined as z=x×y . The
direction of the vector is such that if we close the right hand in such a way that four
fingers move in the direction of the vector x to the vector y (to the palm of the hand),
then the pollex will indicate the direction of the vector z. The vector magnitude z can
also be obtained from the following relation:

||z||=||x|| ||y|| sinθ

(7-8)

Where θ is the angle between two vectors x, y . Given the above definition, it is
clear that:

x×y= - y×x

(7-9)

7-8 Operators in physics
Years before Newton formulated classical mechanics, Descartes's analytic geometry
was presented. In addition, Kepler had obtained the route of planets' motion around
the sun and the relationship between the distance of the planet and the duration time
of its orbit around the sun. Over the centuries, the experience of scientists has shown
that this distance has not changed. None of these planets had left the solar system and
had not re-entered. After Newton presented the equations of motion and the formula
of the universal gravitational law, scientists could draw the trajectory and position of
each planet in the Cartesian coordinate system. The projectile motion diagram could
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also be implemented in the coordinate system. In other words, in classical mechanics,
if we had the information about an object, using mathematical equations, we could
predict information about it at any time, and these predictions could be realized over
time. A similar thing happened to general relativity. In 1854, Riemann gave his
remarkable lecture 7. In this lecture, he explained how he expanded the idea of the
Gaussian surfaces and their curves to higher dimensions, thus completing the subject
of Riemannian geometry. At that time, the concept of the manifold was very vague,
so the modern Riemannian concept took a little while to evolve to its present form.
Riemann's work was far ahead of its time and could not be considered by the
mathematical community until it was used by Einstein in general relativity in 1915.
In 1907, when Einstein was studying special relativity, he suddenly realized how
Newtonian gravitation must be adapted to special relativity. Einstein envisioned
space-time as a geometric object whose curvature is determined by the distribution of
energy and matter. So the force of gravity is no longer Newtonian but is merely the
presentation of space-time curvature. Space-time is an M manifold, and an event in
space-time is represented by a point, p ∈ M. The world-line of a particle is traced by
a curve in M. There are several basic terms in general relativity:
A: Space-time is a semi-Riemannian manifold.
B: Free particles follow geodesics (figure 7-9).
C: The curvature of space explains how matter moves, matter expresses how
space-time curves.
D: The geometrical properties of particle paths can be measured on the surface
regardless of how it is embedded in an ambient space.
In Euclidean geometry, the shortest distance between two points can be found by
using the Pythagorean Theorem. What Riemann discovered was a stronger and more
comprehensive than Pythagorean Theorem working on curved surfaces, even though
its curvature is more than two dimensions and different from one place to another. In
this curved space, the familiar idea of Greece for measurement has been replaced with
the extensive concept of metric, while curvature is similarly described with a more
precise mathematical object. Gauss realized that curvature within the range of a
geometric of at a given point 2D only given by a number that is called the Gaussian
curvature. Riemann showed there are needed 6 numbers to describe the curvature of
a 3D space at a given point, and 20 numbers per point for 4D geometry: 20
- Bernhard Riemann, On the Hypotheses which lie at the Bases of Geometry, Translated by William
Kingdon Clifford, http://www.emis.de/classics/Riemann/WKCGeom.pdf
7
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independent components in the Riemannian curvature tensor. It wasn't easy to use
Riemannian geometry to explain physical events, and even Einstein didn't think of
using non-Euclidean geometry in his early work. But all his attempts to formulate the
theory of general relativity in Euclidean geometry have failed, until he finally decided
to give up Euclidean geometry. In the Euclidean plane, all parallel lines are always
parallel. For example, suppose the ground is flat, if two bullets fall toward the ground,
the trajectory of the two bullets will be parallel and perpendicular to the ground,
regardless of gravity between the bullets. But the fact is that the ground is not flat and
the bullets absorb each other. For example, if you drop two bullets from a height of
one kilometer, one at the equator and the other near the North Pole, the paths of the
two bullets are not parallel and are nearly perpendicular.
Einstein eventually chose non-Euclidean geometry and curved space. In a curved
space, the concept of a straight line was replaced by the geodesic concept and field
equations were presented (see Chapter 21). When particles move on geodesics,
acceleration loses its classical meaning and no force is applied to them in space-time,
meaning there is no gravitational force (in general relativity). In other words, the
general relativity approach in explaining phenomena is generally different from the
classical approach, and accordingly, the concepts and mathematics used in these two
theories are fundamentally different. In fact, Einstein's field equations define a curved
plane whose curvature is determined by the energy-momentum distribution and the
amount of matter in space. The amount of matter and energy and momentum
distributed in space determine the curvature of space-time and the geodesic of
particles, and one of these particles is the photon, so the path of light is curved. In
addition, the degree of curvature around each object can be determined. Now, if you
consider a particle, such as a photon moving in the universe, it travels from one curved
surface to another with a different curvature, whereas in classical mechanics the space
is Euclidean and it's only the intensity of gravitational field that varies from point to
another. The common feature of the two theories is that both theories give definite
answers to the common problems, and the answer of the two theories to the same
question may be different, but it cannot be interpreted. Newtonian gravity, for
example, could not explain Mercury's perihelion advance (see Chapter 21). Einstein
proposed the following equation for planets perihelion advance in general relativity
and with respect to space-time curvature:
𝜖𝜖 = 24𝜋𝜋 3

𝑎𝑎 2

𝑇𝑇 2 𝑐𝑐 2 (1−𝑒𝑒 2 )

(7-10)

In which T is the orbital period (planet year), c is the speed of light, (a) is the semimajor axis, and e is orbital eccentricity. This relation is consistent with astronomical
observations and well justifies Mercury's perihelion advance. What general relativity
explained was 43 arc-seconds per century, and Newtonian mechanics could not
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explain it, that demonstrates the amazing accuracy of calculations for large objects.
Now let's define an operator in classical mechanics. We define the 𝑂𝑂� operator as
follows:
𝑂𝑂�(𝑎𝑎𝑥𝑥 𝑛𝑛 ) = 𝑎𝑎𝑎𝑎𝑥𝑥 𝑛𝑛−1

If we apply this operator to launch a horizontal projectile of height h with the
equation y = -𝑥𝑥 2 + h, we will have:
𝑂𝑂�(𝑦𝑦) = 𝑂𝑂�(−𝑥𝑥 2 + ℎ) = −2𝑥𝑥

The O ̂ operator is the derivative of a function of a single variable in which the
result can be easily proved by mathematical definition, calculate and drawn in a
Cartesian coordinate system. This operator is understandable, accurate, noninterpretable, yet intuitive. In fact, assuming the constant acceleration and neglecting
the air resistance can be written as follows:
1
𝑦𝑦(𝑡𝑡) = − 𝑔𝑔𝑡𝑡 2 + ℎ → 𝑦𝑦 ′ (𝑡𝑡) = −𝑔𝑔𝑔𝑔
2
Although in this example, we draw the vertical projectile as a point motion path in
the Cartesian coordinate system, in practice, we can apply it to large objects. In this
example, the speed is low (relative to light speed) and the object is large (relative to
quantum scales), and we ignore the effect of air on the projectile motion. If we put a
balloon (with very low mass) instead of a point-like projectile, such as a metal bullet,
and throw at high speed, for example, one-tenth the speed of light, do not ignore the
air resistance, the probability of wind, storm, rain and dealing with billions of
projectiles like that too, how can we accurately speak about it, like Mercury's
perihelion advance in the general relativity? 43 arc-seconds in a century? Or consider
the Jalali calendar that determined the solar year with the error of one day in a
thousand years, with the tools and knowledge of thousand years ago.

7-8-1 the difference between quantum mechanics and classical mechanics
To understand the difference between quantum mechanics and classical mechanics,
we must pay attention to the problems of scientists in understanding the nature of
quantum phenomena. The origins of quantum mechanical problems date back to 1800
and to the double-slit experiment of Young. After the Young's Double-slit experiment,
the particle theory of light gradually faded in favor of the Huygens wave theory, and
even Maxwell's equations were formulated based on the wave theory. In 1900 Max
Planck introduced the quantum theory of radiation. The acceptance of the quantum
theory of radiation never meant abandoning the particle theory of radiation. Rather, it
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caused the acceptance of the theory of particle-wave duality and complementary
principle. In 1923 de Broglie showed that matter particles such as electrons, like light,
could have a wave behavior, which was later confirmed in experiments.
What has been propounded in quantum mechanics until then, were some of the
properties of quantum particles, that was like the works of Kepler, Descartes, and
Galileo were done in classical mechanics and later supplemented by Newton.
Newton's work was to determine the position and momentum of a particle under the
influence of an external force at any given moment by the equation, 𝐹𝐹 = 𝑚𝑚 𝑑𝑑𝑑𝑑/𝑑𝑑𝑑𝑑. In
quantum mechanics, Schrödinger did something similar to Newton's second law by
presenting the wave function. In Newton's second law there are two vector quantities
of force F and momentum P. These vectors, when expressed in mathematical terms,
are those vectors defined on the set of real numbers. In vector computation, a number
of operators are defined that sometimes convert a vector space to a scalar space or a
scalar space to a vector space or cause the rotation of vector space. These operators
are executed using del (nabla) ∇. In three-dimensional space, in a Cartesian machine
where the coordinates are indicated by (x, y, z) and the unit vectors (bases) are
denoted by (i,j,k) , it is defined as follows:
+j

∂
∂y

+k )

gradf = ∇f = i

∂f
∂x

+j

div𝐅𝐅 = 𝛁𝛁. 𝑭𝑭 =

∂f
∂x

+

∇= i

∂
∂x

∂
∂z

(7-11)

Gradient: Using gradient, a scalar field f(x,y,z) is converted to a vector with the
particular direction, then:
∂f
∂y

+k

∂f
∂z

(7-12)

Divergence: Divergence is defined in three-dimensional space and generates a
scalar from a vector field which is defined by multiplying the vector scalar ∇ to the
vector F:
∂f
∂y

+

∂f
∂z

(7-13)

Curl: The curl of vector F is equal to the vector product of ∇ to F which is defined
as follows:
curl𝐅𝐅 = 𝛁𝛁 × 𝐅𝐅

(7-14)

Laplacian operator: it is obtained by scalar product ∇ to itself:
∂2

∂2

∂2

∇𝟐𝟐 = 𝛁𝛁. 𝛁𝛁 = ∂x2 + ∂y2 + ∂z2

(7-15)
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7-9 Operators in quantum mechanics
Erwin Schrödinger published the theory of wave function in 19۲6 and in the same
year Heisenberg introduced the principle of uncertainty. Although Heisenberg was a
serious opponent of the wave function, his uncertainty principle plays a significant
role in interpreting the Schrödinger wave function, because the Schrödinger equations
are continuous, but many of their solutions, including energy levels, can be
discontinuous. Many physicists call the wave function as a kind of interpretation or
the best explanation of a quantum system. Schrödinger's work was to generalize the
characteristic of de Broglie’s relation as an applied equation to explain quantum
systems. In de Broglie’s relation for an electron's wavelength, when it behaves like a
wave, we have:

λ=

ℎ
𝑝𝑝

In which h is the Planck constant and p is electron’s momentum. When an electron
appears as a wave, it is described as follows:
𝜓𝜓 ∝ exp(𝑖𝑖𝑖𝑖𝑖𝑖) = 𝑒𝑒 𝑖𝑖𝑖𝑖𝑖𝑖 , 𝑘𝑘 =

2𝜋𝜋

(7-16)

λ

In which, e is the Euler number and k is the wave number, and in physics represents
the spatial frequency of a wave. One such solution is as follows:
𝜕𝜕2
𝜕𝜕𝑧𝑧 2

= −𝑘𝑘 2 𝜓𝜓

(7-17)

Which can be generalized into three dimensions:

We can define:

∇2 𝜓𝜓(𝑟𝑟) = −𝑘𝑘 2 𝜓𝜓(𝑟𝑟)
𝑝𝑝 = ℏ𝑘𝑘, ℏ =

ℎ
2𝜋𝜋

(7-18)

(7-19)

As a result, we get the following equation:
ℏ2

𝑝𝑝2

− 2𝑚𝑚 ∇2 𝜓𝜓(𝑟𝑟) = 2𝑚𝑚 𝜓𝜓(𝑟𝑟), 𝑚𝑚0 ≅ 9.11 × 10−31 𝑘𝑘𝑘𝑘
0

𝑝𝑝2

0

(7-20)

In which, 2𝑚𝑚 , is the kinetic energy of the electron. Therefore, the above relation
0

can be considered as the energy conservation equation. By defining the potential
energy V(r), the energy balance equation becomes is as:
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ℏ2

�− 2𝑚𝑚 ∇2 + 𝑉𝑉(𝑟𝑟)� 𝜓𝜓(𝑟𝑟) = 𝐸𝐸𝐸𝐸(𝑟𝑟)

(7-21)

0

E is the sum of energy of the system. The above relation is called the Schrödinger’s
independent of time equation. The energy E has a frequency of ω denoted by relation,
𝐸𝐸 = ℏ𝜔𝜔. If we consider the following relation:
𝑖𝑖ℏ

Then

𝜕𝜕
𝜓𝜓(𝑟𝑟)
𝜕𝜕𝜕𝜕

= 𝐸𝐸𝐸𝐸(𝑟𝑟)

(7-22)

𝜓𝜓(𝑟𝑟, 𝑡𝑡) = 𝑒𝑒 −𝑖𝑖𝑖𝑖𝑖𝑖 𝜓𝜓(𝑟𝑟, 𝑡𝑡)

(7-23)

Then we get to the time-dependent equation:
ℏ2

𝜕𝜕

�− 2𝑚𝑚 ∇2 + 𝑉𝑉(𝑟𝑟)� 𝜓𝜓(𝑟𝑟, 𝑡𝑡) = 𝑖𝑖ℏ 𝜕𝜕𝜕𝜕 𝜓𝜓(𝑟𝑟, 𝑡𝑡)
0

(7-24)

Another frustrating fact about the above equations is that it is written with complex
functions and numbers. In our previous experience with classical rules, all of them
can be written with functions and real numbers.
The mathematical tools of quantum mechanics theory, like all other major theories,
were gradually developed and expanded, some of which are discussed below. What
is an operator in quantum mechanics?
By the definition, the 𝐴𝐴̂ operator is a mathematical object that maps one state
vector |𝜓𝜓⟩ into another, |𝜑𝜑⟩, Â|𝜓𝜓⟩ = |φ⟩. A wave function is a form of vector space
exactly like the 3D vector spaces. From Dirac's point of view, as we can show any 3D
vector with unitary vectors as:
𝒓𝒓 = 𝑥𝑥𝒆𝒆�𝟏𝟏 + 𝑦𝑦𝒆𝒆�𝟐𝟐 + 𝑧𝑧𝒆𝒆�𝟑𝟑

(7-25)

We can denote the state of vectors or wave functions of ψ as 'Ket' by | ψ⟩. So we
can extend each wave operator as a combination of ground state vectors as follows:
|𝜓𝜓⟩ = λ1 |𝜓𝜓1 ⟩ + λ2 |𝜓𝜓2 ⟩ + ⋯)

(7-26)

Next to the ket, the 'bra' can be marked with ⟨𝜓𝜓|, together, the bra and ket define
the scalar product as follows:
+∞

⟨𝜑𝜑|𝜓𝜓⟩ ≡ ∫−∞ 𝑑𝑑𝑑𝑑𝜑𝜑∗ (𝑥𝑥)𝜓𝜓(𝑥𝑥)

(7-27)
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Which follows the nature of ⟨𝜑𝜑|𝜓𝜓⟩∗ = ⟨𝜓𝜓|𝜑𝜑⟩ . In this formula, the real space is
represented to cover the inner product (scalar product) of the wave function,⟨𝜑𝜑|𝜓𝜓⟩∗ =
⟨𝜓𝜓|𝜑𝜑⟩ while the operator space of wave momentum comes out of it.

There is a quantum mechanical operator associated with every measurable quantity
in a physical system. Such operators create because in quantum mechanics they
describe nature with waves (wave functions) and not with discrete particles whose
motion and dynamics can be described by definite equations of Newtonian physics.
Part of the development of quantum mechanics is the creation of operators related to
the quantities needed to describe the system. Some of these operators are listed in the
table (7-2).
Table 7-2: Quantum mechanical operators for some physical quantities
Quantity
Position
Momentum
Momentum on x
axis
Momentum on y
axis
Momentum on z
axis
Kinetic energy

Potential energy
Total energy
Angular
momentum

The symbol in
classical physics
r
p
𝑝𝑝𝑥𝑥

Operator

Operation

𝑟𝑟̂
𝑝𝑝̂
𝑝𝑝̂𝑥𝑥

𝑝𝑝𝑧𝑧

𝑝𝑝̂𝑧𝑧

Multiply by r
−𝑖𝑖ℏ∇
𝜕𝜕
−𝑖𝑖ℏ
𝜕𝜕𝑥𝑥
𝜕𝜕
−𝑖𝑖ℏ
𝜕𝜕𝑦𝑦
𝜕𝜕
−𝑖𝑖ℏ
𝜕𝜕𝑧𝑧
� . 𝑷𝑷
� (−𝑖𝑖ℏ∇). (−𝑖𝑖ℏ∇)
𝑷𝑷
=
2𝑚𝑚
2𝑚𝑚
−ℏ2 2
=
∇
2𝑚𝑚
Multiply by 𝑉𝑉� (𝑟𝑟)
𝑇𝑇� + 𝑉𝑉�
𝒓𝒓 × −iℏ∇

𝑝𝑝𝑦𝑦

𝑝𝑝̂𝑦𝑦

T

𝑇𝑇�

𝑉𝑉(𝑟𝑟)
E
L

𝑉𝑉� (𝑟𝑟)
�
𝐻𝐻
𝐿𝐿�

𝜕𝜕
𝜕𝜕
− 𝑧𝑧 �
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
𝜕𝜕
𝜕𝜕
𝐿𝐿�𝑦𝑦 = −𝑖𝑖ℏ(𝑧𝑧
− 𝑥𝑥 )
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
𝜕𝜕
𝜕𝜕
�𝐿𝐿𝑧𝑧 = −𝑖𝑖ℏ(𝑥𝑥
− 𝑦𝑦 )
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

𝐿𝐿�𝑥𝑥 = −𝑖𝑖ℏ �𝑦𝑦
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Now that some features of operators have been discussed in relation to quantum
systems, we can better explain the distinctions and similarities between classical
mechanics and quantum mechanics in their mathematics. As mentioned above,
quantum states are actually "vector states". That is, with vectors, it is easier to
illustrate and discuss the complex quantum phenomena. As a historical example of
the importance and application of vector analysis to simplify and summarize complex
physical concepts, Maxwell's equations can be mentioned. Maxwell's formulas for
electromagnetism included 20 equations and 20 variables. Heaviside reduced
Maxwell's equations to 4 equations and 4 variables using vector operators, not only
did not decrease their application but also made their understanding and application
easier (see chapter 9). In general, working with vectors is also much easier to do. In
quantum mechanics, using the term "state vector" or "ket" |𝜓𝜓⟩ we can write many
things in a simpler way. Of course, there is no relation between the vector state |𝜓𝜓⟩
with geometric vectors in three dimensions, but rather it is an abstract symbol and
stands for a physical state known as "label" or "name" ψ. It is very useful initiative to
write quantum mechanics laws such as algebraic equations using these symbols.

7–10 Manifold geometry
In English, the manifold is an idiom (or way) to say "varied," "many," or "multiple".
But in mathematics, the manifold is a geometric term that resembles Euclidean space
near any point. Metric is the distance function for space. The two coordinates
represent the space and time interval between two points (or events) in space. The
metric on the manifold provides a way to measure the length and angle between
tangent vectors. Manifold geometries are used in various fields of physics. In these
geometries, the spatial points and the distances and their relationships are represented
algebraically. Therefore, geometrical properties of the desired space can be studied
using differential calculus and vector analysis. So in Manifold geometries, we deal
with spatial coordinates, the simplest of which is the coordinates in the Cartesian
system. The simplest type of manifold geometry is Euclidean manifold geometry.

7–10–1 Euclidean manifold geometry
Assume that R is the set of real numbers and n is a natural number, then n number of
real numbers is the n-dimensional vector in space denoted by R n and is called real
coordinates of space. One member of R n can be represented as x=(x1 , x 2 , ...,x n )
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in which each x i is a real number. Applications to vector space R n are defined as
follows:

x+y=(x1 +y1 , x 2 +y 2 , ...,x n +y n )
ax=(ax1 , ax 2 , ...,ax n )

(7-28)
(7-29)

If n=1 , the space is one-dimensional, that is, a line, and R 2 visualizes a page. If n=3
, then R 3 draws a three-dimensional Euclidean space which is marked with its
coordinates as (x, y, z) . Such a space goes beyond a set of real coordinates. In fact,
one of the requirements in geometry is that we can talk about the distance between
two points and the angle between lines or vectors. The natural way to do this is to use
two-vector scalar multiplication on space R n . The distance function or metric is
presented as follows:

d(x, y)=||x-y|| =

n

∑ (x -y )
i

i

2

(7-30)

i=1

Fig 7-14: The distance of two points on the surface of the Earth is different from its Euclidean
angle.
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Sometimes Euclidean n-dimensional space is also represented as E n to indicate
that means Euclidean space. The method mentioned above is what Hilbert 8 did. In
Hilbert's interpretation, Euclidean principles are easily transformed into algebraic
facts. Instead of a point, he put a pair of numbers as (x, y), and instead of a distance
between two points, he put a relationship between the numbers, which are denoted by
equations. Then, instead of the circle, the relation between the numbers is considered
in a particular quadratic equation x 2 +y 2 =r 2 . Likewise, one can define metrics of nonEuclidean geometries where the distance between two points differs from the
Euclidean interpretation (figure 7-14). After presenting special relativity, Minkowski
combined three-dimensional space with time into a four-dimensional manifold like
the Euclidean manifold with the title of Space-Time. Minkowski metric is an interval
between any two events and is independent of the inertial frame in which they are
recorded.

7–10–2 Metric of space-time
The space-time four-vector components are consist of three space coordinates
(x (1) , x (2) , x (3) ) and a time coordinate t which represent the space-time position of an
event. By selecting ct (c is light speed) can make coordinate time to space coordinate

x (0) which has spatial dimension, Minkowski's four-dimensional space is:
x µ = (x (0) , x (1) , x (2) , x (3) ) = (ct, x (1) , x (2) , x (3) )

(7-31)

And we will have:

x µ = (ct, x (1) , x (2) , x (3) )

(7-32)

All four coordinates have length dimension and its covariant coordinates is as
follows:

x µ = (ct, -x (1) , -x (2) , -x (3) )

(7-33)

By product scalar of two vectors (7-26) and (7-27) we will have:

8

- David Hilbert (1862-1943)
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x µ x µ = ( c t ) 2 - ( x (1) ) 2 - ( x (2) ) 2 - ( x (3) ) 2

(7-34)

Relation (7-34) is a scalar quantity that relates spatial distance to time. The relation
(7-34) can be defined generally by choosing two optional vectors Bµ , Aµ as:

Aµ Bµ = A (0) B(0) - A (1) B(1) - A (2) B(2) - A (3) B(3)

(7-35)

In which Bµ is covariant of Bµ . In special relativity the four-vector space-time is
defined as:

Aµ Bµ =A (0) B(0) - A . B

(7-36)

The Lorentz invariant four-vector can also be written as follows:

Aµ Bµ = gµ,ν Aµ Bν

(7-37)

In which gµ,ν is called the Minkowski metric, which can be expressed as the
following 4 × 4 matrix:
gµ,ν

1 0 0 0 


0 -1 0 0 
=
 0 0 -1 0 


 0 0 0 -1 

(7-38)

Where µ andν denotes the rows and columns of the matrix. It results from (7-37)
and (7-38):

A µ = gµ,ν Aν

(7-39)

The relation (7-39) is called the transition metric tensor of the covariant
coordinates. If we want to show the four-vector as a column, we will have:

 A (0)
 (1)
ν
A
A =  (2)
A

 A (3)


 A (0)



 A (1)
 و
A
=

ν

 A (2)

 A


 (3)









(7-40)
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The following transformations are also easily calculated.
 A (0) 


 A (1) 
Aν =
=

 A (2) 
 A 
 (3) 

(0)
1 0 0 0   A

  (1)
 0 -1 0 0   A
 0 0 -1 0   A (2)


 0 0 0 -1   A (3)









(7-41)

−1
With the definition of inverse matrix gµ,ν as gµ,ν = (g µ,ν ) , we can write:

A µ = g µ,ν Aν

(7-42)

Mentioned relations in physics have many applications. For example: using the
above relations, we can calculate the relativistic momentum (four-vector) as follows:
pµ ≡ (

E
E
, p (1) , p (2) , p (3) ) , p µ ≡ ( , -p (1) , - p (2) , -p (3) )
c
c

pµ p µ =(

E 2 2
) - p =m 2 c 2
c

(7-43)

Also another form of scalar relation (7-43), which is periodic, is pµ x µ :

pµ x µ =Et-p.x

(7-44)

7–10–3 Derivative of covariant coordinates
The general state of the differential operator ∇ can now be applied on Minkowski space.
It should be noted here that whenever the metric x µ changes in space, then gµ,ν is function
of coordinates of the point x µ in space. Note that the scalar function φ (x ) is defined on
µ

the coordinates x µ . The transfer of x µ , under very small amounts a µ , will be as follows:

xµ → xµ' = xµ + aµ
The function φ (x ') is also a scalar function. Using the Taylor series we have:
µ

φ (x µ + a µ ) =φ (x µ ) + a µ

∂
φ (x µ )+...
µ
∂x
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It is still a scalar function. So the quantity:

aµ

∂
φ (x µ )
µ
∂x

(7-45)

It is also a scalar, which is the product of the scalar between the two vectors a µ
and the gradient as below.
∂
φ (x µ )
µ
∂x

(7-46)

The relation (7-46) can be interpreted as a derivative. So we'll have:

∂
1 ∂
∂
∂
∂
1 ∂
=
∂µ = µ (
,
,
,
) =(
, ∇)
(1)
(2)
(3)
c ∂t ∂x
∂x
∂x
c ∂t
∂x
∂µ =

∂
∂x

µ

= (

1 ∂
, ∇)
c ∂t

(7-47)

In the same way:
∂µ =

∂
1 ∂
=(
, - ∇)
∂x µ
c ∂t

(7-48)

The operators of covariant and invariant derivatives are very useful and simple to
µ

obtain relativistic conversion. For example: If the four-vector potential A is as:
µ

µ

(1)
(2)
(3)
=
A
(φ=
, A , A , A ) , or A
(φ , A)

Then the Lorentz scale mode will be as follows:
µ

∂ µ=
A

1 ∂φ
+ ∇.A
c ∂t

(7-49)

That is a form of Lorentz’s scalar. Also if the flow of density of four-vector j
shown by the following invariant components:
µ

j
=

c ρ , j (1) , j (2) , j (3) ) ,
jµ
(=

µ

is

(c ρ , j )

Then the condition of conservation of the electric charge can be written as follows:
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∂ρ
+ ∇. j
∂t

=0

(7-50)

µ

∂µ j =
0
That is Lorentz’s scalar. The scalar of its transformations can also be compactly
expressed as invariant transformations of the vector potential.
/
A µ → A µ=
' A µ + ∂µ Λ

(7-51)

In which Λ is an optional scalar function. By converting:

φ → φ ' =φ +

1 ∂Λ
c ∂t

We will have:

A → A =' A − ∇.Λ

(7-52)

Which it can be used for the quantum state:

∂
∂t

(7-53)

p → −i ∇

(7-54)

p µ= i ∂µ

(7-55)

E →i

For presenting of the wave function operator we use the scalar multiplication of
covariant and invariant derivatives:

=
∂µ ∂ µ

1 ∂2
− ∇2
2
2
c ∂t

(7-56)

At the Lorentz scalar, the equation of motion for a potential four-vector will be as
follows:

4π
∂µ ∂ ν A µ = j µ
c

(7-57)
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7–11 Tensors
A tensor is a compressed form of scalars, matrices, or linear operators that are applied
for physical phenomena in fluid mechanics, heat transfer, and even space curvature.
A number such as (a) is called zero rank tensor, a vector is called one rank tensor, and
a matrix is called two rank tensors (Table 7-3). Therefore:
•
•
•
•

All scalars are not tensors, all tensors of rank 0 are scalars.
All vectors are not tensors, all tensors of rank 1 are vectors.
All matrices are not tensors, all tensors of rank 2 are matrices.
Tensors that rank higher than two do not have a specific name. But sometimes
called supermatrix

Note that here the rank of a tensor is not a dimension. That is, any type of matrix
can be considered a second rank tensor.

Table 7-3: Math form and rank of tensors

Mathematical
form
Scalar
Vector

Mark

Rank

a
ai

Zero
One

Matrix

a ij

Two

Super-matrix

a ijk

More than 2
For tensor is three
For n rank we have a ijklm…

There are generally three types of tensors, the covariant tensor, the contravariant
tensor, and the mixed tensor, which is a combination of the other two types.
Tensor is a type of geometry used to generalize the concepts of scalars, vectors,
and linear operators and is independent of system selection. Tensors are widely used
in differential geometry and engineering. The geometrical example of tensors is the
tensor of the space curvature that Einstein expressed his general theory of relativity
with using them. For physical examples of tensors, of tensors we can refer to energymomentum tensors, so when we dealing with scalars (such as energy, mass...) or
vectors (such as momentum, force, acceleration) in physics, we can use tensors.
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Fig 7-15: Matrix and super-matrix

Tensor can be described as an operator that operates on a matrix and presents a
new matrix. Suppose the moving particle p on object A in a coordinate system has
coordinates (x, y, z). Object A rotates as it moves. We want to determine the new
coordinates and position of the particle relative to before (figure 7-16). There are two
coordinate shifts here, one transition of axis and the other the rotation of axis that by
writing the relations between them and combining these two transitions, the new
coordinates are obtain. Suppose the coordinates (x, y, z) of the particle P are

r0 =x 0 +y 0 +z 0 at the moment t=0 . After the time t, r=x(t)+y(t)+z(t) is the new

coordinates. So the question is how can we find the vector r′=x ′(t)+y′(t)+z′(t) in
relation to r=x(t)+y(t)+z(t) ?

Fig 7-16: Transition and rotation of the system and examining the motion of a moving
particle in it
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We divide this problem into two parts, the first is the transfer (no matter the
rotation), which at this stage it is to find a matrix that applies to:
 x1  a11 , a12 , a13 
 y  = a , a , a 
 1   21 22 23 
 z 2  a 31 , a 32 , a 33 

x 
y
 
 z 

After obtaining the above matrix, we must find a matrix that under the rotation,
will result (x ′, y′, z′) from (x1 , y1 , z1 ) . If the elements of the matrix were the
rotation of σ ij , we will have:

 x ′ σ 11 , σ 12 , σ 13 
 y′  = σ , σ , σ 
   21 22 23 
 z′  σ 31 , σ 32 , σ 33 

 x1 
y 
 1
 z 2 

7-11-1 Einstein tensor
The Einstein tensor is a mathematical relation that expresses the space-time curvature
in the Einstein field equation in general relativity. The Einstein tensor G is a tensor
with rank 2 in differential geometry and physics, which is defined on the Riemann
manifold as follows.
1
G=R − gR , or
2

1
G µν =R µν − g µν R
2

(7-58)

In which R µν is Ricci tensor, g is metric tensor, and R is Ricci scalar tensor.

7-11-2 Stress–energy tensor
Stress–energy tensors or stress-energy-momentum tensor is a tensor used in physics
to explain the quantities of the flux of energy density and momentum in space-time,
which is the general state of the stress tensor of Newtonian physics. This stress is the
source of the gravitational field in general relativity and is just like mass in Newtonian
gravity. The stress-energy tensor is of great importance, especially in Einstein field
equations.
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Definition of stress-energy tensor: It should be noted here that x 0 is used to
1
2
3
indicate the time and three space coordinates are indicated by x , x , x . A stressenergy tensor is as T a b which is a component of ath that represents the momentum
vector across the plane that is associated with xb . Note that in relativity of ath ,
momentum vector has four components. It should also be noted that the stress-energy
tensor is symmetric when the spin tensor is zero, it meansT a b = T b a .

7–11-3 Stress tensor in classical mechanics
Given the stress definition P=F/S where P is the stress, F is the force, and S is the
surface, the stress tensor in classical mechanics can be defined as follows:

T(n) = limit
∆S→ 0

∆F
∆S

In which T is a function of the direction n. By inserting unit vector V/ V instead
of n we will have:
T(V) = limit
∆S→ 0

∆F
V
∆S

This definition has some interesting algebraic properties. In fact, T operates on the
vector field V and gives a new vector field. This operator is a linear operator that can
be represented as a tensor defined as follows:

T a b = T(eb ) a

(7-59)

Where (a) is the stress coordinate inside b and this is called the stress tensor.

7–11-4 Relativistic Stress-energy tensor
Using the above equations, we can define the general state of the stress tensor in 4dimensional space:
Stress = T(n) =

∆F
∆S
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We can write T(n∆S) = ∆F . Now by influencing ∆x in both side of relation, we
will have:

T(n∆S∆x) = ∆F∆x = ∆P
Where, P is the classical momentum and three-dimensional. So we can write:

T(n∆V) = ∆P , or T(n) = limit
∆V → 0

∆P
∆V

In which V is the volume in Euclidean space. Relativistic stress tensor can be
obtained, if we convert the coordinates to the Minkowski space by affecting the speed
of light. We can write:

T(dV) = T(nV) = dP
In the above relation, T is a function that converts the covariant vector dV to the
contravariant field (P) .
Definition of stress-energy-momentum tensor: We select a base as (v, w, u) for
each optional covariant vector Y at point P, then, for the value of Yi = ε ijkl v j w k u l ,
tensor T(Y) define as follows:

∆V = {r1v + r2 w + r3u | 0 ≤ ri ≤ 1}
The stress of energy from a beam (tube) parallel with

In the tangent space is equal to stress of P that four vectors of momentum P enter
from the positive components of the wall ∆V to the negative components of the wall
∆V :
P(ε )
T(Y) = εlimit
→0
3

ε

(7-60)

This energy stress in the Lorentz Manifold is presented as follows:

T a b = T(eb ) a
•
•

(7-61)

The tensor T 00 represents the energy density.
The flux of energy tensor along with x i is shown as T 0i on the surface.
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The density-momentum tensor along the coordinate i th is as T i0 and is
equivalent with T 0i .
The tensor T ij at flow i , is the momentum along the coordinate x j on the
surface.

The stress-energy tensor used in engineering is different from the definitions given
here.

7–12 Riemannian space
As already mentioned, Riemannian geometry is non-Euclidean and elliptical. Thus
the distance between two points in the Riemannian space is different from that in the
Euclidean space. In Euclidean space, the distance ds between two close points
(x, y, z) and (x+dx, y+dy, z+dz) in the Cartesian coordinate system is

ds 2 =dx 2 +dy 2 +dz 2 . But Riemann introduced a new concept of distance between
these points. In the n-dimensional Riemannian space, the distance ds between two
points close to each other, with coordinates x i and x i +dx i , are defined as:
ds 2 =a ijdx i dx j

(7-58)

In which the coefficients a ij are a function of the coordinates x i . The distance ds 2
is called the Riemannian metric. Any distance provided by such a relation is called
metric in the Riemannian space.
Euclidean geometry is the study of flat space. In Euclidean geometry, all
imaginations can be described by drawing on a piece of flat paper. From Euclidean
principles of geometry, well-known theorems such as Pythagoras and all
trigonometric formulas are derived. From Euclidean geometry principles and rules,
we obtain well-known theorems such as Pythagorean Theorem, and all formulas have
obtained. The perimeter and area of a circle can also be calculated. The difference
between the circle and the ellipse and their properties was known centuries before
Kepler's laws were discovered.
Now suppose you have a curved paper instead of a piece of flat paper. You may
have a cylinder or sphere. On the curved plate, the shortest distance between two
points is a curve we call geodesic. On a curved plate, sometimes there is more than
one geodesic between two points. That is, on the curved plate, the shortest distance is
not unique. For example, there are many geodesics between the north and south poles
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of the earth. On a curved plate, in some cases, the geodesic can be a line (in the
Euclidean sense). For example, on a cylinder, there are cases where the distance
between two points is unique and a straight line. But in most cases, they are curved
and geodesic. Such cases illustrate the difficulty of working on a curved plate rather
than a flat plate.

Fig 7-17: Non-Euclidean manifold and tangent plate

One of the basic issues in Riemannian geometry is the study of surface curvature.
An important tool used to measure the value of surface curvature is called crosssectional curvature or Gaussian curvature. By using vector calculations and partial
second-order differential equations can be accurately described. To study the crosssectional curvature of the page at a given point, first, find the tangent page at that point
(figure 7-17). To determine the curvature of a surface at one point, two geodesic
intersecting are selected in two major directions at that point and we determine the
curvature of these two lines at that point. If you can find a small piece around the
point, the tangent plane can be plotted at that point. Then according to the Gaussian
formula (relation 7-2), determine the curvature of the page at that point. Geometrically
this page has exactly the same properties as a tangent to a curve at one point. The cone
or sphere has a positive curvature anywhere. But the cylinder curvature is zero at all
points. If a piece cannot be found around the desired point so that the surface is on
one side of the tangent plane, the surface has a negative or zero curvature at that point.
This is the case that happens in the hyperbolic surface (figure 7-5). Riemannian
geometry is used to study higher-dimensional spaces. The universe can be described
as a three-dimensional space. Near the earth, space is almost like the Euclidean 3D
space. However, near the stars and black holes, space is bent. In the universe, there
are many pairs of points with more than one geodesic between them. Such points have
been discovered by the Hubble Telescope that is called the gravitational lens.
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Physicists believe that the curvature of space with the partial differential equation is
described that is called the Einstein field equation, and it is related to the gravitational
field of stars. So using the results of Riemannian geometry theorems, the mass of a
star or a black hole can be determined that is the factor of the gravitational lens
(chapter 21).
Like all other branches of mathematics, Riemannian geometry even when there
was no application, mathematicians were looking for its theorems. Theorems about
the use for studying gravitational lenses were much older than the Einstein equation
and the Hubble telescope. There has been a lot of effort in recent years to present a
new dynamic formulation of the Riemannian Manifold. In other words, they try to use
the Riemannian metric for a dynamic explanation of well-known relations like
Lagrangian, Hamiltonian, Schrödinger equation and relativity which also covers
speed and acceleration in 4d spaces.

Chapter references:
http://marian.creighton.edu
http://www-groups.dcs.st-and.ac.uk
http://www.upscale.utoronto.ca
http://math.youngzones.org
http://www.beva.org
http://www.xahlee.org/
http://marian.creighton.edu
http://www-groups.dcs.st-and.ac.uk
http://www.upscale.utoronto.ca
http://www.beva.org
http://www.xahlee.org/
http://web.umr.edu/~wlf/Math/tensor.html
http://math.ucr.edu/home/baez/einstein/node10.html
http://people.hofstra.edu/faculty/Stefan_Waner/diff_geom/Sec10.html
http://www.mth.uct.ac.za/omei/gr/chap6/node13.html
http://www.math.ucr.edu/

7. Space geometry and mathematical physics

181

http://www.mathpages.com/rr/s5-02/5-02.htm
http://www.du.edu/~jcalvert/math/eucltens.htm#Anti
http://mathworld.wolfram.com/Tensor.html
http://home.pacbell.net/bbowen/tensors.htm
http://ella.physik.tu-berlin.de/~hh/ALT/Dissertation/node63.html
http://web.umr.edu/~wlf/Math/tensor.html
http://math.ucr.edu/home/baez/einstein/node10.html
http://people.hofstra.edu/faculty/Stefan_Waner/diff_geom/Sec10.html
http://www.mth.uct.ac.za/omei/gr/chap6/node13.html
http://wcchew.ece.illinois.edu/chew/course/QMAll20130923.pdf
http://galileo.phys.virginia.edu/classes/252/wave_equations.html
https://www.feynmanlectures.caltech.edu/III_20.html
http://worrydream.com/refs/Crowe-HistoryOfVectorAnalysis.pdf
http://worrydream.com/refs/Crowe-HistoryOfVectorAnalysis.pdf
Frédéric Cazals, Marc Pouget, Differential topology and geometry of smooth embedded
surfaces: selected topics, Hal Archives, 2006
https://hal.archives-ouvertes.fr/hal-00103023/document
Evelyn Lamb, In Which Omar Khayyam Is Grumpy with Euclid, Scientific American,
October 28, 2014
https://blogs.scientificamerican.com/roots-of-unity/in-which-omar-khayyam-is-grumpywith-euclid/
George E. Martin, Euclid’s Parallel Postulate, Springer Nature
https://link.springer.com/chapter/10.1007%2F978-1-4612-5725-7_23
The Rise of Projective Geometry
http://www-math.ucdenver.edu/~wcherowi/courses/m4010/projgeom.pdf
James Franklin, The Cambridge History of Eighteenth-Century Philosophy
https://web.maths.unsw.edu.au/~jim/18c.pdf
Jeremy Heis, Kant on Parallel Lines: Definitions, Postulates, and Axioms, Version 4.0,
2015
https://faculty.sites.uci.edu/jeremyheis/files/2019/07/Heis-20-a-Kant-on-Parallels.pdf
Timothy Peil, Hyperbolic Parallel Postulate

182

Physics from the beginning to now

http://web.mnstate.edu/peil/geometry/C2EuclidNonEuclid/7Hyperbolic.htm
Non-Euclidean geometries by Henri Poincaré
http://mathshistory.st-andrews.ac.uk/Extras/Poincare_non-Euclidean.html
Bernhard Riemann, On the Hypotheses which lie at the Bases of Geometry, Translated by
William Kingdon Clifford,
http://www.emis.de/classics/Riemann/WKCGeom.pdf
Peng Zhao, Riemannian Geometry and General Relativity, 2009,
https://www.pdffiller.com/75706190-GRpdf-Riemannian-Geometry-and-GeneralRelativityRiemannian metrics, Claudio Gorodski 2012
https://www.ime.usp.br/~gorodski/teaching/mat5771/ch1.pdf
O'Connor and Robertson, General relativity,
http://www-groups.dcs.st-and.ac.uk/history/HistTopics/General_relativity.html
http://www.tcm.phy.cam.ac.uk/~bds10/aqp/handout_operator.pdf
https://phys.spbu.ru/content/File/Library/studentlectures/schlippe/qm07-02.pdf
https://www2.ph.ed.ac.uk/~ldeldebb/docs/QM/notes.pdf
http://etienneklein.fr/wp-content/uploads/2016/01/Relativit%C3%A9g%C3%A9n%C3%A9rale.pdf
E. Schrödinger, Quantisierung als Eigenwertproblem (Quantization as an Eigenvalue
Problem), Wiley Online Library, 1926
https://onlinelibrary.wiley.com/doi/abs/10.1002/andp.19263840404
Joseph C. Kolecki, An Introduction to Tensors for Students of Physics and Engineering,
NASA/TM—2002-211716
https://www.grc.nasa.gov/www/k12/Numbers/Math/documents/Tensors_TM2002211716.pdf
Professor Sormani, What is Riemannian Geometry? A description for the
nonmathematician, April 2002
http://comet.lehman.cuny.edu/sormani/research/riemgeom.html
Omonile, J.F, et, at. Riemannian Velocity and Acceleration Tensors/Vectors in Cartesian
Coordinates Based upon the Great metric Tensor, International Journal of Applied Science
and Mathematical, 2016
http://iiard.com/index.php/IJASMT/article/view/606/599

Chapter 8

The light
If your car could travel at the speed of light, would your headlights
work? Steven Wright

Introduction:
Today, we know that light is an electromagnetic wave and forms a very small part of
the broad spectrum of electromagnetic waves. Therefore, in order to identify the light,
we must examine the electromagnetic waves. Since classical mechanics cannot fully
explain electromagnetic waves, quantum mechanics must necessarily be addressed.
Before getting into quantum mechanics, it is necessary to become familiar with some
of the properties of light and to know the cause of classical mechanics failure. So first,
by examining the evolution of light science, the reasons for the emergence of quantum
mechanics and relativity will be identified. We will then see how quantum mechanics
and relativity solved the problems of knowledge of light.

8-1 What is Light?
Since the light was the cause of sight and nothing was seen in the dark, the question
was what is light? Why do we see and how is light produced and by what? Eventually,
it was accepted that light is produced by luminous bodies such as the sun and the
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torch. The issue of light reflection was then considered, and why do some objects
reflect light better than others? Why does light pass through some objects and not pass
through others? Why does light not only cause sight but also it is the cause of heat?
How is light transmitted? How fast is it? And finally, what is the nature of light and
how is it transmitted?

8–2 Dark Chamber
The law of light reflection was known from the Greek era. Euclid's book "Optics" was
written about 300 BC and has been the reference of the science of light for many years
to physicists in Islamic countries, including Ibn Haytham. Ibn Haytham wrote many
books on the light. Euclid's book was returned to Latin in the 12th century, and has
been studied by technicians for many years, including Roger Bacon. Ibn Haytham has
repeatedly emphasized in his writings that his views are centered on research and
experimentation, not on theories.
Roger Bacon, the head of the European natural sciences, has also used mathematics
and observations in his research. For many years before photography was invented,
there was a basis for the camera. Ibn Haytham in the fifth century AH or eleventh
century AD used a device called the Dark Box to observe the eclipse. A dark chamber
is a box or chamber that there is only a small hole in one side of it. The passage of
light through the hole creates a relatively explicit image but an inverted image on the
opposite side. The device was launched during the Crusades of Europe. Sixteenthcentury painter and genius, Leonardo da Vinci 1 in his notes describes the properties
of the dark chamber. He also called it Camera Obscure and its small aperture as a
pinhole. It was highly regarded by the painters, and all painters, especially Italian
painters of the sixteenth century, used it to design precise landscapes and to give
proper perspective. In this way, they placed a paper on the surface in front of the hole
and drawn the formed image. These images were very real and had a good perspective.
Around 1505, the Italian mathematician, Gerome Cardan 2 mounted a convex lens on
the pinhole of the dark chamber, and it was creating a clearer picture.

8–3 Computation of the speed of light
The first person to calculate the speed of light was Galileo. He experimented with his
colleague to measure the speed of light. The way it worked was that Galileo's
colleague was standing on the hill and Galileo was standing on the other hill. They
both had a lantern with a cover on it. Galileo signaled to him by removing the cover
1
2

- Leonardo da Vinci (1452-1519)
- Gerome Cardan (1501–1576)
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from his lantern. His assistant responded as soon as he saw the light of Galileo's
lantern, by removing the cover from his lantern, to Galileo. Galileo repeated this
experiment over and over, but he could not find the time difference between removing
his cover and his assistant. Finally, he said, "the speed of light is too high."
Light speed was first calculated by Romer 3 in 1676 using the lunar eclipse and it
was found that the speed of light was also limited. Romer's number was 215,000
kilometers per second. This number was so large that his contemporaries did not
believe it. In 1726, Bradley 4 calculated the speed of light by changing the position of
the stars relative to the Earth and obtained 300,000 km / s. For the first time, the
Fizeau 5 measured the speed of light using a non-astronomical and modified Galileo’s
method, and obtained it at a rate of 313,000 kilometers per second. Gradually, as the
equipment progressed, many measurements were made, and today, 300,000
kilometers per second is accepted for the speed of light in a vacuum.
At Ferrel's time, the question was whether the motion of the earth through the ether
caused a noticeable difference between the light of the ground spring and the
extraterrestrial springs or not? Arago 6 experimented empirically and found that there
was no visible discrepancy in that case. The behavior of the light was as if the earth
were motionless to ether. To explain it, Ferrel 7 stated that light is drawn when passing
through a moving transparent material and presents the following relation:

c
1
v = ± vw (1 − 2 )
n
n

(8-1)

In which c/n is the speed of light in a dense medium, for example, water, and vw
is the speed of the water and the next sentence is created due to the relative motion of
the water. In any medium, the speed amount of light is lower than its value in vacuum,
the quantity that remains constant in any medium is the frequency of light, and the
frequency of light is inversely proportional to its wavelength. The speed of light
differs in different mediums, which is described by a parameter, the ratio of the speed
of light in the vacuum to the speed of light in the medium, and this parameter n = c/v
is called the refractive index of light. So in a medium we have:

v=

3

c
n

- Ole (Christensen) Romer (1644–1710)
- James Bradley (1693–1762)
5
- Armand Hippolyte Louis Fizeau (1819–1896)
6
- Dominique Francois Jean Arago (1796–1853)
7
- William Ferrel (1817-1891)
4

(8-2)
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Or v = νλ in whichν is the frequency, λ is the wavelength and v is the speed of
light in the medium. In this relation, n is the refractive index which is the only quantity
needed to calculate the behavior of light in the medium. The refractive index of a
medium is depends on the frequency of light, and this feature applies for all optical
mediums. Refractive index changes with Frequency are called light dispersion or
dispersion. That light is a kind of electromagnetic perturbation that is undeniable. By
solving the Maxwell equations and reaching the fundamental equation of wave, the
amount of light speed is given in terms of the electrical permittivity of the vacuum
and the vacuum permeability according to the speed relation of Maxwell
electromagnetic waves.
The most precise measurement of the vacuum speed c by laser 8 was performed in
1972 by Evenson 9 and his colleagues at the National Institute of Standards and was
measured 299,792,458 meters per second. The measurement of the speed of light
performed in different ways and at different times is given in Table (8-1).
Table 8-1: Calculation of light speed 10

8

History

Tester

Method

Result(km/s)

1676

Romer

Lunar eclipse

215,000

1726

Bradley

Change of stars status

300,000

1849

Fizeau

Toothed wheel

313,000

1880

Michelson

Rotating mirror

299,910

1907

Rosa and Dorsey

The ratio of electrical units

299,748

1922

Mercier

Radio wave

299,782

1952

Froome

Microwave interferometer

299,796

1972

Evenson

Laser

299,792

- Light Amplification by Stimulated Emission of Radiation
- Kenneth Melvin Evenson (1932- )
10
- Philip Gibbs, How is the speed of light measured? 1997
http://math.ucr.edu/home/baez/physics/Relativity/SpeedOfLight/measure_c.html
9
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8-4 Nature of Light
The first important experiment on light was made by Newton in 1666. He glints a
bunch of sunlight radiation that had entered the darkroom through a narrow slit,
slantingly on the side of a glass prism. The radiation was diverted upon entry into the
glass prism and, after leaving the second side of the prism, again diverted in the same
direction. Newton threw out the bunch of outgoing radiations on a white screen. He
observed that instead of forming a white spot of light, the ray bands were scattered in
a color band consisting of red, orange, yellow, green, blue, and violet, respectively.
The colored band of light components is called the spectrum of light (figure 8-1).
Newton supposed that light is made up of very small particles (grains) and moves at
high speed. In addition, in Newton's view, light travels faster in a dense medium,
which we know is not true. Newton probably considered light as a particle because it
appears in the homogeneous mediums to propagate along a straight line and a good
example for that is the formation of shadow. At the same time as Newton, Christian
Huygens 11 favored another explanation in which the motion of light is wave-like and
propagates from light springs in all directions (figure 2-8).

Fig 8-1: Newton's experiment

Huygens outlined the laws of reflection and refraction by applying the primary
waves and secondary wavelets. Huygens also argued that the speed of light in a
refractive medium is less than the speed of light in air, which is right. Other features
justified by the notion that light is wave are interference phenomena, such as the

11

- Christiaan Huygens (1629-1695)
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occurrence of bands or white and dark rings due to the reflection of light from thin
layers or the diffraction of light around the barrier.

Fig 8-2: According to Huygens, light consists of waves.

8-5 The Wave Theory of Light
The granular theory of Newton, although, it did answer some questions, there were
still questions that it could not provide a convincing answer to. For example, why do
green light particles deviate more than yellow light particles? Why can two light rays
pass through each other without affecting each other? But according to the wave
theory of Huygens, two light rays can pass through each other without affecting one
another. Huygens did not know that the wave of light was transverse or longitudinal,
and he also did not know the wavelengths of visible light. But because light also
emitted in a vacuum, he had to consider a medium as a transferor to propagate these
waves. Huygens thought these waves were transmitted by ether. In his opinion, the
ether is a medium and very light liquid and is present everywhere, even among the
particles of matter. Huygens's theory was not entirely satisfactory either, because it
could not explain why shadows formed clearly, why light waves could not pass
through obstacles like sound waves.
The wave theory and granular theory of light argued for over a hundred years, but
the granular theory of Newton was more accepted because it seemed more logical on
the one hand and Newton's big name was with it on the other hand. Both theories,
however, lacked strong evidence until gradually evidence was compatible with the
wave theory of light. Leonard Euler complemented the idea of periodic waves, also
attributed the reason for the different colors to their wavelength differences. And that

8. The light

189

was a big step. In 1800 William Herschel 12 did a very simple but interesting
experiment. He passed a bunch of sunlight through the prism and installed a
thermometer just beyond the red end of the visible spectrum. Mercury went up in
thermometer, so Herschel discovered radiation that became famous as infrared. At the
same time, Johann Wilhelm Ritter 13 discovered the other end of the spectrum. He
found that silver nitrate, which is decomposed by blue or violet to metallic silver and
darkens its color, decomposes even earlier if silver nitrate placed beyond the spectrum
where the violet disappears. Ritter discovered the light we now call it ultraviolet.
Thus, Herschel and Ritter crossed the boundaries of the visible spectrum and entered
into new territories of radiations. At this time, new reasons for the wave of light were
presented by Young 14 and Fresnel 15.
In 1801 Thomas Young began a very important experiment. He passed a bunch of
narrow beams of light through double-slit (two slits close to each other) and glinted
at the curtain that had been installed behind that slits. It would have been possible that
if the light were made of particles, the intersection of the two rays passing through the
slits would be brighter on the screen than elsewhere. The result that Young achieved
was something else. On the curtain was a group of light bands that each separated by
a dark band. This phenomenon was easily explained by the wave theory of light
(figure 8-3). The bright band indicates the amplification of the waves of one of the
bands by the waves of the other bands. In other words, where two waves are in phase,
they increase and intensify each other. On the other hand, the dark bands represent the
locations where the waves are in the opposite phase, thereby neutralizing each other.
Although Young repeatedly emphasized that his conceptions were rooted in Newton's
researches, he was hardly attacked, and his views were thought to be devoid of any
scientific value. However, Young measured different wavelengths of visible
spectrum.
In 1814, Jean Fresnel unaware of Young's efforts combined the concepts of Wave
description of Huygens and the principle of interference, and said: "The vibrations of
a brilliant wave at any of its points can be represented as the sum of the fundamental
motions which they would reach to that point". Due to the strong criticism of Newton's
fans, Fresnel found a mathematical emphasis. He was able to calculate diffraction
patterns due to various barriers and apertures and satisfactorily explain the direct
propagation of light in isotropic and homogeneous mediums. In doing so, he was able
to defuse major criticism of Newton's fans of the wave theory. When Fresnel realized

12

- William Herschel (1738–1822)
- Johann Wilhelm Ritter (1776–1810)
14
- Thomas Young (1773–1829)
15
- Augustin-Jean Fresnel (1788-1827)
13

190

Physics from the beginning to now

the primacy of Young in principle of interference, though slightly disappointed, but
he wrote a letter to Young and expressed his sense of peace of agreeing with him.

Fig 8-3: Young's experiment

Before proceeding, we need to define the longitudinal and transverse waves. In the
longitudinal wave, the direction of the wave is the same as the oscillation direction.
Like oscillation of a spring. But in the transverse wave, the oscillation is perpendicular
to the direction of the wave movement, such as the wave on the surface of the water
which the oscillation and direction of the wave are perpendicular to each other.
Fresnel believed that light waves are longitudinal waves. But the idea of a longitudinal
wave could not justify the polarization property of light. Fresnel and Young had been
involved in this issue for several years until eventually, Young suggested that the ether
oscillation might be like a wave in a transverse the rope. But transverse waves are
needed to a transmitter medium for transmission. On the other hand, given the speed
of light (which they didn't know its value at the time but knew it was extremely high),
the ether could not be gas or liquid and must be solid and very rigid, it should even be
stiffer than steel. In addition, ether must penetrate in all materials, not only in space
but also in gas, water, glass and even in the eyes, as light enters the eye too. In
addition, the ether should not have any friction and will not interfere to the smash of
eyelids. With all the problems Ether had, it was accepted to justify the wave theory.
Finally, in 1825, the wave theory of light was accepted and the granular theory had
little supports.
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8–6 Fermat's Principle and the New Optics
Fermat’s principle is one of the basic laws of optics and many laws of optics can be
derived from it. The laws of reflection and refraction, and indeed the general way of
propagation of light, can be viewed in a completely different and surprising way under
the name of Fermat’s principle. The issues discussed here have had a great impact on
the spread of physical thought and even beyond classical optics. This principle
explains many of the phenomena observed in nature beautifully and simply. Heron of
Alexandria, who lived between 150 and 250 BC, was the first to establish what has
been called the Fermat’s Principle. In his formulation he claimed that if a light ray
propagates from one point to another within the same medium the path that it takes is
the shortest one. Heron’s curious observations remained unmatched for more than
fifteen centuries until in 1657 Fermat 16 proclaimed his principle of least famous time.
Fermat's Principle: The path of an optical beam from one point to another is such
that the time required for it to be either minimal or maximal or unchanging relative to
adjacent paths. In other words, the light beam that travels through a common surface
is the straightest and shortest path that travels in the shortest time (figure 8-4).

Fig 8-4: Light path according to Fermat's principle

16

- Pierre de Fermat (1607-1665)
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8-7 Geometric light
The formation of shadows and the passage of light through the large slits showed that
the light had a straight-line motion. So the first beliefs about the path of light beams
were that the path of light is straight. But with the advancement of optical devices and
greater accuracy, it was found that if the wavelength of the light was much smaller
than the passages and limiting apertures of the light path, the light path could be
considered a straight line. But if the diameter of the aperture is comparable to the
wavelength of light, the aperture wall affects the optical beam and interference and
diffraction phenomena occur. But if the wavelength of light is much smaller than the
aperture, the diffraction can be ignored, and the light path through the optical
apparatus is considered to be a linear motion in the geometrical light field.

8–7–1 lens
Lenses, like mirrors, have real and virtual images, when light beams pass through the
lens, their images can be seen on the screen. These images are generated from the
beams of converged and diverged reflection. If the diameter of the middle part of the
lens is thicker than the sides of the lens (figure 8-5) the lens will call convex. The
converging lens has a positive focal length and it converges the parallel beams. Unlike
mirrors that have one focus, the lenses have two focal lengths in the front and back of
the lens.

Fig 8-5: Converging lens

The other type is called a diverging lens, in which the thickness of the side of the
lens is larger than the mid-diameter of the lens, breaking parallel beams, having a
negative focal length and having two foci in the space of body and image (figure 8-6).
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Fig 8-6: Diverging lens

8–7–2 Light diffraction
When the opaque object is placed between a curtain and a point source of light, a
complex shadow is formed which is consists of bright and dark areas and is called
diffraction. The effect is easy to see, but a relatively strong source is essential. If you
look at the image of a shadow of a pen under the brightness of a point source, you will
see an unusual bright area next to it. Even a strip with low light is formed in the middle
of this shadow. The first detailed study of the deviation of light from the straight
direction was made by Francesco Grimaldi 17 in the seventeenth century and called it
diffraction. Parallel beams of light do interference with each other when passing
through a small aperture (figure 8-7). The smaller the aperture size compared to the
wavelength of light, the more severe of the phenomenon. There is also light diffraction
in large apertures, but it is virtually negligible. In the diffraction, the first black circle
is called the airy disk. The size of the Airy disk diameter is used as a criterion for
determining the accuracy of an optical instrument.

Fig 8-7: Diffraction phenomenon
17

- Francesco Maria Grimaldi (1618-1663)
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The size of the airy disk depends only on the size of the aperture and the wavelength
of light. Figure (8-8) shows an airy disk related to stars taken by a telescope.

Fig 8-8: Airy disc related to stars

The diffraction phenomenon has several types, the most important of which are
Fraunhofer diffraction, Fresnel diffraction, atmospheric diffraction, electron
diffraction, neutron diffraction, and X-ray diffraction.

Fig 8-9: The focal point of the red and blue light does not match.
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8–7–3 Aberrations
In centralized optical devices and lenses, it is assumed that in all cases from the object
receives a narrow bunch of rays whose radius is perpendicular to the surface of the
lens. Also, the small object is assumed perpendicular to the main axis and the shining
light is assumed monochromatic, but in a practical way, the above conditions do not
apply. As a result, the image created by the device from an object is not identical to
the theoretical image (figure 8-9), which means that the disadvantages of the image
result from the lack of monochromatic light.
Any deviation from the full image is called aberration, which this deviation for the
monochromatic light included spherical aberration, coma aberration, field curvature,
distortion, and astigmatism. In addition to the aforementioned aberrations, compound
light will also have a chromatic aberration.

8–7–4 Holography
The photo is a two-dimensional representation of three-dimensional scene. What is
recorded is the distribution of light intensity that reaches to the photographic page and
encompasses all of page. Sensitive environment to light is only sensitive to changes
in intensity, and when recording a scene, the phase distribution that is on screen is
eliminated. Because the image only records the intensity role, the three-dimensional
nature (such as parallax) of the object scene is not specified.

Fig 8-10: Holographic Imaging Method

Therefore, the perspective of an object from different angles cannot be seen by
viewing its image. Also, any focalized component of the scene in the image cannot be
re-focused. Holography is a method invented by Gabor 18 in 1947, in which not only
18

- Dennis Gabor (1900-1979)
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the amplitude but also the light wave phase, is recorded. This is done using
interferometer methods. For this reason, the image formed by holography has a threedimensional face and the viewer can change its location to see different perspectives
of the image or can focalize at different distances. When the glowing beams from the
object hit to the photography plane, some beams are illuminated simultaneously by
using a light source of spot or laser (figure 8-10). As a result of the interference of
these two waves, the film becomes a hologram of the object, which can be viewed in
3D. After the radiation of the reconstruction wave, two images are formed; one virtual
and three-dimensional that we can see all aspects of that and is almost like an object,
and the other a real one that can be photographed.

8–8 Laser Physics
The word laser means light amplification by stimulated emission of radiation, usually
at the infrared, visible, and ultraviolet wavelengths of the electromagnetic spectrum.
Laser-like emissions with longer wavelengths in the microwave area are called
Masers (Microwave Amplification by Stimulated Emission of Radiation). The laser
is generally referred to as the coherent and monochromatic light source.
In 1958, for the first time, the use of masers in optical frequencies was suggested
in a paper by Schawlow 19 and Townes 20. The publication of these articles increased
scientific researches by scientists around the world. In the communications sector,
experts also confirmed the laser's ability to replace electromagnetic transition or
transmission. The first maser was made using microwave transition in ammonia
molecules (figure 8-11).
In 1960, Maiman 21 made a pulsed ruby laser. In the 1960s, scientists actually used
lasers by transmitting light pulses. The laser produced intense light that was more than
millions of times brighter than the sun. Unfortunately, the laser beam is heavily
affected by atmospheric conditions such as rainfall, fog, low clouds, and objects in
weather experiments such as birds. In the year 1962, Ali Javan 22 introduced the first
gas laser to the world, and later the third and fourth types of lasers were invented
which were liquid and semiconductor lasers. In the year 1967, the French pursued
their two satellites in space by laser beams emitted from stations on the ground. This
made the laser very useful. The light emitted by the laser is uniform and very energetic

19

- Arthur Leonard Schawlow (1921–1999)
- Charles Hard Townes (1915-2015)
21
- Theodore Harold Maiman (1927 - )
22
- Ali Javan (1926, Iran -2016, Los Angeles)
20
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and luminous, which also has high penetration power (figure 8-12), as it also
penetrates in the diamond.

Fig 8-11: Maser

Nowadays, the use of lasers in the industry as a metal welder and in medicine as a
painless surgical knife is very common. Lasers have three main parts:
• Energy pumping or power source, this pump may be optical or chemical or
even laser.
• The active and basic matter that the laser is naming with the active matter.
• Optical intensifier which includes two general and partial reflector mirrors.

8–8–1 Technique of using the ruby laser
In this laser, the energy pumping is an optical type and is a discharge flash tube that
is wrapped around a rod ruby crystal. The ruby crystal is impure and its active material
is bromine oxide and its base material is aluminum oxide. After the pump is activated,
the energy of the ruby crystal is floodlight and is excited some of the atoms by
stimulated absorption and took it to higher levels.
Excited atom = atom + photon
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Fig 8-12: Laser light has high penetration power.

As the pump continues to radiate, the number of excited atoms increases more than
energetic atoms, which is called the population inversion. According to Planck's law
of energy absorption and emission, excited atoms are not capable of holding more
energy and return to level with less energy and release extra energy as photons, which
is called spontaneous emission. But since the optical pump emits photons regularly to
atoms, another phenomenon occurs sooner, called stimulated emission. When a
photon emits to excited atom, it stimulates it and returns to its basic state sooner.
Atoms + Two Photons = Excited Atoms + Photons
These photons re-excite some atoms and a chain reaction occurs. Parts of the
photons inside the crystal are driven by the optical intensifier inside the crystal, which
is in the same direction as the primary light. As the intensity of the light increases, a
moment arrives that the laser light comes out of the high-brightness output coupler
directly.
Before the laser could transmit telephone signals, another important device, the
optical fiber waveguide was invented that Telecommunications companies used it for
transmitting voice, information, and image. Today, electronic communication is based
on photon theory. Wavelength-division multiplexing technology or different light
colors use optical fiber to send trillions of bits. After the carbon dioxide laser was
invented in 1964, laser applications can be seen in the medical, industrial,
construction, military, and other fields.
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8–8–2 Laser coherence
The temporal coherence of the laser light photons, means that they harmonize in terms
of their oscillation (phase) state. The spatial coherence of the laser light, that is, the
coordination between the photons forming the laser light, is in the direction of their
emission. Due to the temporal coherence of the laser light, its photons at the target
point are much more effective than in ordinary lights. Because according to the
superposition principle of the waves, because of the phase coherence of these photons,
their electric fields are directly assembled together and create a strong field. Also in
terms of the spatial coherence of the laser light, the output light as a directed narrow
is came out of the beam and can maintain its power for longer distances without
dramatic loss. It is also possible to achieve very high intensities by focusing it on a
small point. Laser light is almost monochromatic. The color characteristic of light
depends on its frequency, so the light of the laser photons is emitted in the small range
of frequency, while ordinary light sources have a very hig-frequency range. The lasers
are divided into two continuous and pulsed groups based on the rate of energy output.
Continuous laser light is emitted continuously, but pulsed laser light is delivered in
short periods of time called "pulse duration". The interval between two consecutive
pulses is usually much longer than the pulse duration. Pulse lasers are usually high
powered because they can deliver their energy in a short time. The lasers are classified
by material that generates laser from is divided to solid-state lasers, gas lasers, resin
laser, semiconductor (laser diodes) and free-electron lasers. It is also possible to
classify lasers according to the type of material that constitutes the environment of the
laser generates.

8–9 Eyes
The structure of the eye is like a sphere. At the front of this sphere, there is a
transparent window called the cornea. Light enters the cornea from the outside,
reaching the lens after passing through the pupil. The lens focuses light precisely on
the retina to create a clear image on the retina. The retina sends these images as signals
to the brain and the signals are interpreted in the brain (figure 8-13). Therefore, to see
clearly, the light must first be focused precisely on the retina. In order for objects to
be seen clearly and precisely, the path that the light travels through the eye needs to
be clear and the cornea and lens to focus the light right on the retina.
Eyelids: Eyelids are actually the differentiated structures of the skin and
subcutaneous muscles that are responsible for protecting the eyes. Eyelashes, like a
filter, prevent the entry of dust and various particles into the eye. The eyelids
themselves have two important tasks: first, they block a major part of the eyeball and
protect the eyeball like a defensive wall; second, the eyelids opened and closed every
5 to 10 seconds which it makes the microbes and foreign particles get out of the
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surface of the eye and actually sweeps the whole surface. In addition, the opening and
closing of the eyelids contribute to the uniform distribution of tears on the eyeball.
The conjunctiva: The conjunctiva is a transparent protective layer that covers the
inner surface of the eyelids and the white of the eyeball. In the conjunctiva, there is a
large number of blood vessels and white blood cells. These veins and immune cells
greatly prevent the entry of microbes and pathogens into the deeper parts of the eye.
In addition, discharges of conjunctiva keep the surface of the eye soft and moist,
which makes it easier for the eye to move in different directions.

Fig 8-13: The eye and its relation to the brain

Cornea: The cornea is the transparent area in front of the eyeball, behind which
the inner structures of the eyeball are seen like the iris and the pupil. If there is any
blotch or opacity on the cornea of a person, he will see the objects blurry. The cornea
is part of a sphere. This spherical structure causes the cornea to act as a magnifying
glass and converts lights, which is coming from the outside into the eyeball to
converge beams, to create a clear image on the retina. Of course, not everybody does
this precisely. For example, if someone's corneal curvature is more than normal
images will be formed in front of the retina rather than on the retina. Such a person is
near-sighted. If a person's corneal curvature is less than normal, the image is formed
behind the retina. Such a person is far-sighted. People's cornea plays an important role
in determining the near-sighted or far-sighted of their eyes. For this reason, most
surgical procedures to correct the vision and number of glasses are performed on this
part of the eye.
Retina: The retina is a thin light-sensitive layer (resembling a photographic film)
which is located behind the eyeball. The light rays that hit the retina turn into nerve
signals that are transmitted to the brain through the optic nerve and are interpreted in
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the brain. In the human retina, there are different photoreceptor cells whose sensitivity
to light varies. Cylindrical photoreceptors are more used for viewing in dark
environments. Cone photoreceptors are distinguished for color recognition and fine
details. In the central region of the retina or macula the number of cone receptors is
greater. So when a person looks at an object directly, the image of that object falls
directly on the macula where the cone cells are much more, thus making the object
more clearly visible.
Optic Nerve: The optic nerve, which connects the eyeball and brain, exits behind
the eyeball and reaches the brain through a hole in the skull's propeller bone. This
nerve sends visual signals to the brain and these signals are interpreted in the brain.

Fig 8-14: For first the word photon was used in a paper published by Gilbert 23 in 1926.

8–10 Nature of Light
James Clark Maxwell's equations showed that light is a kind of electromagnetic
energy, commonly described as electromagnetic waves. The full range of
electromagnetic waves includes radio waves, infrared radiation, Visible Spectrum
from red to violet, ultraviolet radiation, X-rays and gamma rays. According to the
theory of quantum mechanics proposed by Planck, Albert Einstein, and Bohr in the
first two decades of the twentieth century, electromagnetic energy is quantized, that
23

- Newton Lewis Gilbert (1875-1946)
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is, the absorption or emission of electromagnetic energy is done by discrete quantities
called photons (figure 8-14). The new theory of light contains principles from
Newton's and Huygens's definitions. Thus, light is said to have dual properties. Some
phenomena, such as interference and diffraction, show its wave properties, while
others, such as the photoelectric effect, the Compton effect, etc., can be explained by
the properties of light particles.
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Chapter 9

Maxwell's equations and the crisis of classical physics
The special theory of relativity owes its origins to Maxwell's equations of the
electromagnetic field. Albert Einstein

Abstract:
Magnetism science originated from the observation of some stones that absorbed iron
pieces. In 1820 Oersted discovered that electric current in the wire could also change
the orientation of compass and produce magnetic effects. Faraday discovered the
production of electric current due to the change in magnetic flux, thereby proving the
unified electric and magnetic forces. Maxwell formulated these discoveries in
mathematical equations. One of the important results of Maxwell's equations was the
constant speed of light which allowed Michelson to use it and Galileo's relativity to
measure the Earth's speed relative to the ether.

9–1 Static Electricity
The ancient Greeks concluded from their observations that whenever they rub amber
with wool or skin, it absorbs light objects and called it electron amber. This word was
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first used in Thales's writings. In 1600 Gilbert 1 published a book about magnets called
"On the Magnet and Magnetic Bodies, and on the Great Magnet the Earth". His work
illustrates the beginnings of the study of electrical phenomena. In this book, Gilbert
describes all the properties of known magnets up to that time and also presents the
results of his very important personal experiments. He also identified a number of
fundamental differences between electric and magnetic attractions and introduced the
term electricity. Gilbert concluded that the electric and magnetic forces were
separated. Lodestone, for example, can absorb iron and only a few other substances,
while amber and other electrical objects can absorb small pieces and lightweight
objects. He believed that electrical objects had no repulsive effect.
After the publication of Gilbert's works, the distinction between electrical and
magnetic phenomena became clear, but in spite of these differences, a number of
empirical facts revealed an unbreakable link between these phenomena. The most
prominent of these facts was the magnetism of the iron objects and the inversion of
the compass by lightning. French physicist, Arago 2, describes in his book "Thunder
and Lightning" how, in July 1681, on the Reine ship on the free seas, about hundreds
of miles of shore due to lightning, masts, sails and more were seriously damaged.
When the night came, he noticed from the stars that two of the three available
compasses were standing toward south instead of north, while one was toward the
north. Arago also explained that whenever lightning hits the home, it greatly makes
the knife, fork and other iron objects magnetic. At the beginning of the eighteenth
century, lightning proved to be a strong electric current passing through the air, and it
was concluded that the electric current had magnetic properties. In 1646, Thomas
Browne 3 published his experiences on the effect of electric repulsion, said that
between electrical substances such as magnetism, there were also forces of attraction
and repulsion. In 1663, Otto von Guericke 4 made a machine by which a large amount
of electric charge was produced. Then other scientists, such as Stephen Gray5 and
Charles Francois du Fay 6, conducted more precise experiments to find out the
existence and type of electricity, and found that static electricity could generate
electric sparks and shock waves.
A physicist at the University of London, named Leyden 7, collected the electric
charges of these machines in a liquid-filled bottle. The amount of electricity in the
1

- William Gilbert (1544-1603)
- Dominique François Jean Arago (17861853)
3
- Sir Thomas Browne (1605-1682)
4
- Otto von Guericke (1602-1686)
5
- Stephen Gray (1666-1736)
6
- Charles François de Cisternay du Fay (1698-1739)
7
- Lucas van Leyden (1494-1533)
2
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Leiden’s bottle was so high that if one held the bottle and place the other's hand to the
rod of the bottle's head, it would feel a tremendous shake in his body. The
phenomenon of electric charge distribution was first described in 1672 by Otto von
Guericke. He observed that the chicken feathers were first absorbed by a charged
sulfur pellet and then driven out of it.

Fig 9-1: In the eighteenth century it was proved that there were two types of electric charge.

In 1733, Charles du fay discovered that two charged bodies do not always repulse
each other, but sometimes do attract, and he concluded that there were two types of
electric charge. So that the same electric charges repulse each other and the different
electric charges absorb each other. In the eighteenth century, the bottle of Leyden was
considered by Benjamin Franklin 8. After many experiments, he published the results
of his work in 1747. He believed that the two types of electricity discovered before
him were not fundamentally different, but even physically got electricity with the rub.
One of the two bodies has extra electricity, which means a positive charge and the
other has negative electricity. That is, there are two types of electric charge, which
can be stationary or moving, and producing traces of themselves (figure 9-1). From
Franklin's theory, it was also true that electrical charges are not created or destroyed,
but are transferred from one part of the body to another. Positive and negative charges
neutralize each other, but they never disappear. These results are nowadays called the
law of charge conservation which, like the law of conservation of mass and energy, is
one of the basic laws of nature.

9–2 Coulomb’s Law
At the end of the eighteenth century, empirical sciences had reached a point where it
was possible to make detailed observations about the forces between electric charges.
8

- Benjamin Franklin (1706–1790)
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The results of these observations, which were extremely controversial at the time, can
be expressed as follows. There are two types and only two types of electric charge
that we know them as positive and negative electric charges. Also, two point charges
apply force to each other, the magnitude of the force is directly proportional to the
product of the magnitude of the charges and has the inverse ratio with the square of
the distance between the two charges. This force called the Coulomb 9 force, which is
repulsive for like charges and attractive for unlike charges. According to Coulomb's
law, two point charges q 2 , q1 at a distance r from each other bring together a force
that results from the following relationship:

Fe = k
k
=

q1q2
r2

(9-1)

1
= 8.99×109 N − m / C , ε0 is the vacuum permittivity constant
4πε 0

Vacuum permittivity is a physical constant equal to approximately 8.85 × 10−12 Farad per
meter (F/m)

Coulomb's law applies to point charges. From a macroscopic point of view, the point
charge is a charge whose spatial dimension is very small compared to any other length
in this situation. Coulomb's law also applies to the interactions of fundamental
particles, such as protons and electrons. Also, it applies to electrostatic repulsion
between nuclei at distances greater than 10 -16 meters, but at short distances, strong
and short-range nuclear forces operate. The concept of Coulomb's law goes beyond
describing the forces between charged spheres. In quantum physics, the cause of the
bonding of electrons to atomic nucleus, the bonding of atoms together and the
formation of molecules, the formation of solids, liquids, are all well described by
Coulomb force. So most of the forces we deal with are electrical.

9–3 Voltaic Pile
In the 1780s, the topic of discussion in the scientific community was electricity.
Walsh 10 had proved that the shock from contact with the torpedo fish was of an
electrical shock. Volta 11 anatomized the fish in 1773 and found the element of
electricity generator. In that time, experiments on frogs were a popular and interesting
9

- Charles Augustin de Coulomb (1736-1806)
- John Walsh was a British scientist (1726-1795)
11
- Alessandro Giuseppe Antonio Anastasio Volta (1745-1827)
10
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subject for early scientists. Galvani 12, professor of anatomy at Bologna University
was researching the nervous system of frogs. In 1780 he performed this experiment
on the frog. Galvani hung the frog on her own metal balcony for complete reassurance,
but no results were seen. One night, exhausted at not getting the results, he angrily
separated the frog from the place it had hung. At this time, he saw a shake in the frog
as a result of an accidental contact with the pincers with which the frog was caught,
and thought he had actually discovered animal electricity. He stated that the electricity
generated in the operation was solely due to the contact of the pincers and the iron
balcony. In the mid-1780s, Galvani tied a newly dead frog to a long metal wire and
pointed it toward the sky during lightning. With every lightning, the frog's legs were
shaken like a live frog. More importantly, Galvani called this newly discovered force
‘animal electricity’ and founded new fields of electrophysiology and neuroscience.

Fig 9-2: Volta’s pile

12

- Luigi Galvani (1737-1798)
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Volta actually replicated Galvani's experiences and sought to prove that the frog
was not involved in generating electricity. He then used a coin of silver and a piece of
zinc and separated them by acidic silk fabric and thus invented an electric pile or
electrical battery (1) (figure 9-2). This pile would not only produce a spark, but it would
also create a passing continuous flow. In a letter dated 1800, Volta informed his
discovery to the scientific community of the Kingdom of France and gained wide
popularity throughout Europe. His discovery had a profound impact on European
scientific societies. The cause of generating of this current can be justified as since
the work function (energy required to separate electrons from atoms) of metals differs
from each other when we place two different metal rods in an acidic or basic
environment, a battery is creating that by connecting them together, one can see the
current being produced. So if you put two metal rods in a potato, tomato, or sour
lemon, a battery will be made. The potential difference in potato or sulfuric acid is the
same, as it relates to the genus of the two metals and their work functions, but the
intensity of the current in the potato battery is much lower than that of the sulfuric
acid battery (figure 2-9).

9-4 Magnetic effect of electric current
After Volta's discovery of electric currents, physicists became very interested in
experimenting with electric currents. The most important result of these studies was
the discovery of the magnetic effect of electric current. The magnetic properties of
electric current were discovered in 1820 by the Danish physicist, Oersted 13. He
accidentally observed that there were magnetic effects around the wire carrying the
electric current and the electric current deflected the compass (figure 9-3). As the
force acting on electric charges is called electric force, forces acting on natural or
artificial magnets are called magnetic force. Therefore, Oersted showed that an
electric current produces a magnetic force. In 1878 Rowland 14 at Johns Hopkins
University discovered that a moving charged object (in his experiment, a charged pill
in motion) was also the source of magnetic effects.
The question then arose as to whether the material of the wire had an effect on the
magnetic field created by the current or not? Oersted stated that the connecting wires
can be made from several wires or narrow bands and the material of the metal has not
affect the amount of magnetic force. But this conclusion is generally incorrect.
Because different metals have different electrical resistances, when a wire is

13
14

- Hans Christian Oersted (1777- 1851)
- Henry Augustus Rowland (1848-1901)
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connected to the battery, its resistance affects the intensity of the electric current and
will, therefore, change the magnetic effect.

Fig 9-3: Electric current generates magnetic effect.

9–4–1 Ampere’s Law
After Oersted’s discovery of the existence of the magnetic field around the currentcarrying wire, Ampere 15 provided a method for calculating the magnetic field
intensity around the current-carrying wire. This relation is the result of the relation
between electricity and magnetism. The relation that can be used to obtain the
magnetic field from the current distribution is called the Ampere’s law, which
expresses one of Maxwell's equations. The intensity of the magnetic field at a distance
r from the center of a wire carrying an electric current is obtained from the following
relation (figure 9-4):

B=

µ0 I
2π r

(9-2)

In which I is the electric current intensity, B is the magnetic field intensity, µ0 is
the vacuum permeability and r is the distance from the center of the wire.

15

- Andre Mari Ampere (1775-1836)
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Figure 9-4: Magnetic field intensity around a wire carrying an electric current

Figure 9-5: Direction of electric current and direction of magnetic field

Consider the cylindrical ring so that the wire is inserted into the ring. In this case,
Ampere’s law states that the magnetic field of the outward current is proportional to
the net current passing through the hypothetical ring. The important point here is to
choose the right direction of the positive until we know which sign is positive and
which is negative. We use the right-hand rule to do this. The right-hand rule states
that if the right-hand fingers are bent in the direction of the ampere ring, the thumb
indicates a positive direction of the current enclosed within the ring (figure 9-5).
Two wires carrying of electric current are applied the magnetic force to each other
(figure 9-6). If two non-directional currents I1I 2 passing through two wires, then the
magnetic field will be proportional to the difference between the two currents, the
wires will repel each other. If the currents are in the same direction, the intensity of
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the magnetic field will be proportional to the sum of these two currents, the wires are
attracted to each other.
Since, most current distributions are symmetric, and also, because the field
calculation is very simple using Ampere’s law, so it’s very useful. Using Ampere’s
law, the magnetic field of the solenoid and torque is easily calculated.

Figure 9-6: The force caused by the wires carrying the electric current

9–5 electric current
The electric current in electricity is the current velocity of electrons passing through
a copper wire or a conductive object. Contractual flow in the history of electrical
science was first defined as the passing of positive charges. But today we know that
if we have a metal conductor, the electric current is due to the passing through of
negative charges means electrons and in the opposite direction. Despite this
misunderstanding, the contractual definition of the current has not changed yet. The
symbol that is generally used to denote the electric current, which means the amount
of charge passing through the conductor in seconds, is I, which its unit is the Ampere.
In an insulated conductor such as a piece of copper wire, free electrons resemble gas
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molecules trapped in a container, performing random motions, and their motions
along the wire have no definite direction.

Fig 9-7: Magnetic effects are observed around the electric current.

The number of electrons moving to the left is the same as the number of electrons
moving to the right, and their outcome is zero. But if we connect the two ends of the
wire to the battery, the result is no longer zero (figure 9-7 A). In addition, the electric
current can radiate light (figure 9-7 B). The current intensity at each cross-section of
the conductor is a constant value and does not depend on the cross-sectional area. As
the amount of water that crosses the pipe at each cross-section, it is always the same
in every unit of time, even if the cross-sections are different. The constant current of
electricity is due to the fact that the electric charge in the conductor is maintained. At
no point, the electric charge can’t condense on each other or spill out of the conductor.
In other words, there are no springs or wells for an electric charge in the conductor.

Fig 9-8: Each charged particle creates an electric field around itself.
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Drift speed: An electric field that affects the conductor electrons does not produce
any resultant acceleration, because electrons continually collide with conductor ions.
Therefore, the energy generated by the acceleration of the electrons is converted to
the oscillating energy of the grid and the current electrons obtain a constant average
speed called the drift speed.
Electric field: There is an electric force, and therefore, an electric field around
each charged particle. To define the electric field at a given point in space, put a
positive electric charge equal to that unit on that point then define the amount of
electric force applied to that unit of charge as the intensity of the electric field at that
distance (figure 9-8). The positive charge is also defined as the test charge. More
precisely, the electric field can be defined as the ratio of the electrical force applied to
a test charge to the size of the test charge, when its value tends to zero. It means:

kQq
kQ
r2
=
=
E lim
q →0
q
r2

(9-3)

Where, E is the electric field intensity due to charge Q at distance r from charge Q.

9–6 Faraday's law of induction
Law of induction of Faraday 16 states that whenever the magnetic flux passing through an
electric circuit (the closed path connected to a sensitive galvanometer) is altered somehow,
it creates an inductive-motive force in the circuit which is observable by the galvanometer.
The inductive-motive force is equal to the rate at which the magnetic flux passing through
the orbits, changes by time.

9–6–1 Electric and magnetic fields
When two electric charges are in motion relative to an observer, in addition to the
electric force, they also apply magnetic force to each other. Since it is deeper and
simpler to investigate forces using the concepts of the field, it can be said that each
electric charge creates an electric field around it whose intensity at the distance r from
the charge will obtain from the following relation:

16

- Michael Faraday (1791-1867)
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kq
r2

E=

(9-4)

Now, if a charged particle moves, in it around in addition to the electric field, a
magnetic field is created, which can be empirically proven. If a particle with electric
charge q moves in a magnetic field B with velocity v, a force is applied which is
perpendicular to the plane B, v. This force obtains from the Lorentz’s relation:

F = q ( v×B)

(9-5)

Hence, the charge q, which is at a distance r from Q and moves at velocity v,
produces a magnetic field at the location Q obtained by the following relation:

B

=

µ0 v×r
q
4π r 3

µ

0
=
10−7 Wb / A − m ,
4π

𝜇𝜇0

(9-6)

is Magnetic permeability constant

In short, at the point where electric field E and magnetic B exist, the electromagnetic
force applied to the charged particle with the charge q that moves at velocity v is equal
to:

=
F q (E + v×B)

(9-7)

9-6-2 Energy of Electromagnetic fields
In an electric field in space, for example, between the plates of a charged capacitor,
there is electrical energy. The density of electrical energy per unit volume is equal to:

Ue =

ε0E2
2

(9-8)

Similarly, the magnetic energy density, for example, of magnetic energy in the area
between the poles of a magnet is equal to:

UB =

µ0 B 2
2

(9-9)
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9–6–3 Electric and magnetic fields do not have separate entities
The electromagnetic interaction between two charged particles is divided into two
parts, the electric force that always operates between the two charged particles, even
if each of them is at rest or moving relative to the observer, and the magnetic force
which acting only between two charged particles if they are both moving relative to
the observer. Therefore, the magnetic force between the two charged particles can be
eliminated by choosing the appropriate reference frame. That is, if the observer were
within a reference frame that resides to one of the charges, no magnetic force would
be observed between the two charges. The reason for this can be stated that because
the first charged particle is at rest, so it does not create any magnetic field at the
location of the other charged particle, even if the second particle is moving relative to
the first particle, there will still be no magnetic force. Therefore, observers in some
inertial systems think that there is a magnetic force, but is not like that in all inertial
frames. In other words, the electric and magnetic fields are not independent of each
other and do not have separate entities, but their existence depends on the choice of
the inertial reference frame.

9–6–4 Charged particle trajectory and Lorentz force
It was observed that the total electromagnetic force caused by the intensity of electric
field E and magnetic induction B on a charged particle is obtained from the following
relation:

=
F q (E + v×B)

(9-10)

The multiplication available in relation (9-10) is the vector multiplication. The
direction of the magnetic force is determined by the right-hand rule, but the direction
of the electric force is determined by the charge sign of the charged particle. If the
electric field and the magnetic induction are perpendiculars, then the particle will
move in a spiral direction.

9–7 Maxwell's equations and electromagnetic waves
Maxwell's equations are a set of coupled partial differential equations introduced in
1964. These equations well explain the behavior of electric and magnetic fields.
Maxwell's equations in physics are so important that Albert Einstein has written for
the centenary of Maxwell’s birth in 1931, here is a summary of it readers can view
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the full text in chapter resources: "Maxwell's influence on the revolution in the thought
of physical reality, the belief in the existence of an external universe independent of
the person who understands it, is the basis of all-natural sciences. But since sensory
perceptions only indirectly provide us information about this external universe or
physical reality, this physical reality should only be acquired through investigation. It
turns out that the concepts that come to us from physical reality will never reach the
final stage, but must always be ready to change and replace these concepts, which are
the basic tenets of the science of physics so that we can comprehend and analyze
tangible facts as accurately, completely, and logically as possible. A look at the history
of physics shows how dramatic changes have taken place throughout the ages, and
what difficult steps have been taken in expanding it. Since Newton established
theoretical physics, the greatest change in the fundamental Physics has been the
subject of ideas by Faraday and Maxwell on the phenomenon of electromagnetism.
Maxwell introduced the laws of electromagnetism as we know them today. These
laws, called Maxwell equations, have the same role in electromagnetism as laws of
motion and gravity in Newtonian mechanics. In classical mechanics and
thermodynamics, our attempt is to introduce the shortest and simplest equations or
laws to describe phenomena to the fullest extent possible. In mechanics, we reached
to the motion law of Newton and the laws related to them, such as the law of gravity
of Newton, and in thermodynamics, we came to the three fundamental laws of
thermodynamics”.

James Clark Maxwell (1831-1879)

Einstein wrote: “In the case of electromagnetism, Maxwell's equations are defined
as the basis. In other words, it can be said that Maxwell's equations provide a complete
description of electromagnetism and, moreover, establishes light as a complement to
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electromagnetism. In particular, these equations allow us to prove that the speed of
light in free space is a constant value. In 1820, Hans Christian Oersted accidentally
noticed that the compass was deflected alongside an electric charge and concluded
that electricity could generate a magnetic field. Twelve years later, Faraday proved
that the opposite of this is also true, that is, magnetism can also generate electricity.
This led to the discovery of Faraday's law of magnetic induction and set the stage for
a new field of electromagnetism. Faraday found that if the magnetic field passed
through a coil, a voltage and a current intensity were induced in the coil. He also stated
that magnetic induction can be made continuously if the magnetic field (or current
intensity) is disconnected and become pulsed. For this reason, many people recognize
Faraday as the father of electricity. In the 1860s, Maxwell realized that lines of
magnetic forces could be expressed mathematically. Maxwell's equations prove that
magnetic and electric fields form a 90-degree angle with each other. Also, the induced
magnetic field moves spiral, perpendicular and the opposite direction of its electric
current, and its velocity is equal to the speed of light in a vacuum". Maxwell presented
his theory of electromagnetism in a book entitled "A Treatise on Electricity and
Magnetism". Oliver Heaviside 17, well-known as a self-taught and unemployed
telegrapher and well learned the electromagnetic theory in the 1870s, has put
Maxwell's theory into four equations that we know today (table 9-1).
The first equation, which can also be called the Gaussian law of electricity, states
that the electric field is directly related to the amount of charge that generates it.
The second equation or Gauss's law in magnetism states that there is no magnetic
monopole.
The third equation, known as Faraday's law of induction, shows that if the
magnetic field changes (apart from its value or direction), an electric field is induced
in the circuit, which is called the induction electric field.
The fourth equation, also known as the Ampere’s law, states that the magnetic field
can be created as a result of a variable electric field and with variable electric current.
If a circular ring is considered to be the Ampere ring around the cylinder, according
to Ampere’s law, there must be a tangent magnetic field to the ring. The Experiment
shows that no tangent magnetic field exists. Ampere's law, therefore, required changes
that are done in Maxwell's equations. According to Maxwell, there is a missing
sentence in Ampere's law. He believed that based on the symmetry of nature because
the change in B creates an inductive electric field, the change in E also produced an

17

- Oliver Heaviside (1850-1925)
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inductive magnetic field and consequently added a sentence to the Ampere’s law that
was the same commutative current.
Table 9-1: Maxwell's Electromagnetic Equations

The number and the
name of the equation

Differential form

Integral form

ε0 
∫ E.dA=ρ

First, Gauss's law

S

Second, Gauss's law
in magnetism

∫ B.dA=0
S

Third, Faraday's law
of induction

∂B
∇×E =
−
∂t

Fourth, the Ampere’s
law

∂E
∇×B = µ0 J + µ0ε 0
∂t

∫ E.dS=-

dφB
dt

1 ∂
E.dA
2
∂t ∫

∫ B.dS=µ i+ c
0

Here 𝜌𝜌 is the electric charge density, and J is the electric current density, E and B, respectively, of
the electric and magnetic fields.

9–8 The way of generating electromagnetic waves
The static electric charge generates the electric field. But the moving electric charge
generates a magnetic field in addition to the electric field, which is well illustrated in
Ampere's law. Therefore, there are two electric and magnetic fields around a moving
electric charge. That is, by changing the electric field, the magnetic field is produced.
The variable magnetic field, in turn, creates an electric field as shown by Faraday's
law. Therefore, an oscillating electric charge in space generates electric and magnetic
waves. The frequency of these waves is equal to the frequency of the electric charge
generating the waves. These fields form an electromagnetic field that after the release
at the speed of light c propagates through space (figure 9-9). Maxwell showed that the
speed of propagation of these waves in a vacuum was equal to:

9. Maxwell's equations and the crisis of classical physics
=
c

1
= 300, 000km / s

ε 0 µ0
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(9-11)

Fig 9-9: Electromagnetic waves propagate in space due to oscillation of the
charged particle.

Fig 9-10: The spectrum of electromagnetic waves which ordinary (white) light is a
small part of it.
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9–8–1 Electromagnetic wave intensity
The intensity of the electromagnetic wave I is equal to the amount of energy passing
through the unit of surface area per unit time which obtained by the following relation:
2
=
I ε=
E×
0E c

B

µ0

(9-12)

At the suggestion of Helmholtz, Hertz's doctoral dissertation was the detection of
Maxwell electromagnetic waves. In 1887 Hertz 18 detected electromagnetic waves for
the first time. The electromagnetic waves spectrum includes radio waves with long
wavelengths to short gamma rays, and ordinary light forms a very small part of it
(figure 9-10).

Fig 9-11: A view of the Hertz’s experiment

9–8–2 Hertz’s experiment
In a completely dark laboratory, there is an electric machine, and two metal spheres
are mounted on it. This is the standard machine for generating of electric sparks with
small extras added. Two metal plates are attached to these spheres with narrow
18

- Heinrich Rudolf Hertz (1857-1894)
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conductive rods. On the other table, a simple loop of wire is mounted almost rigidly
on the base of the insulator. From the experimenter's point of view, the small gap in
this loop is an essential part of the device (figure 9-11). Everything is ready, the
experimenter attaches a key so that the sparks can be passed between the two spheres.
He turns away from the sparks and waits a while for his eyes to get used to the
darkness. He sees that the gap in the loop is filled with poor light, is it real or
imagined? It is not easy to answer this question.
The presence of this weak blaze in the loop may only be the reflection of light.
Slowly rotates the bolt that closes the two ends of the loop. As the gap narrows, the
blaze becomes brighter. Again, the two ends of the loop are brought closer together
so that they eventually come into contact with each other, there is no doubt now. It
was as simple as that for the first time the man first realized the existence of radio
waves (figure 9-12). This happened in 1887 and was done by Heinrich Hertz.

Fig 9-12: Hertz’s experiment

9–8–3 Importance of Hertz’s experiment
What prompted Hertz to do his epoch-making experiments was in no way thought of
inventing something practical such as the radiotelegraph (the wireless telegraph).
Perhaps the radiotelegraph was not the most important of these experiments. Hertz
was breaking a barrier that had kept scientists from progressing for a long time. The
correct test of mathematical theory, which was related to light, electricity, and
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magnetism, was proposed by Maxwell twenty years ago. This experiment was widely
praised because Hertz was able to prove this fact empirically.
In addition to calculating the velocity and direction of light and ultraviolet and
infrared waves, Maxwell predicted the existence of other waves. Hertz, after revealing
invisible electromagnetic waves, acknowledged that all of these waves could be
characterized by their frequency and the spectrum of electromagnetic waves and the
energy classification of the waves according to their properties were taken into
account (figure 9-13).

Fig 9-13: Many new technologies are based on Hertz’s experiment

9–8–4 spectrum of electromagnetic waves
One of the most important results of Maxwell's equations is the concept of the
electromagnetic spectrum, which its result is the empirical discovery of radio waves.
We receive much of the physics of electromagnetic waves from extraterrestrial
springs. In fact, all the knowledge we have about the universe is transmitted to us by
electromagnetic waves. Obviously, electromagnetic waves outside the earth have
been observed in the visible spectrum since the beginning of human creation.
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Radio waves are a form of electromagnetic radiation that it creates when a charged
object fluctuates with the frequency which it places in the range of radio frequency
RF of the electromagnetic spectrum (figure 9-14). This frequency range varies from
tens of Hz to several GHz. Electromagnetic radiations are emitted by fluctuations in
electric and magnetic fields, passing through air as well as vacuum, with no need for
a transmission medium. Microwave frequency is in the frequency range of 3000 to
12000 MHz. For direct communication between the transmitter and receiver of these
waves, some antennas are mounted over tall towers to send the waves through them
(figure 9-14).

Fig 9-14: Electromagnetic waves from radio to X-rays. As the wavelengths shorten, the
energy and frequency increase.

Figure (9-14) shows several electromagnetic waves. According to the relation
c=νλ in which c is the speed of the electromagnetic waves, 𝑣𝑣 is frequency and λ is
wavelengths, the higher the frequency, the shorter the wavelength because c is a
constant value. As the wavelength decreases, the energy increases (figure 9-15). The
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wavelength is expressed in meters, nanometers nm ( 10-9 meters), micrometers µ m (

10-6 meters) or angstroms A ( 10-10 meters).

Fig 9-15: The higher the frequency, the higher the radiation temperature. The
warmer the body, the more energetic photons emit.

9–8–5 Characteristics of electromagnetic waves
Electromagnetic waves are a class of wave physics that has the following
characteristics:
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1. Electromagnetic waves have the same nature and velocity, and they differ
only in frequency.
2. There is no gap in the spectrum of electromagnetic waves, and any arbitrary
frequency can be produced (in Planck quantum theory frequency can only be
a natural number).
3. For frequency or wavelength scales, no upper or lower limits are set.
4. Most of the electromagnetic waves have an extraterrestrial source.
5. Electromagnetic waves are related to transverse waves.

9–9 Ether’s frame and Maxwell's Equations
Maxwell summarized all the empirical knowledge of that time about electricity and
magnetism in a single set of mathematical equations and greatly influenced the world
of science, as everyone admired him. "Albert Einstein said, ‘I stand not on the
shoulders of Newton, but on the shoulders of James Clerk Maxwell’. A survey of top
physicists ranked Maxwell as physicist number three of all time, after Einstein and
Newton". Maxwell's purely theoretical methods showed that the electromagnetic field
could be propagated as a transient wave in the ether. The acceptance of light as a wave
of the same necessitated the acceptance of a pervasive field, namely, lighting ether.
Maxwell about ether in his treatise wrote: "In several parts of this treatise an attempt
has been made to explain electromagnetic phenomena by means of mechanical action
transmitted from one body to another by means of a medium occupying the space
between them. The undulatory theory of light also assumes the existence of a medium.
We have now to show that the properties of the electromagnetic medium are identical
with those of the luminiferous medium".
The constant speed of the electromagnetic waves had to be compared to one frame,
which was the frame of ether. That is, the ether was assumed to be absolutely at rest,
and all the bodies were moving relative to it, and the speed of the electromagnetic
waves, and in particular the speed of light, was constant relative to the ether. This
theory was formed while Galileo's relativity was also believed to be valid. Therefore,
if the speed of light relative to an inertial frame is c and the frame is moving at a speed
v relative to the ether, then the speed of light relative to ether will be equal to u=c+v.
If the light moves in the opposite direction of the ether’s frame, then the speed of light
relative to ether is equal to w=c-v. That is, in the late nineteenth century theoretical
physics was based on the three foundations of Newton's equations, Galileo's relativity,
and Maxwell's equations. On this basis, Maxwell thought of calculating the speed of
motion of the solar system relative to the ether. “Maxell in his article 'Ether' for the
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Encyclopaedia Britannica, reviewed the problem of motion through the ether. The
only possible earth-based experiment was to measure variations in the velocity of light
on a double journey between two mirrors. Maxwell concluded that the time
𝑣𝑣 2

differences in different directions, being of the order 2 would be too small to detect.
𝑐𝑐
He proposed another method from timing the eclipses of the moons of Jupiter, which
he later described in more detail in a letter to the American astronomer Todd19,
published after his death in the Royal Society”. An American by the name of
Michelson followed this plan and made an interferometer to perform the experiment
and in 1880 he did the experiment.

9–10 Michelson’s experiment and the onset of the classical physics crisis
Michelson's question was if we send two light rays, which one is perpendicular to the
path of the earth relative to the ether and the other is in the same direction of it, to the
two mirrors that were at equal distances from the light source, which one will come
back sooner? According to Michelson's prediction and calculations, which follows,
using Galileo's relativity and absolute time, and with respect to the sum of the vector
velocities, the round-trip time of the two light rays can be calculated and given that,
one can calculate the absolute speed of the earth relative to the ether. According to
figure (9-16), an optical beam (Michelson used sunlight) hits the middle mirror of the
frame. The mirror, which is half-silvered, passes part of the light and reflects a portion
of the incoming light at a 45-degree angle. The passing beam travels through the
interferometer arm (d) and has the following velocities in sweep respectively:
•
°
°
°

For the ACA route:
In the direction of ethereal motion u = c+v
Opposite to the direction of ethereal motion w = c − v
Sum of light sweep time t C

tc =
•
°

19

d
d
2dc
2d
1
+
= 2
= ( )
2
c+v c-v c -v
c 1 − v2 / c2

For the ABA route:
The motion velocity of light perpendicular to the direction of ethereal motion
(Pythagorean’s theorem) is equal to:

- David Peck Todd (1855-1939)
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1 − v2 / c2

Sum of light sweep time t B

tB =

d
1− v / c
2

2

+

d
1− v / c
2

2

=

2d
1− v / c
2

2

=(

2d
1
)
c
1 − v2 / c2

By dividing the sides of the above relations by each other and after simplifying,
the ratio of the time of motion of light in two directions parallel to and perpendicular
to the direction of ethereal motion is equal to:

tB
=
tC

1 − v2 / c2

(9-13)

Fig 9-16: The path of two beams of light in the Michelson’s interferometer

Because the speed of light is known and the times are calculated by experiment,
only the velocity v of the earth relative to the ether was unknown, which was easily
calculated by Michelson's prediction. Michelson used only one length by rotating it
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90 degrees to interferometer arm length does not cause problems, however, the test
result was negative and the two measured times were equal. That is to say, the
experiment showed that the earth was at rest relative to the ether. Michelson
conducted the experiment while he was in his student life in Berlin under the
supervision of Helmholtz20 in Potsdam21. The experiment formed the basis of the
experiment that was conducted seven years later. After moving to Case University 22
Michelson became acquainted with Morley 23, and in 1884 they successfully repeated
the Fizeau’s ideal experiment with cooperating with each other. Michelson-Morley
did so at the request of Lord Rayleigh 24, who found it necessary to repeat the
Michelson’s Potsdam test.

Abraham Michelson (1931-1852)

If we divide an optical beam as two parts so that they travel into two different
directions, we combine the two when they return, the effect of the difference in time
is that one of the two beams with a slightly different phase to the other will receive to
destination. As a result, the interferometer rings, which can be seen in the in phase
state of the beams, shift slightly. If the frame is rotated so that the beam initially
traveling parallel to the earth’s motion moves at perpendicular to it, the ring
commutation should be maximal. In this case, Michelson has expected, that the Earth's
20

- Herman von Helmholtz (1821-1894)
- Potsdam is a city on the border of Berlin, Germany.
22
- Case Western Reserve University in Cleveland, Ohio
23
- Edward William Morley (1838-1923)
24
- John William Strutt or Lord Rayleigh (1842-1919)
21
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motion would produce a fringe shift equal to 0.04 fringes, that is, of the separation
between areas of the same intensity. The experiment did not show the expected shift,
it was only 0.018 fringes; most of his measurements were much less. In the
Michelson-Morley experiment, a heavy stone block with the optical equipment on it
was immersed in a trough of mercury. As such, not only was it possible to rotate the
frame smoothly, but also to isolate it from external vibrations (figure 9-17), and this
was the major problem with the Potsdam experiment. Using sixteen mirrors instead
of two mirrors, the length of the light’s movement increased to thirty-six feet. With
such a path that was approximately ten times the previous route, the expected
commutative caused by the movement of the earth in ether was predicted as about 0.4
distance of successive fringes. This unsuccessful experiment was conducted between
July 8 and 12, in 1887.

Fig 9-17: Michelson’s Interferometer
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In a letter written to Rayleigh shortly after, Michelson reluctantly reported the
result 25: "The experiments on the relative movement of the earth and ether have come
to an end, and the result is definitely negative. The expected deviation of the
interferometer rings from zero which should have been 0.4 rings was at most 0.02
rings and was on average much less than 0.01 rings, and was not in its proper place
because the commutative was proportional to the square of the relative velocities. The
result is that if the ether does not slip off the ground, its relative speed is less than onesixth the speed of the earth".

9-11 the crisis of classical physics
What came out of this experiment was very confusing. The first thought that came to
mind was that there must be problems with Maxwell's equations that were only twenty
years old. That is, they have to be modified to conform to Galileo's relativity. But
Fizeau’s experiment and other results from light motion and electromagnetic waves
confirmed Maxwell's equations. The next case of the problem was introduced into
Newtonian mechanics, but Newtonian mechanics was constant in the ordinary
universe and was consistent with experience. Any attempt to justify the cause of the
negative result of the experiment would fail. In the meantime, the two theories seemed
more interesting than the others. One is ether stretch whereby the ether’s frame is
locally attached to all objects with limited mass.
This theory required no modifications to Newton's laws, Galilean relativity, and
Maxwell's equations. But it was incompatible with the aberration of the stars. In
astronomy 26, “the aberration is a phenomenon that produces an apparent motion of
celestial objects about their true positions, dependent on the velocity of the observer”.
The second theory was the emission theory according to which Maxwell's equations
had to be modified so that the speed of light depended on the speed of the source. This
theory was also incompatible with the light transmitted by binary stars.
Finally, in 1893, Fitzgerald presented a strange theory. According to Fitzgerald,
all objects will shrink in their direction of motion relative to ether and the contraction
factor is equal to:

- Kennedy, Roy J. (1926). "A Refinement of the Michelson–Morley Experiment".
Proceedings of the National Academy of Sciences. 12 (11): 621–629.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1084733/
26
- Aberration (astronomy), From Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/Aberration_(astronomy)
25
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(9-14)

Although this theory seemed odd and fictitious, because it accepted the ether
hypothesis and did not alter Maxwell's electromagnetic equations, while remaining
the principles of mechanics the same as before and most importantly it was also
justified the result of the experiment, it was more acceptable.

Figure 9-18: The frame K′ moves at a linear speed v relative to the frame k.

Subsequently, Lorentz presented his transformations, known as Lorentz
Transformations. Suppose the inertial frame K′ is moving at speed v relative to the
frame K at rest. The axes of the parallel coordinates and the speed are in the direction
of axis x . The meant of conversions is that the observer how could calculate the
measured quantities in one frame relative to the other in order for the observers of the
two frames to agree on the measured values? Here the fixed frame is the ether’s
absolute reference frame (figure 9-18).
Lorentz’s transformations for the first time abolished the absoluteness of the time.
But what was preserved was the absolute ether’s reference frame. In addition, Lorentz
transformations close to the Galilean transformations at low speeds (relative to the
speed of light), when v<<c , the denominator of the relation fraction (table 9-2) tends
to one. In the Lorentz’s transformations, the length contraction suggested by
Fitzgerald was applied. So time and length were out of absoluteness. At that time,
Lorentz working on cathode rays, he explained this contraction by his electron theory.
He hypothesized that the mass of the charged particle, which would be concentrated
in a smaller volume as a result of motion. The increasing mass by the speed increasing
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had been proposed by Thomson (in 1893) and Charles Searle27 (in 1897) and even
confirmed in experiments28.

Table 9-2: Galileo’s and Lorentz’s transformations

Transformation
Galileo

Lorentz

x '=

t , t′

y, y′

z, z′

x ′=x-vt

t ′=t

y′=y

z′=z

vx
c2
t '=
1 − v2 / c 2

y′=y

z′=z

t ′=t

y′=y

z′=z

vx '
c2
t=
1 − v2 / c 2

y′=y

z′=z

x − vt
1 − v2 / c 2

t−

x ′=x+vt

Galileo

Lorentz

x , x′

x =

x '+ vt '
1 − v2 / c 2

t '+

All these efforts were made to maintain the ether’s absolute reference frame, but
this creature had already shown incompatibility with experimental observations.
Poincaré 29 asked: And our ether, does it really exist? I don't believe our more accurate
observations will ever be able to reveal anything more than relative displacement 30.
Theoretical physics was thus facing the greatest crisis of its eras in the late nineteenth
century.

- George Frederick Charles Searle (1864-1954)
- The Kaufmann–Bucherer–Neumann experiments
29
- Henri Poincaré (1854-1912)
30
- Olivier Darrigol, Poincare’s Light, (2012)
http://www.bourbaphy.fr/darrigolpoin.pdf
27
28
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The omission of the ether’s absolute frame had a major problem, and that was the
wavy movement of light in the empty space without a transmission medium.
Therefore, all the justifications were made to maintain the ether theory. These
suggestions could not force physicists to accept empirical facts to remove ether from
physics. Further experiments were carried out in the following years, some of which
can be found in the table (9-3).
Lorentz said of the Michelson’s experiment: "There are some drawbacks in the
calculations of the experiment that Michelson is unaware of." He attributed the lack
of differences in the measurement of light velocity in different directions due to the
contraction of objects and the slowing of hours as they moved through the ether. In
response, Michelson said, "It seems that if there is any relative motion between the
earth and the lighting ether, it should be very small."
Any theory that sought to justify the failure of the Michelson’s test result had to
have one of the following two conditions:
1. The lighting ether exists and presenting the reasons for the negative response
of the Michelson’s experiment. The justifications for Fitzgerald’s length
contraction and Lorentz’s transformations were in this regard.
2. Ether does not exist and provides the reason for the wavy movement of light
through the interstellar space.
In his studies, Einstein was able to solve the problem of light and its speed, which
had long been a surprise to scientists. He based his theory on the following two
principles:
1. The speed of light is constant in a vacuum for all inertial observers in the
universe.
2. The laws of physics are the same for different observers who move uniformly.
Einstein showed that absolute time and absolute space, as the ancients thought,
could not justify physical phenomena, and that time and space could not be separated
and considered as independent, and the material universe is a four-dimensional spacetime. Concurrent with the crisis of classical mechanics regarding the speed of light,
laboratory experiments have shown that classical mechanics also faces problems in
justifying energy. Thus, at the beginning of the twentieth century, there was a need
for new and revolutionary theories that could explain physical phenomena with new
experiences.
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Opposition to Einstein's theory was not low. for example: "In 1908 the young
Swiss physicist Walter Ritz wrote a critique of the (then) prevalent theories of
electrodynamics, referring primarily to the theory developed by Lorentz, Poincare,
and (especially) Einstein, of which he disapproved. In the second part of this paper,
Ritz outlined an idea that he hoped might form the basis of an alternative theory. He
died at the age of 31, shortly after this paper appeared, so he did not have the chance
to develop the idea. This has led some to romanticize Ritz, imagining that his paper
contains a great insight that would obviate the relativistic theories of Lorentz and
Einstein, and restore the primacy of Galilean relativity and Newtonian physics… if
only Ritz had not tragically died so young" 31.

Table 9-3: Experiments of Calculation of earth’s speed relative to the ether

Tester
Michelson

The year
1881

Observed
commutative

computational
ratio

0.02

0.5

Michelson &
Morley

1887

0.01

0.4

Morley & Miller

1904

0.015

0.1

Miller

1926

0.08

0.7

Kennedy

1926

0.002

0.03

Illingsworth

1927

0.0004

0.006

Joos

1930

0.002

0.003

"In 1908, Ritz found empirically the Ritz combination principle named after him.
After that, the sum or difference of the frequencies of two spectral lines is often the
frequency of another line. Ritz wrote a dissertation on spectral lines of atoms and
received his doctorate with summa cum laude. The theme later led to the Ritz
- The Emission Theory of Walter Ritz
https://www.mathpages.com/home/kmath739/kmath739.htm
31
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combination principle and in 1913 to the atomic model of Ernest Rutherford and Niels
Bohr"32.

- Walther Ritz, From Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/Walther_Ritz
32

236

Physics from the beginning to now

Chapter note:
Baghdad Battery: The Baghdad or Parthian battery is a collection of three
antiquities found together: a ceramic pot, a copper pipe, and an iron rod. Founded in
the modern kingdom of Khujut Rabu, Iraq, near the metropolis of Ctesiphon, the
Parthian capital (150 BC - 223 AD), and Sasanian empires (224-650 AD), and it is
considered from each of these periods 33.

Fig 9-19: Parthian batteries

Its origin and purpose are still unknown. It has been hypothesized by some
researchers that this body acts as a galvanic cell, possibly used for electroplating or
some kind of electrotherapy, but no electroplated body has been identified since that
time. An alternative explanation is that it served as a storage vessel for the holy scrolls.

33

- Baghdad Battery, From Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/Baghdad_Battery
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Chapter 10

The foundation of modern physics
It is impossible to trap modern physics into predicting anything with perfect
determinism because it deals with probabilities from the outset.
Arthur Eddington

Introduction:
At the same time as the crisis that came with Michelson’s experiment on ether, the
background of classical mechanics' inability to justify radiation was also provided. In
classical mechanics energy is a continuous quantity. Some experiments, including the
photoelectric effect and black body radiation, showed that the classical attitude
towards energy was not capable of justifying new experimental observations. These
phenomena have shown that a revision of the radiation equations and a new
understanding of radiation is an inevitable necessity, which led to the emergence of
quantum mechanics. In addition to the continuity of radiation, classical mechanics
was based on absolute space and time. All the physicists' effort was to preserve
classical mechanics with presuppositions incompatible with new experiences.
Einstein did two great things with the introduction of the special theory of relativity
with a new approach in 1905, first, explaining the photoelectric effect to strengthening
the fundamentals of quantum mechanics. Second, by combining the space and time,
showed that space and time cannot be separated. So in the early twentieth century,
two new attitudes emerged. One is relativistic mechanics for high speeds and the other
is quantum mechanics for being particle of energy.
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10-1 Max Planck
Planck1 spent high school in Munich, where he found out about his interest in
sciences. Planck considers his own mathematical teacher, Herman Muller, to be the
first person to make him understand the meaning of the laws of physics for the first
time. In 1874, at first, he got a Bachelor's degree at the University of Munich and later
studied at the University of Berlin. He studied practical physics and mathematics and
attended the classes of renowned physicists of that time Helmholtz and Gustav
Kirchhoff 2 after moving to the Berlin University. Planck attributed his interest in
thermodynamics to the two professors. He chose thermodynamics as his major course
and chose to study the second law of thermodynamics for his doctoral thesis at the
University of Munich (the year 1879). Planck's thoughts on Entropy and his proposed
experiments did not affect any of his academic guides. Helmholtz did not read his
thesis at all, and Kirchhoff did not even like it, even Clausius 3, who was his
inspiration, didn’t show any interest in it. In 1879, he was graduated in his doctorate
with the highest score.
In 1948, the year of Planck's death, Einstein wrote in a letter of praise Max Planck4:
"In the temple of science are many mansions, and various indeed are they that dwell
therein and the motives that have led them thither. Many take to science out of a joyful
sense of superior intellectual power; science is their own special sport to which they
look for vivid experience and the satisfaction of ambition; many others are to be found
in the temple who have offered the products of their brains on this altar for purely
utilitarian purposes. Were an angel of the Lord to come and drive all the people
belonging to these two categories out of the temple, the assemblage would be
seriously depleted, but there would still be some men, of both present and past times,
left inside. Our Planck is one of them, and that is why we love him".

10–2 Black body’ radiation
Until the late 19th century, physicists believed that the ability of classical physics to
discover all the knowledge was decisive and the problems could be solved only with
1

- Max Karl Ernest Ludwig Planck (1858-1947)
- Gustav Robert Kirchhoff (1824-1887)
3
- Rudolf Clausius (1822-1888)
4
- Todayinsci, Albert Einstein
https://todayinsci.com/E/Einstein_Albert/EinsteinAlbert-Longing-Quotations.htm
2
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time and further effort. But despite the continued efforts of a large group of prominent
scientists of the time, none of the proposed hypotheses succeeded in presenting a
curve for frequency intensity of radiation consistent with experimental results. That
is, none of the calculations based on atomic radiations were able to produce the correct
curve along an axis of continuous frequency. When a body warms up, it emits all the
frequencies in the electromagnetic spectrum. The amount and properties of radiation
for all bodies depend on two factors, one is its temperature T and the other the nature
of its surface.

Max Karl Ernest Ludwig Planck

All bodies can also absorb the radiation of its own. A body that its surface is
polished (such as a mirror) is poorly irradiative and also, poorly absorptive.
Conversely, black and rough bodies are a good absorber and at the same time a good
irradiator. A surface that can absorb all the radiation of its own has had one unit
absorption coefficient, and its emission factor is also one unit. A body with these
characteristics is called a black body. The absorption and emission coefficients of all
surfaces are lower than the one unit. The real black body (which the absorption and
emission coefficient of it be the unit) is made of a hollow box with a very small
aperture in one of its facets called the cavity (figure 10-1). Any radiation that reaches
to this aperture can enter the box, that is, absorb. As the body temperature increases,
the radiation intensity of shorter wavelengths increases, and if the temperature
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decreases, the radiation intensity of these wavelengths decreases and the longer
wavelengths in the infrared range emit from the body. Wien 5 introduced a formula
that explained the short wavelengths of the spectral distribution of black body
radiation, but the law for long wavelengths was practically ineffective and erroneous.
According to Wien's formula, the product of wavelength of the maximum amount of
radiation to its absolute temperature is a constant value (figure 10-2).

=
Tλmax 2.898...×105 Kelvin − nm(nanometers )

(10-1)

Wien’s formula

The wavelength of the highest intensity of radiation λmax at the body temperature is
in Kelvin T is equal to Tλmax .
Unlike the simple appearance of the Wien’s formula, this formula is very useful in
explaining large cosmic bodies including stars. Because by observing their radiation,
one can easily comment on their temperature (figure 10-3).

Fig 10-1: Ideal example of a black body is called the cavity

5

- Wilhelm Carl Werner Otto Fritz Franz Wien (1864 –1928)
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Fig 10-2: Among the radiation emitted by the body, the intensity of its maximum
radiation depends on its temperature.

Fig 10-3: According to Wien's law, the color of a star is determined by its
temperature. Using Wien’s radiation formula, one can well comment on the
temperature of celestial bodies.
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After Wien, two scientists named Rayleigh 6 and Jeans 7 by presenting the law were
able to explain the black body radiation at low frequencies (long wavelengths). This
formula could not be generalized to short wavelengths, and its data were not well
consistent with experimental curves.

I=

8π kT

λ4

(10-2)

Rayleigh-Jeans formula

In which I is the energy intensity, λ is the wavelength, k Boltzmann constant and
T is the temperature in Kelvin. Since the radiation wavelength, with power 4, appears
in the fraction denominator of the Rayleigh-Jeans formula, this formula predicts very
high values for energy intensity at short wavelengths that are incompatible with the
experiment which names it an ultraviolet disaster (figure 10-4). In 1900 Planck
combined the two formulas of Wien and Rayleigh-Jeans to solve this problem and
proposed a new formula to satisfactorily justify the spectral distribution of black body
radiation.

Fig 10-4: Ultraviolet catastrophe’ curve

6
7

- John William Strutt, 3rd Baron Rayleigh (1842-1919)
- Sir James Hopwood Jeans (1877-1946)
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To match his formula with experimental data, Planck claimed that energy is not
absorbed or emitted by the body continuously. Rather, it is emitted or absorbed by
discrete units called quantum units.
This view was opposed to popular scientific beliefs since all physicists' attitudes
to energy were based on its continuity. Planck's proposed relation is as follows:

u (λ , T ) =

8π hc

λ

5

1
e

hc / λ kT −1

(10-3)

Planck's formula for energy quantum

Where u is the energy, c is the speed of light, e is the Euler number is equal to
2.718, k is the Boltzmann constant, h is a constant later known as the Planck constant.
Planck showed that an oscillator that oscillates with frequency 𝑣𝑣, radiates energy
packets, the amount of energy of these packets (quantum) being obtained from the
following relation:

E=hν , h=constant=6.67x10-34 j-s

(10-4)

Although Planck used this theory to justify black body radiation for the treatment
of ultraviolet catastrophe, Einstein used his new perspective on photoelectric
phenomena and Niels Bohr 8 to justify the spectral lines of the hydrogen atom and they
practically demonstrated its effectiveness and sophistication. It was difficult for
scientists who were immersed in classical physics and believed in the light as a wave,
to believe in the light as a particle. They either had to find a way out of the impasse
of classical physics in resolving the infinite in the Rayleigh-Jeans formula or they had
to give up on new quantum theory without resistance. But over the years of conflict,
the problem of the UV catastrophe was not resolved. So the only way out of this crisis
was to accept Planck's quantum theory. Here, it would seem appropriate to use
Planck's sentence, which states 9: "A new scientific truth does not triumph by
convincing its opponents and making them see the light, but rather because its
opponents eventually die, and a new generation grows up that is familiar with it”.
Eventually, Planck's quantum theory was accepted.
8F

8

- Niels Henrik David Bohr (1885-1962)

9

- Planck's principle, From Wikipedia, the free encyclopedia

https://en.wikipedia.org/wiki/Planck%27s_principle
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Part of Max Planck's speech at the Nobel Prize in 1920 was 10: "For many years,
such an aim for me was to find the solution to the problem of the distribution of energy
in the normal spectrum of radiating heat. Since Gustav Kirchhoff has shown that the
state of the heat radiation which takes place in a cavity bounded by any emitting and
absorbing substances of uniform temperature is entirely independent upon the nature
of the substances, a universal function was demonstrated which was dependent only
upon temperature and wavelength, but in no way upon the properties of any substance.
And the discovery of this remarkable function promised deeper insight into the
connection between energy and temperature which is, in fact, the major problem in
thermodynamics and thus in the whole of molecular physics…. I was filled at that
time with what would be thought today naively charming and agreeable expectations,
that the laws of classical electrodynamics would, if approached in a sufficiently
general manner with the avoidance of special hypotheses, be sufficient to enable us to
grasp the most significant part of the process to be expected, and thus to achieve the
desired aim…. However, even if the radiation formula should prove itself to be
absolutely accurate, it would still only have, within the significance of a happily
chosen interpolation formula, a strictly limited value. For this reason, I busied myself,
from then on, that is, from the day of its establishment, with the task of elucidating a
true physical character for the formula, and this problem led me automatically to a
consideration of the connection between entropy and probability, that is, Boltzmann’s
trend of ideas; until after some weeks of the most strenuous work of my life, light
came into the darkness, and a new undreamed-of perspective opened up before me.
… What serves in Bohr’s theory as a basis to build up the laws of action, is assembled
out of specific hypotheses which, up to a generation ago, would undoubtedly have
been flatly rejected altogether by every physicist. The fact that in the atom, certain
quite definite quantum-selected orbits play a special role, might be taken still as
acceptable, less easily however, that the electrons, circulating in these orbits with
definite acceleration, radiate no energy at all. The fact that the quite sharply defined
frequency of an emitted photon should be different from the frequency of the emitting
electron must seem to a theoretical physicist, brought up in the classical school, at
first sight to be a monstrous and, for the purpose of a mental picture, a practically
intolerable demand. But numbers decide, and the result is that the roles, compared
with earlier times, have gradually changed. What initially was a problem of fitting a
new and strange element, with more or less gentle pressure, into what was generally
regarded as a fixed frame has become a question of coping with an intruder who, after
10

- Max Planck, Nobel Lecture, The Genesis and Present State of Development of the
Quantum Theory, June 2, 1920
https://www.nobelprize.org/prizes/physics/1918/planck/lecture/
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appropriating an assured place, has gone over to the offensive; and today it has
become obvious that the old framework must somehow or other be burst asunder….
The production of photons by electron impact appears as the reverse process to that
of electron emission through irradiation by light-, Röntgen-, or gamma-rays and again
here, the energy quanta, determined by the quantum of action and by the vibration
frequency, play a characteristic role, as could be recognized, already at an early time,
from the striking fact that the velocity of the emitted electrons is not determined by
the intensity of radiation, but only by the colour of the light incident upon the
substance. Also from the quantitative aspect, Einstein’s equations with respect to the
light quantum have proved true in every way, as established by R.A. Millikan, in
particular, by measurements of the escape velocity of emitted electrons, whilst the
significance of the photon for the initiation of photochemical reactions was discovered
by E. Warburg".
To better understand what Planck did, compare his Nobel's lecture with the
following memoir. Planck quotes: "When I began my physical studies (in Munich in
1874) and sought advice from my venerable teacher Philipp von Jolly 11...he portrayed
to me physics as a highly developed, almost fully matured science...Possibly in one
or another nook, there would perhaps be a dust particle or a small bubble to be
examined and classified, but the system as a whole stood there fairly secured, and
theoretical physics approached visibly that degree of perfection which, for example,
geometry has had already for centuries”.
Although Planck's hypothetical curve fits perfectly with the one actually derived
from experiments, unfortunately, for at least 5 years, his hypothesis of the mild nature
of atomic radiation, until 1905, the publication of Einstein’s article and his description
of the photoelectric effect were not well received. However, Planck's theory, which
stated the existence of two levels of mild atomic energy to explain the radiation of the
black body, as well as the topic he proposed in relation to the countable energy of
these atoms, was the beginning of the age of quantum mechanics.

10–3 Relativity and Quantum Mechanics
Relativity and quantum mechanics are two Interesting and amazing, yet successful,
theories that form the basis of modern physics. Relativity is used for high speeds and
comparative frames, and the realm of quantum mechanics is in very small particles.

11

- Philipp von Jolly (1809-1884)
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This is the distinction between modern physics and classical physics, which performs
well in large objects and at low speeds.
Since the mid-twentieth century, the combination of relativity and quantum
mechanics as a scientific necessity has occupied the minds of many physicists. But
relativity itself contains two theories of special relativity and general relativity.
Special relativity, in which light and velocity play an essential role, examines the laws
of physics in inertial frames. But the realm of general relativity that deals with the
geometrical structure of space is to study the laws of physics in accelerated frames.
So the combination of relativity and quantum mechanics turns into two different
things, one combining quantum mechanics with special relativity and the other
combining quantum mechanics with general relativity. With the efforts of great
physicists such as Dirac 12 and Feynman 13, quantum mechanics and special relativity
were combined greatly and relativistic quantum mechanics was formed. But the
combination of general relativity with quantum mechanics, with all the efforts that
have been made in this field, has still failed. Since the theory of CPH (Creative
Particles of Higgs Theory or CPH Theory) is an attempt to unify theories of physics,
after examining phenomena from the point of view of relativity and quantum
mechanics and expressing new theories, in the final chapters of the book, CPH theory
is also introduced. It should be noted that from the point of view of CPH theory the
combination of quantum mechanics and general relativity is impossible without
regard to classical mechanics and Higgs’s theory. So in CPH theory, four theories of
classical mechanics, quantum mechanics, relativity, and the Higgs’s fields are
simultaneously studied and combined.

10–4 Einstein
Albert Einstein was born on March 14, 1879, in Germany. A year later, he went to
Munich with his family. He began his studies in Munich and followed in Switzerland.
He finished high school in Switzerland and went on to study physics and mathematics
at the University of Zurich. Einstein wanted to be a teacher, but he couldn't get a
permanent job for two years and spent his life teaching and replacing other teachers.
Eventually, he was hired as an inspector at the Swiss Patent Office. He stayed there

12
13

- Paul Adrien Maurice Dirac (1902-1984
- Richard Phillips Feynman (1918-1988)
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for seven years and had a good opportunity to continue his studies and complete his
views and was able to publish his historical and memorable articles in 1905.
Einstein was invited to the University of Zurich in 1909 and was elected for being
a professor at the German University of Prague and a professor at the University of
Zurich. In 1914, he accepted the membership of the Academy of Sciences and the
President of the Kaiser Wilhelm Institute and became colleague with Max Planck,
Walter Nernst 14, Erwin Schrödinger 15 and Max von Laue 16. Albert Einstein gained
worldwide fame by announcing the theory of general relativity in 1916 and following
its confirmation in the solar eclipse of 1919. When Hitler rose to power as the
chancellor of Germany, Einstein, a Jew, immigrated to America and became a
member of the Princeton Institute for Advanced Study. In 1939, at the request of
several of his friends, he wrote a letter to the US President, Franklin Roosevelt,
announcing the dangerous nuclear weapon being studied in Germany, encouraging
him to study nuclear weapons. This led the US to outstrip Germany in its use of
nuclear energy, and the first nuclear bomb was made in the United States and used
against Japan. The use of atomic bombs and the killing of large crowds in Japan
caused Einstein to advocate for peace and sign the Declaration of Non-Proliferation
and Abandonment of Nuclear War by Bertrand Russell. However, one group
considers the result of Einstein's scientific activity the atomic bomb and the nuclear
war and curses it, and another group considers him the greatest scientist in all of
human history. During his years in Princeton, Einstein increasingly distanced himself
from mainstream research in physics. But, of course, he has remained the total
wisdom. He continued to strive for the goals of charity, peace, humanitarianism and
paving the way for achieving to world government.

Albert Einstein

14

- Walther Hermann Nernst (1864-1941)
- Erwin Schrödinger (1887-1961)
16
- Max von Laue (1879–1960)
15
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However, in a speech he gave in 1930, Einstein has also somehow confessed to
being far from the crowd. He said 17: "My passionate sense of social justice and social
responsibility has always contrasted oddly with my pronounced lack of need for direct
contact with other human beings and human communities. I am truly a 'lone traveler'
and have never belonged to my country, my home, my friends, or even my immediate
family, with my whole heart; in the face of all these ties, I have never lost a sense of
distance and a need for solitude..".

10–5 Einstein’s articles and Modern Physics
The papers that Einstein published in 1905 had a major impact on the progress of
science. In one of those papers, he describes the photoelectric effect and expresses
that light exists in discrete quanta of energy, like other energies. The quantum of light,
called a photon, is a specific amount of energy that its value E is derived from relation
E = hν that 𝜈𝜈 is the wave frequency and h is Planck constant. According to this
theory, as the frequency of light increases, the photon energy increases too. As these
photons collide with electrons in their path, they interacted with the electrons and raise
the energy of the electron, thus the electron can be released from the field in which it
is located. Einstein rewarded the Nobel Prize in 1921 in Physics for his explanation
of the photoelectric effect. His photon theory covers and explains not only light but
the entire spectrum of electromagnetic waves from gamma waves to very high
wavelengths. The subject of Einstein's second paper was Brownian motion. In 1827,
an English botanist and physician Robert Brown 18 observed a suspended continuous
motion in fluid and found that the particles were moving around with diameter about
one micron continuously. Einstein interpreted the same experiment in an article using
the kinetic theory of particles and then obtained the number of Avogadro.
Einstein introduced special relativity in the third paper. It was in this paper that the
fundamental concepts of the wave nature of light, space, volume, time, and motion
were completely changed. He was able to solve the problem of the speed of light that
had long been a surprise to scientists. He based his theory on the following two
principles:

- The world as I see it, an Essay by Einstein:
https://history.aip.org/history/exhibits/einstein/essay.htm
18
- Robert Brown (1773-1858)
17
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1. The speed of light relative to all inertial frames is constant and equal to c, and
c is the limit of speeds.
2. The laws of physics are the same in all inertial reference frames.
The second principle in fact rejects the idea of Newtonian mechanics and Galileo's
relativity. According to Galilean relativity, if two particles are moving with constant
speeds toward each other, the speed of each of them relative to another is equal to the
sum of their speeds. If the two particles move one at a speed 0.9c and the other at a
speed 0.6c , how much is the speed of each, relative to the other? As the above
description, it would be equal to 0.9c+0.6c=1.5c , but Michelson's experiment
showed this to be wrong. That's what relativity says: "the laws of physics are the same
in all inertial frame" what does that mean? Does this principle also include light and
its speed? One result of Maxwell's equations was that the speed of light in a vacuum
is constant and equal to c. If Galilean relativity was correct and the above relation was
correct, then the Michelson’s experiment would have had to succeed, and the speed
of the earth (or any other frame) would have been measurable within the frame itself.
But experience has shown that this is not like that. That is, if an event occurs in an
inertial frame with creating special conditions, the same event will occur in all inertial
frames under the same conditions. That is, the Michelson’s test is not only unable to
measure the Earth's speed relative to the ether, but also if his interferometer is placed
in the frame (A) moving at a constant speed relative to the frame (B), and the test is
doing, it won't show something about frame A. The speed of light is constant to all
inertial frames and is the limit of speeds, and no observation can show a speed more
than the speed of light. In addition, all inertial observers will agree on one thing: that
the speed of light is constant and equal to c. When a quantity is constant in all frames,
in physics this quantity is called absolute. So the speed of light is absolute.

10–6 Relativistic addition of speeds
Using the principle of the constancy of the speed of light, the relation of relativistic
addition of speeds is as follows:

v=

v1 + v 2
1 + v1v 2 / c 2

(10-5)

By placing the above example values in the relation (10-5), the velocity of two
particles approaching each other is equal to:
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That will be less than the speed of light. Only if both particles approach each other
at the speed of light will their relative speeds equal to c. In relation (10-5), for low
speeds (relative to the speed of light), the denominator of the fraction will tend toward
one and the Galilean relativity will be obtained. That is, special relativity for low speeds
results in the same results as Galilean relativity.

10–7 Time Dilation
Consider a train moving at a constant speed (inertial frame) (figure 10-5), in this frame
the speed of light is constant and equal to c. In addition, the laws of physics are the
same for all observers on the train and for those the train is passing by because the
passengers of the train and those on the ground are considered as inertial observers.
A light beam travels the width of the train wagon AB=d at time t and we have:
AB=d=ct , now we want to see, for the observer at rest (in the inertial frame attached
to the earth) that the train is passing in front of him, what is the distance AB and how
long does it take?

Fig 10-5: From the viewpoint of all train passengers AB = d = ct
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Suppose the train is passing at a constant speed v in front of the observer. The
distance AB (inner width of the wagon) is not the same from the viewpoint of the train
passenger (figure 10-6 left) and the observer at rest next to the train (figure 10-6 right).
From the viewpoint of the train passengers, the distance that light travels from
point A to point B is d and is obtained by the relation d = ct. But the distance from
point A to point B from viewpoint of the observer on the ground is equal to D, and is
inclined and is not perpendicular to the train track.

Fig 10-6: The distance that light travels through the viewpoint of two inertial
observers

Please note that point B is not moving relative to the train passenger, but is moving
relative to the ground observer.The observer who is at rest on the ground and train
passenger agrees on two things:
1. The speed of light is constant (the speed of light is constant for all inertial
observers).
2. The equation of motion of light in both frames (ground and train) is a straight
line, it means x = vt (the laws of physics are the same for all inertial frames).

In the right triangle (figure 10-7) according to the Pythagorean Theorem we have:
𝐷𝐷 2 = 𝑑𝑑2 + 𝐿𝐿2
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Because from a stationary observer's point of view, the train moves at speed v, so:
D = cT and,L = vT, which we will have after placement:

c 2 T 2 =c 2 t 2 +v 2 T 2

Please note that point B is not moving relative to the train passenger, but is moving
relative to the ground observer. After simplifying we will have:

T=

t
1 − (v / c) 2

(10-6)

Fig 10-7: The distances are not the same for different observers.

Thus, from the stationary observer's point of view, the clock on the train works
slower than his clock. But the question is which observer is really moving and the
other is at rest? Is the train in motion or the ground? (Figure 10-8). The passenger sees
the train at rest and the ground is moving. The observer on the ground also sees
himself at rest and the train is moving. Assume the distance of two bars on the ground
(perpendicular to the direction of train movement) is d. The calculation is exactly the
same as before, and light travels the d distance on the ground.. The concept of
relativity is that no frame has any advantage over another frame. That is why the
Michelson experiment failed.
Einstein's principle that the laws of physics are the same for all inertial observers,
is the basis of special relativity theory, which shows that only relative motion is
important. Its beauty and simplicity were convincing for many scientists and
philosophers. But many disagreements remained. Einstein overturned two absolute of
nineteenth-century’ science: the absolute rest imagined by ether and the absolute time
that all clocks worked the same on all frames, regardless of their speed.
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Fig 10-8: Is the train in motion or the ground?

10–8 Special Relativity Metrics
How do we measure the distance of two events in the relativity? In Euclidean
geometry (in the Cartesian coordinate system) the distance between two points in
space is obtained from the following relation (figure 10-9).

ds 2 = dx 2 + dy 2 + dz 2
If we measure the distance between two events in space instead of two points, for
example in the above example, the distance between two moments of light emission
from point A and reaching point B in the train wagon. From the viewpoint of observer
in the train is always equal to d = ct (unless the train accelerates, for example, turns
around, that is not inertial frame).
Minkowski (formerly Einstein's master) in special relativity had extended this
metric, and also was included the time, with a strange negative sign which is called
Minkowski's four-dimensional space.

Like the Pythagorean relation, this relation is also constant in rotation. But there
was another interesting thing about this new relation, and it was invariant under a kind
of space-time rotation called Lorentz’s transformations 19. These transformations tell

- A. Steane, Oxford University 2010, 2011
https://users.physics.ox.ac.uk/~smithb/website/coursenotes/rel_A.pdf
19
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us how two different observers at constant speeds view the universe and also tell us
that the speed of light is always constant.

Fig 10-9: In Euclidean geometry, three dimensions of length, width, and height
under transition and rotation are constant. In addition, the distance between the two
points is invariant.

A useful way to visualize space-time is to use Minkowski’s diagrams, two of which
are the most commonly used, lineland and flatland Minkowski diagrams. In the
lineland Minkowski 20 diagram, one axis is used to represent space (they represent
three-dimensional space with one axis) and one axis is used for the time, the light
world line with the other two axes creates a 45 degree angle. In the flatland Minkowski
diagrams also called light cones, there are two axes for space and one for time (figure
10-10).

20

- Hermann Minkowski (1864-1909)
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A Minkowski spacetime light cone diagram is described in figure (10-11).

Fig 10-11: Minkowski’s Space-Time Diagrams
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Each particle in these graphs has its own unique world line. For example, the
space-time diagram of the Earth in its orbit is like (10-12).

10–9 Working method with Minkowski diagrams
Minkowski's two-dimensional diagram shows the spatial dimensions with the
horizontal axis x and the time dimension t with the vertical axis. This diagram is
Minkowski's world-line. If we consider the starting point for a particle t=0 and x=0
, the line that determines its path through space-time is called the world-line. If we
consider the unit of the distance on the horizontal axis as the light-second and the
other unit on the vertical axis as the second, then the light world-line will be the
bisector of the two axes (figure 10-12). Each particle moves on the bisector, its speed
being c. If the world-line of a particle is between the bisector and the axis t, its speed
is less than the speed of light.

Fig 10-12: Earth's orbit in space-time, two (x, y) axis for space, and t axis for time.
Earth's orbit in Space-Time is a spiral.
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For the world-line of a particle to be between the bisector and the axis x, it must
move faster than light speed. The distance of space-time of two events d is exactly
like the two points on the plate, it means:

(d ) 2 =( x2 − x1 ) 2 + (ct2 − ct1 ) 2

(10-8)

Generally, if you want to calculate the distance of two events at points:

A(x1 , x 2 , x 3 , t), B(x'1 , x'2 , x'3 , t)
It will exactly equal to the difference of the square of the space coordinates from
the square of the time coordinates, that is:

ds 2 =
−c 2t 2 + dx 2 + dy 2 + dz 2
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Chapter 11

The results of Special relativity
"Whenever we see a natural event, we know that independent of our view, nature has
its own independence." Max Planck

Introduction:
What is length contraction? Is shortening the length of physical reality? An observer's
information on the values of the quantities associated with a body is a direct result of
his measurements. Do different observers agree on the length of a body? If so, then
we can say that length, like the speed of light, is an absolute quantity. Relativity says
that the distance between two points measured by an observer at rest is longer than
the length measured by an observer moving relative to the observer at rest. This
phenomenon is called length contraction.

11-1 From time dilation to space contraction
Length contraction is one of the most important results of the theory of special
relativity. The two pipes on the ground have equal length L, that is, at the surface of
the ground, their beginning and end coincide. One is in the frame O (on the ground)
and the other is in the frame O' . The frame O' is moving at a constant speed v relative
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to the frame O (figure 11-1). Suppose an observer in the inertial frame O (on the
ground) wants to measure the length of the pipe. His method of measurement is to
throw a bullet at a constant speed u from one end of the pipe and by recording the
length of time the bullet reaches the other end of the pipe and using the relation of the
straight-line uniform motion L=ut , the length of the pipe specifies. He calculates the
length of the pipe as L (figure 11-1 A). Another observer in the frame O' also wants
to measure the length of the pipe in the frame O' . He does it in the same way that the
observer O does. He finds the length of the pipe from relation L'=ut' as equal to L′ .
According to special relativity (previous chapter), we concluded that time is slower in
the moving frame than in the frame at rest. That is t>t' , it will be L>L' (table 11-1).

Fig 11-1: Length contraction in the direction of motion
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Table 11-1: Comparison of moving and stationary lengths

L=ut

L'=ut'

t>t'

L>L'

Rest
observer’s
measurement

Moving
Observer’s
Measurement

The moving’
clock is
slower

The moving’
length is
shorter

The above example has a serious problem, as two observers agree that the two
pipes are at the same length on the ground. But they will not agree on the speed of the
bullet u. So first they have to agree on the speed of the bullets. The only agreed speed
is the speed of light. So they had to measure the length of the pipe by sending light
signals. So assuming that the light signal transmission and measurement methods are
okay, and on the ground, they agree that their clocks are on the surface of the ground
in the harmony and the length of the pipes shows that at ground surface, at the same
Method, the pipes are at the same size, then the table (11-1) will be modified to the
table (11-2).
Table 11-2: Comparison of the length of the moving and rest and speed c

L=ct

L'=ct'

t>t'

L>L'

Rest observer’s
measurement

Moving
Observer’s
Measurement

The moving’
clock is
slower

The moving’
length is shorter

By dividing the two sides of the table (11-2) we will have:

L ct t
=
=
→ Lt'=L't
L' ct ' t '
Given the time dilation (previous chapter) we will have from the ground observer:
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t=

t'
1 − (v 2 / c ) 2

Lt'=L't=L'

→
t'

1 − (v / c )
2

2

→ L=

L'
1 − (v 2 / c ) 2

Generally speaking, if we consider the rate of clock and the length of the moving as
T and L, and the rate of clock and the length of the rest as T0 and L 0 , we will have:

T=T0 1 − (v 2 / c ) 2

(11-1)

L=L0 1 − (v 2 / c ) 2

(11-2)

The two above relations can be obtained directly from the relation (10-6) described
in the previous chapter. If in relation (10-6), set the speed once to zero and once to v
and repeat the experiment, two relations (11–1 and 11–2) will be obtained. The two
above relations can also be obtained by using Lorentz’s transformations (figure 11-1
B). Thus, the direct result of the principles of special relativity indicates the time
dilation and length contraction in the moving frame. Since the laws of physics are the
same for all inertial observers, each observer will attribute time dilation and length
contraction to another frame. For this reason, this phenomenon is referred to as a
paradox. It is very difficult to grasp such a fact.

11-1-1 Calculation the distance of the moon to the space station from the
perspective of two inertial observers
The contraction of space can be summarized as follows. Suppose Earth, moon, and a
space station are aligned. We want to see what is the distance between the moon and
the space station from the viewpoint of two observers one is at rest on Earth and the
other observer moving in a spaceship at a constant speed toward the moon? (Figure
11-2). At first, spaceship accelerates and leaves the Earth and after a distance moves
at a constant speed toward the moon. This is the method to measure the distance of
the space station to the moon. A crew in the spaceship sends a light signal to the space
station, the light signal is returned after collision with the mirror on the body of the
space station. He does the same thing for the moon. The light sweep time is easily
measurable. Their difference divides to 2, and multiplies with the speed of light, is
equal to the distance of the moon and the space station. The speed of light is known,
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so he calculates the distance between the moon and the space station. Note that this is
not to argue that the distance between the space ship and the moon and the space
station is constantly decreasing; the argument is that the spaceship is moving at a
constant speed, is an inertial frame. From the observer's perspective in it, what is the
distance between two points in space, that is, what is the distance between the moon
and the space station? How far is it from the perspective of an observer on the ground
who is also an inertial observer? (Table 11-3).

Fig 11-2: Two observers, one on the surface of the Earth and the other in the
spaceship moving at a constant speed toward the moon.

Table 11-3: Two-point distances in space from the view of two inertial observers
spaceship’s
observer

x1 =t Sc
x 2 =t m c

Terrestrial
observer

y1 =TSc
y 2 =Tm c

x = (x2 − x1 ) = (𝑡𝑡𝑚𝑚 − 𝑡𝑡𝑆𝑆 )𝑐𝑐

t=t m -t s
x=ct

y=(y 2 -y1 )=(Tm -Ts )c
y=cT

For two observers only c is constant and T is for terrestrial observer and t is for spaceship’s
observer
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But T>t and since c is constant, then y> x, that is, the space is contract for the crew.
Although the laws of physics are the same for both in-spaceship and on the ground
observers, and the spaceship observer can claim that the frame attached to the ground
is moving and the spaceship is at rest, but this imaginary experiment was carried out
by imposing initial conditions. At the beginning, we took the set of ground and the
spaceship at rest relative to each other, the spaceship accelerates from rest and reaches
to constant speed after some amount of time. Both the spaceship and the earth
accelerated, but the acceleration of the earth is insignificant against the acceleration
of the spaceship, causing the spaceship's observer to realize his movement toward the
earth and consider the earth at rest, and the earth observer consider himself at rest. But
in general, any observer in an inertial frame can find himself at rest and the other
moving. The above example shows that the distance between two points in space is
not absolute and it will have different sizes from different observers (1).

11-2 The Role and Importance of Lorentz’s Transformations
Although it is logically true that Einstein is the founder of relativity but he also was
to climb the shoulders of giants the same as Newton. It is necessary to explain a part
of this theory called Lorentz’s transformations. In Lorentz’s transformations, the
speed of light is first and foremost, the speed obtained by Maxwell's equations.
Michelson carefully set the speed of light at 300,000 kilometers per second. The speed
of light is important in new physics and to a better understanding of the universe.
The purpose of Michelson and Morley from the experiment was to determine how
the Earth moves within the ether by examining its speed effect on the speed of light.
They found what they were not looking for with the most sensitive test machines. The
interferometer showed that, regardless of the movement of each observer, the speed
of light was the same for all observers. Of course, this was not good news for both of
them, and the news spread around the world and reached Ireland. There, physicist
Fitzgerald 1, who had researched Maxwell's electromagnetic theory, reviewed the
results of the Michelson’s experiment. FitzGerald in 1889 and Lorentz 2 in 1892
declared the negative result of the Mickelson experiment due to the contraction of the
length that later was called the Lorentz - Fitzgerald contraction 3. According to
Lorentz-FitzGerald contraction: moving the interferometer into the ether fluid caused
- George Francis FitzGerald (1851-1901)
- Hendrik Antoon Lorentz (1853-1928)
3
- Harvey R Brown, The origins of length contraction: I. The FitzGerald-Lorentz deformation
hypothesis, arXiv, 1988
https://arxiv.org/ftp/gr-qc/papers/0104/0104032.pdf
1
2
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one of its arms to contract and the amount of contraction was so high that it allowed
both optical beams to reach to the frame at the same time.
Many scientists disagreed with this hypothesis. But when physicist Henry Lorentz
came to this conclusion, no one opposed him. Lorentz was one of Maxwell's masters
of electromagnetic theory who was able to provide a tangible explanation of the
phenomenon of contraction. In his view, the contractions were of the properties of
electrons that had been proven by Thomson 4 and his colleagues in England. The
electron seemed to be part of the atom and one of the fundamental particles of matter.
But at that time not all the properties of electrons were discovered. Lorentz expected
that electrons would contract along the direction of motion. If this was true, since all
the objects contained electrons, the interferometer might also contract in the direction
of motion. The length contraction seemed to be a good explanation for the result of
the Michelson-Morley experiment and all the experiments performed to move the
Earth into the ether fluid.
As Galileo was aware in the Renaissance, and today we know that the speed of
every object depends on the speed of the observer. But Lorentz believed that the nature
of light waves is not like that. He suggested that even if one moves at a speed close to
the speed of light, one will still see the speed of light at 300,000 kilometers per second.
Suppose two observers A and B are moving relative to each other. The two observers
pass each other at a specific time and place, and both observe a light. The light emits
from the spot as a spherical wave. Both observers measure the speed of light relative
to itself and believe they are at the center of a spherical wave. In appearance, the two
observers diverge. But how could two observers in different places be in the center of
one sphere? To confirm their observation, each of these two observers placed two
optical sensors at equal distances. Light reaches sensors A at the same time (because
it sees itself as the center of emission of light), but in his view, light reaches sensors
B at two different moments. At the same time, B also experiences the same
phenomenon in reverse. The two observers agree on the speed of light, but they do
not agree on the timing of the phenomena. So time is also affected by motion, such as
distance.
Henry Poincaré recalled the limited nature of Lorentz's explanation. In his view,
he needed new fundamental laws in physics. Laws, such as the principle of relativity
by which physical phenomena for rest observers and observers who move at a uniform
speed are described in the same way. Galileo says that any situation in uniform motion
is of equal value. In the other words, according to the classical mechanical principle

4

- Sir Joseph John Thomson (1856-1940)
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of relativity, the conditions of rest and uniform motion in a right line are equivalence 5.
This description was three hundred years the basis of Galileo's arguments and the laws
of inertia. Henri Poincaré suggested that Galileo's laws should be changed to include
all physical phenomena, including light. Although Poincaré was unable to properly
analyze the results of such research, Lorentz obtained equations that showed exactly
how much the rulers contract at the time of movement and slower the clocks work.
The nature of his arguments can be better understood with a simple clock. At each
unit of time, in an inertial frame, the light travels a constant amount of path. The speed
of light is the same for all observers, so light needs more time to travel longer
distances. Thus, for the observer at rest, the moving clock works slower, which obeys
the gamma coefficient as follow:

γ=

1
1 − (v / c ) 2

(11-3)

Gamma coefficient

According to the gamma coefficient, Lorentz transformations can be written as
follows:

The ruler or any other moving object will contract just as much. This contraction
is known as Fitzgerald’s contraction. For speeds that are small relative to the speed of
light, the gamma coefficient is not large. For example, the Earth contracts just a few
centimeters moving around the sun. Lorentz was rapidly completing his hypothesis.
He was at that time an international physicist whose young physicists from all over
the world attended his classes. His classes were at Latin University. Einstein also came
to the University of Latin. Lorentz has had a great impact on Einstein over the years.
Before his death, Einstein said, "I love Lorentz perhaps more than anyone else and
have always admired him". Lorentz expanded the results of his work with the
knowledge that he was on the right path and posed a question. If moving objects
- Kevin Brown, Inertia and Relativity
https://www.mathpages.com/rr/s1-03/1-03.htm
5
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become shorter, then moving clocks work slower, then how two observers moving
relative to each other can agree on the timing and location of the phenomena? To
answer this question, transformations were needed to replace the old Galileo’s
equations. Although it was not difficult to find these equations, some of its
applications seemed difficult to believe. Although for the time variable it is possible
to set the hours for the coordinate system to be synchronized, the time taken depends
on the location. Time in a moving coordinate system achieves from the relation:

vx
c2
t '=
1 − (v / c ) 2
t−

Lorentz's transformations illustrate the mathematical nature of the theory of
relativity. Lorentz’s transformations slow down the time and contract distances by
considering a moving coordinate system. These equations do other things. In fact, it
links time and space together. The timing of an event without changing its place does
not make any sense. In 1904, Lorentz published his theory of electrons in the
Netherlands, containing the basic equations of relativity. Albert Einstein had not yet
been raised. Therefore, some believe that he has been praised throughout history more
than he deserved.
In 1905 Einstein, in Bern, Switzerland, was disturbed by the instability in the
physics world. Can inertia and the laws of mechanics be stabilized? Given Maxwell's
view of light and electromagnetism, Einstein concluded that this was not possible,
even if it is at the cost of ignoring the ether fluid and the hourly concept of time and
space. He put forward two fundamental theorems. The first was the principle of
Poincare’s relativity, which according that the laws of physics are the same for all
fixed-energy content frames. The second theorem also states that the speed of light is
the same for all inertial observers. Although many historians of science claim that
Poincaré has not invented the special relativity, it is acknowledged that Poincaré
predicted most of Einstein's methods and expressions.
Einstein regarded as assumptions the phenomena, which Lorentz tried to describe.
Einstein derived the same equations that Lorentz had already obtained. But now these
equations had different meanings because the concepts of time and space were
combined. The nature of this hypothesis can be better understood by considering time
as a new dimension.
When two observers A and B observe an expanding spherical light wave, the wave
reaches their sensors at certain points of time and space, each is called an event. At
the same time, the wave of light forms a cone (figure 11-3).
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Fig 11-3: Space-Time Diagram: Einstein combined concepts of space and time

From viewpoint of observer A, events that occur horizontally are simultaneous.
For him, one of the B sensors is turned on, and then his own sensors are switched on
together. Finally, another sensor B is turned on. So for him, these two events are
simultaneous, but from B's viewpoint, it is inverted. Thus, in addition to the
inclination of the uniformed lines, the concurrent lines were also inclined to B. For B
simultaneous events occur on the inclined source. From the viewpoint of B, the
uniformed lines and simultaneous lines are perpendicular to each other. The
interesting thing is that it does not deform the light cone. This view is called the spacetime diagram, and with it many tremendous results of relativity can be imagined. In
the space-time diagram, A measures on the axis of its space, whose ruler B is shorter
than his ruler. On the other axis it is the opposite. Now we're back to the clock puzzle.
How does each of them imagine that the other clock is working slower? Just follow
the path of the light rays in the space-time diagram.
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On the time axis A, clock B oscillates over a longer time interval. On the other
hand, on the time axis B, clock A has oscillations with more time interval. Lorentz's
transformations can be viewed from different perspectives. Lorentz obtained these
equations for the first time, and Einstein reached from the separate path to these
equations. Lorentz used these equations to explain the results of the MichelsonMorley experiment. While Einstein's goal from these equations was to introduce the
theory of relativity as one of the fundamental principles in the realm of physics. There
are thus two completely separate dates for the theory of relativity. The MichelsonMorley experiment and other experiments failed to prove the presence of ether fluid.
Lorentz and Poincaré worked so hard to finally obtain the equations needed to explain
the results of these experiments. Einstein also from an independent way enquired
about light and electricity problems and came up homogeneity with a deeper
understanding.

11-3 Relativistic mass and mass-energy equivalence
According to the principle of special relativity, the speed of light is the limit speeds,
and nothing can exceed the speed of light. As speed became limited, the effect of force
on the momentum was reviewed. The result of this revision was to replace the
relativistic variable mass instead of the constant mass of classical mechanics.

11–3–1 Mass
One of the most basic properties of everything is its mass. In classical physics, the
term "mass" refers to the amount of matter. Mass was considered to be the amount of
inertia, and it was believed that the movement of a body would not change its mass,
and in all states of motion, the mass remained absolutely constant. But after relativity,
it became necessary to revise all the laws of physics, including the momentum in
which speed and mass are combined into one quantity. Because speed is the ratio of
changes in distance over time and these two quantities are not the same from different
observers. Therefore, the revision in momentum was inevitable.
Has the momentum in the form of classical mechanics p=mv remained the same
in relativity? If the momentum in relativity is different from classical mechanics, how
can this difference be recognized and corrected? To find the answer to this question,
one must examine the momentum in classical mechanics and relativity, with regard to
the principles of relativity. The momentum of an isolated system is constant. This is
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a well-accepted and proven rule in physics called the law of conservation of
momentum.
Now we want to see, with regard to the law of conservation of momentum, how
the momentum of balls which contribute to the collision changes before and after the
collision, when the two balls collide with each other. Figure (11-4) illustrates the
collision of two balls from the perspective of classical mechanics before and after the
collision. For ease of mass calculations the masses of two balls are assumed equal.
So:

mu xB + mu xR = mu 'xB + mu 'xR → u xB + u xR = u 'xB + u 'xR

mu yB + mu yR = mu 'yB + mu 'yR → u yB + u yR = u 'yB + u 'yR

Fig 11-4: Two-ball’s collision from the perspective of classical mechanics
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In classical mechanics, according to Galilean Relativity, both inertial observers
about measuring the values of speed and mass of both balls before and after the
collision, by using Galilean transforms, there will be agreement. Because the mass is
constant, in this particular case in which the masses are equal, they are eliminated
from both sides of the equation.
In the figure (11-5), the observer on the right frame moves at the speed of one of
the colliding balls, but the observer’s speed on the left side is equal to the average of
the two ball speeds. The relativistic state of this approach differs from the classical
approach. The left side of the figure shows the collision from the perspective of an
observer moving at an average speed of two balls, and on the right side, it shows from
the observer moving at the speed of blue ball. Both frames represent the one event, it
is only from the perspective of different observers that a single event looks different.
The left-side observer moves at an average speed of two balls, so its speed is equal to
zero relative to the frame.

Fig 11-5: Relativistic collision of two balls

But the right-side observer moves at the speed of the blue ball, and its speed is not
zero relative to the frame. Note that both observers are inertial and in the one frame,
but they move at the speed v relative to each other and do not see an event as the same.
Since two observers are moving relative to each other, it can also be stated that one
event is being examined on two frames.
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To convert relativistic speeds between frames, suppose the components of y (value
and direction) in one frame are equal to those components in another frame. This is
true in Newtonian mechanics, but not necessarily in relativity.
Therefore, in defining the relativistic momentum, regardless of the fact that the
mass is a function of speed, the observers moving relative to each other, the
momentum in the collision will not be constant, and the law of conservation of
momentum will be violated. Note that if v , u yR are small, the difference will be
negligible. To maintain the law of momentum conservation in all inertial frames, the
definition of momentum must be changed. This new definition should be such that it
reaches the same results of the Newtonian definition of momentum, at low speeds
relative to the speed of light. Therefore, to cover the Newtonian relation of
momentum, the mass is defined as follows.
𝑚𝑚𝑅𝑅 =

𝑚𝑚𝐵𝐵

2

�1 − 𝑢𝑢𝑥𝑥𝑥𝑥
𝑐𝑐 2

When the lower ball is at rest, its rest mass is indicated by m 0 . When the mass of
the balls is being equal which with the increasing of the mass of the left ball, the mass
of the right ball is the same as it is in motion relative to observer: this is called the
relativistic mass and is denoted by m. One consequence of the above discussion about
the relative motion of the balls is that the equals of speed u xR is for the observer who
is at rest relative to the left side ball. Considering the above causes, the relativistic
mass is defined as:
𝑚𝑚 =

𝑚𝑚0

2

�1−𝑢𝑢2
𝑐𝑐

(11-4)

Also, the relativistic momentum, p = mu is defined as:
𝑝𝑝 =

𝑚𝑚0 𝑢𝑢

2

�1−𝑢𝑢2
𝑐𝑐

(11-5)

The coordinates of the momentum will be as follows:
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11–4 Relativity and Newton's second law
According to Newton's second law, the results of applying forces on an object/particle
is equal to the change in momentum per change in time, namely:

F=

dp
dt

This relation is the same as in relativity provided to apply the relativistic definition
of the momentum in Newton's second law. According to Leibnitz's rule
d(xy)= xdy + ydx , we have:

dp
du
dm
= m
+u
dt
dt
dt

(11-6)

This equation is used to obtain the relativistic energy relation. According to the
definition of relativistic mass we have:

=
m

m0

= m0 (1 − u / c )
1 − u 2 / c2
2

2

−

1
2

We rewrite this relation so that m 0 is assigned to a particular observer whose m is
the rest mass. Using binomial Khayyam - Newton we have:

(a + x) n =a n + na n −1 x +

n(n − 1) n − 2 2
a x ...
2!

We expand the gamma relation:

(1 − u 2 / x 2 )

−

1
2

The expansion of the above relation has an infinite number of sentences which can
be omitted from the second sentence and afterward, because, the values of these
sentences, from the second and the afterward, decrease rapidly, and the first and
second sentences with good approximation are sufficient for our calculations.

(1 − u 2 / x 2 )

−

1
2

1 2
u
=
(1 + 2 2 )
c

If we put this expansion in relativistic mass relation we will have:
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1
2

u2
=
m m0 (1 + 2 )
c
A very interesting result is that, given the kinetic energy which is
write the above relation as the following given e =

m
= m0 +

1
mu 2 , one can
2

1
mu 2 :
2

e
c2

2
mc
=
m0 c 2 + e

It is easy to distinguish the difference between the mass in its rest and the observed
mass of: m − m 0 . Given the above relations, we will generally have:

E=mc 2

(11-7)

Relation (11-7) is called the mass-energy equivalence, which indicates that the
mass of any object can be computed as energy or energy as mass. Although this
relation was presented in theory, laboratory experiments confirmed its validity. In the
experiments, the particles accelerate and, as their speed increases, they examine the
relation of mass gain due to the velocity gain (figure 11-6). In accelerators, they
accelerate particles (such as electrons) in a rotating field and, once the particle speed
has reached a speed comparable to the speed of light, they enter it on a direct path and
determine the mass ratio to particle’s speed. In 1905 Albert Einstein published several
history-making articles. One of these papers, entitled "On the Electrodynamics of
Moving Objects", presents a theory that became known as special relativity. All the
predictions of special relativity have been carefully tested, and nowadays almost no
qualified physicist has any doubt about the correctness of special relativity.

11–5 Experimental confirmation of special relativity
In the accelerators of the fifties, scientists repeatedly emerged and destroyed particleantiparticle pairs, all of which were able to observe mass-energy equivalence in the
process predicted by special relativity. They found that if high-energy photons hit
atoms, they would produce particle-antiparticle pairs such as electrons-positron,
which the production of pairs of their masses m would decrease the kinetic energy
mc 2 of the system (without considering the kinetic energy that these pairs obtain after
production). The reverse process of producing particle and antiparticle pairs can also
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be annihilated (the conversion of mass to energy) in which the annihilation of a pair
of particle and antiparticle, create photons whose energy equals to the mass is
annihilated.

Fig 11-6: As speed increases, mass also increases.

Similar empirical observations of time dilation are also consistent with the results
of special relativity. Pions are a type of meson, and have a life span of 26 nanoseconds,
after which they decay into muon and muon neutrino. In an experiment, physicists
observed pions with speeds 0.9c that their lifetime measured about 63.7
nanoseconds. This event attests to this fact that when a body moves at a speed close
to the speed of light, time passes slowly for it. So, for us, the 63.7 nanosecond time
elapses, but for the moving pion, it's only passed 26 nanoseconds (the time dilation
concept), and after that it's time for the pion to decay into muon and muon neutrino.
Scientists have used accelerators to prove that the speed of light is constant in all
inertial frames. In these accelerators, the neutral pions accelerated with a speed near
the speed of light. By this time the pions had decayed. The gamma rays created by the
collision of these particles emitted not as fast as twice the speed of light (according to
classical physics calculations) but as fast as the speed of light (according to the
principle of relativity). This experiment well confirms the principle of special
relativity, which states that the speed of light in any inertial reference frame is
measured, regardless of the motion of the light-emitting source, is constant.
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Chapter note:
(1) People sometimes argue over whether the Lorentz–Fitzgerald contraction is
"real" or not. That's a topic for an FAQ entry called Are the Lorentz Contraction
and Time Dilation Real?; but here's a short answer: the contraction can be
measured, but the measurement is frame dependent. Whether that makes it "real"
or not has more to do with your choice of words than the physics.
Michael Weiss., Can You See the Lorentz–Fitzgerald Contraction? Or: Penrose–Terrell
Rotation, The Physics and Relativity FAQ, 1995
http://math.ucr.edu/home/baez/physics/Relativity/SR/penrose.html

Length contraction has never been directly measured. But its effects show up in
the magnetic force that acts between parallel, current-carrying wires.
Taken from the August 2019 issue of Physics World.
https://physicsworld.com/a/the-invisibility-of-length%E2%80%AFcontraction/
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Chapter 12

Brownian motion and photoelectric phenomenon
I never think of the future - it comes soon enough. Albert Einstein

12-1 Brownian motion
It has long been known that very small particles visible under a microscope, when
they are suspended in a fluid material, continuously make irregular sweep motions.
This phenomenon was first discovered in 1827 by Robert Brown 1 on the dust of
flowers, which is why it was called Brownian motion. These movements should not
in any way be attributed to the influence of external factors such as the vibration of
the container of fluid or internal currents of water and so on. At first, they thought that
these movements were a form of life, but it soon became clear that small inorganic
particles acted the same way.
In 1863 it was first suggested that Brownian motion was caused by the
bombardment of particles by the surrounding water molecules, the number of
molecules that collide with a particle on the left, is slightly different with the number
of molecules that collide on the right which its effect on large objects is not noticeable,
but on the microscopic objects, it will produce a noticeable motion (figure 12-1). It
was also observed that as the water temperature increased the particle’ motions
became more intense and their velocity increased (figure 12-2). For this reason, it was
thought that these motions depend on the thermal motions of the molecules. Those
1

- Robert Brown, botanist (1773-1858)
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who followed this theory argued that the kinetic energy of the water particles, which
is in constant collision with the suspended particles, creates irregular forces in various
directions that cause these motions.

Fig 12-1: Left - Random movement of liquid particles, Right - Random difference between
molecular pressures at different particle surfaces that cause Brownian motion.

Fig 12-2: According to statistical rules, fluid molecules are constantly moving and
their speed depends on temperature.

Jean Perrin 2 explained the Brownian motion due to the numerous collisions of
moving water molecules with particles in the water. Perrin’s studies of Brownian
motion provided an undeniable reason for the correctness of thermal- kinetic theory
2

- Jean Baptiste Perrin (1870–1942)
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and allowed scientists to directly observe the laws of statistical motion that were
previously purely theoretical conjectures (figure 12-3). Since the motion of fluid
molecules follows statistical rules and Einstein's explanation of Brownian motion is
also a statistical and probabilistic basis, so a general look at the probability distribution
function is necessary.

Fig 12-3: Water-moving molecules constantly collide with particles suspended in
the liquid.

12–2 Random variation and probability distribution
In many cases, we have to define a random variable. In experiments such as a
chemical reaction or photons emitted by a laser, random variables and statistical
functions and probabilities are used. Therefore, statistical laws and probabilities are
applied in various fields of experimental science.
Definition of Random Variable: By definition, a function such as X that of a
sample space of a test S to the set of real numbers R is called a random variable, that
is:

X: S → R

(12-1)

It is not possible to give a precise description of the sample space, but it can be
described mathematically by certain measurements of these processes. For example,
one can measure the temperature change from the experiment or the number of
photons emitted in a millisecond. Therefore, the random variable can be considered
as the measurement of an empirical experiment that attributes a real value to the
sample space. In defining the test sample space, it is not necessary that the result of a
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given event was only a number. For example, the sample space for two tosses of one
coin can also be shown as below:

S = {HH, HT, TH, TT}

Fig 12-4: The probability in the sample space is equal to one and in the measured
space is smaller than or equal to one.

There are also numerous random phenomena whose results are subsets of real
numbers. Like human life, the distance traveled by car for a certain amount of fuel is
examples of possible phenomena whose results are subsets of real numbers.
Maybe a test has numerical results or not, but it is attempted to obtain numerical
results in all cases. To do this, we need laws or rules that can be used to represent the
test sample space to real numbers space. This role is done by a random variable that
can be evaluated by the probability distribution function. The probability distribution
function divides into two categories: discrete probability distribution and continuous
probability distribution.
A: Discrete Probability Distribution: For any discrete random variable such as

x with a set of possible values of A, the probability distribution can be shown in the
form of a formula, table, or figure:

0 ≤ P(X=x)= p(x) ≤ 1

(12-2)

It assigns to each of the values of x . Then for sample space A, we will have:
𝑝𝑝(𝑥𝑥) = 0 𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎 𝑥𝑥 𝑤𝑤ℎ𝑖𝑖𝑖𝑖ℎ 𝑎𝑎𝑎𝑎𝑎𝑎 𝑛𝑛𝑛𝑛𝑛𝑛 𝑖𝑖𝑖𝑖 𝐴𝐴
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� 𝑃𝑃(𝑥𝑥) = 1 𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎 𝑥𝑥 𝑤𝑤ℎ𝑖𝑖𝑖𝑖ℎ 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖𝑖𝑖 𝐴𝐴

B: Continuous Probability Distribution: For a continuous random variable to
get exactly one of its values, it is just like selecting a point from an infinite number of
test space points. For this reason the probability is equal to zero. As a result, the
distribution function of a continuous random variable cannot be represented in a table.
In this case, we consider the probability at intervals of random variable values.
Although the probability distribution of a random variable cannot be represented in
the form of a table, but it can be expressed in the form of a mathematical formula.
This formula is necessarily a function of the numerical values of the random variable
x denoted by the symbol f (x ) and is called the probability density function, or simply
the probability density of the random variable x , and is denoted by p (x ) . The
probability density function applies to the following relations.
∞

∫

f ( x)dx = 1

(12-3)

−∞

Probability for sample space
b

p (a ≤ X ≤ b ) =
∫ f (x )dx

(12-4)

a

Probability for measured space

12–3 Normal Distribution
The normal or Gaussian distribution function is one of the most important functions
used in probability and statistics topics. Because experience has proven that the
distribution of many natural variables, in the world around us follows the same
function. The behavior curve of this function largely resembles that of the church bell,
which is why it is also called the Bell-Shaped. Although the height and curvature of
different types of curves may not be the same, all of them have the common property,
their area is unit. The height of this curve is connected with mean values (𝜇𝜇) and
standard deviation(𝜎𝜎). Despite the relatively complex formula and the inclusion of
fixed parameters such as Euler’s number (e) in this formula, it can be used to model
the behavior of IQ, human height or weight, dispersion of stars in space, and Brownian
motion.
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This curve has many interesting properties. Including that it is symmetric with respect
to the vertical axis, half of the area under the curve is above the mean value and the
other half is below the mean value, and the closer we get to the coordinate center, the
more probability occurs (figure 12-5). This behavior is so inclusive that scientists
often model the normal distribution to use for random variables that they have no
acquaintance with their behaviors.

Fig 12-5: Normal distribution functions and mean value and standard deviation

For example, in a school test, student scores are often around the average and the
higher or lower the score, the fewer student who got the score. This behavior can be
easily modeled with a normal distribution. One of the most important applications of
the distribution function in economics and management knowledge is Portfolios in
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investment and resource management. When the negative value for the variable does
not make sense, they transmit the curve to the axis x and the mean value that is most
probability to occur is moved to larger values (figure 12-6).

Fig 12–6: Normal distribution function, commutative and probability for a random
variable

12–4 Einstein's explanation of Brownian motion
In 1905, Einstein focused on Boltzmann's theory of irregular molecular motion, but
studied it more easily and applied this method, which relied on statistical studies, in
particular to Brownian motion, and it achieved a result that its simplicity was amazing.
He proved that Boltzmann's results on the theory of molecular motions are true for
particles that are visible under a microscope and that the average kinetic energy of
particles in Brownian motions have the same values as the average kinetic energy of
molecules in Boltzmann's theory have. In addition, by observing the particles visible
under the microscope, much information can be obtained that is also true for invisible
particles. According to Einstein's theory, suspended particles are affected by
gravitational force, and if they were not bombarded by molecules and were not
counteracted by this tendency, they would be at the bottom of the fluid.
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Einstein showed how the dimensions of water molecules can be calculated by the
range of motion of the suspended dye particles in it. Einstein argued in his justification
for Brownian motion that in low-adhesion liquids, as the temperature increases, its
particle velocity increases too. In a period of time, these particles move randomly
from point to point where their motion is the function of the kinetic theory of gases.

Fig 12-7: Einstein's relation curve for the Brownian motion that resembles a normal
distribution curve.

Then Einstein presented the probability function that a particle moves in the t time
at a certain distance as follows:

𝑝𝑝 =

𝑒𝑒

−𝑥𝑥2�
4𝐷𝐷𝐷𝐷

2√𝜋𝜋𝜋𝜋𝜋𝜋

(12-5)
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In which, p is the probability of the particle moving at a specified distance x, time
t, the diffusion coefficient D, and the Euler’s number e. The relation diagram (12-5)
is similar to the normal-Gaussian function curve (figure 12-7). Einstein's explanation
was the endpoint of ambiguities about Brownian's motion. In addition, it provided the
basis for the further development of statistical mechanics. In 1908, Jean Perrin studied
the method of particle deposition in water by gravity. Settling is opposed to molecular
collisions, so Brownian motion is opposite to gravitational attraction. Using this
diagnosis and applying Einstein’s equation, Perrin calculated the dimensions of the
water molecules and thus the granular of material (atomic theory of matter) accepted
(figure 12-۸).

Fig 12-8: Each molecule occupies a volume of space that other molecules cannot pass
through.

12–5 Photoelectric Phenomenon
In 1887, Heinrich Hertz during the experiment found that light emitting with shortwavelengths, such as ultraviolet waves to the metal cap of electroscope which has a
negative charge, discharges the electroscope. With subsequent experiments, he
showed that the discharge of the electroscope was due to the electron being detached
from the surface of its metal cap. This phenomenon is called photoelectric. The first
attempts were made to justify the photoelectric effect from a classical electromagnetic
perspective that could not justify this. Einstein then justified this phenomenon
according to Planck's quantum perspective. So first, in terms of electromagnetic
waves in classical mechanics, I describe the photoelectric phenomenon in a compact
way, then, by mentioning its failure, I elaborate on the photoelectric phenomenon
from Einstein's point of view.
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12–5–1 Classical Electromagnetic Failure in Justifying Photoelectric
Effect
When Hertz discovered the photoelectric phenomenon and physicists repeated this
experiment, they were surprised to find that the intensity of light had no effect on the
energy of the emitted electrons. But the change in wavelength of light affects the
energy of the electrons, such as the speed the electrons get from blue light, which is
more than the speed they receive from yellow light. Also, the number of electrons
emitted in the blue light below the metal surface is less than the number of electrons
emitted by the yellow light. But again, the speed of electrons emitted by blue light is
greater than the speed of electrons emitted by yellow light. In addition, red light, no
matter how intense, cannot separate the surface of some electron metals.
The valence electrons move freely within the metal but are bound by the metal. To
separate them from the metal surface there must be enough energy to overcome the
binding energy. If this energy is less than enough, it cannot separate an electron from
the metal surface. According to classical electromagnetic theory, electromagnetic
energy is a continuous quantity, so any radiation had to be stored in the electron and
accumulated with the old energy until the required energy was supplied, then the
electron was separated from the metal surface. On the other hand, because the amount
of energy bound to the electrons inside the metal is equal, if energy was enough to
separate them, a large number of electrons would have to be released by removing
one electron from the metal surface.

Fig; 12-9: Radiation light energy is effective in separating an electron from the
metal surface and its kinetic energy.
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Also, since the energy is continuous, radiant energy had to be distributed among
the free electrons, so when the energy of all electrons didn’t reach the required level,
we would not expect the electron to be separate. In other words, we should not see the
electron being detached from the metal surface upon radiation.

12–6 Quantum justification of photoelectric phenomenon by Einstein
In 1905, Einstein explained the photoelectric phenomenon using quantum energy
theory. According to quantum theory, the apparently continuous electromagnetic
waves are quantum. These energy quanta, called photons, follow Planck's relation.
According to Planck's quantum theory, a beam of light with frequencyν contains a
number of particle-like photons that each has energy E=hν . A photon can only
interact with one electron on the metal surface. This photon cannot divide its energy
between several electrons. Because photons travel at the speed of light, according to
the theory of relativity, they must have zero rest mass rest, and all their energy is
kinetic.
When a particle with zero rest mass remains moveless, its existence disappears and
it only exists when moves at the speed of light. Therefore, when a photon collides
with a bound electron on the metal surface and then no longer moves at the unique
speed of light c, it gives all of its energy to the electron. If the energy that the bound
electron gets from the photon is greater than the binding energy on the metal surface,
much of the energy becomes the kinetic energy of the photoelectron. If we assume
that the binding energy of the electron on the surface of the metal W to be equal to the
energy,𝑊𝑊 = ℎ𝜈𝜈0 then a photon with energy ℎ𝜈𝜈 can separate the electron from metal
surface that:

hν ≥ W =
hν
0

(12-6)

If photon energy in colliding with the electron is greater than the binding energy
of the electron, then the extra energy will appear as electron’s kinetic energy (figure
12-9) and we will have:
hν =
1

1
2
m v + hν
0
2 0

(12-7)

In which m 0 v 2 is the kinetic energy of the electron after detachment from the
2
metal surface. For this reason, if the radiation light energy is less than the electron’s
binding energy, no photoelectric event occurs at any intensity that hits the metal
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surface. In addition, once the photon arrives with sufficient energy on the metal
surface, the photoelectric emission occurs immediately.
Although the effect of radiation on the metal surface was discussed in here this
effect is not limited to metals. Generally, when a photon hits a bound electron with
enough energy, it separates the electron from the atom and ionizes the atom. With
Einstein's justification, the intensity of electromagnetic waves in the theory of
quantum mechanics had found a new concept. In quantum mechanics, the intensity of
the electromagnetic monochromatic wave is equal to the product of the energy of each
photon to the number of photons passing through the unit of surface in the unit of time
(monochromatic wave refers to a wave with a single wavelength and frequency.).

12–7 Review the photoelectric effect
To further investigate the photoelectric phenomenon, a device conforming to the
figure (12–10) can be developed and tested. The device consists of two electrodes A
and B inside a vacuum chamber. These two electrodes are connected to an adjustable
voltage source outside the chamber.

12–10: The generation of current by photoelectric

If there is a potential difference between the two electrodes, no current is generated
in the orbit, even if the voltage is too high. But if we radiate the monochromatic light
to the electrode A at the appropriate frequency, the current in the circuit will be
established and an increase in voltage will increase the current intensity in the circuit.
This indicates that the incoming radiation hits the electrode A separates the electron
from it, and the voltage between the two electrodes (by generating an electric field)
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also drives the released electrons from electrode A to electrode B and the current flows
into the circuit. According to the experiment, when the light hits the electrode A at
the appropriate frequency, the current flows through the circuit without the need for a
potential difference between the two electrodes. As the voltage increases, the current
intensity also increases (figure 12-11).

Fig 12-11: Current Intensity Diagram (I) with respect to Voltage of Two Ends of
Electrodes

The stopping potential: the stopping potential (or stopping voltage) is defined
as the potential necessary to stop any electron from reaching the other side (figure
12-11).
The shape of the curve does not change much for different radiant energies and the
stopping voltage also remains constant, but the maximum current changes, for
example, if the incoming energy is lowered, the maximum current generated in the
circuit decreases. The stopping voltage is the voltage applied to prevent the electrons
transfer to the cathode. In figure (12-12), the incoming energy in state "B" is lower
than the incoming energy in state "A". In figure (12-13) the results of the
measurements are used to illustrate the effect of the relationship between the metal
genus, the radiation frequency and the maximum energy on the photoelectric
phenomenon. The green light is shining on the electrode A (figure 12-10), as you can
see, increasing the light intensity increases the current per voltage (figure 12-11),
which eventually encounter with a larger maximum current intensity (figure 12-12).

292

Physics from the beginning to now

Fig 12-12: The generated current intensity is a function of the landing energy
(photoelectric energy)

Fig 12-13: Diagram between the frequency of the radiation and the genus of the
metal in the photoelectric phenomenon
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Fig 12-14: Results of measuring current Intensity with respect to negative voltage

In two figures (12-14, A and B), the results of the measurement of the current
intensity in negative voltage are shown. In "A" mode, the green light is shined to
electrode A and in "B" mode the blue light is shined to electrode A and the other test
conditions are the same in both cases. As you can see, the stopping voltage at state
"A" is equal to 0.7V and in state "B" is 1.1V , so the stopping voltage depends on
the frequency of the incoming light.

Fig 12-15: Relation between stopping voltage and frequency

In an experiment, Robert Millikan 3 found the relation between the stopping voltage
and the frequency of the incoming light. As you can see in figure 12-15, the
3

- Robert Andrews Millikan (1868-1953)
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relationship between the stopping voltage and the frequency of the incoming light is
a linear relation. In addition, Robert Millikan, 10 years after conducting exact tests on
different metals, confirmed that the stopping voltage depends on the genus of
electrode A.
Einstein was able to justify the photoelectric phenomenon by using the quantum
of energy as Planck's theory claimed. Although this justification was not widely
accepted by Planck, but Einstein's explanation of the quantum of energy provided the
basis for accepting quantum mechanics.
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Chapter 13

Atom's Structure
Protons give an atom its identity, electrons its personality. Bill Bryson

13-1 Measuring electric charge and electron’s mass
Concurrent with efforts to prove that matter is made up of atoms or being continuous,
important experiments were conducted in the realm of electromagnetism which
apparently had nothing to do with the matter, which eventually linked together matter
and electromagnetic waves. These efforts were complemented by Einstein's massenergy equivalence. Thomson discovered the electron and showed the atom also
contains other particles.

13–1–1 Cathode ray and electron
Faraday did every experiment he could think of, with electricity. One of the things he
did was to send an electric charge through a vacuum. He could not provide a suitable
vacuum for this purpose. In 1854 a German glassmaker named Geissler 1 invented a
suitable vacuum pump containing metal electrodes and provided a very good vacuum.
When the experimenters were able to discharge the Geissler tube, they noticed that a

1

- Geissler, Johann Heinrich Wilhelm (1814-1879)
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green light appeared on the wall of the tube opposite the negative electrode. Goldstein 2
argued in 1876 that this green light was produced by the collision of a type of radiation
which is originating from a negative electrode with the glass. Because Faraday called
the negative electrode as a cathode, Goldstein called this radiation a cathode ray.
Crookes 3 completed the Geissler tube and was able to show that the radiation was
diverted by a magnet, and it was concluded that the radiation was probably composed
of electrically charged particles.
In 1897 Joseph Thomson proved that cathode rays are also deflected by electric
charges. So there is no doubt that these rays consist of electric charges. The only
electric charge known to those days was the negative ions of the atoms. Experiments
showed that the cathode particles could not be such ions because they were deflected
so strongly in the magnetic field that they had to have a very high electric charge, or
were very light particles. That is, their mass is less than one-thousandth of a hydrogen
atom. Thomson calculated the charge-mass ratio of these particles. He obtained a
unique value for this quantity, irrespective of the cathode and gas remaining in the
tube. That the value of charge to mass did not depend on the genus of the cathode
showed that these particles are a common constituent of all materials. He obtained the
speed of electrons about one-tenth of the speed of light.

13–2 Thomson’s Experiment: Calculation charge to mass ratio of the
electron
Thomson's experiment used the effect of electric field and magnetic field. The
apparatus used in this experiment (figure 13-1) consisted of the following parts:
A) The ionization chamber, which is the source of electron supply at a given speed, is
located between the cathode and the anode. In this part, cathode particles (electrons)
are creating by electric discharge into the gas, and they moving to the positive pole,
and passing through the pore on the anode at a certain speed, and enters the second
part.
If the electric charge q is affected by an electric field with intensity E, the force
applied by the field to the electric charge is equal to F= qE . Because in Thomson’s
experiment the particles are electrons q=-e then:

2
3

- Eugen Goldstein (1850-1930)
- William Crookes (1832-1919)
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F=-eE

(13-1)

Figure 13-1: The view of Thomson’s apparatus

On the other hand, since the direction intensity of the electric field E is from the
positive pole to the negative pole, so the direction of the force F is opposite which is
from the negative pole to the positive pole. If x be the distance between the anode and
the cathode, the work of force F at this distance is equal to the kinetic energy changes
of the particles. Since the work is done at this interval is equal to the magnitude of the
particle charges in the potential difference between the cathode and the anode, so we
will have:

eV0 =

1
m0 v2
2

(13-2)

In which V0 is the potential difference between the cathode and the anode, e is the
electron charge, v is the electron speed, and m 0 is its mass. If V0 is not high (up to
about a thousand volts), the above relation applies and the electron speed will be so
small the changing of mass can be ignored. Therefore, the electron velocity at the
moment passing through the anode towards the second part of the system is equal to:

v=

2eV0
m0

(13-3)

B) The second part of the system through which the electron beam enters shall
comprise the following parts:
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1. A flat capacitor consists of two plates, D1 , D2 (figure 13-2). The potential
difference between the two plates is about two hundred to three hundred volts. If we
show the potential between two plates as V1 and the distance between the two plates
as d, the electric field intensity inside the capacitor will be E = V1/d which is in the
direction of the descending potentials.
2. A magnet located on either side of the glass bubble and inside two capacitors
plate creates a magnetic field of intensity B. The magnet is positioned so that the
resulting magnetic field is perpendicular to along ox (speed along) and along oy
(electric field along).
3. The inner surface of the third part of the system is impregnated with zinc sulfide
and indicates the location of the collisions of the electrons.
When the electron passed through the anode and entered to the second part, no
force is applied to them unless the two electric and magnetic fields are affected. Thus,
the path of the particles, it means the electron beam, will be straight and along ox
(along the speed), and the luminous effect will appear in the center of the sensitive
curtain p. If the potential difference between the two capacitors plates is V1 , the
electric field intensity will have a certain value of E and the force exerted by such
field on the electron is equal to FE = eE .

Fig ۱۳-2: The electron is affected by two electric and magnetic fields
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This force is along oy and in the opposite direction of the field from top to bottom
(figure 13-2). They set the magnetic field B so that it is perpendicular to the velocity
v. The electron is also in the magnetic field, and a force is applied by this field to be
perpendicular to the speed and the field. If we show this force as a vector product, it
is equal to FM = q (v×B) and in here q = e, then:

FM = e (v×B)

(13-4)

The amount of this force is equal to F=evB , because field B is perpendicular to
velocity v. If field B is perpendicular to the image plane and its orientation is in front
of the image plane, the along and direction of the FM force will be in the oy direction,
opposite to the FE direction. They adjust the magnetic field B so that FE = FM and
the two forces to neutralize each other. This mode occurs when the effect of the
electron beam on the screen remains unchanged. So then we will have:

FM = FE ,

evB = eE ,

v=

E
B

Since the values of E and B are known, therefore, from this relation the amount of
electron velocity at the capacitor input moment is obtained. Now that the electron
velocity has been obtained, we remove the magnetic field B, so that the electric field
alone affects the electron. Since there is no force applied to the electron at the direction
of ox and only the FE force permanently pushes it downward, so the motion of the
electron inside the capacitor is similar to the motion of the projectile along a horizontal
plane, and as we consider the electron velocity relatively small at that the equations
of motion of the electrons in two directions ox and oy are the differential equations
and it is:
2
Along ox; m0 d x = 0
dt 2
2
Along oy; m0 d y = e ⋅ E
dt 2

(13-5)

(13-6)

Given that the origin of the motion is assumed to be the entry point into the
capacitor, if we integrate the above equations we will have:

x=vt ,

y =

1 e ⋅E 2
t
2 m0

(13-7)
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The above equations show that the route of motion is a parabola and the value of
the electron beam deviation from the initial with along ox at the exit point of the
capacitor will be y at this moment. If we show the length of the capacitor as L, then it
is x=L. The time needed to reach the capacitors' ends is equal to t = L /v . If we set t
to the equation y, the value of deviation at the moment of departure from the capacitor
is obtained:

y = ½ e(E/m0 )(L/v)2

(13-8)

e
=(2y/E)(v/L) 2
m0

(13-9)

Where v is the electron speed previously obtained and L and E are respectively the
capacitor’s length and the electric field intensity, both of which are known. So if we
measure the value of y, e/m0 is calculated. Once the electron is released from the
capacitor, no force is applied to it. So from that moment, the particle’ motion will be
on a straight line and its path is tangential to the parabola at the exit point of the
capacitor. If (a) is the distance from the curtain to the capacitor DP0 , we can write:

P0 P1 = y + DP0 tanθ

(13-10)

In which tanθ is the tangent angle coefficient on the path curve at the exit point
of the capacitor, so its value is known. So by measuring the effect distance on the
screen ( P0 P1 ), you have to reach y and then calculate e/m 0 . The amount obtained in
the initial experiments was 1.7×10-8 Coulomb/g. The value accepted today, and more
accurate than the previous one, is equal to 1.7589×10-8 Coulomb/gram. In addition to
Thomson, Millikan also measured the electron charge for seven years from 1906 to
1913 with a different method.

13–3 Measurement of electron’s charge by Millikan
To measure the electron charge in Millikan’s experiment, the charge of the ions
created by electric discharge inside the gases is measured. The photoelectric effect is
used to perform electric discharge in this way. X-rays have a very short wavelength
and, as a result, a great deal of energy and create ionization when irradiated to a gas.
An important phenomenon is used to measure the charge of the ions thus formed,
which is that if, under appropriate conditions, drops of liquid enter an ionic-gaseous
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environment, they will be the center of aggregation of ions, and each drop will attract
and absorb a number of ions under the influence of surface forces. A new particle is
obtained that its electric charge will be several times that of the ions, and the basis of
the Millikan’s experiment is to study the motion of these drops under the influence of
an electric field.
The device used in Millikan’s experiment was a chamber filled with air or other
gas (figure 13-3). At the top of the chamber, there is a special dropper that enters the
liquid into the interior of the chamber as tiny drops. Underneath this dropper and at
the bottom of the chamber there is a surface with two capacitor plates, P1 and P2. The
upper plate P1 has a passage for drops. Drops can pass through this passage and fall
into the capacitor’s space. There is a window at the bottom of the chamber and on
each side. From one of these two windows, such as window 𝑤𝑤1 an X-ray is emitted
into the chamber to ionize the gas inside the chamber. The window 𝑤𝑤2 is for lighting
inside the chamber. From this part, we can see inside the chamber with a telescope
and can closely observe the drop’s motion. On the other hand, the entire unit is
connected to a vacuum pump and a pressure gauge to adjust the gas pressure inside
the chamber. To allow this test to be carried out at a constant temperature, the chamber
is placed in an oil bath. At first, water drops were used for this experiment. Because
the weight and volume of water drops were changed under evaporation, liquid oils are
used instead of water. The smaller the drops are selected, the lower their weight and
the lower the rate of fall, and their motion will more carefully be monitored. If the
potential difference between the two capacitor’s plates was not done, the drops fall
freely after leaving the dropper.

Fig 13-3: Millikan’s experiment design
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In this case, each drop is affected by two forces, one is the force of apparent weight
of the drop that causes the drop to fall from top to bottom and the other the
environmental resistance force at which the drop falls. The resistance force of the
environment is opposite to the first force. The environmental resistance force depends
on the speed of the fall and the viscosity of the environment and the radius of the drop.
If the drop is small enough, the force of the apparent weight of the drop will soon be
equal to the force of the environment resistance, at the result the speed of the drop
will receive to the speed of limit. That is, from that point on, it will fall at a constant
speed and has a uniform motion. If there is a potential difference between the two
capacitor’s plates by a battery or other device, an electric field is created and a charged
drop enters the capacitor’s space through the passage of plate p1, and a force is applied
from the field on the drop. As the force applied in the direction or opposite to the force
of the weight causes the drop to move faster or slower. Therefore, capacitors are a
good tool to change the drop fall speed so that the drop speed can even be set to zero.
In this case, the drop is well visible in the telescope's field of vision (figure 13-4).
Now, this process is repeated with the corresponding calculations.

Fig 13-4: We can see the motion of oil’s droplets with the telescope.

Freefall: If the mass of the drop is m and the mass of the air, which they are equal
in volume, is m' , the weight of the drop that causes it to fall is equal to:
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P=(m - m')g

(13-11)

The force applied in the opposite direction to the force of weight, that is, the
resistance force of the environment is equal to:

F = 6π aη v0

(13-12)

This force is determined by law of Stokes 4, in which (a) is the radius of the drop,
is speed of fall, andη is the coefficient of adhesion or viscosity of the environment
(inside the chamber). In the limit state, the two are equal:

v0

(m-m')g= 6π aη v 0

(13-13)

In this case, v 0 is called the speed of fall limit. Because the density of air or gas
inside the chamber is much smaller than the density of oil, the weight of the air or gas
with the same volume of the drop can be ignored versus the drop weight. If ρ and ρ '
be the density of oil and the density of gas inside the chamber, the above relation can
be written as follows:
6=
π aη v 0

v0 =

3
π a 3 ( ρ − ρ ') g
4

a 2 ( ρ − ρ ') g
8η

(13-14)

(13-15)

Practically by observing the drop by telescope and recording the duration of the
fall for a given distance, they measure its fall rate, which in practical terms can be
about 0.4 millimeter per second. Then, using the above equation and having the
speed of fall, the radius of the drops is calculated, which is about a few tenths of
microns. Drops are found to be very small droplets and special droppers are used to
make them (figure 13-5).
After a certain potential difference is reached between the two plates with a distance
d and the potential difference V has created an electric field with intensity E=V/d

4

- George Gabriel Stokes (1819-1903)
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and drops fall at a constant speed. The force exerted by the field on the drop with the
electric charge q is equal to F=qE .

Fig 13-5: Oil droplets have electric charge when falling.

If by choosing the appropriate field, the direction of this force is in the opposite
direction of the weight force and slowing down the motion, the drop fall speed v
becomes a new value:
( ρ − ρ ') g =
6π aη v+qE

(13-16)

So q can be calculated:
q=

(m − m ') g − 6π aη v
E

(13-17)

And if we ignore m' at the opposite m we will have:
q=

mg − 6π aη v
E

(13-18)

The intensity of the field can be chosen so that the velocity of drop’s motion is
zero, meaning that the drop will remain at rest in the view of the telescope. If so v=0
, and we will have:
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qE =(m - m' )g=

4π a 3 ( ρ − ρ ') g
3

(13-19)

And from there we can write:

4π a 3 ( ρ − ρ ') g
q=
3E

(13-20)

The experiment shows that if we keep all the experimental conditions constant
and do the measurements, different values will be obtained for speed and thus for q.
This is because the drop in the various experiments absorbs a number of different
charges. For further research, Millikan done the experiment repeatedly and carefully
calculated the smallest common denominator of all values and the mutual difference
of the founded values.
His experiments, and what followed, showed that the smallest common
denominator and the smallest value in the two-by-two difference of the values found
for q1 , q 2 ,... q n is known value of e, so that all values obtained are always an integer
multiple of e, and e is the electric charge of an electron, we can write:

q n =ne

(13-21)

Thus, the unit value of the electric charge, that is, the electric charge of the electron,
is calculated.

13–4 Protons, neutrons and atomic spectra
The discovery of the electron and the ratio of charge to its mass showed that the atom
is not a fundamental particle and that the atom itself is composed of other particles.
So that until 1920, the constituents of the atomic nucleus became the starting point for
understanding the basic cornerstone of the universe. A brief look at the history of
important discoveries of physics is well indicative of the accelerating growth of these
discoveries in the early decades of the twentieth century. In 1932, subatomic particles
were summarized into electrons, protons, and neutrons, and a few years later the
formulation of subatomic particles appeared to be necessary. This table grew so
rapidly that the standard table (standard model) of fundamental particles emerged.
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13-4–1 Anode ray and Proton
In 1886 Goldstein observed that if the cathode of discharge lamp had gaps, another
radiation would flow in the opposite direction of the cathode ray. He called these rays
the canal rays. Because the canal radiation is moving in the opposite direction of the
cathode ray that has a negative charge, Thomson proposed to call this radiation
positive ray. Thomson calculated the 𝑞𝑞�𝑚𝑚 (charge to mass) ratio of these particles.
Thomson invented a new method to measure the 𝑞𝑞�𝑚𝑚 ratio of positive beams. He
assumed that each particle of the positive beam had an equal charge and an opposite
charge to the electron. It also proved that the charge-to-mass ratio of a hydrogen atom
is equal to the value obtained by dividing the electron’s charge on the mass of an atom.
From the 𝑞𝑞�𝑚𝑚 value of hydrogen it was found that the mass of positive particles is
1837 times over the mass of the electron.
In 1911, Ernest Rutherford 5 conducted experiments in which nitrogen was
bombarded with alpha particles, again observed such charged particles, and identified
it as a hydrogen nucleus. Up to 1920, he had come to the conclusion that this particle
is a fundamental particle, and given that the word "proton" in Greek means primary,
he called it a proton in order to show the initial position relative to its importance
among the elements atomic nuclei. More precise measurements showed that the mass
of the proton is m p =1.6726x10

-27

kg which is 1836 times over the mass of the

electron. For decades, the proton was thought to be a fundamental particle (not made
up of other particles), but eventually, it became clear that the proton was not a
fundamental particle and was made up of other particles called quarks.

Fig 13-6: X-ray production method

5

- Ernest Rutherford (1871–1937)
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13-4-2 X-rays and radioactive elements
In 1895, Roentgen 6, working on an electric discharge lamp, suddenly noticed strange
radiation. This radiation was not diverted in an electric or magnetic field. Roentgen
also observed that the beam would not be significantly broken or scattered. Therefore,
he is concluded that the beam is not made of charged particles and ordinary light.
Roentgen called it X-ray which its wavelength was shorter than the wavelengths of
the ultraviolet. The construction of the X-ray machine is very simple. An electron gun
fires high-energy electrons. The electrons emit X-rays as a result of the collision with
the target (figure 13-6). After the discovery of X-rays, many scientists were interested
in studying this new and extremely penetrating radiation. One of them was
Becquerel 7. Becquerel's father 8 was particularly interested in fluorescence. One of the
fluorescents used by Big Becquerel was uranium potassium sulfate. Becquerel
believed that there may be an X-ray in fluorescence radiation of this matter. He put
some of the material, containing uranium, on the black paper underneath the sensitive
photographic plate and exposed it to sunlight.
Becquerel argued that sunlight could not pass through black paper, but if it were
X-rays in the fluorescence radiation emitted by the material, it would affect the
photographic plate. As the weather turned cloudy, Becquerel stopped working and put
the photographic plates with uranium pieces put it in the drawer of the table until
sunrise. After a few days, Becquerel opened the drawer and developed the plates, by
doing so, he found that the photographic plate was completely blackened by very
strong radiation. He argued that this radiation must have been caused by uranium. As
a result of this precision and further research, radioactive elements were accidentally
discovered. Following this discovery, extensive research was carried out to find the
radioactive elements and their properties. Extensive research by Marie Curie 9, Pierre
Curie 10, Rutherford and others had led to the discovery of several radioactive
elements. Subsequent research revealed that radioactive elements emit three types of
radiation. Rutherford explained the nature of three types of radiation emitted from
naturally occurring radioactive materials. These three types of beams are denoted by
the first three letters of the Greek alphabet Alpha, Beta, and Gamma.

6

- Wilhelm Conrad Roentgen (1845-1923)
- Antoine Henri Becquerel (1852-1908)
8
- Antoine Cesar Becquerel (1788-1878)
9
- Marie Curie (1867-1934)
10
- Pierre Curie (1859-1906)
7
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A- Gamma ray is a high frequency electromagnetic wave. Gamma radiation is
basically a form of very high-energy light. Gamma rays are without charge and are
similar to X-rays.
B- Beta ray consists of electrons. Beta radiation is composed of a stream of
electrons traveling at almost the speed 130,000 km/s . Later it was found that along
with the beta radiation, another particle called anti-neutrino was also emitted.
C- Alpha ray is the nuclei of helium atoms. Alpha radiation is composed of
particles having an electric charge +2 and a mass approximately 4 times the mass of
a proton. The alpha particles rapidly emit with speed about 16000 km/s from the
radioactive material. When the alpha particles were first studied, neutrons had not yet
been discovered.
Radioactivity introduced a new source of energy that was richer than any known
source.

13-4-3 Neutrons and isotopes
Discoveries of radioactivity and isotopes have raised new questions about the
structure of atoms. These questions also included the nucleus of the atom. In 1919,
Rutherford discovered that when nitrogen gas is bombarded with α particles from
bismuth 214, it produces fast particles that more than bismuth alpha particles can
move in the gas. Rutherford concluded that a α particle could cause the artificial
decay of the nitrogen nucleus, one of which is a proton. But the process is not easy.
Experimental results show that of every one million α particles passing through the
gas, only one proton is produced. In 1920, Rutherford suggested that the proton in the
nucleus may contain one electron and in such a case the electron was so tightly bound
that it formed a neutral particle. Rutherford even suggested the name neutron for this
hypothetical and neutral particle.
In 1930, scientists in Germany found that when samples of boron or beryllium
were bombarded with alpha particles, they emitted radiation that appeared to be the
same type of gamma rays, at least in the case that gamma rays have no electric charge.
In 1932 Chadwick 11 published a paper titled “The Possible Existence of a Neutron”
and described as follow: "If we assume that the radiation in question is not quantum
radiation (gamma ray), but it is composed of particles very close to the mass of the
proton, all problems related to collision remove, both for their frequency and for
11

- James Chadwick (1891-1974)
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energy transfer to different masses. To explain the high penetration of this radiation,
we must assume that these particles do not have an effective charge. We must assume
that every one of them has the same combination of a proton and an electron, and it is
the neutron that Rutherford explained in his speech in 1920". According to
Chadwick's theory, when an element like beryllium is bombarded with an alpha
particle, a nuclear reaction is produced that produces a neutron. According to
Chadwick, the neutron has a charge of zero and an atomic mass of 1.
2

0

H e4 + 4 H9e →6 C12 +0 n1

n1 Represents a neutron

The neutron discovery confirmed Rutherford's view that the atomic nucleus was
made of protons and neutrons. This hypothesis after a short while was established in
1932 by Heisenberg 12 as the basis of a more detailed nuclear theory and is still the
basis of efforts to express the properties and structure of the nucleus. According to the
proton-neutron hypothesis, the nucleus of an atom with z atomic number and mass
number A is composed of Z protons and A-Z neutrons. With the discovery of neutrons
in 1932, it was thought that the basic constituents of matter are the three fundamental
particles of protons, neutrons, and electrons. Because protons and neutrons are
components of the nucleus, they are called nucleons.

13-5 Nuclear physics overview
Within each atom, three tiny particles can be found: protons, neutrons, and electrons.
Protons come together to form the nucleus of an atom, while electrons orbit around
the nucleus. Protons have positive electric charges and electrons have negative electric
charges, and since opposing charges attract each other, protons and electrons absorb
each other, and this force keeps the electrons in motion. In most cases, the number of
protons and electrons in the atom is the same, so the atoms are electrically neutral.
The mass measurement of the atoms by means of a spectrometer shows that not all
atoms of an element have the same mass. Since the atomic number is actually the
number of protons in all atoms of the element is the same, then the mass difference
must be related to the number of neutrons in the atom's nucleus. These studies led to
the introduction of the isotope concept. Isotopes are atoms of an element having the
same atomic number and different mass numbers. For example, experiments have
12

- Werner Heisenberg (1901-1976)
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shown the existence of two isotopes of chlorine 35, ( 17 Cl35 ) and chlorine 37 ( 17 Cl37 ). If
13 protons and 14 neutrons form a nucleus and 13 electrons rotate around it, an
aluminum atom will form. All aluminums found in nature, are called 13 Al27 or
aluminum 27. The number 27 represents the atomic mass, which represents the sum
of the number of protons and neutrons in the nucleus. Many atoms exist in various
forms. For example, copper has two forms: copper 63, which accounts for 70% of all
copper in nature, and 30% remains is copper 65. Different forms of atoms are called
isotopes. Both atoms of copper 63 and copper 65 have 29 protons, but copper 63 has
34 neutrons and copper 65 has 36 neutrons. Both isotopes have the same properties
and both are stable atoms.

13-5-1 Unstable Atoms
Until the early 20th century, all atoms were thought to be stable, but with the discovery
of the radioactivity of uranium by Becquerel it was found that some elements have
radioactive isotopes and others, all their isotopes are radioactive. Radioactive means
that the nucleus of the atom emits radiation. Hydrogen is a good example of an
element that has many isotopes and only one of which is radioactive. Normal
hydrogen ( 1 H1 ) has a proton in its nucleus and has no neutrons. Another isotope of
hydrogen is hydrogen 1 H 2 or deuterium, which has a proton and a neutron in its
nucleus. Deuterium accounts for only 0.015 percentage of total hydrogen and is very
rare in nature, yet behaves like normal hydrogen. Of course, it differs in one way, it
is toxic at high concentrations. Deuterium is also a stable isotope, but the next isotope
3
, which called tritium is unstable. Tritium, also called hydrogen 3, is converted to
1H
helium 3 during radioactive decay. That is, if a container is full of tritium, after a
million years, the container will be full of helium 2 H 3e .
In some specific elements, all isotopes are naturally radioactive. Uranium is the
best example of such elements, which besides high radioactivity, is also the heaviest
radioactive element which naturally found in nature. In addition, there are eight
natural radioactive elements, including plutonium, astatine, radon, francium, radium,
actinium, thorium, and protactinium. Elements heavier than man-made uranium in the
laboratory are all radioactive.
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13-5-2 Hazardous natural radiations
It is true that radioactive decay is a natural process and that radioactive elements are
also part of nature, but these radioactive radiations are harmful to living things.
Alpha’s high-energy particles, beta, neutrons, gamma rays, and cosmic rays are all
known as ionizing radiation, meaning that their interaction with atoms results in the
separation of electrons from their valence layer. Loss of electrons causes many
problems, including cell death and genetic mutations for living things, and genetic
mutations cause cancer. The alpha particles are larger in size and therefore do not have
much penetration into the material, for example, they cannot even pass through a sheet
of paper. Therefore, as long as they are outside the body they do not affect people.
But if you eat contaminated foods to radioactive matters of alpha particles, they can
cause minor damage to the body.
Beta particles have the potential to penetrate, but not too much, but they are much
more dangerous if they are eaten. Beta particles can be stopped with an aluminum foil
sheet.
Gamma rays, like X-rays, stop only with thick lead layers. Neutrons, because they
don’t have any charges, have a very high penetration power and only stop with very
thick layers of concrete or liquids such as water and oil. Gamma rays and neutron
beams can have very serious effects on living cells because of their high penetration
power.

13-6 Atomic spectrum
As we know, Newton passed sunlight through the prism to project the colored
spectrum on to a wall. Newton showed that white light is a mixture of different colors
and the wavelength range of these colors are from 0.4 micrometers (violet) to 0.7
micrometers (red). The white light spectrum is a continuous spectrum. Likewise, the
spectrum of each light can be identified by dispersion in the prism. The spectrum of
light emitted from the vapor of each element is called the atomic spectrum of that
element. Atomic spectra of different elements differ. But what is the cause of the
different lines in the atomic spectrum?

13-6-1 Spectral lines
The atomic spectrum is directly attributed to the energy levels of the atom. Each
spectral line corresponds to a particular transition between two energy levels of an
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atom. So what is important in spectroscopy is to determine the energy levels of an
atom by measuring the wavelengths of the linear spectrum emitted by the atoms. The
lowest energy level is the ground state and all higher levels are called excited states.
When atom shifts from higher excited state to a lower excited state, a photon
corresponding to a spectral line is emitted.

13-6-2 Emission spectrum
If a body produces light and passes the light through the prism, then we have a
spectrum which is called the emission spectrum. If the colors of the resulting spectrum
are interconnected, the emission spectrum is band, and if there is a gap between them,
the emission spectrum is called line. Consider, for example, a lamp with very dilute
steam. It is a thin glass tube with a dilute gas in low pressure inside it. There are two
electrodes named cathode and anode at the two ends of the tube. If a high voltage is
established between these two electrodes, the gas atoms inside the lamp start to emit
light. If this vapor is related to mercury vapor, it is indigo-blue color, which, if we
pass it from the prism, shows that this spectrum is not continuous. Rather, it consists
of only a few colored lines separated by certain wavelengths.

13-6–3 Absorption spectrum
In 1814, Fraunhofer 13 discovered that if we looked closely at the sun’s spectrum, we
would see dark lines in its continuous spectrum. This shows that some wavelengths
do not exist in the light coming from the sun, and instead, there are dark (black) lines
in the continuous spectrum of sunlight. We now know that the gases of the elements
in the sun's atmosphere absorb some of the wavelengths emitted by the sun, and their
absence appears in the continuous spectrum of the sun as dark lines. In the middle of
the 19th century it became clear that if white light passed through the vapor of an
element and then formed a spectrum, it would appear in the resulting spectrum of dark
lines. These lines are absorbed by the vapor atoms.

13-6-4 Atomic spectrum from the perspective of classical physics
It is easy to understand the mechanism of light absorption and emission by atoms from
the classical physics perspective. Because, according to classical theories, an atom
13

- Joseph von Fraunhofer (1787-1826)
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emits light if its electrons are energized in some way, such as by colliding with other
atoms or by an electric field, so electrons vibrate with this energy, and they produce
electromagnetic waves, that is, they emit light. Why atoms of all elements do not
produce the same wavelengths and why each element has its own wavelength cannot
be justified by classical physics. From the classical physics perspective of light
absorption, it can also be said that when light shines on an atom, the oscillation of the
electric field caused by the incoming light causes the electrons of the atom to start to
oscillate and absorb it. But again, in this view, there is no convincing justification for
why each element absorbs only certain wavelengths that characterize that element and
does not absorb the other wavelengths.

13-7 The Rydberg -Balmer relation
The first atomic spectrum to be fully analyzed was the hydrogen atomic spectrum.
Angstrom 14 measured the wavelengths of four lines of the spectrum of hydrogen atom
very carefully. Balmer 15, a Swiss teacher, studied these measurements and declared
that the wavelengths of the lines in this spectrum can be very accurately obtained and
presented the following formula:

λ=

hm 2
(m 2 − n 2 )

(13-22)

𝑛𝑛 = 2, 3, . . , 𝑚𝑚 = 3, 4, … 𝑚𝑚 > 𝑛𝑛

Hydrogen Spectral Lines: Balmer Series - 1885
Where λ the wavelength, h is the constant number,ℎ = 3969.65 𝑥𝑥 10¯9 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

By placing different values for m, n, the wavelengths of the hydrogen atomic
spectrum can be calculated. Balmer's success in finding a relation for the hydrogen
atom spectral lines in the visible spectrum led to more efforts to find other lines of the
hydrogen atom spectrum. Major work on the search for the full spectrum of hydrogen
atoms was done by Rydberg 16 and the following general formula was obtained:

- Anders Jonas Ångström (1814-1874)
- Johann Jakob Balmer (1825-1898)
16
- Johannes Rydberg (1854-1919)
14
15
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1
1
1
= R[
−
]
2
λ
( m + a ) ( m + b) 2

(13-23)

Rydberg's formula: 1890

In which m, n are the fixed R numbers and a, b for each series are different.
Balmer’s formula is a special case of Rydberg’s formula. These formulas are in
agreement with the experimental results (hydrogen spectrum). Note that these
formulas were introduced years before atomic models were introduced. Therefore,
every atomic model must be able to justify the spectrum of atoms.
Note 1: There are certain wavelengths in both the emission spectrum and the
absorption spectrum of each element that is characteristic of that element. The
emission and absorption spectra of the two elements are not identical.
Note 2: The atom of each element absorbs exactly the same wavelengths that it
radiates them if its temperature is high enough or otherwise excited.

Fig 13-7: The hydrogen atomic spectrum, the above is emission and below is
absorption.

13. Atom's Structure

315

13-8 Atomic models
Atomic-molecular physics was born when scientists realized that the smallest
component of the matter is not an atom, but an atom composed of smaller components
called electrons and nuclei. That is, the atom consists of a nucleus with electrons
orbiting around it. Atomic physics studies the movement of electrons around the
nucleus and examines their properties. That is to say, in atomic physics it doesn’t
matter what the nucleus is made of, but the nucleus is a positively charged center and
most of our attention is drawn to the electrons around the nucleus. But nuclear physics
deals with nuclear research. For further understanding and study of the atom’s
nucleus, various atomic models have been presented, and they eventually conclude
that the proposed models are not consistent with experience. The most important
feature of the proposed models is that their atomic spectrum must be consistent with
experience.

Fig 13-8: Thomson’s atomic model known as the plum pudding model (or raisin
bread model), and Lenard’s atomic model

13-8-1 Thomson’s atomic model
After the discovery of the electron, Thomson proposed a structure for the atom in
which the negatively charged electrons are scattered in the positively charged cloudlike space, recognizing the atom's mass as the mass of the electrons, and assuming the
positive cloud-like space without mass. One of the most important things that an
atomic model has to explain is the problem of energy absorption and radiation by
electrons. In Thomson’s Atomic Model, electrons remain stable at their equilibrium
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positions. In excited atoms, such as atoms at high temperatures, electrons vibrate around
their equilibrium positions. Because classical electromagnetic theory predicts that a
charged particle, when accelerating, such as vibrating electrons, emits electromagnetic
waves, a qualitative understanding of the radiation emitted by excited atoms based on
Thomson’s model was possible. But it couldn’t justify the spectra seen through
experience.

13-8-2 Lenard's atomic model
This atomic model was introduced by Philip Lenard in the year 1907. Lenard’s atomic
model differs from Rutherford’s and Thomson’s atomic model. Lenard observed that
the cathode ray particles penetrated into the material. Therefore, he was believed that
most of the volume of the atom should not prevent the penetration of these beams. In
Lenard 17 model, there is no positive charge apart from the electron. In this model,
atoms are made up of particles called dynamides, and each dynamide is an electric
dipole with a specific mass. Lenard's assumption is that all dynamides are the same
and that one atom contains the dynamides which is necessary to make its mass.
Dynamides are distributed throughout the entire volume of the atom, but the radius of
each dynamide is small enough comparing to atom’s radius that the most volume of
the atom is empty.

13-8-3 Rutherford’s experiment
Rutherford, one of Thomson's students, could not justify the formation of radiations
from radioactive materials using Thomson’s atomic model. After many experiments,
he proved that Thomson’s model was incorrect. In 1911 he published the results of
his experiments in which alpha particles were used to investigate the structure of the
atom. The experiment was that a beam of high energy alpha- α particles was
bombarded into a very thin sheet of gold, silver, or copper with 0.0004 cm diameter.
Most of the α particles went out straight from the sheet, but some deviated from the
direct path and a few returned to their source (figure 13-9).
Rutherford concluded that there must be a small nucleus in the center of the atom
that is the focus of positive charges and that almost all of the atom's mass is inside the
nucleus which is capable of pushing back of heavy and energetic alpha particles.
Using the results of this experiment, Rutherford proposed an "atomic nuclear " model.

17

- Philipp Lenard (1862-1947)
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In this model, the nucleus has a positive electric charge. Rutherford explained his
model by assuming that each atom is composed of two parts as follows:
One - the nucleus is at the center of the atom. Most of the mass and all the positive
charge of the atom are in the nucleus.
Note: We now believe that the nucleus contains protons and neutrons, which
contain the mass of the nucleus and that the nucleus charge is caused by the protons
of the nucleus. Today, it is believed that protons and neutrons are also made of quarks.
Two- The electrons that occupy the most volumes of the atom are outside the
nucleus and move rapidly around it. Because the atom is electrically neutral, the
positive charge of the entire nucleus is due to its protons, which is equal to the negative
charge of all the electrons of the atom.

Fig 13-9: Rutherford’s experiment showed that the nucleus of the atom occupies a
small space of atom.
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Fig 13-10: Bohr’s planetoid model

13-9 Bohr’s atomic model
In 1913, Niels Bohr 18 introduced his atomic model, which was quantitatively in
agreement with some spectroscopy data, such as the spectrum of the hydrogen atom.
Bohr’s atomic model consisted of the following principles:
1. The electron inside the atom, under the influence of electric force between the
electron and the nucleus, orbits in a circular orbit around the nucleus, and this motion
is governed by the laws of classical mechanics.
2. Instead of the infinite orbit that is possible in classical mechanics, it is only
possible for the electron to move in an orbit for which the angular momentum L is
given by following relation:

L=nh/2π = n

(13-24)

h is Planck constant
18

- Niels Bohr (1885-1962)
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3. Despite the fact that the electron is constantly accelerating, it does not emit
electromagnetic energy in this permitted circuit. Thus, its total energy, E,
remains constant.
4. Electromagnetic radiation is emitted when an electron moving initially in an
orbit of energy E i changes its motion discontinuously to move in an orbit of
energy E j , the frequency of the radiation is obeyed of the following relation:

E j − Ei =
hν

(13-25)

The basics of Bohr’s atomic model provided the basis for the new quantum
mechanics.

13-9-1 Levels of energy in atom
Bohr, according to the principles that he has propounded for atoms, described the
atomic model of hydrogen in which the hydrogen atom is formed of a proton in the
nucleus and an electron with a basic energy state orbiting a fixed circuit around the
nucleus. The Bohr atomic model is called the planetary model (figure 13-10). The
electric force between the nucleus (proton) and the electron is equal to:
F =k

( Ze)(e)
r2

(13-26)

The electrical force between the nucleus (proton) and the electron supplies the
central side force:
k

( Ze 2 )
v2
= me
2
r
r

(13-27)

Ze2
r

(13-28)

Then we will have:
me v 2 = k

The total energy of the system (nucleus and electron) is equal to:
Etot = EK + EP =

1
( Ze)(−e)
me v 2 + k
2
r

(13-29)
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=
Etot

1
( Ze 2 )
me v 2 − k
2
r

(13-30)

We can conclude from relations (13-27) and (13-30):
1 ( Ze 2 )
Etot = − k
r
2

(13-31)

This relation relates the energy to the radius r. But how we can calculate r? By the
principle of Bohr, the electron orbits in fixed circuits around the nucleus and its
ℎ
, that is:
angular momentum is L=mvr, which is a factor of
2𝜋𝜋

mv n rn = n (

h
) , n = 1, 2, 3, . . .
2π

(13-32)

h = 6.63×10-34 J s

Here the radius r and speed v depend on n (v n , rn ) , which n is called the "principal
quantum number". So the angular momentum of L=mvr is a quantum quantity and
can't have any value. So the energy is also quantized which obtains from the following
relation:
1 Ze 2
E n =- k
2
rn

(13-33)

Given the above relation, the radius of each rn circuit can be calculated:

rn =-

n2h2
kZe 2 4π 2 me

(13-34)

rn =n 2 r1 , n=1, 2, 3,...
-10

For n=1 , r1 =0.529×10 m that is called Bohr’s radius and denoted by𝑎𝑎0 . After
simplification we will have:

Also:

𝑎𝑎° =

4𝜋𝜋𝜀𝜀0 ℏ2
= 0/.529 × 10−10 𝑚𝑚
𝑚𝑚𝑒𝑒 𝑒𝑒 2
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En = -

2π 2 Z 2 e4 me k 2 1
h2
n2

(13-35)

The negative sign is due to the binding energy.

Fig 13-11: Energy levels

To separate the electron from the bound of the nucleus, the amount of 13.6 eV
energy needed to separate the protons and electrons. To make the electron go down
from one state to another, it emits a photon equal to the energy of the two levels.
If the electron absorbs energy, it moves from lower to higher orbit, therefore
reduced its binding energy. Whenever energy is irradiated, the binding energy
increases and the electron falling from the higher orbit to the lower orbit. When an
electron jumps in two different circuits, the radiant (or absorptive) energies will be
different (figure 13-11).
The photon absorption is exactly reversed of its emission. Suppose an electron
goes from orbit n=2 to orbit n=3 by absorbing a photon. If the electron again goes
from orbit n=3 to orbit n=4 by absorbing another photon, the two photons will have
different energies. But the energy of photon it absorbs to goes from orbit n=2 to orbit
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n=4 is equal to the radiant energy for returning from orbit n=4 to orbit n=2 (figure
13-12).

Fig 13-12: Photon absorption by an atom causes it to excite.

Bohr’s atomic model could well justify the atomic spectrum of the hydrogen atom.
But as the quantum mechanics progressed, the model showed its inability to justify
multi-electron atoms, even hydrogen atom (see chapter 18).
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Chapter 14

Energy
If you want to find the secrets of the universe, think in terms of energy,
frequency and vibration. Nikola Tesla

14-1 The concept of work in physics
Work and energy are very important and basic concepts of physics. Energy means the
ability to do work. By definition, if a body can do work, it has energy. But what is the
work itself? Work in physics has a particular meaning that is very different from its
popular definition. By definition, work is "the component of the distance in the same
direction as the force traveled". If we denote the force applied by the vector F and the
displacement by the vector d, work is the point product of the two vectors that is
obtained from the following relation:
W = 𝐅𝐅. 𝐝𝐝

(14-1)

Therefore, work is a scalar or scalar quantity and equal to W=Fdcosα in which
α is the angle between the two vectors of force and the displacement.
α = 0 →W = Fd


α=
−Fd
180 →W =


α = 90 →W = 0
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The amount of work that is done varies with the change of the angle
between the force vector and the displacement.
In the figure (14-1) the truck goes to the top of the stairs, although the length of
the paths varies, but the work is done by gravity on the truck is equal in all three
modes.

Fig 14-1: At height h the work is done by gravity on the truck is equal in all three
modes.

14-2 Energy and heat
Energy has different types of mechanical energy, electrical energy, chemical energy,
thermal energy, nuclear energy... In year 1847 von Helmholtz 1 declared the law of
energy conservation. According to this law, energy can be transformed from one to
another, but it cannot be destroyed or created. Whenever some energy seems to have
disappeared somewhere, the same amount of energy must appear elsewhere. This law
is also called the first law of thermodynamics.
0F

The invention of the concept of energy has certainly been one of the most
prominent examples of human creativity in science. The scientific study of physical
phenomena of all kinds eventually comes to the notions of matter, energy, and force.
These three quantities, together are what makes up the universe. Our intuitive
understanding of matter is formed in the early years of life, and it even quantitatively
addressed. In contrast, the concept of force and energy is more subtle and abstract.
We cannot sense energy and force directly because these two quantities are not
something we can touch, see or hear. We usually feel the force and energy in a body
that interacts with another body.
1

- Hermann Ludwig Ferdinand von Helmholtz (1821-1894)
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Each luminous body of a star or candle emits some heat as it emits light. There
were two theories about heat, like the light. According to one of them, the heat was a
fluid substance called caloric that assumed invisible and weightless, which could flow
from one body to another. Caloric derives from a Greek word meaning heat, and can
neither be created nor destroyed. When the wood burns, the caloric of the wood is
transmitted to the flame and to the adjacent body through the flame. At the end of the
eighteenth century, it was suggested that heat is an oscillation. In 1798, Benjamin
Thomson 2, who observed the drilling of the ball, noticed that some heat was produced
and declared that the heat should be as oscillation and produced by the mechanical
friction of the drill and the ball.

14-2-1 Mechanical energy
One of the most common types of energy is mechanical energy. Mechanical energy
appears as both kinetic energy and potential energy. In 1865, Kelvin introduced
kinetic energy. Kinetic energy is the result of motion. In most cases the kinetic energy
of K can be show as follows:
1
K= mv 2
2

(14-2)

In which m is the mass and v is the speed. Anyone who has seen a heavy bullet fall
has definitely felt its energy. When a bullet falls, it is said to lose potential energy (as
its altitude decreases) and gain kinetic energy, because its speed constantly increasing
to reach the ground. In 1853, Ranking 3 introduced potential energy. The potential
energy of each particle/body may be released at any moment. The term mechanical
potential energy used to describe a situation in which a body or some mass is capable
of doing work because of its position or location. The potential energy of U is
expressed in terms of configuration. In that case, we should define an origin as the
reference level or zero. A good example of potential energy is the energy that lies
within the body at altitude, which can be released at any moment by the fall of the
body. If the physical height from beginning is h, the potential energy relative to the
origin is obtained from the following relation:

U=mgh

2
3

(14-3)

- Benjamin Thomson, Count Rumford ( 1753-1814)
- William John Macquorn Ranking (1820-1872)
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Where m is the mass of the body and g is the gravitational field intensity.

14-2-2 Mechanical equivalent of heat
Joule 4 spent 35 years of his life to transforming all kinds of work to heat. He measured
the amount of heat generated in an electric current. He spun the rotating paddles into
the water, condensed the gas, and did other things of this kind until he finally found
out that a certain amount of work, however, it was, always produced a certain amount
of heat which he called it the mechanical equivalent of heat. Because heat could be
turned into work, it had to be some form of energy. Figure (2-14) shows one of Joule's
experiments. As the weight drops with magnitude h, the potential energy of the weight
is released and causes the paddles to rotate in the water environment. The motion of
the paddles increases the libration speed of water molecules and increases the
temperature. If we show work with W and heat with H, the following relation exists
between work done and heat generated:
W=JH

(14-4)

Where J is a constant number and equal to J=4.18 joules/calorie .

Fig 14-2: Joule’s experiments proved that energy and work are convertible to each other.

4

- James Prescott Joule (1818-1889)
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Using Joule’s test, we can see that there is a relationship between thermal energy,
work, and internal energy. But internal energy is not the same as thermal energy.
Suppose the kettle is on the stove. The energy transmitted by the flames to the kettle
is called thermal energy. But when the kettle is warmed up, it has some energy, some
of it given to the heat, and part of it related to preheating. This set of energies is called
internal energy.

14-2-3 Energy conversion
Energy can convert from one type to another. A body at an altitude to the ground level
(at rest) has only potential energy. It does not have potential energy after being
released just before it hits the ground, but it has kinetic energy by its motion.
Therefore, the potential energy (related to the pre-collapse of the body) has converted
to kinetic energy, which is a clear example of potential energy converted to kinetic
energy.

Fig 14-3: The potential and kinetic energies of the body are converted to each other.

In Figure (14-3), a chariot with mass m is released at the top of the hill and
descends down the hill due to its location (above the hill) and its speed is gradually
increasing. At the bottom of the hill, the energy potential of the chariot (relative to
ground level) is zero, but it has kinetic energy. In the same way, mechanical energy
is converted into thermal energy and electrical energy into light energy.
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14-2-4 Potential energy
Given the important role of potential energy in the realms of science and technology
and daily life, it may be thought that it has been a long time since the discovery of this
energy, but it is not. The concept of force, which is closely related to potential energy,
was first introduced by Newton in the 17th century. But the concept of energy or
conservation of energy did not emerge until the nineteenth century. Long before that,
in the late seventeenth century, Huygens referred to potential energy in the discussion
of the motion, but he did not use the term potential energy and did not realize its
importance. In the early eighteenth century, Bernoulli 5 described virtual work that
was similar to potential energy but did not realize its importance.
In the late eighteenth and early nineteenth centuries, Joseph Lagrange, Laplace,
Poisson 6, and George Green 7 applied the concept of electric potential (which is very
close to electrical potential energy) in the mathematical formulation of electrical
effects, but they also didn’t recognize the importance of potential energy. These
scientists focused on the topics of mechanics and heat. It was after these efforts that
many engineers and scientists paid more attention to the importance of potential
energy. Potential energy is some kind of stored energy. It is a systemic effect and does
not exist for a completely isolated body. The body has potential energy due to its
location relative to other bodies that apply force on it or because of its location in the
field on which the force is applied. All mutual interacting bodies collectively store
energy.

14-3 Theorem of work – energy
That energy is measured by the work done is emphasized by a theorem called workenergy theorem. This simply says that the net work done is equal to the energy change.
Again, we can use the example of a static body at altitude. The body that falls in a
gravitational field, what work the force of gravity does on it is equal to W=mgh . The
body also receives kinetic energy equal to1/2mv 2 . Since the initial kinetic energy of
the body was zero, the changing of the kinetic energy is the final kinetic energy. So
the work done is equal to the kinetic energy change, which is the essence of the workenergy theorem. Suppose force F is applied to the mass m and then its speed goes

- Jakob I. Bernoulli (1655-1705)
- Poisson, Simeon-Denis (1781-1840)
7
- George Green, George (1793-1841)
5
6
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from v1 to v 2 along the path S, according to Newton's second law F = dP/dt, assuming
the mass is constant (for low speeds), we can write:

v2

dw = F. ds = ma. ds,
v2

v2

a=

dv
dt

v2

dv
W = � F. ds = � ma. ds = � m . ds = � mv. dv
dt
v1

v2

v1

v2

v1

v1

1
1
� mv. dv = � mvdv = mv22 − v12 = ∆K
2
2

v1

v1

W = ∆K

(14-5)

The work done on the body is equal to its kinetic energy changes

14-4 Types of energy
Energy is found or can be produced in various forms in nature, although, energy and
its resources are different they are all convertible to each other. In addition, Einstein's
mass-energy equivalence showed that mass is also a type of energy.

14-4-1 Light energy
Light is a form of energy emitted in packets which are called the photon. Light energy
according to relation E=hν is related directly with the frequency of light. In this
relation E is the light energy of the photon, h is Planck’s constant and 𝜈𝜈 is the
frequency of the photon. Light energy consists of frequencies located in the visible
region of the electromagnetic spectrum.

14-4-2 Thermal energy
Heat is a type of energy that interacts by the temperature difference between two
systems with one another or exchanges between the body and the environment. This
energy is only called thermal energy when it flows due to temperature differences.
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The temperature difference in a single system also generates thermal energy, which is
defined by the following relation:
Q= mC(T2 -T1 )

(14-6)

Where Q is thermal energy, m is the mass of a body that involved in heat exchange,
and T1 is primary temperature and T2 is secondary temperature, and C is the specific
heat capacity of the body.

14-4-3 Acoustic energy
Sound is a longitudinal mechanical wave that can be propagated in material
environments. The frequencies of these waves in the range of 20 Hz to 20,000 Hz are
called the audible range. The waves with a frequency below this range are called
infrasound waves and the waves with a frequency more than this range are called
ultrasound waves.

14-4-4 Electrical energy
When we are bringing two like-charged particles together, or when we move two
unlike charged particles apart, we must do the work to overcome coulomb forces
between charged particles. The work done was changed to the electric potential energy
of charged particles and stored in the charges. Therefore the electric field has energy
and the energy density in an electric field is obtained from the following relation:
=
ηE

energy 1
=
ε 0E2
volume 2

(14-7)

Electric field energy density

In which E is the electric field intensity. If we integrate E on the volume of the
region, all the electrical energy is obtained. Each material is made up of a large
number of atoms, which electrons orbiting around the atom's nucleus very rapidly.
This rotation has a force toward the center to hold the electron in its orbit, the amount
of this force is equal to the amount of attractive force between the electron and the
nucleus, so this equality holds the electron in equilibrium and does not allow to get
far away from the nucleus. A copper wire also has a large number of atoms and thus
electrons. Whenever we can force electrons to get out of its orbit and move in a certain
direction, the electric current is established. Of course, this motion is done as transient,
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meaning that one atom gives a number of electrons to its adjacent atom, and the side
atom likewise gives a number of electrons to the next, thereby generating electric
current (figure 14-4).

Fig 14-4: Electric current is caused by movement of electrons.

Fig 14-5: The coil rotates in the magnetic field. As the magnetic flux changes,
electric current is generated.
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There are few ways you can separate electrons from atoms or move them in a
particular direction such as:
1- External magnetic force: When we move a wire into a magnetic field, the force
of the field makes the electrons of the wire move (figure 14-5).
2 -Impact: Impact can remove electrons from its orbit. An example of this type of
power generation is the lighter.
3- Radiation: Such as photoelectric effect.

14-4-5 Magnetic energy
If the charge Q that moves at speed v is affected by the magnetic field, the
corresponding magnetic energy will be the work done by the field to move the charge
at a certain distance. The amount of magnetic energy stored per unit volume (magnetic
energy density) is equal to:
=
ηB

energy 1 B 2
=
volume 2 µ0

(14-8)

Relation (14-8) shows the energy density of a magnetic field, in which, B is the intensity
of the magnetic field.

14-4-6 Electromagnetic energy
The sum of the electrical and magnetic energies together is called the electromagnetic
energy which is also observed in the LC and RLC circuits (R resistor, C capacitor,
and L inductor). Therefore, electromagnetic waves carry electromagnetic energy
(figure 14-6). The electromagnetic energy density is calculated as follows:
U
=

1
1 B2
ε 0E2 +
2
2 µ0

(14-9)

Electromagnetic energy is equal to the sum of electric energy and magnetic energy.
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14-4-7 Chemical energy
During a chemical reaction, energy is released or absorbed. This energy, which comes
from chemical reactions, is called chemical energy. This energy may be depends on
the type of reaction the bonding energy, the ionization energy, the activation energy,
and so on.

Fig 14-6: Electromagnetic waves carry electromagnetic energy.

14-4-8 Mechanical energy
According to the law of energy conservation, the sum of the kinetic energy and
potential for a system that only the conservation forces affect is a constant value. This
constant value is called mechanical energy. In the relation (14-10) E is the mechanical
energy, K is the kinetic energy and U is the potential energy.
E =K +U

(14-10)

14-4-9 Potential energy change
Any change in potential energy is due to the force exerted on the body. Like the
gravitational force that causes the bullet to slide down the inclined plane. The steeper
the inclined plane, the stronger the force. Not all forces, however, result from the
potential energy change. Forces such as gravitational force and Coulomb force are
called conservative force and we have:
dU
F=
−
, U= - ∫ F ⋅ dx
dx

(14-11)
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Where F is the force, U is the potential energy and x is the distance. The
conservative force is the force that its work on an object between two points is
independent of the movement path.

14-4-10 Internal energy
The internal energy of a matter is equal to the sum of energies of the molecules that
make up it. In other words, the internal energy is equal to the sum of kinetic and
potential energies of that matter's molecules. Changing in this energy is the subject of
the first law of thermodynamics. Also, the internal energy of a system is only a
function of its absolute temperature.

14-4-11 Energy of stellar explosions
Stars have a very strong gravitational field. The gravitational potential causes atoms
inside the stars to reach very high speeds and increase temperature, as long as
temperature condition is provided for nuclear fusion. As a result of this reaction, the
material converts to the energy that is emitted as radiation (figure 14-7).

Fig 14-7: The nuclei of atoms boil and release some energy.
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14-4-12 Reversible energy
If the system changes and after the transformation is completed, it returns to its
original state and if there were no changes in the system and the surrounding
environment, such a change is called a reversible transformation. The energy
returning to the initial state in this transformation is the reversible energy (figure 148 A).

14-4-13 Irreversible energies
If a system do not return to its original state after the end of the transformation, such
a change is called an irreversible transformation. In nature, the presence of dissipative
factors always causes a certain amount of heat to appear and without any uses being
wasted. The wasted energy will no longer return to its original state. Such energy is
called irreversible energy (figure 14-8 B).

Fig 14-8 A: Reversible process, B: Irreversible process
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14-4-14 Translational kinetic energy
Energy is a scalar quantity. Thus, in the case of a system of multiple particles, the total
kinetic energy is equal to the sum of the kinetic energy of each particle contained
therein. But in the case of a rigid body with a large number of particles, a point is
defined as the center of mass which is representing of the whole rigid body. Therefore,
the kinetic energy of the translational is also defined as half the product of the mass
of the rigid body at its square velocity of the center of the mass.

14-4-15 Rotational kinetic energy
Consider a rigid body that rotates at an angular speed ω around an axis that is fixed
to a particular inertia frame. Every particle of this rotating body has a certain amount
of kinetic energy. Since the number of particles in the rigid body is large, so a quantity
name of the rotational inertia is defined as:

I = ∑ mi ri 2

(14-12)

i

It means that the sum of the sentences that each sentence is the product of the mass
of a particle to the square of the particle's vertical distance from the axis of rotation.
Therefore, the rotational kinetic energy of the rigid body obtained by rotation is equal
to half the product rotational inertia of the rigid body at its angular speed square.
K
=

1

1

mv ∑ =
m (ω r )
∑=
2
2
i

2
i

i

i

K=

1 2
Iω
2

2

i

i

1 1
∑ (mi ri 2 )ω 2
2 i 2

(14-13)

In which K is rotational kinetic energy, 𝐼𝐼 is rotational inertia, and ω is angular
speed. This relation resembles the transient kinetic energy of the body. That is, in the
above relation, the linear speed is replaced by angular speed and rotational inertia
replaces inertial mass or transition mass. Similarly, the L angular momentum of a rigid
body can be defined as follows:

L =Iω

(14-14)
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Which is similar to the linear momentum. The mass of a body does not depend on
its location, but the rotational inertia depends on the axis around which the body
rotates, since 𝐼𝐼 is a function of r (figure 14-9).

Fig 14-9: Rotational inertia depends on the axis of rotation.

In fact, it can be said that rotational kinetic energy is the ordinary transient kinetic
energy of all the components of the body and is not a new kind of energy. Rotational
kinetic energy is a good way to express the kinetic energy of each rigid body in
rotation. The rotational kinetic energy of a body rotating at a given angular velocity
depends not only on the mass of the body but also on how the mass is distributed over
the axis of rotation. Also, the angular momentum of a body in motion depends on the
axis of rotation.

14-4-16 Conservative force
Suppose we throw a ball upright (we ignore the resistance of the air), the ball returns
to us with the same kinetic energy it had when we throw it up. Therefore, the forces
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applied to the body in this motion are called conservative. That is, these forces keep
energy stable and do not waste it. Gravity and spring’s force are conservative forces,
but friction force is not. When the force is conservative that the work done by it on
the particle moving between two points, depends only on the two points and it is being
independent of the path traveled by the particle.

14-4-17 Conservative force from the perspective of energy
In movement of a particle, the sum of kinetic energy and potential energy is defined
as mechanical energy. Whenever the forces on a body are conservative, then the entire
mechanical energy of the system will be conserved. This expression is called the
Conservation Law of Energy that is related to the conservative forces. Obviously, if
one of the forces is non-conservative, some energy will be wasted and energy not
conserved.

Fig 14-10: Potential energy changes are used in trains of amusement park

In fact, it is the potential energy changes that matter, not the amount before or after
the change. However, the place where zero potential energy is considered can be a
useful choice, such as sea level as zero bases of ground gravitational potential energy
or the inner surface of a cylindrical capacitor as zero bases of electric energy stored
there, but these choices are not necessary, because the only potential energy difference
between different locations is important. The magnitude of the potential difference
has nothing to do with how it is found (figure 14-9). That is, this change is independent
of the path. This is one of the essential properties of potential energy. Potential energy
changes may lead to the emergence of kinetic energy, electrical energy, or thermal
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energy. Modern technology is based on this. Achieving such a change depends on the
sustainability of stored energy.

14-5 The laws of conservation in physics
In the world of physics, there is nothing simpler than the laws of conservation. In any
law of conservation, the total amount of a given physical quantity, in a given system,
when the system is isolated from all external effects is constant (is conserved). For
example, the momentum vector of the whole isolated system is constant. Internal
changes within the boundaries of an isolated system can occur through the interaction
of particles within the system, but these changes do not effect on the total amount of
conservative quantity and the potential of conservation is placed in this subject. We
do not need to go into details of what is happening inside the system. In fact, the
system's internal interactions can be ignored. If the system is completely isolated, the
conservative quantities will not change. Thus we know that in classical physics total
mass, total energy, total linear momentum, total angular momentum, and total electric
charge in collision of two or more particles independent of external influence are
exactly the same total mass, total energy, total linear momentum, total angular
momentum, and total electric charge after impact. Some of the laws of conservation
can be stated as follows:

14-5-1 The Conservation law of mass
According to Lavoisier 8 about the law of conservation of mass, "mass is neither
created nor destroyed in chemical reactions”. In other words, the amount of material
mass in the universe is always constant. The law of conservation of mass is one of the
laws of classical physics conservation. Despite changes that may occur in other system
quantities (such as energy, volume, and temperature), the whole mass of the system
will remain constant if isolated. In other words, the mass cannot be created or
destroyed. Of course, there are systems that their mass is changed over time. For
example, if we consider rocket movement, the rocket will have a total mass value
before launch. But after launch, rocket fuel is consumed. Therefore, the mass of the
rocket system at this moment will be different from its mass before launch. Therefore,
in the case of rocket, the condition of the system being isolated is abolished, so the
mass of the system will not conserved. However, if the rocket and the gases emitted
from it are considered as a whole system, then the forces that the released gasses and
8

- Antoine Lavoisier (1743-1794)
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the rocket exert to each other are still internal forces and constitute a condition of
system isolation, and the mass will still be conserved. It should be said that these
contents are only valid in the range of classical physics.

14-5-2 Conservation law of energy
The law of energy conservation or the principle of energy conservation says that the
energy of any given system has a constant value, that energy cannot be created or
destroyed. Only all types of it can become one another. That is, "if nothing is done on
the system, or the system does nothing, and the thermal energy is neither absorbed
nor exited to the system as heat-related experiments, the total energy of the system
remains constant". Because in the field of classical physics, ultimately all energies can
be expressed as kinetic or potential energy, so the law of energy conservation states
that in a system the sum of kinetic energies of particles and their potential energies,
are fixed in their interactions. Thermal energy is simply the irregular mechanical
energy of motion of molecules and atoms at the microscopic scale that the kinetic and
potential energies of each particle are not distinct. In other words, the first law of
thermodynamics is simply the law of energy conservation, which is expressed in its
most complete form. The rule includes experiments on heat and thermal energy
transfer through temperature difference.

14-5-3 Conservation law of linear momentum
Whenever a system is not affected by any pure external force, the total linear
momentum of it remains constant from both aspects of size and direction. Newton's
second law states that when a body is affected by a net external force, that force equals
the change in momentum of a body divided by the time over which it changes, when
the mass does not change, the force simply equals mass times acceleration that can be
written as F=ma. In classical physics, the mass of a particle is constant and
independent of its speed or any other condition. Therefore, if the outcome of total
external forces exerted to a body is zero, then the amount of linear momentum does
not change.
Another point to note is that when two bodies interact, the linear momentum
transferred to the first body over an infinitely small interval is equal to and in the
opposite direction of momentum transferred to the second body, over the same time
interval. Therefore the forces of action and reaction, which are both internal here, are
equal and different in direction.
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14-5-4 Conservation law of angular momentum
If a system is not affected by the torque of pure external force, its total angular
momentum will remain constant both in aspects of magnitude and direction. So if no
external torque is applied to the body or the resultant external torque is applied to a
body is being zero, then the rate of changes of angular momentum will also be zero.
Therefore, the angular momentum must be a constant value. In the case of angular
momentum as well as linear momentum, in addition to the value, the direction of
angular momentum is also constant.

14-5-5 Conservation law of electric charge
The total electric charge is fixed in an isolated electrical system. Because any
observation, or measurement on a system, necessarily interferes with the system itself,
complete isolation of a system is an ideal that can only be obtained with
approximation and is never fully achievable. For example, when we put a
thermometer inside to measure the temperature of a liquid, the thermometer is heated
or cooled by the liquid, and the liquid gets colder or warmer at the same time. What
the thermometer shows at the end is not the actual temperature of the liquid before the
measurement. The read temperature is the temperature at which the liquid reaches
after placing the thermometer in it. But in classical physics, by skillful testing, it is
always possible to reduce the disturbances to the point that the system can be
considered practically isolated. In this case, the total charge will survive. In other
words, like energy conservation, it can be said that the charge is neither created nor
destroyed.

14-5-6 Conservation law of mass-energy
In relativity, mass is not a constant quantity and is the function of speed. But these
mass changes are not noticeable at low speeds (relative to the speed of light). So if a
body’s speed can get closer to the speed of light, then we will be out of the classical
physics. In this case the laws of conservation of mass and energy are violated and
instead we have a unique law called the law of mass-energy conservation.
Accordingly, whenever there is a change in the amount of mass, this change is
compensated by the change in energy, for example, if the mass decreases then the
energy is produced as the same value the mass changes, and vice versa if the mass
increases, some energy have converted to mass. For example, in the decay of
radioactive elements, some of the mass is emitted as electromagnetic radiation, and
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regardless of this radiation, both the mass conservation law and the energy
conservation law are violated.
So the law of mass-energy conservation is complementary to the two previous laws
of conservation. The equilibrium between mass and energy is a direct result of the
theory of relativity. Therefore, the amount of mass that exists in the universe cannot
be constant, but a combination of the theory of relativity with the principle of mass
conservation and the principle of energy conservation can lead to a more general law
according to which "the sum of mass and the amount of energy in the universe are
always constant values". According to Albert Einstein, the amount of E that represents
energy is equivalent to the mass m and is expressed by the relation E=mc 2 .

14-6 Analysis of energy conservation law
The law of conservation of energy is actually a consequence of the experiences of
physicists and our observations of nature have not violated it. The law of energy
conservation is also called the principle of energy conservation. Throughout the
history of physics, the validity of the law of energy conservation has been questioned
many times, but these doubts have themselves become the motive for discovering the
reasons for the law of energy conservation. In these studies, scientists have been
looking for phenomena other than motion, phenomena that appear along with the
interaction forces between bodies, and of course, such phenomena always exist.
If we take into account non-conservative and non-frictional forces in addition to
the friction and conservative forces, according to the work-energy theorem, the sum
of the work performed by all these forces is equal to the kinetic energy changes. If we
denote the work done by the conservative forces on a particle with 𝑊𝑊𝑐𝑐 and the work
done by the frictional force with Wf and the whole work done by the non-frictional

and non-conservative forces with Wn c , the energy-work theorem is as follows:
Wn c+Wf +Wc =K

(14-15)

In the above relation K is the kinetic energy change. On the other hand, we know
that any conservative force can be dependent on potential energy and any frictional
force on internal energy. So if we look at other forms of energy in addition to what is
said, we will have:

K+U+U in t+....=0

(14-16)
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The above relation, where K is the kinetic energy changes, and U is the potential
energy changes, and 𝑈𝑈int is the internal energy of the system, is called the law of
energy conservation.
In other interactions, energy may be produced in the form of light, electricity, and so
on. Then, in addition to kinetic energy and the potential energy of bodies that are
directly visible, there are other forms of energy, and in fact, the law of energy
conservation implies the conservation of different types of energy, which is applied
to other branches of physics in addition to mechanics. Although the principle of
kinetic energy conservation plus potential energy (mechanical energy) is often useful,
it is in fact a limited case of the general principle of energy conservation. Kinetic and
potential energies will be conservative only when the conservative forces operate,
while total energy always is conserved.

14-6-1 Violation of the conservation law of energy in quantum mechanics
Our understandings of physical laws in the macroscopic world are inconsistent with
the results of the microscopic world. In classical mechanics, the law of energy
conservation states in general and absolute terms that the amount of energy (in fact
mass and energy) is always constant. Whereas in quantum mechanics, the principle
of uncertainty permits the violation of the law of energy conservation, provided that
it applies in the following relation.
∆E∆t ≥

h

(14-17)

2π

Where E is energy, t is time and h is Planck's constant. Here the production or
destruction of energy (in fact mass and energy) is permitted over a short period of
time, provided that it applies in the relation (14-17).

14-7 Thermal energy is the manifestation of energies
For the human, thermal energy is the most tangible type of energy he has ever dealt
with in everyday life. The sense of warmth and cold made one curious to know the
benefits and harms of human warmth and cold. But until Maxwell's electromagnetic
radiation equations and their ways of production were not formulated, it was not
possible to understand the nature of thermal energy. These equations showed that
sunlight does not differ fundamentally from other electromagnetic waves in nature,
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and only differs from other electromagnetic waves in their frequency, and physically,
heat is no more than a kind of energy. But all other types of energy are closely related
to thermal energy.

14-7-1 Thermal energy and light
Light is one of the themes and phenomena that has been the focus of scientists ever
since the eighteenth century. When the electrons of an atom receive energy, they go
to the top levels of the atom which gives atom the excited state. When electrons move
from higher energy levels to lower energy levels, they give back the amount of energy
they receive as light. The vibration of atoms generates light, and the light emitted from
the electrons of an atom is in the same direction as the laser emitted lights. But
emission light from the set of atoms travels in all directions.
Light can be observed in physical processes, chemical reactions, fuels, and nuclear
fissions. Before we start about producing light in this process, let's first discuss heat.
By understanding the nature of heat, we can easily recognize the light. Heat is also an
electromagnetic wave. As the energy of the heat waves increases, their wavelengths
decrease, and as the wavelength decreases, and they typically place within the visible
light range. This is where we see these waves as light. As the energy of the waves
increases, they are out of visible range. Thus, heat waves are invisible in two states:
one with wavelengths greater than infrared wavelengths and the other with
wavelengths less than ultraviolet. In this way, Davy's 9 conjecture is asserted that light
is generated by the concentration of heat at one point. So we conclude that heat is the
basis of light. Let's go back to our first subject and first discuss about producing light
in the physical process; if you look at a light bulb, you will find that the light is caused
by a metal string that shines, or if you consider the smelting iron, you will see that
iron is obtained light by the heat. We now want to address the factors of light emission
in these processes.
In thermodynamics, the movement of molecules is called heat, so the materials
have heat in themselves. Therefore, matter produces heat waves. When the matter
receives energy, the wavelength of heat waves also reduces by receiving this amount
of energy and thus falls within the visible light range. Durable metal is a conductor
whose electrical resistance is high. When we put it in an orbit and pass the current
through it, the electrons carrying the energy in the orbit will transfer some of their
energy to the metal by colliding with the metal atoms, and in this way, the metal
receives energy that eventually these heatwaves are seen as light. This is how the light
9

- Humphry Davy (1778 -1829)
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bulb's structure and its basis (figure 14-11). However, the matter used to produce light
in this way must have a high melting point so that the received energy does not melt
it or change its form.
Chemical reactions occur when, during a process, the bond between two atoms or
two ions breaks and new material is formed through the formation of a new bond. To
break the bond, some energy is consumed and some energy is released from the bond
formation. The exchanged energy in these reactions is in the form of heat. If the heat
receives more energy, it becomes light. So the basis for the exchange of energy in
chemical reactions is thermal energy. We know that bonds are created by the exchange
or sharing of electrons in the valence layer. Electrons are moved from one point to
another due to the difference in electrical potential. If the electron moves from a higher
energy level to a lower level, some of its potential energy is reduced and converted to
kinetic energy, which can be used in various activities.

Fig 14-11: When electrons pass through the resistor, they receive a negative
acceleration and radiate.

But if we want to move the electron from the low energy level to the higher energy
level, we have to give it some energy. The formation and breaking of bonds are also
based on electrical potential difference. When a bond is formed, the electrons in the
valence layer of an atom move from a higher energy level (the atom with low
electronegativity) to a lower energy level (the atom with a high electronegativity), and
thus releases some energy in the path. But when the bond is broken, the electron is
transferred from the lower energy level to the higher energy level, which requires
energy.
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That is why breaking bond is endothermic and forming it is exothermic. In a
chemical reaction, only bonds are broken that are sensitive and weak or unstable with
other material bonds (bond instability is caused by the electrical potential difference
between the two atoms). New materials are created through the formation of new
bonds. Heat is then exchanged in a chemical reaction due to the breakdown and the
formation of bonds. The energy of a chemical reaction is equal to the sum of energy
released by the bond formation, and the energy required to break the bond. If the
energy required to break the bonds is less than the energy released by the bond
formation, then the reaction is exothermic, where heat and light can be observed in
these reactions. The burning of all hydrocarbons is exothermic. Now the question
arises: The light itself made of what? Light is composed of particles called photons
(chapter 8).

14 -8 Photon Gas
In physics, photon gas is a set of gas-like photons that has many of the properties of a
conventional gas such as hydrogen or neon including pressure, temperature, and
entropy. The most common example of a photon gas in equilibrium is black body
radiation.
Photons are part of a family of particles known as bosons that obey Bose-Einstein
statistics with integer spin (see Chapter 15).
The gas of bosons having only one particle type is described separately by three
state functions such as temperature, volume, and a number of particles.
However, for a black body, the energy distribution of the interaction of photons
with matter is usually established in the container walls. So, the number of photons is
not conserved. As a result, the chemical potential of the black body photon gas is zero.
Hence the number of state variables needed to describe the state of a black object is
reduced from three to two (e.g. temperature and volume).
Photon gas, a box full of dim light, plays a very important role in physics (Figure
14-12). As a source of black body radiation - Collect photons from a small hole in the
box and arrange them with energy - this put Planck in the path to quantum mechanics,
and though his hope in which electromagnetic radiation would be the irreversible
origin, as he intended it to be, was not realized, it is worth studying this idea.
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Fig 14-12: Carnot cycle for the photon gas

The properties of the photon gas are very different from the ideal gas (particle),
but still sufficient for easy analytical operation. The number of particles is not
constant, the photons are destroyed by absorption with the walls, and the others
(unique photon tracking is essentially impossible) appear with emission. If we change
the wall temperature, the photons do not move faster than the classical particles do,
but they change color. Photons, just like atoms or molecules in an ideal gas, cannot
sense each other, but nevertheless, the "photon gas law" (the relation between
temperature, pressure, and volume) with the classical ideal gas is very different.
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Chapter 15

Complex Processes in Mechanics
Not only does God play dice but... he sometimes throws them where they cannot
be seen. Stephen Hawking

15-1 Internal energy
If we rub our hands together, we feel our hands get warmer. It can be concluded that
their internal energy has increased. That is, by friction, the kinetic energy of the hands
has become to internal energy. But if it means the internal energy of the whole body,
it has not only increased but also decreased. Because part of the body's energy is
transferred to the environment.

15-1-1 Definition of internal energy
The sum of kinetic and potential energies of all particles in a body is called the inner
or internal energy of that body. Internal energy U and entropy S are two essential
functions for describing thermodynamic systems. Every macroscopic system, which
consists of numerous atoms and molecules, follows the law of energy conservation.
The large-scale motion of the system follows the law of conservation of mechanical
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energy; in the absence of electromagnetic fields, the energy remaining in the isolated
system remains conserved. This quantity is the same "internal energy".
Prior to the emergence of the atomic view of matter, physicists had realized that
there is a thermodynamic function of energy, a function that follows the law of energy
conservation. Therefore, this concept should only be formed through macroscopic
experiences. Benjamin Thompson, through various experiments, concluded that heat
was a kind of motion. Joule's subsequent experimental works in determination of the
mechanical equilibrium of heat and Kelvin's theorizing showed that the energy of the
macroscopic isolated system was reserved when heat was also taken into account.
This is the first law of thermodynamics that redefines the law of energy conservation.
According to molecular kinetic theory, all matter is composed of fine particles that
move at different speeds and therefore at different energies. In addition, like the
vibration model of a solid body, the particles of the body also have potential energy.
This energy resembles a spring that holds atoms together in a vibrational model. The
sum of kinetic energies of all atoms and molecules forming the body or system, and
the potential energy related to their interactions, constitute the internal energy of the
body.

15-1-2 The relation between kinetic energy and temperature
Whatever the temperature of a body was higher, the internal energy of that body is
higher too. That is, its particles have more kinetic and potential energy. If we divide
the kinetic energy of the body's particles by the number of its constituent particles, the
average kinetic energy of a particle is obtained. The average kinetic energy of hot tea
particles having a higher temperature is higher than the average kinetic energy of cold
tea particles having a lower temperature. We, therefore, conclude that the temperature
of the body is proportional to the average kinetic energy of its constituent particles.
This is very important in the atomic or microscopic levels. For example, in the
topics of thermodynamics and statistical mechanics, using specific equations, this
energy is calculated and considering its value, the status of the system is discussed.
So it can be said that as the body temperature rises, the average kinetic energy of its
particles will increase. The average kinetic energy of the particles of two different
bodies having the same temperature is equal. For example, the average kinetic energy
of water particles removed by the glass from a pool is equal to the average kinetic
energy of water of the pool. But because of the difference in the number of particles
in the glass and the pool water, they do not have the same kinetic energy and thus
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internal energy. Rather, the internal energy of the water of glass is far less than the
internal energy of the water of the pool.

15-1-3 The internal energy difference between two states
The difference in internal energy between the two states of a system can be considered
as the mechanical work done on it that drives an isolated system (with no heat
exchange with the environment) from initial state A to final state B. Thus by the
mechanical method can measure the internal energy difference between the two states
A and B. Because the system is isolated, the system energy changes can be as follows:
∆U =Q+W

(15-1)

In which ∆U is the system's internal energy changes, Q is the increase in system
heat and W is the work done on the system. Suppose a water kettle has internal energy
E1 , we heat the kettle to reach its internal energy to E 2 , according to we have assumed
the kettle is isolated, and only heat it and do nothing else, this is where only the
thermal energy enters the system. Then we have:
∆U = Q

Heat enters the kettle and increases its internal energy. But in reality, this is not so,
the boiling kettle indicates the kinetic energy in the system. By transferring heat from
the stove to the kettle, some kettle water is converted to vapor. As the system gets
warmer, the work is done, the water evaporates and the kettle whistle means that the
kettle does the work. In fact, the system works on the environment (figure 15-1).
∆𝑈𝑈 = 𝑄𝑄 − 𝑊𝑊

(15-2)

The relation (15-2) is called the first law of thermodynamics. The first law of
thermodynamics is the application of the law of energy conservation in the thermal
and thermodynamic processes.
Each partial increase in the system's internal energy du is equal to the sum of the
work is done on the system dw and the heat is entered dq to the system (i. g. the first
law of thermodynamics) which is shown as:

du = dq + dw

(15-3)
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In figure (15-2 A), the cylinder contains gas and we examine two equilibrium
states 1 and 2 of the system. In state 1, the gas is under very high pressure and has
less volume, but in state 2, the gas is under less pressure and has a larger volume
than state 1.

Fig 15-1: The internal energy of the system (kettle) will increase due to heat.

Fig 15-2: The temperature of the system increases by heat (including cylinder,
gas, and weights), in addition, the work is done on the system.
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To change the system situation from 1 to 2, the system's status can be changed by
changing the thermodynamic properties of the system such as temperature, volume or
pressure. To change the system, or temperature, the work will be done by heating the
gas. In simple terms, to change the system status, we heat the system, as the gas
warms, the volume increases and the piston moves upwards. The diagram of the figure
(15-2 A) shows the relation of pressure and volume. The work is done by the gas on
the piston and the weights can be calculated. Here the heat increases the temperature
of the system and in addition to increasing the temperature, it has worked on the
system and the system has gone from state 1 to state 2.
Note in figure (15-2 B), during the heating process to the system, part of the given
heat is converted to work. In other words, the quantity of heat and the work absorbed
in the system depends on the path that the system is transferring from its initial state
to the final state. In most cases, the state of one-component systems such as gas can
be illustrated by the Cartesian coordinate system in which one axis is pressure P and
the other is volume V, so the process can be described by examining pressure and
volume diagrams (figure 15-3). By simple thermodynamic measurements, the amount
of heat transfer and the variable temperature of molecular gas systems, one can obtain
that part of internal energy that is related to the molecule's rotation and vibration. But
these degrees of freedom in complete gases are ignored. These measurements can be
used to find out some molecular properties, such as inertial torque and discrete
spectrum of molecular-vibration frequencies.

Fig 15-3: Pressure and volume diagrams
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In liquids and solids the internal energy is mainly the potential energy of
interaction between atoms. The exchange of heat changes the amount of this energy
through contraction and expansion, which is the result of the change in the motion of
the atoms. This motion in solids is quantized as a collective motion. In conductive
solids, the energies of the electrons are kinetic and the potential is added to the internal
energy. The quantum constraints due to the Pauli Exclusion Principle for this energy
can be distinguished in thermodynamics.

15-1-4 Internal energy change
Internal energy may be changed by applying electric and magnetic fields to systems
that have permanent or induction torque. In these cases, the infinitely small
component of the work equals to:
𝐸𝐸. 𝑑𝑑𝑑𝑑 𝑜𝑜𝑜𝑜 𝜇𝜇. 𝐻𝐻𝐻𝐻𝐻𝐻

(15-5)

Where E and H are the applied fields and P and M are the system's electric and
magnetic dipoles, respectively. These are the torque of the thermodynamic variables
that depend on the field and temperature values.

15-2 Statistical mechanics
Statistical mechanics is a topic in mechanics that deals with systems with a large
number of particles such as atoms, molecules, fundamental particles with size
criterion (Avogadro constant). In statistical mechanics, the measurable microscopic
properties of these particles and their interactions with each other are investigated
through statistical calculations and methods and the obtained information is used to
explain the macroscopic properties of the system. In particular, state equations in
thermodynamics are derived from microscopic-statistical models. Statistical
mechanics owes its flourishing to all classical scientists like Boltzmann, Gibbs1 and
Maxwell.

1

- Josiah Willard Gibbs (1839-1903)

15. Complex Processes in Mechanics

357

15-2-1 Statistical mechanics
In statistical mechanics, we deal with large systems. That is, there is a large number
of particles in these systems. In such systems we seek explicit answers to the following
questions:
A: What are the available energy levels?
B: How are the particles distributed on these levels?
C: How will the particle distribution change if the system conditions change (e.g.
with temperature change)?
D: How can one obtain definitive quantities of the thermal properties of the system
(such as heat capacity) by knowing the distribution function?
Although we study macroscopic systems, we also examine the behavior of
particles separately. That is, we use a microscopic perspective. In this approach, we
know that the exact determination of particle history is not completely clear. From
previous information, it can be said that a particle is affected by a special force.

15-2-2 Methods for studying multi-particle systems
In the case of two particles, there is a defined interaction between them that can be
studied in both classical and quantum terms. For a three-particle system, a detailed
study is not possible because the effect of the presence of the third particle on the
other two particles cannot be accurately determined. So for macroscopic systems, we
have a fundamental problem. There are mainly two ways to study multi-particle
systems:
1. The interaction between particles is negligible. Statistical Mechanics
2. Studying of the systems that have interactions. Multi-Particle Theory
The perspective of statistical mechanics is microscopic. This means that in this
view the structural details of the systems are taken as much as possible. Therefore,
due to the large number of particles, the probes will be a probability. For example, the
probability of finding a particle at an energy level. Principally, the particles can be
individually selected and the different states of their arrangement are taken into
account. But since the probability of different forms of arrangements is not much
different, then averaging is helpful in this case.
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15-2-3 Statistical mechanics and thermodynamics
Thermodynamics is a classical and old theory whose field of work is the science of
motion and heat and their related results. In this macroscopic science, by assigning
measurable quantities such as volume, pressure, enthalpy, internal energy,
temperature, and entropy, all systems are studied, regardless of atomic structure.
Thermodynamics is based on three important and, of course, empirical laws known
as the laws of thermodynamics and discussed in the topics of thermodynamics.
It can establish numerous relations between different quantities such as volume
and number of system particles (V,N) or mechanical quantities such as pressure and
internal energy (U,P) or thermal quantities such as entropy and temperature (S,T) .
In addition, it is able to establish the relation between specific properties of systems,
such as specific heat, compressibility, and mobility of electrons. But this approach
cannot determine the absolute values of these quantities, and it is the task of statistical
mechanics that, in addition to removing this defect and reaffirming thermodynamic
laws, can relate temperature to particle energy and explain the kinetic theory of gases
and entropy with perturbation in a special way. Why thermodynamics leads to
statistical mechanics? Thermodynamics is a classical attitude that is violated in these
cases:
A: At low temperatures, the classical properties of the systems disappear and the
observed phenomena are quantum.
B: high densities, for example, we can mention to neutron stars. In stars which
their mass is slightly larger than the Sun's mass, gravitational collapse produces
masses of incredible densities. At these densities, the nucleus breaks down and
becomes a neutron liquid.

15-2-4 Basic distribution functions in statistical mechanics
In statistical mechanics there are three types of distribution functions based on
different particle segments:
Classical Distribution: If a system is under classical conditions, then the particles
of such systems are considered to be classical (classical particles). These particles
follow the classical distribution function. If we consider a macroscopic system with
the number of particles N and volume V, so that the system is being in thermal
equilibrium, in other words, there is being a weak interaction between the particles
that can be ignored, if we want to find the number (n) of particles that have a particular
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energy state E i among the N particles in this system, we need to use the following
equation:
gi
n =
i
(ε − µ ) / kT
e i

(15-6)

In which n i is the number of particles having the state i , g i is the decay in state i
,ε

i

is the energy of the state i , µ is the chemical potential, k is the Boltzmann

constant and T is the absolute temperature. This kind of particle distribution is known
as the classical distribution or the Maxwell-Boltzmann distribution. Note that the
chemical potential is equal to the energy stored in the system due to the change in the
number of particles.
Fermi-Dirac Distribution: Another group of particles is fermions.
Characteristics of these particles include the existence of a semi-correct spin number
(individual multiples of 1/ 2 ) and an asymmetric wave function. These particles
follow the Pauli 2 principle. That is, in any state, there can be a quantum no more than
one particle. For example, electrons are among the fermions particles. The governing
distribution function of these particles is the Fermi-Dirac distribution function. In
other words, if we consider a system of these particles with weak interactions, if we
want to find the number (n) of particles that have a certain energy state E i out of the
N of the fermions particles in this system, we have to use the following relation:

gi
n =
i
(ε − µ ) / kT +1
e i

(15-7)

The parameters are in the same order as expressed in the classical distribution.
Bose-Einstein distribution: The third and last group of particles is boson
particles. These particles have zero or integer spin number and have symmetric wave
function. Unlike fermions, boson particles do not follow the Pauli principle. For
example, a photon is a boson particle. The function that the boson particle distribution
follows is the Bose-Einstein distribution function. We consider a system of boson
particles with weak interactions. If we want to find the number (n) of particles that

2

- Wolfgang Pauli (1900-1958)
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have a certain energy state E i out of the N boson particles in this system, we use the
following equation:
gi
n =
i
(ε − µ ) / kT −1
e i

(15-8)

In summary, the study of a system based on statistical mechanics can be declared
by first introducing a quantity which is called state density about the mentioned
system, which represents the number of quantum states per unit volume of the system.
They then calculate the relevant distribution function with respect to the type of
system particles and by using this function the status of the system in different states
is discussed and the system particle characteristics such as particle heat capacity are
quantitatively and qualitatively calculated. Finally, using mathematical equations, the
average values of various system quantities such as energy, dispersion, pressure, etc.
are calculated. As mentioned at the beginning of the discussion, in statistical
mechanics the systems are discussed statistically. So the average amounts of physical
quantities are very useful.

15-3 Perturbation theory
The number of problems that can be solved precisely in quantum mechanics is very
limited, like classical mechanics. In many applications, the use of approximate and
numerical methods is inevitable. The advent of fast computers has made quantum
calculations to big industry. In addition to quantum mechanics, approximation
methods are also used in other problems. For example, in mathematical sciences there
are several expansion laws that extend a function if necessary and select the first few
sentences. Perturbation theory is used in most branches of physics. This theory is used
in cases where they want to investigate the effect of a factor on a system (figure 154), as it is not possible to study this effect analytically. First, the system itself is
considered and the effective factor is considered as a Perturbation sentence.

15-3-1 Application condition of perturbation theory
As the term "perturbation" implies, it is a kind of system deviation from the initial
state. In other words, a factor affects a system and disrupts it. But the amount of
perturbation or deviation must be small enough to be named the perturbation.
Otherwise using the word perturbation is not correct and the word state change should
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be used. Some physicists believe that numerical resolution can always be achieved
with the help of fast computers. But the important point is that before calculating with
the computer, we must understand the basics of approximate solutions. Therefore, to
use approximate methods and to use numerical calculations, one must be familiar with
the basics of approximate problem solving methods.

Fig 15-4: Perturbation Theory involves mathematical methods for finding an
approximate solution to a problem. For example, using the Newton-Raphson method

15-3-2 Perturbation theory in quantum mechanics
In quantum mechanics, an operator is attributed to any physical quantity. The
operator, as its name implies, is an effective factor that affects a system and changes
its state. Operators are of paramount importance in quantum mechanics. For example,
the derivative can be considered a kind of operator. Whenever this operator affects a
function, it changes it. In studying each system, different operators such as energy,
linear momentum, etc. are considered.
The result of each operator's impact on the system is called the special states of
that operator. For example, each state of the energy system is called a special state of
energy. Obviously, for each state of energy, a value is attributed to which this value
called the operator eigenvalue. The set of eigenvalues can be discrete or continuous
depending on the type of operator.
For example, the linear momentum operator has a continuous spectrum and the
energy operator has a discrete spectrum. Now suppose that there is a quantum system
with these properties and we want to study the effect of another factor on this system.
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At this point, it should be determined whether this perturbation is time-independent
or not? The perturbation theory in quantum mechanics is thus divided into two parts
as follow:
Time-independent perturbation theory: If the perturbation has no temporal
dependence, then time-independent perturbation theory is used. For example, if a
physical system is affected by an external potential. We now want to investigate the
effect of this perturbation factor on the energy states of the system. Therefore, we
consider the whole system operator as the sum of the energy operator and the
perturbation factor. We then expand the system state as well as the system eigenvalue
in series. Of course, in order to fully elucidate the theory of time-independent
perturbation, it is necessary to refer to the complex relationships used in these
extensions. Therefore, to avoid these mathematical complexities and ambiguities, we
omit these relations.
Time-dependent perturbation theory: If the factor of perturbation has temporal
dependence, then the time-dependent perturbation theory is applied. To investigate
the system state change due to a time-dependent perturbation, a time evolution
operator is defined. By affecting this operator, the system state can be calculated at
any desired moment.

15-3-3 Application of perturbation theory
1. Simple harmonic oscillator: Using the perturbation theory we can easily study the
effect of an additional potential on the simple harmonic oscillator.
2. Electric polarizability of the hydrogen atom: If the hydrogen atom is placed
in an electric field, the energy change of the ground state of the hydrogen atom due to
the electric field can be discussed by the perturbation theory. The electric
polarizability of an atom is defined in terms of the energy transition between the
atomic states. Therefore, polarizability can be determined using this method.
3. Zeeman Effect: The study of changes caused by the placement of hydrogen
atoms or hydrogen-like atom (or hydrogenic atom is an atom with one electron) in a
uniform magnetic field is called Zeeman Effect which sometimes called the
Anomalous Zeeman Effect. In this case, the effects of the uniform magnetic field are
investigated as a perturbation factor. “Of course, Zeeman could not give any coherent
microscopic explanation of the phenomena he had discovered since not even Bohr's
atomic model was around at his time. But, following the advice of Lorentz, he did
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discover another peculiar feature of his results, namely that the polarization state of
the emitted light was also changed in the presence of an external magnetic field” 3.
In 1896 Zeeman 4 studied the emission lines of atoms in a strong external magnetic
field. He first realized that by applying the magnetic field these lines were widened.
But with the help of a high-resolution device, he found that these lines actually split
and contained two or more sharp lines close together. This fission of the spectral lines
to discrete-components by a magnetic field is known as Zeeman's effect (figure 155). The helium atom contains two electrons that orbit the nucleus with a force nearly
twice the force on the electron of the hydrogen atom. In the absence of interactions
between electrons, each electron has a state such as a hydrogen atom, but the coupling
of electrons must be studied as a perturbation.

Fig 15-5: Zeeman Effect, the spectrum of the hydrogen atom is changed by the
application of a magnetic field.

15-4 Linear Stark Effect
A suitable external electric field, such as a magnetic field, can affect the quantum
energy levels of an atom and separate the balanced energy quantum states. This effect
was first discovered in 1913 by Stark 5 in the hydrogen emission spectrum.
- P. Zeeman, The anomalous Zeeman effect, Philosophical Magazine 43, 226 (1897)
http://www.pwein.at/physics/Lectures/Famous-Papers/Zeeman-Effekt.pdf
4
- Pieter Zeeman (1865-1943)
5
- Johannes Stark (1874- 1957)
3
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We know from quantum mechanics that when the atom is trapped in an external
field, the energy levels are shifted slightly due to the field, such that the displacement
of the levels is visible by observing the spectral lines of the atom. A complete study
of the effects of the field on the atom is discussed in the perturbation theory. These
effects are mentioned in quantum mechanics under different topics. If the atom is
placed in an electric field, the observed changes in the atom are evaluated by linear
Stark Effect (figure 15-6).

Fig 15-6: Shifting of spectral lines in hydrogen under the influence of an external
electric field
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Chapter 16

Gases and the Laws of Thermodynamics
The algebraic sum of all the transformations occurring in a cyclical process can
only be positive, or, as an extreme case, equal to nothing. Rudolf Clausius

16-1 Temperature and temperature measurement
The temperature of a system is one of the characteristics of that system that determines
whether the system is in thermal equilibrium with other systems or not. The notions
of hot and cold for humans are innate, just like any other living thing, and billions of
nerves take the news of the temperature of the surrounding environment from the
surface of the skin and bring to the brain. But our range of temperature sensors is
limited, and we need a certain numerical criterion to determine temperature. Although
people have talked about heat since ancient times, the first who has spoken of heat as
a physical concept was probably a Scottish physicist named Joseph Block 1. In the 18th
century, Fahrenheit 2, Block, and others experimented with a systematic and
quantitative method of measuring temperature, heat flow, and thermal capacity.
Benjamin Franklin suggested in 1747 that electricity was one invisible fluid. Finally,
in 1787 Lavoisier thought that heat was also one of those invisible liquids and used
the Greek word heat, calorie for heat. And calories were thought to be a weightless
fluid. When Black mixed one liter of boiling water with one liter of cold water, he
found that the temperature of the mixture was exactly between the two initial

1
2

- Joseph Black (1728-1799)
- Gabriel Fahrenheit (1686-1736)

368

Physics from the beginning up to now

temperatures, and interpreted the fact that many "calorie" in hot water after mixing is
distributed between two parts as equality.

16-1-1 Primary thermometers
The first real scientific instrument for measuring temperature was invented in 1592
by Galileo. He chose a narrow glass bottle for this purpose. He filled the bottle with
half-colored water and placed it upside down in a container of colored water. As the
temperature changes, the contents air of the bottle's abdomen expand or contract, and
the water column rises up or down at the neck of the bottle. In this device, Galileo
was reluctant to use the scale to measure temperature, so that his device was more of
a thermograph than a thermometer. In 1612, Santorio 3 built an air thermometer that
was calibrated. In 1654 Duke of Tuscany 4 made a thermometer in which he used
alcohol and fastened the pipe so tightly that alcohol could not evaporate. To determine
an empirical temperature scale, a system with the xy coordinates is chosen as the
standard, called the thermometer, and set the rules for assigning a numerical value to
the temperature dependent on each of its temperature curves. Any other system that
is in thermal equilibrium with the thermometer is assigned the same number as its
temperature. It took about half a century for the thermometer to fully evolve, but it
didn't take many years between the discovery of electromagnetic waves and the first
wireless telegraph, or between the discovery of uranium and the first atomic bomb.

16-1-2 Basis of thermometer making
While Isaac Newton was thinking about light and gravity in Cambridge, Boyle 5 was
studying at Oxford about the mechanical properties and the compressibility of air and
other gases. Boyle, who had heard of the invention of the lead bullet(1) by Guericke 6,
completed his design and tested it to measure air volume at low and high pressures.
The result of his works is now known as Boyle-Mariotte 7 law, which states that the
volume of a certain amount of each gas at a constant temperature is inversely
proportional to the pressure on which the gas enters. About a century later, Frenchman

- Santorio (1561-1636)
- Grand Duke of Tuscany, Ferdinand II (1610-1670)
5
- Robert Boyle (1627-1691)
6
- Otto von Guericke (1602-1686)
7
- Edme Mariotte (1620?–1684)
3
4
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Gay-Lussac 8, while studying the expansion of gases, found another important law
1
which states that "at constant pressure, a certain volume of each gas increases as 273 of
its initial volume, as much as one degree Celsius of increasing temperature". The same
law had been discovered by another Frenchman Charles 9 two years earlier hence, it called
Charles- Gay-Lussac law. These two laws were the basis for the development of gas
thermometers.

16-1-3 Types of thermometers
A- Electrical resistance thermometer: The electrical resistance thermometer
consists of a long, thin wire, which is usually wrapped around a thin frame to prevent
the pressure resulting from the change in length of the wire caused by its shrinkage
during cooling. Under special circumstances, the wire can be wrapped around or
inside a body that measures its temperature. In the very low temperature range,
resistance thermometers are usually made of a combination of carbon with germanium
crystalline, with arsenic impurities, and placed it inside a blocked helium-filled capsule.
This thermometer can be mounted on a physical surface to measure its temperature, or
placed in a cavity created for this purpose. Platinum resistance thermometer can be used
for very precise work in the range of 253 to 1200 degrees Celsius.
B- Thermocouples: Thermocouples use the property of expansion and contraction
of solid objects. The range of a thermocouple depends on the material from which the
thermocouple is made. The range of a platinum-rubidium thermocouple (ten percent
platinum) is from zero to 1600 ° C. The advantage of a thermocouple is that, due to
its small mass, it quickly becomes to thermal equilibrium with the system whose
temperature is being measured. Therefore, the temperature changes are easily affected
by it, but it hasn’t the accuracy of the platinum resistance thermometer.

16-1-4 Units of temperature measurement
1- Kelvin: Kelvin, denoted by K, is the fundamental temperature scale in
science and other scales are defined in terms of it.
2- Celsius or Centigrade: denotes Celsius 10 scale with C and is based on the
triple point of water. On the Celsius scale, the melting point of ice is 0 ° C and the
water boiling point is 100 ° C.
- Joseph Louis Gay-Lussac (1778–1850)
- Jacques Alexandre Cesar Charles (1746-1823)
10
- Anders Celsius (1701-1744)
8
9
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3- Fahrenheit: This scale indicated by F is still used in some English-speaking
countries and is not used in scientific work. On the Fahrenheit scale, the melting point
of ice is 32 degrees and the boiling point is 212 degrees. So we have:
(16-1)

1°C = 1°K= 1.8 °F

To convert the temperature from one scale to another, follow table (16-1).
Table 16-1: Temperature Conversion Table
F to C

C=(F-32)/1.8

F to K

K=[(F-32)/1.8]+273

C to F

F=C×1.8+32

C to K

K=C+273

K to F

F=[(K-273)×1.8]+32

K to C

C=K-273

16-2 Thermometer function
The simplest way to measure the temperature is to choose the appropriate path on the
plate xy shown by the dashed line (figure 14-1). Line ( y=y1 ) intersects the isothermal
curves at points where their coordinate y is common but their coordinate x is different.
Then we choose the temperature dependent on each isothermal curve as a function of
x at the intersection point. The coordinate x is called a thermometer property. The
shape of the thermometer function (x) determines the temperature scale.
Suppose x is the display of a feature of the thermometer. Optionally, we want to
define the temperature scale so that the temperature θ is directly proportional to x.
Therefore, the common temperature between the thermometer and all systems with
which it is in thermal equilibrium is:

f(x)=ax

(16-2)
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Fig 16-1: Different thermometers show specific temperatures with different
numbers.

Fixed point: Generally the equation (x)=ax applies to a thermometer in contact
with a system whose (x) temperature must be measured. Therefore, this equation is
used when the thermometer is in contact with a standard system that is arbitrarily
selected and simple to produce. This state of the standard system chosen arbitrarily is
called a fixed point. Since 1954 only one standard fixed point has been used, which is
the same triple point of water, a mixture of ice, liquid, and pure water vapor, are in
equilibrium. To the temperature at which this state exists, the amount of 273.16 Kelvin
is attributed, which is written as 273.16 k. In fact, the thermometer can be calibrated
in function f(x)=ax by finding the value of (a) in degrees Kelvin.
Triple Point Condition: To reach the triple point, distill very pure water whose
isotopic composition is largely similar to that of ocean water. After all the air has gone
out of the container, they block the container openings. With the help of a cooling
mixture in internal cavity, an ice layer is formed around the cavity. When the cooling
mixture is replaced with a thermometer bubble, a thin layer around the thermometer
is melted. As long as the solid, liquid and vapor phases are in equilibrium, the system
is in triple point.
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16-3 The laws of gases
The efforts of Celsius, Fahrenheit, and Kelvin to calibrate different scales of
thermometers made the human understanding of heat and temperature. Robert Boyle's
efforts on the mechanical properties and compressibility of air and other gases have
led to considerable results for proposing the first theories about the laws governing
the behavior of gases. Boyle did many experiments to measure the volume of air at
different pressures by increasing and decreasing pressure. The result of his works is
now known as Boyle's Law, which states that the volume of a given amount of any
gas at a given temperature has an inverse relationship to the pressure on which the gas
enters (figure 16-2, A and B).

Fig 16-2: Relation of pressure and volume of the gas
A: The volume of gas has an inverse relation to the pressure applied to it.
B: The relation between pressure and volume of the gas.

Years after Gay-Lussac discovered that a given volume of the gas per 1 degree
1
Celsius of increasing temperature increases its initial volume by
, Kelvin defined
273
absolute zero (figure 16-3).
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Fig 16-3: Kelvin defined absolute zero.

16.3.1 Laws of complete gases
Results of various experiments on gases led physicists to define complete (ideal) gas
(figure 16-4 A and B).
Macroscopic definition: A complete gas whose pressure, temperature and volume
changes are a function of the law of complete gases.
Microscopic definition: Complete gas is the gas whose particles haven’t effect on
each other like the material points.
By definition, a gas is said to be complete whenever it follows the below law:

PV=nRT

(16-3)

Where P is the pressure in terms of atmosphere, V is volume (liters), T is
temperature (Kelvin), n is the number of gas moles and R is the constant of complete
gases which is equal to R=0.0821 L-atm/mo-K . The value of R is expressed in terms
of used units of measurement. Table (16-2) shows the value of R in terms of other
quantities.
The average amount of kinetic energy for a molecule of gas is given by:

Energy per molecule = (3/2)kT

(16-4)

k =Boltzmann's constant= 1.38 ×10-23 J/K
A gas is complete when it applies to the below relation:
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lim PV = nRT
p→0

(16-5)

Fig 16-4: The behavior of complete and real gases

Table 16-2: R value
value

unit

0.08206

L atm/mol K

1.987

cal/mol K

8.314

J/mol K

8.314

m3 Pa/mol K

62.36

L torr/mol K

The torr is a unit of pressure based on an absolute scale.

Although there is no real gas that strictly follows the law of ideal gases, the
behavior of many gases complies with these rules in a satisfactory approximation
(figure 16-5). The reason for this orderly behavior can be found by examining how
the product of PV of a gas depends on density, or if the mass is constant inverse the
volume. Because:

PV=constant

(16-6)
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In the case of a real gas, when the pressure goes to zero, the equation is as follows:

PV = nRT

(16-8)

Fig 16-5: Comparison chart of the behavior of real gas with ideal gas

Also, the internal energy of a real gas is a function of gas pressure and temperature.
The most well behaved material for thermometry is gas. Because the ratio of the
pressure p of a gas at any temperature to the pressure Ptp of the same gas at the triple
point, when both are going to zero approaches to a value that is independent of the
nature of the gas.

16-3-2 Internal energy of ideal gas
Consider a container that is thermally insulated and its walls are rigid. The container
is divided into two sections by a blade. Suppose one part is full of gas and the other
part is empty. If the blade is removed, the gas will undergo a process called expansion
where during it nothing is done and no heat is transmitted. Since ΔT and W (heat
change and work) are both zero, it follows from the first law that the internal energy
remains unchanged during free expansion. In an ideal gas, particles have no potential
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energy relative to each other. So the energy of an ideal gas is only related to the kinetic
energy of its particles. That's mean:
E=nK, K is kinetic energy of a particle

3
E = n ( kT )
2

(16-9)

(16-10)

In the above relation since n is the number of particles and k is the Boltzmann
constant and T is the temperature, so the internal energy of the complete gas is only a
function of the absolute temperature of the gas. So:
E
T
1= 1
E
T
2
2

(16-11)

The change in the internal energy of the complete gas is also said to be equal to:
∆𝐸𝐸 = 𝑊𝑊 + 𝑄𝑄

(16-12)

If the volume of gas changes at constant pressure (figure 16-6), then the work is
done on the gas (or the gas on the environment) which can be calculated as follows:
W= Fs = (PA)s=P∆V
∆V =V2 - V1
W=P(V2 - V1 )

Here the work definition means Fs the work is done and P = F/s pressure is used,
so the work is done is equal to the product of the pressure in the volume change. That
is, the change in the internal energy of a system is equal to the work and heat
exchanged between the system and the environment. If the system receives work or
heat, their size will be positive, and if they lose work and heat, their size will be
negative.
At this point, it is better to define a complete or ideal gas whose properties, while
not similar to those of any of the available gases, have the same properties as a real
gas at low pressures. Whether or not a real gas can be examined as an ideal gas
depends on the acceptability of the error resulting from this in a certain calculation. A
real gas at pressures of less than about 2 atmospheres can be considered as a complete
gas with an error of less than a few percent. Even saturated vapor that is equilibrium
with its liquid, if the vapor pressure is low the gas state equation can be used with a
slight error.
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Fig 16-6: If the gas volume changes at constant pressure, the work is done.

16-4 Experimental determination of heat capacities
The heat capacities of gases are measured by an electrical method. To measure Cv
(heat capacity of the gas in constant volume) the gas is placed inside a flask with thin
steel walls wrapped around a heater wire. By conducting an electric current into the
wire, some heat is released into the gas, and the specific heat is measured in constant
volume as the gas temperature rises. A similar method is used for measuring Cp
instead of limiting the gas to a constant volume allowing gas to flow at constant
pressure through a calorimeter where the gas is electrically received a certain amount
of heat per unit time. Using the initial and final temperatures, the rate of heat
generation and the rate of gas flow the amount of Cp is calculated.
Table 16-3 Calculations for Specific Heat Capacity
Type of gas

Energy per
molecule

U
Energy

Cv

Cp=Cv+R

γ =Cp/Cv

Single atomic gases
And metal vapor

3/2KT

3/2nRT

3/2 R

5/2 R

5/3

Two-atomic gases
No vibration

5/2KT

5/2nRT

5/2 R

7/2 R

7/5

Two-atomic gases
With vibration

7/2kT

7/2nRT

7/2

9/2 R

9/7
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The results of such measurements on gases at low pressures (almost complete
gases) can be expressed simply in terms of molar heat capacities. For the all gases we
have:
A: Cv is just a function of T.
B: Cp is only a function of T and is greater than Cv .

Cp - C v = Constant =R
C: Some of the calculations performed and verified with the experience are listed in
Table 16-3.

16-5 State equation of an ideal gas
The basic hypotheses of the kinetic theory of an ideal gas are:
1- Every small sample of gas contains a large number of N molecules. All
molecules of one type of chemical material are the same. If m is the mass of each
molecule, the total mass is mN. If 𝑚𝑚′ denotes the molecular mass in kilograms per
kilomole (formerly called molecular weight), the number of grams of moles is:

n=mN/m'

(16-13)

The number of molecules per mole of gas is called the Avogadro number denoted
by NA, so:
Mole/number of molecules =N A = 6.022×1023

(16-14)

2- The molecules of an ideal gas are assumed to resemble small spheres with
permanent mazy motion. In the temperature and pressure range of an ideal gas, the
average distance between adjacent molecules is large compared to the size of a
molecule. The diameter of a molecule is about 2×10-10 up to 3×10-10 meter. Under
standard conditions, the average distance of molecules is about 50 times their
diameter.
3- It is assumed that the molecules of an ideal gas exert no attraction or repulsion
force on other molecules except when they collide with each other and with a wall.
Between collisions, the molecules have a uniform straight-line motion. The part of the

16. Gases and the Laws of Thermodynamics

379

wall that a molecule collides with it is considered smooth and the collision is
considered to be completely elastic.
4- If there is no external force field, the molecules are evenly distributed
throughout the container, molecular density N/V is assumed constant such that in each
small element of dV volume, there is the number dN molecule that is equal to:
dN =

N
dV
V

(16-15)

The small dV element in the kinetic theory of gases must have the same conditions
as in thermodynamics. That is, it is small compared to V and yet large enough to make
dN a large number. For example, if there are 10¹³ molecules in one cubic centimeter
of volume, one millionth of a cubic centimeter of that contains 107 molecule because:

dN=(N/V)dV=(1013 /1cm3 )1×10-6 cm3 =107
And it has the condition of a differential element of volume.
5- The speed of all molecules is not the same. At any given moment, some
molecules are slow and some are near the speed of light. Since most molecules move
very fast, then the range of velocities can be seen between zero and the speed of light.

16-6 Thermodynamics
Nineteenth-century engineers began the study of thermodynamics. They wanted to
know what the laws of physics impose on the performance of steam engines and other
mechanical energy generators. Thermodynamics discusses the conversion of one form
of energy to another, particularly the conversion of heat to other forms of energy. This
is done by studying the relationships between purely macroscopic parameters that
describe the behavior of physical systems. This macroscopic description is necessarily
somewhat crude, as it ignores all microscopic details. But in practical applications,
these details are often not important. For example, an engineer who studies the
behavior of combustion gases in a car engine cylinder (figure 16-7) can work with
macroscopic quantities such as temperature, pressure, density, and thermal capacity.
In fact, scientists were looking for an answer to the question: Can a machine be built
to do mechanical work permanently? They have been researching this topic for a long
time, and a number of researchers have suggested plans for it.
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Fig 16-7: The internal combustion engine is built to convert one type of energy to
another.

The following figures illustrate some of these types of designs. In figure (16-8),
short hinged rods, which rely on nails, attach the weights to the wheel. When the rods
are in the shown position, there is an imbalance in the weight distribution that will
create a clockwise torque and rotates the wheel. The designer assumed this movement
is permanent and not only keeps the wheel rotating but also permanently energizes its
axle. But what happens in fact is that after one rotation, the masses remain in a
balanced state and the movement stops.
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Fig 16-8: In this design, the pellets are attached to the wheel and without doing
anything on the system, the pellets cause the wheel to rotate, producing permanent
energy from nothing.

Fig 16-9: The magnet absorbs the chariot and the vehicle can be moved
permanently without any work or energy consumption.

In these projects, the energy was obtained without doing work. But these plans did
not consider the limitations of the laws of thermodynamics and were practically
devoid of value. The purpose was to obtain the endless output work without the use
of any fuel or any other input energy. Many attempts were made in this way, but none
was practical. The results of the experiments showed that it was impossible to build
such a machine. The first law of thermodynamics is nothing but the expression of the
same conservation of energy. If the only way to change the energy of a system was to
do the work on the system or get the system to do work, it would be easy.
Every work we have done on the system, finally, would returned as mechanical
energy. Giving the system heat also raises its temperature, and when the body returned
to its original state, it gave back the heat it had previously received. It was thus
possible to speak of some kind of internal mechanical energy of the system, which
was the algebraic sum of the works are done by the system and the work is done on
it; In addition, the system had a heat content which can be calculated from the
algebraic sum of the heat given to the system and the heat taken from it. Joule's
experiment showed that this theory was incorrect.
The temperature of a body could be changed by doing work on it; a body could take
the heat (e.g. steam machine) and do mechanical work. As it turned out, it is
impossible to speak of the heat contained in a certain amount of matter or of its
mechanical energy separately. The body has only one energy reservoir, which we call
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internal energy. Both mechanical work and heat contribute to this reservoir; or
removing energy from it can be either mechanical work or heat. This is the first law
of thermodynamics.

16-6-1 Study steps of thermodynamics
Describing general characteristics of a system with a number of measurable features,
more or less understood by our senses, is a macroscopic description. These
descriptions are the starting point for all studies in all branches of physics. But in
thermodynamics, our focus is on the system, so we take a macroscopic perspective
and emphasize those macroscopic quantities that have a relation with the internal state
of the system.
It is up to the experiment to determine the quantities that are necessary and sufficient
to describe this internal state. Those macroscopic quantities that are related to the
internal state of the system are called thermodynamic coordinates. These coordinates
are used to determine the system's internal energy. The purpose of thermodynamics is
to find general relationships of these thermodynamic coordinates that are consistent
with the fundamental laws of thermodynamics. A system that can be described in
terms of thermodynamic coordinates is called a thermodynamic system. The first step
in the study of thermodynamics is to select the part of the space or body or a sample
on which the study focuses. This section is called the system. The remnant of the space
or sample object that is in contact with the system and is involved in the evolution of
the system, or interacts with the system in other words, is called the surrounding
environment (figure 16-10).
The next step is to select the method or perspective from which the viewpoint is
studied. There are two seemingly different perspectives in this passage:
A. Macroscopic Perspective: The macroscopic view is a general view, and the
general characteristics or large scale properties of the system form the basis of the
macroscopic description of the system. In short, the macroscopic description of a
system is to identify some of the basic and measurable features of that system.
B. Microscopic Perspective: Statistically, a system consisting of a large number
of molecules (N molecules), each of which can be placed in a set of states whose
energy is equal to E1, E2, and so on. This system can be considered isolated, or in
some cases, it can be assumed that a set of similar systems or a number of systems
have embraced it. When the equilibrium of heat with mechanical energy was firmly
proved, it was the time that the laws of converting a type of energy into another type
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to adjust. Rudolph Clausius 11 took the first step in that direction. These efforts
continued in the same manner until the basic laws of thermodynamics that formed the
basis of this science were formulated.

Fig 16-10: System and environment

The macroscopic and microscopic quantities of each system must be related to
each other because they describe the same situation in two different ways. In
particular, we should be able to express macroscopic quantities in terms of the
microscopic quantities. For example, the pressure of a gas is actually measured by a
barometer, but from a microscopic perspective, the pressure is related to the average
rate of momentum transfer of the gas molecules that collide with the barometer’s unit
of surface. If we can define macroscopic quantities in terms of the microscopic
quantities, we will be able to explain the laws of thermodynamics in a quantitative
way in statistical mechanics. Explaining the science of thermodynamics with the help
of more abstract science of statistical mechanics is one of the greatest achievements
of physics. In addition, the more fundamental points of statistical mechanics allow us
to significantly complement the basic principles of thermodynamics.

11

- Rudolph Clausius (1822 -1888)
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16-6-2 Zeroth law of thermodynamics
There is a scalar quantity called temperature which is the property of all
thermodynamic systems (in equilibrium), such that equilibrium is a necessary and
sufficient condition for the thermal equilibrium of the two systems.

16-6-3 The first law of thermodynamics
Whenever we use a process that deals with heat and work to move a system from a
state to a new state, the internal energy change of the system has a constant value that
is independent of the details of the process. Internal energy changes are equal to the
sum of the work is done on the system and the heat is given to it. In other words, if
we show the internal energy changes with ΔU, the work is done on the system with
W and the heat given to it by Q, we will have:

∆U = Q + W

(16-16)

Fig 16-11: Gas volume increases but temperature does not change.

Of course, the amount of work or heat depends on the details and route of the
process. The first law allows us to calculate the unknown amount of heat or work
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required for a process by using the amount of heat and work required for a different
process that brings the system from the same initial state to the same final state. Using
that, also sometimes we can get some general qualitative results about the behavior of
a system. Take a thermally insulated reservoir containing ideal gas at a temperature
like T1 . Attach it to another vacuum-isolated reservoir with a tube that has a tap (figure
16-11). If you suddenly open the tap, the gas flows from the first tank to the second
tank to equalize the pressures. Empirically, we have found that this free expansion
process does not change the gas temperature. When the gas is in equilibrium and stops
flowing, the final temperature of both reservoirs is equal to the starting temperature T1 .
What can we deduce from this empirical observation? Since the tanks are thermally
insulated from the environment around them, the expansion process neither adds heat
to the gas nor takes heat from it that means Q=0 . In addition, the expansion process
does not work (except for the small amount needed to rotate the tap) which means
W=0 . As a result, the first law tells us that gas energy does not change. This shows
that the volume change does not affect the energy, that is, the internal energy of the
ideal gas is not a function of volume. The first law assumes that the gas energy is a
function of the macroscopic parameters P, V and T. Since the ideal gas law allows us
to express P in terms of V and T, energy can be considered as a function of two
variables V and T. That is, the volume change is ineffective on energy, so the internal
energy of the ideal gas is only dependent on its temperature.
Thermodynamic results apply only to the equilibrium states of the system, that is,
the static states in which the system, when mass transfer, heat transfer, and all
chemical and other reactions end, it rests in it. For the gas inside the two tanks shown
in figure (16-11), the starting state (the gas is in a closed tank and the valve is closed)
is an equilibrium state, and the final state (the gas is uniformly distributed in both
tanks) is also a state of equilibrium. But the intermediate state is not a state of
equilibrium when we immediately open the valve, and after it, the gas rushes through
the filled tank into the empty tank. So in this case (and in other thermodynamics
problems as well), we have to restrict the calculations to step by step and slow changes
(quasi-static and near equilibrium state) so that the formulas are applied during the
changes as well. Such restrictions may seem cumbersome, but in practice, they are
not as troublesome as they seem.
Heat can be produced with fuel, but usually what we need is mechanical work. A
system that converts thermal energy into mechanical work in a cyclic process is called
a heat engine. Early heat engines had very little efficiency. Only a small fraction of
the heat taken from the heat source could be turned to useful work. Even after
evolution of the technical design of these systems, there was still a considerable waste
of heat and it didn’t convert to mechanical energy. The dream of inventing the
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machine that could take heat from an endless source, such as ocean water and convert
it completely to useful work, never came true. If it could, we would no longer need to
burn fuel. It could be proven that if it were, we could even build a machine that would
transfer heat from cold body to hot body without the need for external work (e. g. a
refrigerator that does not consume energy). None of these ambitious aspirations
contradict with the first law of thermodynamics.

16-6-4 Second law of thermodynamics
Examination of the first law of thermodynamics revealed that the internal energy of a
body can be extracted as heat or mechanical energy. Scientists wanted to create a
machine that could deliver more work (or heat) with less energy. If we can apply all
the internal energy of a body, we will be very close to that goal. We want to build a
machine that can return to its original position after a certain amount of work, so this
machine can produce work permanently. This process is called a cycle. Now, if the
energy source of this cycle is the internal energy of matter, it can lower the body
temperature and then produce work by the end of that internal energy.
In practice, such a machine can never be built. There is no machine that works with
only one heat source. In order for a cycle to do some work and extract some heat, part
of it must operate at a temperature lower than the source temperature. The second law
of thermodynamics actually reveals this. The second law of thermodynamics, derived
from the generalization of many experiences, confirms that such machines do not
exist. This law is expressed in as many different ways as can be shown to be
equivalent; that is, if each of these statements is considered incorrect, the other
statements are also incorrect. Here are two ways of expressing this law. The first
focuses on the efficiency of heat conversion to work and the second focuses on the
irreversibility of nature.
1. Kelvin expression: A process whose only result is complete heat conversion
to work is by no means possible.
2. Clausius expression: It is not possible to transfer heat from a cold body to a
warmer one without doing work.
Kelvin's expression states that one cannot achieve 100% efficiency in heat
conversion to work; and Clausius's expression negates the possibility of reversing the
natural tendency of heat to be transferred from hot body to cold one, without external
interference (for example, as work). In other words, the first statement rejects the
possibility of making an ideal heat engine and the second statement rejects the
possibility of making an ideal refrigerator. The laws of thermodynamics tell us what
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is not possible. Therefore, no experience or experiment alone can convince a person
that these laws are correct. The only thing we can say is that thermodynamics has so
far succeeded in interpreting and predicting all thermal phenomena and still is.

16-6-5 Third law of thermodynamics
This law states that absolute zero cannot be achieved through a finite process
sequence. That is, it is impossible to reach absolute zero. We can get near it, but
absolute zero itself is not available.
Last Word: Snow 12 once said that not knowing the second law of thermodynamics
is like never reading Shakespeare. But while many people understand the first law that
says "energy is neither created nor destroyed", few are familiar with the second law
that states "Entropy only increases". However, what is entropy and why should it
increase? We need to understand the concepts of energy and entropy first, whether we
want to understand how refrigerator systems work properly or what the fate of the
universe is.

Chapter note:
1- "In 1650 Guericke invented the air pump, which he used to create a partial
vacuum. His studies revealed that light travels through a vacuum but sound does
not. In 1654, in a famous series of experiments that were performed before Emperor
Ferdinand III at Regensburg, Guericke placed two copper bowls (Magdeburg
hemispheres) together to form a hollow sphere about 35.5 cm (14 inches) in
diameter. After he had removed the air from the sphere, 16 horses were unable to
pull the bowls apart, even though they were held together only by the air around
them. Thus the tremendous force that air pressure exerts was first demonstrated".
Knowino
http://www.theochem.ru.nl/~pwormer/Knowino/knowino.org/wiki/Otto_von_Guericke.html

12

- Charles Percy Snow (1905-1980)
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Chapter 17

Enthalpy and Entropy
You should never be surprised by or feel the need to explain why any physical system is
in a high entropy state. Brian Greene

17-1 Enthalpy
The intuitive understanding of the concepts of heat, pressure and even internal energy
is more or less simple, but it seems, does not so with the physical concept of enthalpy.
To understand the concept of enthalpy and its physical understanding, consider the
first law of thermodynamics. The first law of thermodynamics is an expression of the
law of energy conservation, with the explanation that heat is also a form of energy.
This law is shown quantitatively as:

dQ=dU+dW

(17-1)

In which Q, U, W, are heat, internal energy and work respectively, we can write:
dQ=dU+dW=(Q 2 -Q1 )=(U 2 -U1 )+(W2 -W1 )

(17-2)

Whenever at constant pressure, the volume of a system changes slightly, the
system does work with the amount of dW=PdV on the environment or, vice versa,
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the environment does work on the system. Now suppose that in a process of constant
pressure, the internal energy and the volume of the system change. So with help of
the first law of thermodynamics and the definition of work in a constant-pressure
process, simply we reach below relation:

dQ=d(U+PV)

(17-3)

That the quantity in parentheses, i.e. U + PV, is denoted by H and is called
enthalpy. If so, we have:

dQ=dH , H=U+PV

(17-4)

Therefore, whenever a process is performed on a system at constant pressure, the
heat is given or taken from the system is equal to the enthalpy change. Therefore,
enthalpy is also called the heat content of the system. Since most processes in
chemistry and engineering are carried out at constant pressure, the concept of enthalpy
is of high usage. System’s enthalpy is a Thermodynamics function that corresponds
to the sum of the internal energy of the system and the product of volume to its
pressure (at constant pressure) is equivalence in the system environment. In other
words, the heat absorbed by the reaction at constant pressure is equal to the enthalpy
change of the system. Like the internal energy, enthalpy is a function of the state of
the system and is independent of the path to which it reaches that state.

17-2 States of matter
Any system, whether solid, liquid, or gas, consists of atoms or ions or simple
molecules that interact with each other. This action is due to two factors:
1. Attraction or repulsion between particles resulting from ionic and dipole action.
2. Kinetic energy, kinetic energy is given as relation E=1/2mv 2 . Which is
directly proportional to the absolute temperature of the system, because the
molecular speed v of a complete gas is obtained from the following relation:
v=

3RT
M

(17-5)

Where M is the molar mass, R is the universal gas constant, and T is the
temperature to Kelvin. Although the principles of intra-interaction of the system (due
to kinetic energy, ionic action and particles dipole) are the same, the magnitude of
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their effects varies in various systems, which can be studied in solid, liquid and gas
states.

17-2-1 Solid, liquid and gas
To understand the difference between three states solid, liquid, and gas of matter we
should focus on attractive molecular (or atom) and kinetic energy of them.
A. Solids: In the solid state, the attractive molecular force solids overcome the
molecular kinetic force and cause atoms or molecules to stay close together. There
is a fixed geometry in the neighborhood of atoms (or molecules) in the solid, and
the set of atoms has a definite shape and volume (figure 17-1).

Fig 17-1: Solids have a fixed geometry.

B. Liquids: In liquids, kinetic energy is greater than that of solids. This energy is
not enough to separate the molecules (or atoms), and it is not small enough for
the molecules to stay close to each other. There is no fixed geometry in the
neighborhood of molecules (or atoms) for liquids. The set of them does not
have a fixed shape but has a fixed volume (figure 17-2). Solids and liquids are
both compressive states of matter.
C. Gases: In gases, kinetic energy at a point is greater than attractive molecular
(or atoms) forces, this amount of kinetic energy overcomes the attractive forces as
atoms and molecules are separated from each other. The set of them expands and
occupies the space in which they are located.
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Fig 17-2: Liquids do not have a fixed geometric shape.

17-2-2 Internal energy and heat transfer
If thermal energy (q) is given to a system, its internal energy U increases, and if the
system performs work w, on the environment, its internal energy decreases such that:

dU=dq +dw

(17-6)

Where the work is done by the system is considered negative. For a potential
system that does expansion work, its H enthalpy is defined as follows:

U=H-PV or H=U+PV

(17-7)

Here P is the pressure and V is the volume of the system. Dimensions of PV and
W are the same, so PV is a type of energy that is equal to the product of pressure on
the system’s volume and does work.
In physics, whenever two quantities have the same dimensions (they have the same
units), then those two quantities are equivalence. The pressure is equal to the force on
the surface P=F/s , and its unit is Newton per square meter, so the PV unit is equal to
Newton per meter. On the other hand, the work is equal to Newton in meter, so these
two quantities are equal and each can be replaced by the other. Thus PV is equal to
work (or energy) and at constant pressure, enthalpy changes dH of a system are equal
to the heat applied to the system. So we'll have:
dH = dq , H=U+PV
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For minor changes to the system (after computation and simplification), we will
have:

dH=dq+dw+PdV+VdP
If the pressure is constant, dp will be zero and we have:

dH=dq+dw+PdV
Finally, pay attention to dw, if the system does not do any electrical or mechanical
work, the only thing it can do is work from PV (expansion or contraction). In this
case, with constant pressure, the work caused by expansion will only relate to PdV,
and if the work is done is negative, PdV will also be negative: That is dw=-PdV , so
we will have:

dH=dq+(-PdV)+PdV=dq

∆H= q p

(17-8)

For a system, at constant pressure, the enthalpy change of the system is equal to
the heat given to or taken from the system.

17-3 Heat transfer and state change
Since the enthalpy of the system is proportional to the temperature (figure 17-3), the
heat capacity of the material can be measured if the amount of obtained heat and the
temperature of the material are checked, which includes the following steps:
1- The amount of heat needed to keep the pressure constant during a process.
2- The heat capacity at constant pressure Cp and the heat required are as follows:
C
=
p

q p ∆H
=
∆T ∆T

(17-9)

3- Therefore Cp is equal to the slope of the enthalpy diagram H and temperature T
(figure 17-4).

394

Physics from the beginning to now

For many materials, the heat capacity at constant pressure at any optional
temperature T equals the curve slope of the enthalpy diagram and the temperature.
The following relations have resulted:
 ∂H 
Cp = 

 ∂T  p

(17-10)

And vice versa, enthalpy changes for going from temperature T1 to T2 , are a
function of the heat capacity of the material.

Fig 17-3: System enthalpy is proportional to temperature.

4- When Cp is fixed in a range, we will have:
∆H = C p ∆T

(17-11)

Fig 17-4: Heat capacity at constant pressure is equal to the slope of the enthalpy
diagram (H) and temperature (T).
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5- In the general case where the heat capacity of Cp is a function of temperature,
by integrating from Cp as a function of temperature, we will have:
T2

∆H =
∫ C p dT

(17-12)

T1

Therefore, the heat capacity at constant pressure is the derivative of enthalpy
relative to temperature and the enthalpy change is the heat capacity integral at constant
pressure.

Fig 17-5: Diagram of water changes from solid state to gas at constant pressure of
an atmosphere

17-4 Changing water states
If we examine the water, from its solid state (ice) of -25°C and heat it to +125°C (at
a pressure of 1 atmosphere) the obtained data will be similar to the diagram of the
figure (17-5). At all stages of this process, the pressure is constant.
1- Between -25°C up to 0°C the slope of the diagram is negative.

Cp =37.6 J/mol
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2- It seems that in 0°C the specific heat is unlimited. But experiment shows that
the melting heat is 6.01 J/ mol K (ice enthalpy function).
3- Between 0 up to 100 degrees Celsius the heat capacity of water is equal to
75.2 k J/ mol .
4- Once again at 100 degrees Celsius, it seems that the specific heat of the water
(boiling water) is infinite. But experience shows that by taking some heat it goes from
liquid state to vapor, and evaporation enthalpy is 40.7 kJ/ mol .
Table 17-1: Latent heat of materials

Material

latent heat of
melting

kJ.kg



-1

C

specific heat of
vaporization

kJ.kg

-1



C

Water

334

0

2258

100

Sculpture

54

115

1406

445

Ethanol

109

-114

78

78

Chloroform

74

-64

254

62

Mercury

11

-39

294

357

Hydrogen

60

-259

449

-253

Oxygen

14

-219

213

-183

Nitrogen

25

-210

199

-196

Consider the following process in which oxygen and hydrogen combine to produce
water. Here, too, the pressure is constant, but the enthalpy of the system changes.

2H 2 + O 2 + (∆H=-464.3 kJ) → 2H 2 O
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑔𝑔𝑔𝑔𝑔𝑔 + 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 → 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣

In this process of converting gas to a liquid, the pressure is constant and the
enthalpy of the system changes. In figure (17-6) the diagram shows the temperature
and heat of the ice-water vapor conversion process in which the enthalpy of the system
increases.
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A: Ice temperature increases with heat absorption.
B: the latent heat of melting prevents the temperature from rising by heat
absorption.
C: By heat absorption, the temperature also increases.
D: Water boils and latent heat of evaporation prevents temperature from rising.
E: Steam temperature increases with heat absorption.
D, B: Temperature is constant, but enthalpy of the system increases.
Table (17-1) shows the latent heat of melting and evaporation of several materials.

17-5 Entropy
Usually, the second law of thermodynamics describes that the entropy of the universe
increases spontaneously during a process. Then ΔS is introduced. But how we can
explain the entropy really? The second law of thermodynamics is a logical conception
of human experience and is not derived from complex theories and equations. So
thinking about ordinary experiences can be very effective in understanding the
concepts of entropy. If we remove and release a stone, it will fall. When you remove
the pan from the oven, the pan and its contents will cool. Iron oxidizes in the air. If
the pressure in the tire is high, the air will drain out of its small hole to lower the
pressure. The ice cubes melt in a warm room. What happens in these processes? Some
types of dense energy are distributed. Look again at the examples to examine this
change in all of them. But how we can apply the second law of thermodynamics to
justify the universe?

Fig 17-6: Temperature diagram in terms of heat absorption
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Energy is spontaneously distributed unless something causes it to delay. But what
is the concept of entropy and the universe that is discussed in many texts? Let us
briefly consider entropy. The universe means a system that we see along with its
surroundings. That is everything that surrounds it. The system plus its surroundings
mean the universe. Now let's examine some systems.
1- The rock has potential energy and when you release it, the potential energy is
converted into kinetic energy. When it also falls into the air, dislodges its molecules
and scatters some of the rock's energy. During the collision with the ground, some
of the acoustic energy disperses the compressed air, causing it to warm itself and
the ground it hits. After a while which dissipates a small amount of its heat into the
air, it no longer changes. But the potential energy the rock had at the moment of
release was now scattered around the environment, some through the moving
molecules of the air and some warming the earth and air. In this example:
System: Rock above ground and then on the ground.
Surroundings: The air with the ground.
2- The metal atoms in the hot pan vibrate rapidly. So the kinetic energy is
concentrated in the hot pan. When the colder molecules of the air collide with the
hot pan, the vibrating atoms of the metal transfer some of their energy to the air
molecules. The concentrated energy of the pan therefore diffuses and is more widely
distributed among the air molecules.
System: The pan.
Surroundings: Room air.
3- Iron atoms and oxygen molecules in the air have chemical energy through
their chemical bonds. This energy is greater than the energy present in iron oxide.
This is due to the reaction of oxygen with the iron. Releasing energy from the higher
energy levels in the oxygen bonds with the iron bonds and forming the lower energy
levels in the iron oxide bonds. In addition, some energy is released into the
environment, which is an exothermic reaction, and forcing the molecules in the
environment to move faster.
System: Iron, Oxygen and Iron Oxide.
Surroundings: Near air, humidity, or salt along with anything associated with iron rust.
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17-5-1 What is entropy?
Entropy indicates the spontaneous diffusion of energy. In other words, entropy shows
how much energy is dispersed in a process, or at what rate, at a particular temperature.
∆S =

∆H vaporization
∆H fusion
or
T
T

(17-13)

Attention to the two above relations and H indices (fusion, vaporization) mean heat
transfer from the system to the environment. That is, entropy S is a Thermodynamics
quantity that is a measure of the degree of disorder in the system. As the degree of
disorder is being higher, the entropy is getting higher too. For a certain material at a
complete internal equilibrium state we have:
𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆 < 𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳 𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆 < 𝑮𝑮𝑮𝑮𝑮𝑮 𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆

The disorder amount of a system that is used as a criterion of spontaneous reaction is
called entropy, which is expressed in terms of J/K.mol and denotes with S (figure 17-7).

Fig 17-7: The entropy of each system is increasing or remains constant

17-5-2 Second law of thermodynamics and entropy
The first law of thermodynamics led to introduce the internal energy of U. This
quantity is a function of the state by which a process is judged to be permissible and
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shows that only transformations are allowed to maintain the internal energy of the
whole isolated system. But the second law of thermodynamics introduces another
function that shows the properties of the feasibility of a process, representing the
entropy S of the system.
It is on the basis of entropy that we can judge whether one state is spontaneously
obtainable from another state or not. In the first law, by using internal energy, the
permissible transformations are identified (the ones with constant energy). From the
second law, by means of entropy, processes can be identified that allow for
spontaneous developments on the basis of the first law.
Expression of the second law of thermodynamics: The entropy of the isolated
system increases in a spontaneous process. This expression of the second law of
thermodynamics shows that:
S

Where S

tot

tot

>0

(17-14)

is the entropy of all parts of the isolated of system. Irreversible

processes such as object cooling in the cold environment and free expansion of gases
are spontaneous. It can be argued that entropy is produced in irreversible processes.
On the other hand, in the reversible process, there is balance, that is, the system is in
equilibrium with the environment at each stage. Each small stage in this path is
reversible and irregular energy distribution does not occur and thus entropy does not
increase. The entropy in the reversible processes is transferred from one part of the
isolated system to another.

17-5-3 Statistical definition of entropy
On the basis of the statistical definition, it can be assumed that we can actually
calculate entropy using the Ludwig Boltzmann formula that was introduced in 1896:

=
S kLnW
=
, k 1.391×10-23 J / k

(17-15)

In which k is Boltzmann’s constant. This constant is related to the gas constant as
R = NAk. Quantity W is the number of different ways that a system can achieve to
specific energy by distributing atoms or molecules on the states available. The unit of
entropy is the same as the unit of k, so the unit of entropy is molar.
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17-5-4 Thermodynamics definition of entropy
In the Thermodynamics method for defining entropy, the focus is on the entropy
change dS during a useful process, not the value of S. The definition of dS is that the
rate of energy dissipation can be related to the exchanged energy as heat during the
process. Statistical and Thermodynamics definitions are consistent. In chemistry and
physics, it is a joyous moment to make a connection between the massive properties
(which is in Thermodynamics) and the properties of atoms.

17-5-5 Entropy change of the environment
The entropy change of the environment is denoted by dS' . The prime mark refers to
the environment of the real system that is located in a large isolated system. We show
the environment with a large heat tank (practically a water bath) that remains at T
temperature. We show the amount of heat transferred to the tank as a result of a task
such as the fall of weight with dq' , which the heat is transfer to the tank. The more
heat transferred to the tank, there is also more thermal motion, and therefore the more
energy dissipated. That's mean:

dS 'dq '

(17-16)

It is understood that if heat is transferred to a cold tank, the quality of energy will
be more degenerate than when the heat is given to the warmer tank. In the latter case,
we can extract work from a cold tank to a colder one due to the dq' heat flowing, but
if this heat is transferred directly to the colder tank, such extraction is not possible.
We conclude that if a certain amount of energy is given as heat to the hot tank, less
entropy is created than that energy is given to the cold tank. The simplest way to
calculate this temperature dependence is as follows:

dS ' =

dq '

(17-17)

T '
Where T is the temperature at which temperature the heat transfer takes place. For
a measurable change in constant temperature we have:
S '=

q'
T '

(17-18)
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A large entropy change occurs when a large amount of thermal motion is generated
at low temperature. For the process (adiabatic) we have:

q'=0 when ∆S'=0

(17-19)

This result is true for any process (reversible or irreversible). Unless local warm
areas are created in the environment, that is, when the result is correct that the
environment maintains its internal balance. If there are local areas where energy is
spontaneously distributed from these areas, then entropy is produced. When a
chemical reaction is carried out by changing enthalpy of ΔH in a system, the heat
entering the environment at constant pressure is equal to:

q'= -H

(17-20)

So the entropy change of the environment is equal to:

S'= −

H
T'

(17-21)

17-5-6 Entropy of solids
Assuming the correctness of the third law of thermodynamics, the absolute value for
the entropy of solids at high temperatures can be obtained as follows:
T

S = ∫ C p dT

(17-22)

0

If the material at high temperatures undergoes phase transformations and its state
changes, then the general form of entropy formula should be used as follows:

=
S

Tm

∫ C p (s)dT +
0

∆H m v
∆H v
+ ∫ C p (l )dT +
+ ∫ C p ( g )dT
Tm
Tv
Tm
Tv
T

T

(17-23)

In which C p (g), C p (l ). C p (s) are respectively the heat capacity of the material in the
solid, liquid and gas states at the constant pressure. In this formula, 𝑇𝑇𝑚𝑚 is the melting
temperature, 𝑇𝑇v the boiling temperature, ΔHm is the enthalpy change of melting, ΔHv
is the enthalpy change of boiling effect.
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Chapter 18

Properties and Wave-Particle Relation
No rational argument will have a rational effect on a man who does not want to
adopt a rational attitude. Karl Popper

18-1 New quantum mechanics
Whenever science has come to a hedge somewhere and has failed to justify
phenomena with existing theories, more complete and accurate theories have been
presented. When classical mechanics failed to justify the behavior of subatomic
particles, quantum mechanics was formed and in fact, mechanics became more
complete and comprehensive. Classical mechanics describe the motion of bodies in
which their mass and volume are visible. When humankind reached a level of
scientific evolution that examined the behavior of small particles such as electrons,
protons, and photons, he found a sharp contradiction between experience and theory
in classical mechanics, and he was intended to modify it to predict the phenomena in
theory.
Accordingly, the old quantum mechanics proposed by Planck, and Einstein could
justify some phenomena such as photoelectric effect, Brownian motion, and the
relation between matter and energy. But this theory had drawbacks, including that it
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did not predict the radiation spectrum of the atoms. For this reason, it replaced with
the new quantum mechanics.
In fact, light has a duality property, some experiments, such as double-slit
experiment of Young, only correspond to the wave state of the light and are
inconsistent with the particle of light, and in other phenomena such as photoelectric,
the light must be considered particle to justify this phenomenon and contradict with
the wave property of light. Is light really an electromagnetic wave or a particle?
Quantum mechanics answers this question very well. In fact, it communicates
between these two properties and it states that light is by no means a classical wave,
nor a classical particle. In classical mechanics, by knowing the initial location and
velocity and knowing the forces exerted on the particle, we can predict its location
and velocity in the next moments (Newton's second law). While in classical
mechanics, wave transmits energy and propagates in space, such as sound waves
whose energy is related to the square of the domain, and it propagates over the
perimeter of an expanding sphere, as the perimeter of the sphere increases and the
acoustic energy remains constant, the sound is no longer audible.
But a photon is not a classical particle, because we can't figure out its path at all.
It is also not a classical wave, since experiments have shown that light energy does
not diffuse. The relation that quantum mechanics makes between non-classical
particles and non-classical waves and is consistent with reality is that the domain
square of the non-classical waves actually indicates the probability of existing of nonclassical particles. That is, where the intensity is higher, more of these particles hit the
point, and where the intensity is zero, the probability of the particle being present is
zero. Quantum mechanics only deals with probabilities and the most information we
can get about quantum phenomena is the probability of occurring of different states.
Non-classical particles are not strange particles, but they are just particles that have
very little mass in which their weight is 10-30 kg. In all quantum mechanics formulas,
if the mass is considered as palpable objects such as a ball or box or..., the same results
are obtained from classical mechanics, which show that quantum physics is more
complete and comprehensive than classical physics. On the basis of the symmetry that
exists in nature, de Broglie 1 conjectured that because light waves have a particle
property, particles must have a wave property, and declared that the relation between
these two properties is that the momentum of the particle is inversely related to its
wavelength and the energy of the particle to the frequency of the wave. The existence

1

- Louis de Broglie (1892-1987)
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of these waves was proved experimentally by Davisson 2 and Germer 3. When we emit
a beam of electrons to a nickel-crystal, the diffraction phenomenon occurs that is the
wave property of the particles, meaning the particles also have the wave property.
These waves are called the material waves, whose domain square gives us the same
probability of presence. In addition, quantum mechanics says that we can never
measure the velocity and the location of a particle at the same time, but we can
understand why as the temperature decreases, the kinetic energy is not zero.

18–2 de Broglie relation in electromagnetic radiation
Interference and diffraction experiments of electromagnetic radiation can be
explained if the radiation consists only of waves. Also precisely quantum effects of
electromagnetic radiation, such as photoelectric and Compton effects can be described
if light consists only of particle photons. If we show the momentum of the particle
photon with p, then according to the de Broglie relation, the wavelength
corresponding to the wave attributed to the photon will be as follows:

E = hν

(18-1)

ℎ

(18-2)

𝑝𝑝 =

λ

The de Broglie relations

De Broglie relation not only applies to electromagnetic radiation, but also to other
particles such as electrons. That is, for any particle of the same momentum p, the
wavelength considered to be the wave attributed to that particle is expressed in terms
of de Broglie relation. In this relation the importance of Planck's constant appears.
Since on the left side of the relation (18-2) the momentum p denotes the particle
property and on the right side λ represents the wave property, and Planck's constant
role is to connect these two different wave and particle qualities (figure 18-1).
In 1916, Sommerfeld 4 proposed an elliptic model for the Bohr atomic model that
was consistent with experience to explain the different spectra of the hydrogen atom

2

- Clinton Joseph Davisson (1881-1958)
- Lester Halbert Germer (1896 -1971)
4
- Arnold Johannes Wilhelm Sommerfeld (1868–1951)
3
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that the Bohr model could not explain. Sommerfeld elliptical orbit also specifies an
integer of de Broglie wavelength.

Fig 18-1: A quantum object always has both wave and particle properties.

18-2-1 Empirical confirmation of de Broglie relation
De Broglie’s research becomes popular very early, and many scientists tried to test
the validity of this relation. In the case of electromagnetic radiation, Maxwell and
Hertz had discovered its wave properties and interpreted the interference and
diffraction according to that. Therefore, in order to prove that a material particle has
a wave nature, it is not necessary to first know the nature of the wave phenomenon.
Rather, it is sufficient to determine by experiment whether the material particles
exhibit interference and diffraction phenomena or not.
The experiment on the wave properties of the electron was carried out by Davisson
and Germer and its wave property was confirmed. The particle nature of the electron
had been discovered long before this experiment. Therefore, the de Broglie relation
was empirically confirmed in the experiment (figure 18-2). After experimenting on
electron diffraction, scientists performed particle diffraction experiments with
molecular hydrogen beams and helium and neutrons, all of which were confirmed.
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Fig 18-2: Wave behavior of electrons in atoms.

18-2-2 Electron diffraction and its quality
In 1924, Davisson and Germer found that in scattering electrons from the surface of
a single crystal, there was more scattering in particular directions. Crystals have a
periodic structure and can be considered as parallel plates on which the ions are placed
(figure 18-3). So when a wave emits to the surface of the crystal, these plates play a
scattering role. When electrons emit on the surface of the crystal, some electrons are
scattered by the upper plates, while others pass through the first plates and scatter by
the inner plates. Therefore, the scattered electrons will have a phase difference due to
the path difference.
Therefore, if these scattered electrons are recorded by a detector, interference
patterns will be obtained. That is, at points where the electrons, or in other words,
scattered waves, have a constitutive interference (their phase difference be an integer
multiple of 2π ), they amplify each other, and at points where their phase difference
is an odd multiple of π , they are destructive interference and undermine each other's
role.
Suppose that the parallel plates inside the crystal are placed with distanced d apart
from each other. We consider a wave that descends on the surface at an angle θ to the
first plate. Part of the scattered wave and another part passes through it. The crossing
part is again dispersed by the second plate.
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Fig 18-3: The crystal acts like Young’s double-slit.

In order for the interference to be constructive (figure 18-4), the path difference or
in other words phase difference mentioned be equal to 2m π , on the other hand, we
must have:

2dsinθ =mλ , m=1, 2, 3...

(18-3)

If we substitute the value h/p from relation (18-2) instead of the λ value in the
above relation, then we come to Davisson and Germer observations. This laboratory
confirmation is in fact a fundamental step in the development of wave mechanics.
After the electron diffraction test was successfully performed, the particle
diffraction experiment was performed with the molecular beams of hydrogen and
helium and with a slow neutron, which, unlike other particles, is a non-charged
particle. Neutron diffraction is particularly useful in the structural study of crystals. It
should be noted that to perform the diffraction, the approximate energy of the particles
must be comparable to the nanometer scale crystal distances, so we used the neutron
with precaution.
At the macroscopic scale, observing wave aspects of particles is beyond our ability.
For example, the de Broglie wavelength is approximately equal to1.1×10-34 m for a
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baseball ball which moves at speed of 150 km/h .While the wavelength of the
hydrogen atom is equal to 5 ×10-11 m . Therefore, we should not expect in
macroscopic dimensions to be able to observe diffraction effects. For this reason, the
crystal structure of ions distance is comparable to the de Broglie wavelength attributed
to the electron.

Fig 18-4: Electron diffraction

18–3 Complementarity principle
The human mind is always liked to classify phenomena that he understands in any
way, whether tangible or intangible, in a particular order. That is, in a general context,
he can put any phenomenon in its place and describe them in a general, logical and
reasonable set. On the other hand, the inability of a man to fully encompass
phenomena and the gradual evolution of his understanding of the outside world makes
it impossible to come to a definite conclusion to describe phenomena. Therefore,
different descriptions of a phenomenon have emerged at each time and according to
different tastes.
Our subject matter, the wave and particle properties of quantum objects, is no
exception to this general principle, as we shall see many theories were made upon
this. Historically, as far as we know, in ancient Greece, the question was whether the
matter could be infinitely divided or not. The essence of this issue, it means the
discussion of continuity or discontinuity was manifested in our time as wave and
particle duality. Of course, the use of the word wave or particle must be careful. A
wave is a property of matter that is continually widespread in all or parts of space. In
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some places, this property is more intense than in others. Also, a particle is a property
of matter that has been replaced in a small amount of space and does not exist
elsewhere. But to be precise, we must accept the concepts of wave and particle
undefined. However, by adopting the conventional expressions of wave and particle,
we come across phenomena that are proven wave properties for light on the one hand
by interference and diffraction phenomena, and on the other hand, by photoelectric
and induction radiations, particle properties are confirmed. So it is not clear whether
the light is a wave or a particle or something between the two.

18-3-1 Why the complementarity principle was put forward?
According to de Broglie relation to material particles, both wave properties and
particle properties are attributed. At first glance, this expression creates some concern
because it contains a kind of duality. The complementarity Principle to eliminate this
duality assumes that only one view can always be applied to any particular
phenomenon. Therefore, the application of both wave and particle views
simultaneously is prohibited. In physics, the concepts of wave and particle are two
basic concepts, since they represent only two possible modes of energy transfer. When
energy is transferred, its propagation can be explained by waves or particles (figure
18-5). In describing energy transfer (large scale) in classical physics, one can always
use one of these two descriptions. For example, a perturbation that moves across the
surface of the pool water is a wave phenomenon, and baseball ball throwing describes
the energy transfer by a particle. In those cases where we see the perturbation moving
as two straight forms, there is never any doubt about which description to use.
The diffusion of sound in an elastic medium can be understood and explained as a
wave perturbation, but as the waves of water are visible, we do not see the sound
waves. However, we use wave description with certainty in the diffusion of sound
because, as far as it is concerned with the interpretation of diffraction and interference,
the phenomenon is similar to the phenomenon of water waves. Therefore, it is said
that sound diffusion represents the wave aspects and its diffusion can be described with a
wave model, since the wave model agrees with all empirical observations about sound.
An example of particle behavior appears in the kinetic theory of gases. We can
never directly see the molecules of a gas, but we are quite sure that the behavior of
the molecules is relatively similar to that of the hard and small spherical bodies, as
various experiments confirm this. It means that a particle model is only a suitable
means of expressing the behavior of molecules. So when we explain phenomena that
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are somewhat out of our ordinary experience, we still use one of two modes of
description, because one of them is always successful in explaining empirical facts.

Fig 18-5: Wave-particle behavior of light when passing through two slits

18-4 Complementarity principle and Schrödinger's cat
Bohr insisted that the only way to make mathematics meaningful in quantum theory
is to assume that nothing exists until it is measured (figure 18-6, A B). We cannot
speak of the objective reality independent of the observer, because our observations
will vary what we will see.
Another architect of quantum theory, Erwin Schrödinger 5, was not influenced by
this interpretation. He designed the famous thought experiment to clarify the intrinsic
problem of this interpretation. This imaginary experiment is called Schrödinger’s cat.
He imagined a closed chamber with a living cat. Also inside the chamber, there is a
small sample of a radioactive substance as a trigger attached to a cyanide shield. These
components are arranged so that the probability that the radioactive trigger will release
cyanide and ultimately cause the death of the cat was 50-50. Common sense tells us
that the cat is either dead or alive inside the box, depending on whether the radioactive
trigger has worked or not (figure 18-7). But according to the Copenhagen
interpretation one cannot say such a thing unless an observer actually looks inside the

5

- Erwin Schrödinger (188701961)
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box to see if the cat is dead or alive. Until then, the cat can be both dead and alive at
the same time.

Fig 18-6 A: The particle image after passing through two slits on the screen B:
The wave image after crossing two slits on the screen

Fig 18-7: Schrödinger’s cat
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18-4-1 Relation of wave and particle descriptions
Wave and particle descriptions are mutually incompatible and contradictory.
Whenever we want to determine the frequency or wavelength of a wave with infinite
accuracy, then that wave must have infinite expansion in space. Conversely, if the
wave is confined in a finite area of space so that its energy can be attributed to a finite
area at any time, then it is similar to particle, because of this locality, but it can’t be
specify by a single frequency or wavelength.
Instead, a large number of ideal sinusoidal waves, each with a specific frequency
and wavelength, must be combined to produce a wave perturbation. Therefore, an
ideal wave (a wave whose wavelength and frequency are perfectly known) is
incompatible with an ideal particle (a particle that has no expansion in space).

18-4-2 Other possible descriptions of energy transfer
Any phenomenon of energy transfer, whether it was far from our direct observation,
or our experience or not, must be expressed in terms of waves or particles. Whenever
we want to visualize this phenomenon, or whenever we want to have a picture of what
is unattainable in interactions that are not directly observable without an intermediate,
the notion must be in terms of wave behavior or particle behavior. There is no other
mode. Due to the mutual inconsistency between the wave characteristics, the particle
description and wave description cannot be used simultaneously. We can and should
use one of these two descriptions, but we can never use both at the same time.

18-4-3 Complementarity principle of electromagnetic radiation
Wave and particle aspects are inherent properties of electromagnetic radiation, and
we must accept both aspects. According to the complementarity principle, the wave
and particle aspects are complementariies to each other. In each experiment, to
interpret the behavior of electromagnetic radiation, in terms of a visible and
meaningful image, we must choose either particle description or wave description.
For as long as these two aspects are not known, our knowledge of the properties of
electromagnetic radiation is incomplete. But the selection of one description, which
the nature of the experiment forces it, it avoids the simultaneous selection of the other
description. Just as the theory of relativity makes clear that our ordinary notions of
space-time and mass do not apply to high-speed phenomena. Quantum theory through
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wave-particle duality shows that simple concepts are inadequate to describe submicroscopic phenomena.
In recent years, this interpretation, known as Copenhagen interpretation and
common in quantum mechanics, has been increasingly criticized by physicists. In this
regard, an experiment called a two-prism experiment with single-photon levels has
been designed and performed.

Fig 18-8: The configuration of Afshar's experiment

18. Properties and Wave-Particle Relation

417

In this experiment, using two prisms and a single-photon level, which consists of
only one photon, the simultaneous presence of two dependent wave and particle
concepts can be seen. The presence of the wave is due to the tunneling phenomenon
and the particle property is due to the asynchrony between the two crossing and
reflection detectors. This experiment is incompatible with the principle of
complementarity. The de Broglie-Bohr causality theory is also used to interpret this
experiment. The basic principle of this theory is the simultaneous presence of waves
and particles. The wave applies force to the particle and directs it to specific points.
The potential of this force is called quantum potential. This theory can explain the
simultaneous presence of wave and particle in the experiment of two prisms with
single photon levels. The most famous of these efforts is the experiment of Shahriar
Afshar, whose configuration is shown in figure (18-8), and is discussed below.

18-5 Different views on the place of theories in science
1- Realism, the classic: Newton, and almost all nineteenth-century physicists,
regarded that the theories are descriptions of nature as independent from the observer.
Space (place), time, mass, and other primary qualities are properties of all real objects.
Conceptual models are versions of the world that enable us to visualize the invisible
structure of the world with classical familiar expressions. Einstein continued this
tradition by insisting that a complete description of the atomic system would require
defining the classical place-time variables to determine its state objectively and
unambiguously. He argued that since the quantum theory is not like that, then it is
incomplete and will eventually be abandoned by the theory that fulfills classical
expectations.
2- Instrumentalism: According to this, votes, theories, useful human constructs,
and calculations are used to relate observations and make predictions. They are also
practical tools for achieving technical control. The basis for judging them is their
usefulness in accomplishing these goals, not their conformity with the reality that is
unattainable for us. Models are fictional imitation used temporarily to construct
theories, and so on. They can be dismissed; they are not true representations of the
world. Although we can use quantum equations to predict observable phenomena, we
cannot speak of atoms in our observations. It is often assumed that Bohr must be
instrumentalist, for he has long denied the realism of classicalism in his long argument
with Einstein. But what he really said is that classical concepts cannot be used
unambiguously to describe existing atomic systems. Classical concepts can only be
used to explain observable phenomena in laboratory-specific situations. We cannot
imagine the world as it really is, apart from our interaction with it. Bohr was very
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much in favor of criticism of instrumentalists of classical realism, but he did not
explicitly endorse instrumentalism and, upon closer analysis, it seems that he had
chosen the third option.
3- Critical Realism: Proponents of Critical Reality view theories as unfinished
representations of the finite aspects of the world as they interact with us. Theories
allow us to relate different aspects of the world that are revealed in various laboratory
situations to each other. For proponents of Critical Reality, models, while abstract and
selective, are indispensable efforts to visualize the structures of the world that cause
these interactions. In this attitude, the goal of science is to understand, not to control.
Confirming predictions is a test of authentic understanding, but prediction itself is not
the goal of science. It can be well argued that Bohr (though his writings were not
always clear) accepted a form of critical realism. In his discussion with Einstein, he
did not deny the reality of electrons or atoms but claimed that they were not objects
to accept classical space-time descriptions. He rejected Mach's phenomenology,
which doubted the reality of atoms. Folse 6 summarizes this argument: "Bohr
abandoned the classical frame and retained a realistic inference about the scientific
description of nature. What he rejects is not realism, but its classical interpretation.
Bohr assumed the reality of the atomic system interacting with the observer system is
certain. In contrast to subjective interpretations which speak of quantum theory, which
view observation as a subjective-physical action, Bohr speaks of the physical
interactions between instrumental and atomic systems, in perfect laboratory condition.
5F

In addition, the wave and particle or momentum and location or other
Complementarity attributes apply to a single object, even if they are not explicit. They
represent different aspects of the single atomic system. Bohr emphasizes that such
representations are abstractions that play a vital role in describing a phenomenon as
the interaction between observer systems and atomic systems, but they cannot depict
the properties of an independent reality ... We can describe such a reality in terms of
its ability to generate various actions, which the given theory provides them as
complementarity evidences on the single object. Folse writes. Bohr rejected the notion
of classical realism that the universe contains beings with certain classical properties.
But, nevertheless, he assumed there is a real world that is capable of creating
observable phenomena in interactions. Folse concludes his book on Bohr with the
following conclusion: The ontology which this mode of interpretation of the Bohr
message entails does not fit physical objects in accordance with the classical frame
and from certain properties which correspond to the properties of phenomena, but
describe their ability to appear in different phenomena. Thus in the context of
6

- Henry J Folse (1945 -)
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complementarity, preserving realistic inference and accepting the completeness of
quantum theory, it is only possible by rethinking our understanding of the nature of
an independent physical reality and how we can know it. In short, we must strongly
deny the decisive separation between observer and observed object assumed in
classical physics. According to quantum theory, the observer is always a partner.
According to the principle of complementarity, the use of one model limits the use
of other models. Models are symbolic representations of interacting reality modes that
cannot be visualized exclusively by everyday experience. They are purely indirectly
related to the atomic world or to observable phenomena. But we do not have to accept
an Instrumentalism that considers theories and models as useful intellectual and
practical tools that do not tell us anything about the world.

18-6 Afshar experiment, does Copenhagen’s interpretation become invalid?
Niels Bohr, the chief architect of the Copenhagen interpretation, summed up the
reaction of critics to this theory: "Anyone who is not shocked by quantum theory has
not understood it". Einstein disliked this theory because of its probability properties,
but he disagreed because he believed that the science's task was to provide the world
with the knowledge that was independent of observers and their observational
practices and it was clearly rejected by Copenhagen's interpretation of the quantum
theory. It is clear that such a situation is an anomalous state of affairs, yet this
interpretation is part of the accepted scientific principles of the twentieth century. If
the results of the controversial experiment of Iranian physicist Shahriar Afshar are
accepted, this validity probably will not continue.
The dual behavior of the wave-particle of the building blocks of the universe can
be illustrated most clearly in the double-slit experiment in which electrons are thrown
into a thin metal barrier with two narrow slits. Electrons pass through one of these
slits and collide with a phosphor-sealed plate. The collision of electrons with this plate
produces a luminous spark which is recorded by a detector.
The experiment is performed in three stages. In the first stage, only one of the slits
is opened, and the electrons form a pattern on the screen similar to that seen when
firing a single shot. Concentration of collisions disappears on the part of the screen
which gradually fades as one moves away from this center. In the second stage of the
experiment, the first slit closes, the second slit is opened, and the electrons form a
pattern on the plate that is similar to the pattern observed in the first stage, but the
focus on finding the collisions is doing in a different position in the plate which is
fitted with a different position of the second slit over the metal barrier. So far
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everything is in line with the usual routine. The point is interesting when you open
both metal barrier slits and shoot the electrons into the detector plate.
If the electrons always behaved like a particle (as they are in stages 1 and 2) you
would expect to see a combination of the results in stages 1 and 2. This means that the
plate must have two collisions focus areas for electrons passing through the two slits.
But you see something else. What you see is a classic interference pattern, like the
one created when two water waves collide with each other. In other words, you see a
series of waves and falls of collisions on the plate which differ from the pattern of
collisions caused by simple particles being thrown between two slits. The electrons
appear to be particle when fired from an electron gun, and they are still particle when
they end their path with hitting on the phosphor plate, but in the direction of their
movement between these two points transform themselves into a wave in some way.
Based on such experiments it may seem that electrons can be both wave and particle,
but Bohr believed that they were likely to be something completely different,
something so novel that not our ordinary everyday experiences enables us to describe
or understand it, and not our laboratory equipment to be able to fully envelop it. He
called this situation the principle of complementarity. Einstein objected to this
principle but could not empirically violate it. It seems that Shahriar Afshar is now able
to do this (figure 18-9).

Fig 18-9: Harvard University Graduate Shahriar Afshar - Researching at Rowan University
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Afshar experiment, published in 2004 by The New Scientist, is a type of the
double-slit experiments. Laser light shines on two tiny holes on an opaque plate. On
the other side of the plate, there is a lens that captures light passing through each of
these fine holes (another opaque plate prevents other rays of light from reaching the
lens) and focuses scattering rays on a mirror again. This mirror reflects each of these
radii into a separate photon detector. In this way, Afshar can record the number of
photons coming out of each hole.
According to the principle of complementarity, such a situation means that there
should be no evidence of a pattern of interference. But according to Afshar (based on
the results of this experiment) such a pattern exists, as he specifically designed this
experiment to test the presence of the same pattern. According to Afshar: “This flies
in the face of complementarity…Something everyone believed and nobody
questioned for 80 years appears to be wrong”.

Fig 18-10: Experiment without the presence of a wire grid as a barrier

When Afshar was invited to Harvard University to repeat his experiment in early
2004, he achieved similar results, and his work has now been accepted for publication
after being reviewed by other scientists.
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Fig 18-11: Experiment with a wire grid barrier and a pinhole

This step is certainly a sensitive test for his research and will determine whether
his views are accepted by the broader scientific community or not, although some
physicists have already begun to support his views. Afshar is confident that his
research will be accepted, and for many, this experiment will be a relief. Afshar said:
“Many physicists have found Bohr’s ideas either vague or intolerable, but until now
nobody has been able to show in an experiment that complementarity fails”.

Fig 18-12: Experiment with a metal grid barrier and two pinholes which are opened.
The wires are on the dark margins and therefore block very little light.
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However, before celebrating the apparent victory, common sense on quantum
strangeness, it should be noted that for example, we are still in a situation where a
particle is a wave and a wave of a particle is part of the unresolved dilemma of
quantum theory may be slowly expanding, but much of it remains as complex as it
was 80 years ago.
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Chapter 19

Spin of Fundamental particles
The atoms or elementary particles themselves are not real; they form a world of
potentialities or possibilities rather than one of things or facts. Werner Heisenberg

Introduction:
Spin is the fourth quantum number of electron proposed by Uhlenbeck and Goudsmit.
He stated that an intrinsic angular momentum, completely independent of orbital
angular momentum, depends on each electron. This intrinsic momentum is called an
electron spin. Because it can be equal to the intrinsic momentum of any massive object
based on the rotational or spin center of its mass. Because the electron is considered
in rotation, a magnetic field is generated by the rotating electron.

19-1 The reasons for introducing quantum numbers
1- Principal quantum number n: Principal quantum number was introduced when
Bohr presented his atomic model (figure 19-1). Electromagnetic radiation is emitted
if an electron moving initially in an orbit of energy E i , its motion changes
discontinuously to moves in an orbit of energy E j , the frequency of the radiation
emitted follows below relation:
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E i -E j =hν

(19-1)

In the hydrogen atom, the energy of the electron depends on the principal quantum
number n. That's mean:

E n =-

RH
n2

(19-2)

Fig 19-1: Energy diagram and its allowed levels

Fig 19-2: The energy of electrons that are in one direction (3p or 3d) is equal.
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The radius in hydrogen atom is also a function of n.

R n =n 2 a 0

(19-3)

In which a 0 is the Bohr’s radius a 0 =5.3×10-11 m . The electrons in all orbits with
principal quantum number of n have equal energies (figure 19-2).
2- The angular momentum quantum number l: In the atomic model of Bohr,
the electron is a particle that orbits the nucleus, has a rotational motion around the
nucleus, and has an orbital angular momentum (figure 19-3).

Fig 19-3: The electron in the atomic structure has an orbital angular momentum.

Instead of infinite orbits that are possible in classical mechanics for the electron to
rotate around the nucleus, it is only possible for the electron to move in a particular
orbit, and the angular momentum L right multiplied of Planck’s constant h divided by
two 𝜋𝜋 is  =

h
. The quantum number n, which is a positive and integer number,
2π
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specifies the magnitude of the angular momentum of the electron around the nucleus
based on the principle of the Bohr equation, according to:

L = n

(19-4)

But from the wave mechanics point of view, it is not correct to consider a specific
circular path or another shape for the electron (the uncertainty principle precludes
this), and Bohr's rule is not correct about its quantum magnitude of angular
momentum. Contrary to classical theory, wave mechanics shows that the magnitude
of the angular momentum quantum number L of the atomic system is quantized and
its possible values are achieved from:
=
L  l (l + 1)

(19-5)

In this relation l is an integer number which is called the angular momentum
quantum number. For a given value of the principal quantum number n, the quantum
number of the angular momentum l can take any number between zero and n-1, it
means:
0 ≤ l ≤ n −1

(19-6)

The electron's rotation around the nucleus, such as the movement of electron in a
wire or space, creates a magnetic field that its direction is perpendicular to the circle
of rotation.
3- The magnetic quantum number: The electron orbits the nucleus as a result of
the force coming from the nucleus. Because the electron is a charged particle, the
electron’s orbit can, therefore, be considered a magnetic orbit. Therefore, for the
electron, we can define a magnetic dipole moment. This quantity is defined by the
angular momentum of the electron obtained from the following relation:
µ=

el
2m

(19-7)

In which µ is the magnetic dipole moment or the magnetic moment. Now, if an external
magnetic field is applied to it, then the field will try to put the magnetic moment, and
consequently L along the field. In wave mechanics, the vector of the angular
momentum L cannot be in any direction relative to magnetic field but is limited to
specific directions for which component the vector of the angular momentum along
the magnetic field be a right multiple of  (figure 19-4). So if we take the direction
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of the magnetic field along the z-axis, then the z-component of the vector L is obtained
from the following relation:

Lz = ml 

(19-8)

In this relation m l is the magnetic quantum number. For a given value of l for m l is
obtained different values which has the following constraint.
ml = {−l , −l + 1,...0...l + 1, l}

(19-9)

The three quantum numbers described above were all concludable from the
planetary model. The electron moves on certain orbits, so it has energy levels that
have reached the principal quantum number. The orbital motion is necessarily
associated with the angular momentum. On the other hand, the electron is a charged
particle and the motion of the charged particle on the orbit generates the orbital
magnetic field. What physicists like Bohr, Pauli 1, and others have done in this area
was to show the quantum of these quantities. But the fourth quantum number known
as spin could not be predicted or deduced from the atomic model. Rather, the study of
the atomic radiation spectrum showed that the electron must have spin motion.

Fig 19-4: Electron orbital magnetic orbits for 𝑙𝑙 = 1
1

- Wolfgang Pauli (1900-1958)
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4 - Experimental verification of electron spin: The electron's rotational motion
is like a current loop having its own magnetic moment. If such a magnetic moment
really exists, it must has been interacting with the field, and there must be
corresponding active energy of that magnetic moment. These effects are other than
interaction of the orbital magnetic moment or external magnetic field. In other words,
during the wavelength of the spectral lines emitted from the atoms, there must be a
shift in their energy levels that corresponds to the electron spin. Precise spectroscopy
shows such displacements. Experiments as well as other empirical evidence, show
that the electron has angular momentum and magnetic moment, which is not related
to its motion on the orbit around the nucleus, but is related to the mature of the particle.
If we consider a model that the earth is just a material point, it would be
meaningless to attribute spin to it. But in another model considering the Earth in finite
dimensions, the existence of the spin is also possible. So if we use this concept for the
Bohr atomic model, assuming that the electron was not a point charge, but a small
sphere, then the electron has spin angular momentum (spin) in addition to the orbital
angular momentum (rotation around nucleus) (figure 19-5). The particle spin was first
introduced by Uhlenbeck 2 and Goudsmit 3. In 1925 they stated that an intrinsic angular
momentum, completely independent of orbital motion, is dependent on each electron.
This intrinsic momentum is called an electron spin. For it can be equated with the
intrinsic momentum of any massive object by its rotation or spin around its center of
mass.

Fig 19-5: The electron has a spin.

2
3

- George Eugene Uhlenbeck (1900-1988)
- Samuel Abraham Goldsmiths (1902-1978)
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Now in quantum mechanics, however, it is not correct to regard an electron as a
simple electrically sphere with electric charge, but rather to determine the spin angular
momentum of an electron using an embodied model, it is better to consider it as an
object that is expanding in space and is constantly rotating around its own axis. In
addition, because the negative electric charge is considered rotational, a magnetic
field is generated by the rotating electron, and a magnetic moment, which is different
from the angular magnetic quantum number, can be attributed to the spin of the
electron.

19-2 Spin magnetic quantum number 𝑚𝑚𝑠𝑠

In quantum theory, there are three quantities of classical physics related to the motion
of a particle that is affected by the inverse-square attractive force. The orientation of
these three quantities energy (n), orbital angular momentum (l) and orbital angular
magnetic (𝑚𝑚𝑙𝑙 ) in space, relative to some arbitrarily fixed axis. In addition to these
three quantum numbers, another quantum number is introduced, called the spin
quantum number, which is related to the concept of electron spin (figure 19-6).

Fig 19-6: Electron Spin Orientations
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Fig 19-7: Electron Spin

The electron spin is represented by S. Like the other quantum numbers, spin is also
quantized. Therefore in the magnetic field, S does not take any direction and is only
allowed to be in directions whose component is along the magnetic field (if the
magnetic field is assumed in z direction), S only takes multiples 1 of ℏ. The proton
2

spin is

also 1
2

(figure 19-7). That's mean:
Sz = ±

1
2

(19-10)

The obvious difference between the component Sz (caused by spin) and the
component z of the angular magnetic quantum 𝑚𝑚𝑙𝑙 is that 𝑚𝑚𝑙𝑙 in contrast to Sz, is an
integer multiple of  .

19-3 Electron spin in quantum mechanics
In the new quantum mechanics that the wave function replaces Bohr’s orbits, it is
impossible to visualize the electron spin. If we imagine the electron wave functions
as cloud masses around the nucleus, we can imagine the countless very small arrow
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that is scattered within the cloud mass, all extending along +z, -z direction. What was
said, of course, is a fantasy and there is no hope of seeing the atomic structure because
its dimensions are thousands of times smaller than the wavelengths of light. Also, the
interaction of photons with atoms drastically changes. However, the concept of
electron spin has been confirmed by numerous empirical experiments. In quantum
mechanics to determine spin, a new quantum number is considered which called the
spin quantum number.

19-3-1 Fine structure
Energy levels fission due to electron spin magnetic moment in the absence of an
external field is called spin-orbit coupling. Because the electron spin interacts with
the angular magnetic quantum (the electron's motion around the nucleus). The fissions
created by this kind of magnetic interaction in the spectral lines of the various atoms
are generally called the fine structure.

19–4 The Pauli Exclusion Principle
When energy levels for atomic models were accepted, the question was arose how
electrons would be organized in a heavy system? The Schrödinger equation had no
convincing answer to this question. Because according to this equation, if we bring
the temperature of a system close to the absolute zero, then it is expected that all the
electrons of an atom will be transferred to the lowest energy level, n = 1. But they
could not explain the empirical results of spectrologists with this assumption; Until
Wolfgang Pauli was able to solve this problem. He presented a theory today known
as the Pauli Exclusion Principle. According to this principle, in an atom at the ground
state, no two electrons can have the same values of all four quantum numbers
𝑛𝑛, 𝑙𝑙, 𝑚𝑚, 𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠. In an atom or molecule, among each pair of electrons, at least one of
these numbers is different from the other that this expression is the Pauli Exclusion
Principle in the Bohr atomic model.

19-4-1 Condition of the Pauli Exclusion Principle
Following the emergence of wave mechanics in 1926, Werner Heisenberg 4 showed
that if the wave function of electron systems be asymmetric, that is, by changing all
4

- Werner Heisenberg (1901-1976)
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the coordinates of each electron pair, including their spin, the wave function changes
its signal, the Pauli Exclusion Principle will be implemented spontaneously. In
general terms, the wave function of any system of identical particles must remain
unchanged by changing all the coordinates of any both particles, which are then called
bosons. The spin of boson is a right multiple of h. While the spin of the fermions is
an odd multiple of



, that is:

2

(1



1
, 3 , ....)
2
2

(19-11)

Only fermions follow the Pauli Exclusion Principle. In theory, this dependence on
spin and particle statistics is seen as an empirical reality. As Pauli in 1940 points out
in his famous Spin-Statistics Theorem, this dependence is a general causal
consequence.

19-4-2 Characteristics of Pauli Exclusion Principle
The principle of Exclusion describes some of the most fundamental features of matter
in all its forms. If Pauli Exclusion Principle were not correct, all atoms would have
the same electron structure, and this structure would appear like a shell of electrons
around the nucleus. Hydrogen and helium have a shell, but the situation is different
for lithium, which has three electrons. The first two electrons occupy the same orbital
with reciprocal spins.
But due to the Pauli Exclusion Principle, the third electron must move to a new
orbital that is, on average, farther from the nucleus. Thus, unlike helium, lithium is
readily ionized and participates in chemical reactions (table 19-1).

19-4-3 Pauli Exclusion Principle in nuclei
In shell structure of the nuclei, we find a similar situation. Because protons and
neutrons can convert to each other by a weak interaction, and at the same time, they
are both affected by similar nuclear forces, so they can be considered as two states of
a nucleon, which in terms of an intrinsic coordinate or other quantum number called
isotopic spin (iso-spin) differs from one another. In this case, Pauli Exclusion
Principle requires that no two nucleons are in a state characterized by the same spatial,
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spin, and iso-spin quantum numbers. From the Pauli Exclusion Principle, even more,
fundamental consequences can be obtained at the sub-nuclear level. For example,
baryons are composed of three quarks, and laboratory results indicate that their levels
are a function of waves that are symmetric to changes in space spin quantum numbers
and to the taste of two quarks. This seems to contradict with the Pauli Exclusion
Principle because the quarks are fermions. The conviction of physicists in general
validity of Pauli Exclusion Principle has, by default and subsequently confirmed a
new quark quantum number, has been named color. In this way, no two quarks can
occupy states that have the same spin space, taste and color.

Table 19-1: Characteristics of Quantum Numbers

Name

Mark

Orbit

Range of changes

Size of
changes

Principal Quantum
Number

n

shell

n≥1

n=1, 2, 3,

0≤l≤ n-1

N=3
l=1,2,3
(s,p,d)

-l≤ ml≤ l

l=2
ml=-2,1,0,1,2

Angular Quantum
Momentum Number

l

Magnetic Quantum
Numbers

ml

Electron Spin

S

Subshell

Energy shift

Spin

-1/2, 1/2

Always
-1/2,1/2

19-4-4 Pauli Exclusion Principle in Fermi Level
The set of all occupied states in each electron system is called the Fermi Sea, and the
highest occupied level at absolute zero temperatures is called Fermi energy. In the
theory of metals, where Fermi energies are typical of the order of a few electron volts,
which is much higher than the average energy KT = 0.02 eV for a complete gas at
normal temperature, the same image is used. Because the exclusion principle prevents
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all electrons from accumulating at the lowest energy state, some of them have energies
close to Fermi energy, namely energies corresponding to temperatures of several
thousand degrees, even at very low temperatures. Therefore, heating the metal from
T=0 normal temperature has little effect on the energy distribution of the electrons,
which has little effect on the specific heat of metals. This is also why metals typically
have to be hot to the point of melting so that electrons can escape.

19-4-5 Determining conduction band level by Pauli Exclusion Principle
The Exclusion Principle, along with the fact that the electron energy levels of solids
are distributed in specific energy bands, is the basis of the theory of electrical
conductivity and many aspects of new technology.
A solid whose highest occupied band is completely filled according to the
exclusion principle is an insulator. Its electrons cannot flow freely because of an
electric field. In other words, they have no place to go because of the Pauli Exclusion
Principle. Also, if only a fraction of the highest occupied band is full, the solid body
is a good conductor for electricity. In semiconductors, the transition between a fully
filled band and the next small permitted conduction band is typically about 2eV or
less. At normal temperatures some electrons can pass through it and fill a portion of
the conduction band, thereby the electrical conductivity increases as the temperature
increases.

19–5 Operators and Spin
∧

The angular momentum L in quantum mechanics is obtained by substituting r and

−i ∇ r

instead of r and p and the relation L = r ×P of classical mechanics. In

addition, the canonical commutation relation [x , p ] defined as follows:

 xp − px
[x , p=
] i=

(19-12)

In the classical approach, the canonical commutation relation is always zero, but not
in quantum mechanics. So we have:
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∂
∂
)=
yp z − zp y ,
−z
∂z
∂y
∂
∂
)=
Ly =
zp x − xp z ,
−i (z
−x
∂x
∂z
∂
∂
)=
Lz =
xp y − yp x
−i (x
−y
∂y
∂z
Lx =
−i ( y

The above relations can be illustrated as follows:

L=
−i (r ×∇)

(19-13)

[L x , L y ] = i L z

(19-14)


[L2, L ] = 0

(19-15)

19-5-1 Spin operator
Using the Canonical commutation relation definition, the spin operator is defined as
follows:
[Sx, Sy ] = i S z

(19-16)

Where in
1 , 0   
=
σ
S z =

0 , -1 2 2

(19-17)

Given the above matrix we can write:
  
S = σ
2

(19-18)

In which σ is Pauli matrix which is given by:
0 , 1
0 , -i 
1 , 0 
=
S x =
, S y =
, Sz 



1 , 0 
i , 0 
0 , -1

[σ x , σ y ]=2iσ z

(19-19)
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A fundamental particle can only rotate at specified speeds and at a precisely specified
direction. In quantum theory is attributed a photon to angular momentum that comes
from its spin, the value of:
=

h
2π

(19-20)

And consider its spin equals one. So whenever there is talk of the spin number of
a particle, it must be multiplied by given value. The spin of some particles, when
doubled, becomes an odd integer number. Such spins can be represented as follows:

(2n+1)±1/2

(19-21)

The energy of such particles follows the rules called fermions and was introduced
by Fermi and Dirac. These rules are the basis of Fermi-Dirac statistics. The particles
that follow Einstein-Bose statistics are called bosons. Photons and gravitons are
bosons. Alpha particles, pi meson or pion, and deuterons are also bosons. It is
important to remember that atoms also have spin and, depending on the energy of
their ground state, will place into the group of fermions or bosons.

19-6 Whether the electron spin is constant?
Scientists investigating the emerging field of Spintronics have found that the spin of
electrons is weakened by the impact of the magnetic fields of nearby particles. For the
first time, a team of researchers not only observed the spin-weakening process in
interaction but also completed the countermeasure. Spintronics is a new field in
electronics engineering where instead of using electron’s charge, their spin is used as
basic information units, zero and one. The top spin is considered as one and the bottom
spin is zero.
In 2007, physicists were investigating "quantum dots" observed that the initial spin
of electrons with such quantum dots, which equals half-life of the spins in 0.5
nanoseconds, decreases from its initial value as a one-third and then remains in this
level for up to 10 nanoseconds. These researchers also found that spin weakening can
be prevented if a weak static magnetic field is applied to these points. Such fields can
be created with the help of a weak magnet. The presence of this type of field will
extend the electron spin half-life to 4 nanoseconds, thus enhancing the possibility of
spin phenomena in future electronic devices.
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In recent years Spintronics has made significant progress. To make programmable
Spintronics devices, we first need to be able to manipulate the spins in certain
materials. So far this has been done with magnetic fields that are not easy to integrate
into everyday applications. But Spintronics ' advancement can lead to a surprising
leap in data storage and transfer.
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Chapter 20

Photon and Matter Interaction, Compton Scattering,
and Uncertainty Principle
I want the truth of things. But there's nowhere to find it. William Golding

Introduction:
The Compton phenomenon is one of the most interesting yet important modes of
interaction between photons and electrons. In Compton scattering, the photon gives
part of its energy to the electron and, after the collision, deviates from the initial path
and continues with less energy and the electron acquires kinetic energy. Basically, in
the interaction between a photon and an electron occurs one of the following four
cases:
1. The electron absorbs the photon and causes the electron to goes from a lower
orbit to a higher orbit. This is a discussion that was examined in Bohr's atomic theory.
2. The photon is absorbed by the electron and separates it from the atom. In this
phenomenon that is called the photoelectric effect, all the energy of the photon is
transferred to the electron.
3. Photon loses some of its energy and the electron by more kinetic energy
continues to move with more energy, which is called Compton scattering.
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4. High-energy electron collides with a low-energy photon and the electron energy
is absorbed by the photon, which is called Inverse Compton scattering.

20-1 Compton scattering
In the photoelectric effect, the photon emits all of its energy to the electron, but it may
lose only a fraction of its energy when the photon collides with a charged particle.
This type of interaction between electromagnetic waves and bodies is the scattering
of electromagnetic waves by charged particles. The quantum theory of
electromagnetic waves scattering is well known as Compton scattering.
Compton 1 in 1922, using Einstein's successful interpretation of the photoelectric
effect, applied the concept of a species particle of the photon, which means the
quantum nature of electromagnetic radiation, to explain the scattering of x beams. In
quantum theory a photon with energy E=hv=mc 2 and zero rest mass, moving at speed
c, has linear momentum p. By considering that the momentum p of a photon must be
equal to the relativistic mass of the photon multiplied by the speed of the photon c, it
can be written:
p=mc=

hν h
=
c λ

Quantum theory requires the charged particle to absorb energy when it hits a
photon. Here the photon loses some of its energy and is transmitted to the charged
particle. In this case, both, the particle and the photon will continue to move, with new
energy and momentum in paths which are not necessarily the previous path. Compton
was a renowned scientist in the study of cosmic rays and wanted to imagine and
visualize the impacts of quantum of light and electrons, just like the collision of ivory
bullets on the billiard table. Compton scattering is the most direct evidence of the
particle nature of radiation.

20-2 The classical theory of electromagnetic waves scattering
When the monochromatic electromagnetic waves hit a charged particle that is much
smaller than the radiation wavelength, basically an electric field of wave sinusoidal
variable effects on this charged particle. The particle, under the influence of variable
1

- Arthur Holly Compton (1892-1962)
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electric force, performs harmonious oscillatory motion with the same radiation
frequency, and as it accelerates continuously, it propagates in all directions with the
same frequency of electromagnetic radiation (figure 20-1).

Fig 20-1: According to classical theory, the wavelength of radiation does not change.

Classical theory, therefore, predicts that scattered radiation will have the same
frequency of the incoming radiation. The charged particle plays the role of a
transmitter because it absorbs energy from the incident beam and re-scattered it with
the same frequency in all directions. The classical theory of scattering agrees with
experience for radiation with visible wavelengths and all longer wavelengths.

20-3 Quantum theory of electromagnetic waves Scattering
In quantum theory, electromagnetic radiation consists of photons whose energy of
each is expressed by,𝐸𝐸 = ℎ𝑣𝑣. Since a photon can be regarded as a zero-mass particle
at rest moving at the speed of light, the magnitude of the linear momentum
corresponding to this photon based on de Broglie relation is E/c .
Each photon in a beam of monochromatic electromagnetic radiation with
wavelength λ has a momentum equal to h/λ where h is Planck constant and λ is the
wavelength attributed to the photon. When we consider a monochromatic
electromagnetic beam as a consisting set of a species particle photons, each of which
has exactly the specified energy and momentum, the scattering of the electromagnetic
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waves radiation actually comes in the form of a photon colliding with a charged
particle. This problem can be solved simply by applying the conservation laws of
momentum and energy. It should be noted, however, that the application of the laws
of conservation does not focus on the details of the action, but only consider the total
energy and total momentum, before and after the collision. The study of Compton's
collision between a photon and an electron is based on the assumption that the
scattered electron must be nearly free and be at rest. Of course, every electron in the
matter is moving and partially bound to its atom, but the electrons in the outer layers
of the atom can be considered practically free (free electrons) because their binding
energy is much less than the energy of an X-ray photon. The wavelengths of the
photons must be the size of the scattered particle. Compton scattering, in which the
photon is scattered by relatively free electrons of the atom, is therefore possible by Xrays. In Compton scattering, unlike the photoelectric effect, the photon is not
destroyed but scattered by the electron. In this case, some of the momentum of the
photon is transferred to the electron which initially is at rest. So, the momentum, and
therefore the scattered photon energy, are less than before the collision, and the
electron will no longer be at rest.

Fig 20-2: The momentum and energy of the scattered photon is less than the
collision.

According to figure (20-2) and the conservation law of energy, it can be written:
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In which 𝐾𝐾𝑒𝑒 is the energy transmitted to the electron. According to the conservation
law of momentum we have:
h
=

h

λ

λ'

cos θ + pe cos φ

(20-2)

Compton transfer on x-axis (figure 20-2) equals to:
0
=

h

λ'

sin θ − pe sin φ

(20-3)

Compton transfer on y-axis (figure 20-2) equals to:
λ '−=
λ

h
(1 − cos φ )
me c

(20-4)

In which λ ′ is the photon wavelength after the collision, λ is the wavelength
before the collision, m e the electron mass, θ is the angle of deviation of the photon,
and h/m e c is called Compton wavelength (figure 20-3).

Fig 20-3: The above diagram shows the Compton scattering at different angles.
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According to relation (20-4), photons scattered at an angle of 180 ° do not have to
changing in their wavelength which is called backscatter. The above relation becomes
transformed into scattering theory of classical mechanics when Planck constant tends
to zero and the mass of the electron at rest tends to infinity. Electromagnetic waves
lose some of their energy when passing through a medium, such as air (figure 20-4).

Fig 20-4: Compton scattering image

Inverse Compton scattering: Inverse Compton scattering, the transfer of energy
from electron to photon is also possible and was confirmed by astronomical
observations.

Fig 20-5: Inverse Compton scattering, transfer of energy from electron to photon
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When an electron moves at a relative speed (near the speed of light) if it hits a lowenergy photon, it transfers some of its energy to the photon and the high-energy
photon continues its motion. This phenomenon is called the Inverse Compton
scattering observed in supernovae, it is was observed in Supernovae AGNs 2 (figure
20-5).

20–4 Uncertainty Principle
These waves were somewhat obscure after de Broglie expressed the particle-wave
theory. There was also another question at that time, how did affect the laws of
quantum mechanics on the concepts of classical mechanics? Heisenberg considered
the problem from its source, namely, he applied the usual observation instructions and
methods on atomic-scale phenomena and finally presented the results of his work as
the uncertainty principle. In our daily experience, we can observe and measure any
phenomenon without affecting the phenomenon itself. In the atomic world we can
never ignore the disturbance that results from the interference of measuring
instruments. The particles at this scale are small enough that even the measurement is
done at the maximum relaxation, there may be substantial perturbations to the
phenomenon being tested, and one cannot be sure that the measurement results are
really what happened in the absence of the measuring instruments. It means the
observer and the measuring device form part of the measurement of the phenomenon.
There is no such thing as a physical phenomenon as itself. In all cases, there is a
completely inevitable interaction between the observer and the phenomenon.
Heisenberg conceived this by following a material particle. In macroscopic world, we
can track a ping pong ball without affecting its path. But the direction of motion of an
electron is never the same, and it is almost impossible to trace an electron without
affecting its path of motion, which creates uncertainty in our observations.

20-4-1 Relation of uncertainty of momentum and position
One of the most important qualitative observations of the wave packet discussion is
the relation between the wave packet expansion in both fields of position and
momentum. These two quantities have inverse relation, meaning that when the wave

2

- Garret Cotter, High-Energy Astrophysics, M.Phys.& M.Math.Phys., university of Oxford,
2016, http://www-astro.physics.ox.ac.uk/~garret/teaching/hea-2016-lec9.pdf
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packet expansion is greater in position space, its momentum in space will be less. The
relation of Heisenberg’s uncertainty about the momentum and position is as follows:
∆x∆p ≥ ℏ

(20-5)

In fact, the uncertainty principle limits the accuracy of measuring position and
momentum, as well as energy and time. It also restricts the simultaneous use of
particle and wave descriptions. If the position is determined with high certainty, the
momentum is determined with low uncertainty; if momentum is determined with high
certainty, the position must necessarily be very uncertain. It is therefore impossible to
predict in detail the future path of an electron trapped within the atomic scales.
Newton's laws of motion, which work well for calculating the paths of large particles
and objects, are not applicable in quantum mechanics. According to the uncertainty
principle, we can never know the exact position and momentum of a particle
simultaneously (with high certainty), so it is impossible to predict the details of the
future route of the particle.

Werner Heisenberg (1901-1965)
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20-4-2 Relation of uncertainty with complementarily principle
Complementarily principle shows that it is impossible to simultaneously apply wave
and particle descriptions to a material particle such as a photon. If we choose one of
these two descriptions, the other one will be discarded. For example, if we express
electromagnetic radiation in particle language and determine the photon position at
any moment accurately, then the uncertainty in position and time are both zero. But
on the other hand, the uncertainty in what is attributed to the photon wave (wavelength
and frequency) will be infinitely large (figure 20-6). Instead, if we apply the wave
description, then the uncertainty in determining the frequency and wavelength is zero
but the uncertainty in position and time will be infinite. Therefore there will be a
relation between the uncertainty in frequency and time as well as between position
and wavelength. Frequency-time uncertainty is defined in different ways and with
slightly different results. Here are two examples:

∆𝑡𝑡∆𝑤𝑤 ≥

1
2

∆𝑡𝑡∆𝑓𝑓 > ~1

(20-6)
(20-7)

In which 𝑤𝑤, 𝑓𝑓 are frequency. Note that Planck's constant is not used here, and the
value of uncertainty is dimensionless. In addition, the uncertainty principle is applied,
at least in all physical areas, including music, to detect the arrangement of the notes.

Fig 20-6: The Uncertainty Principle and Complementarity
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20-4-3 Relation of the energy-time uncertainty
If we put 𝐸𝐸 = ℎ𝜈𝜈 into the relation of uncertainty in frequency and time, then the
famous Heisenberg uncertainty relation of energy and time is given as below.

∆E ∆t ≥ 

(20-8)

On the other hand, due to uncertainty, it is impossible to simultaneously and
infinitely determine the precise momentum of a particle (for example a photon) and
the corresponding position of its momentum, and it is impossible to simultaneously
and infinitely determine the precise energy of a photon and its specific time. In fact,
the uncertainty principle limits the accuracy of measuring energy and time, as well as
the momentum and position. It also limits the simultaneous use of particle and wave
descriptions.

Fig 20-7: In measuring objects, the light hitting them does affect the result of the
measurement.
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If the position is determined with high certainty, the momentum is determined with
low uncertainty; if momentum is determined with high certainty, the position must
necessarily be very uncertain. It is, therefore, impossible to predict and to follow in
detail the future path of an electron that has trapped within the atomic dimension.
Newton's laws of motion, which work well for calculating the paths of large objects,
are not applicable here (figure 20-7).
In Newtonian mechanics for predicting the future of a particle, such as the position
and speed of a particle, one must know in addition to the forces involved, both the
position and the initial speed, or in other words, the momentum and the position
(simultaneous). Now in accordance with the principle of uncertainty, we can never,
simultaneous, know the position and momentum of a particle (and with certainty), as
a result, predicting the details of the future path of the particle, is impossible.

Fig 8-20: Quantum particles are not like a billiard ball, they have phase.

We have only tools to predict the probability of a photon or particle being
observed, no more. In addition, our observations and measurement tools also
influence the measurement results (figure 20-7). For this reason, the laws of quantum
mechanics are unclear and probabilistic. The status of the one system at a moment
cannot determine what will happen next moment, because the moments mean in the
time, and time is mixed with wave function and probability function (figure 20-8).
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It was a generalization of this theory, although it was initially opposed by many,
such as Einstein said I believe that "God does not play dice with the universe" or
Schrödinger's mental examples, but much of laboratories and theoretical
confirmations have made it so powerful that it became a good expression of
Kinesiology in the atomic dimension.

20-5 Einstein and quantum mechanics
Whenever it comes to Einstein, minds are drawn to the theory of relativity and its
revolutionary consequences. But few remember that Einstein, as he had contributed
to the first scientific revolution of the twentieth century, means the theory of relativity,
also played an important role in another revolution, quantum physics. Even the Nobel
Prize was awarded to him because of a treatise on the photoelectric effect that
confirmed the quantum of light. But the game of fate was shaped so, one of the greatest
supporters of quantum mechanics became its first level critic. This section looks at
Einstein's reaction to quantum mechanics and his discussions with the founders of
quantum theory, in particular Niels Bohr.

20-5-1 Solvay conference
It all started from Solvay conference sponsored by a German craftsman named Ernest
Solvay 3. He held the first international Solvay conference in Brussels shortly before
the outbreak of World War I (figure 20-9). The conference was supposed to invite
about 30 prominent physicists to discuss a pre-determined topic. From 1911 up to
1927 five rounds were held in this manner. Each was dedicated to one of the
development of physics in those years.
The most famous Solvay conference was held in 1927 on the subject of quantum
physics, among which 9 participants were theoretical physicists, all of whom won the
Nobel Prize for their important contribution to the formation of quantum theory
(figure 20-10). Max Planck, Niels Bohr, Werner Heisenberg, Erwin Schrödinger and
... Albert Einstein was among those physicists. In this conference, Einstein was
famous enough for his theory of relativity and the Nobel Prize. That is why his opinion
was so important to other physicists.

3

- Ernest Solvay (1838-1922).
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Fig 20-9: Photograph of the first conference in 1911 at the Hotel Metropole. Seated
(L–R): W. Nernst, M. Brillouin, E. Solvay, H. Lorentz, E. Warburg, J. Perrin, W. Wien,
M. Curie, and H. Poincaré. Standing (L–R): R. Goldschmidt, M. Planck, H. Rubens, A.
Sommerfeld, F. Lindemann, M. de Broglie, M. Knudsen, F. Hasenöhrl, G. Hostelet, E.
Herzen, J. H. Jeans, E. Rutherford, H. Kamerlingh Onnes, A. Einstein and P. Langevin.

At the fifth Solvay conference, it had been one or two years since it passed from
presenting a coherent formulation of quantum mechanics. Max Bourne had published
a statistical formulation of quantum mechanics; Heisenberg had proposed the
principle of uncertainty. On the basis of these achievements, Niels Bohr also presented
his epistemological interpretation of quantum mechanics with the principle of
complimentarily. All of these were enough reasons for Einstein to discuss with Bohr
and Heisenberg throughout the conference.

20-5-2 Copenhagen interpretation
The important point in Heisenberg’s uncertainty principle was that the position and
momentum (or velocity) of a particle cannot be simultaneously and accurately
measured. By measuring the position, there will be uncertainty in speed measurement
and vice versa.
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Fig 20-10: Fifth Solvay conference 1927, in Leopold Park. A. Piccard, E. Henriot,
P. Ehrenfest, E. Herzen, Th. de Donder, E. Schrödinger, J. E. Verschaffelt, W. Pauli,
W. Heisenberg, R. H. Fowler, L. Brillouin;
P. Debye, M. Knudsen, W.L. Bragg, H. A. Kramers, P. A. M. Dirac, A. H.
Compton, L. de Broglie, M. Born, N. Bohr;
I. Langmuir, M. Planck, M. Curie, H.A. Lorentz, A. Einstein, P. Langevin, Ch.-E.
Guye, C. T. R. Wilson, O. W. Richardson

By proposing this controversial principle, many considered uncertainty to be
inherent in nature and said it was not the problem of measurement device or observer.
Thus they questioned the principle of uncertainty, meaning that when we cannot
accurately know the present state of a system, then we know nothing of its future, and
because this ignorance is related to the essence of nature and is not about the
measuring device, the cause and effect relationships are broken.
This conclusion from a purely physical principle was one of the aspects of an
interpretation later known as Copenhagen's interpretation of quantum mechanics.
Another component of Copenhagen's interpretation was the statistical and
probabilistic characteristics of subatomic phenomena. For example, if an observer
measures a particle's speed in a certain direction, in the probability of x, he obtains a
particular value and in the probability of Y, he obtains another value. The occurrence
of each of these possibilities is completely random, and there is no mechanism for
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how they happen. The other point of Copenhagen's interpretation was the denial of
physical reality, meaning that the formulation of quantum mechanics is the only
present reality. Predicting the results and efficiency of the formulation is sufficient,
and it does not have to correspond with objective physical reality.

20-5-3 Einstein against Bohr
Einstein could by no means fall under such an interpretation. He was a physicist who
had always sought to discover nature, and such a theory did not satisfy him with these
strange and unexpected results. Einstein believed in realism and could not accept that
the observer determines the reality of a physical phenomenon. He believed that
physicists had resorted to an idealism that had haunted them and departed them from
the primary goal of science and also physics. It was for this reason that, at the Solvay
conference, he took a strong stand against the theories of Bohr and Heisenberg.
Heisenberg had written in his memoirs 4: "All discussions took a position at the dinner
table and not at the conference hall and Bohr and Einstein were the focus of all
discussions. The discussion usually started from the breakfast table, and Einstein has
proposed a new thought experiment that he thought it has rejected the uncertainty
principle.

Fig 20-11: Einstein and Bohr at Solvay conference and after
- Maryam Jaafar Aghdami, He never reconciled with quantum, َ◌ Aftab, In Persian
language, July 31, 2005
https://www.aftabir.com/articles/view/science_education/technical/c3c1122827401p1.php
4
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After much discussion throughout the day, Bohr at the dinner table has proved to
Einstein that the experiment also could not undermine the uncertainty principle.
Einstein was a little upset, but the next morning he came up with another thought
experiment that was more complex than the previous one. After a few days, Dutch
physicist Paul Ehrenfest, who was Einstein's friend, said:" I'm embarrassed, instead
of you, your arguments against quantum mechanics are similar to the arguments your
opponents make against relativity" (figure 20-11).
Einstein wanted to show incompatibility in quantum mechanics with these
experiments in order to reject it, but he failed. Einstein always said he could not accept
that God was tossing. He believed that if God wanted to play dice, he would have
done it so perfectly, and then we would not have to look for the laws of nature anymore
because there could no longer be a law. Bohr's answer to all of these excellent
sentences was, "Nor is it our business to prescribe to God how He should run the
world". Bohr thus defended the logical compatibility of Copenhagen's interpretation
at the fifth Solvay conference. But Einstein's and Bohr's arguments were also drawn
into the sixth Solvay conference in 1930 and Einstein still failed to reach a conclusion.
He then attempted to show the defect of quantum mechanics (figure 20-12).

20–6 Einstein's defeat by general relativity
Einstein debated with Niels Bohr on the principle of uncertainty and was eventually
defeated by the theory of general relativity that he had presented. At the Brussels
conference in 1930, he proposed an imaginary experiment to violate the principle of
uncertainty (relation 20-8). In a box that has walls which are covered by mirrors, there
is a clock that is used whenever we bring some radiation into the box. Before we enter
the energy into the box, we measure its mass, and after we open the box to import
energy, the same amount of energy is released at the same moment. Also at that
moment, the clock is in use. After these steps we calculate the mass difference of the
second and first states, and multiply by 𝑐𝑐 2 and the energy output is obtained. In these
conditions, the clock works well and there is no uncertainty in time. If so, the energy
uncertainty is zero and as a result time uncertainty will be zero, so the uncertainty
principle will be violated.
At that time Bohr had nothing to say and went to the hotel with a sulky face, but
the next morning with a cheerful face he went to the meeting room and waited for
Einstein. When Einstein arrived, Bohr started talking to him with a smile and said,
"Not bad if you were paying attention to your theory in your speech". And then he
said, "To measure the mass of the box, we have to attach the box vertically to a weight
gauge, so the clock becomes slow or fast under the gravitational field of the earth. As
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a result, when you open the box one uncertainty comes for time. The box fluctuates
at the moment of loss of energy”. He came up to uncertainty principle with solving
some equations and convinced Einstein with his own magic.

Fig 20-12: Some of the participants in the Solvay conference in 1930, Picard,
Einstein, Langevin, Bohr, Richardson, Henriot, Verschaffelt, Marie Curie, Donder,
Bragg, Heisenberg, Fermi

Fig 20-13: Debate meeting at the Solvay conference (1)
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Another conclusion of the uncertainty principle is that the probability of occurring
an event always exceeding zero. That is, if you consider an event that you are not
likely to happen, it may occur, even if it seems impossible.

Fig 20-14: Pair production and annihilation

In uncertainty principle we read that in any environment the fields do not become
zero if the field becomes zero, that is, the uncertainty principle is clearly rejected.
Given this, in the vacuum space there are always particles and virtual antiparticles that
neutralize one another. As we know, each particle has an antiparticle with an opposite
electric charge. For example, for an electron, there is a particle called positron which
has a positive charge. When they collide, two quantum of energy is created (two
photons are produced). This phenomenon is called radiation decay. In the opposite
process, two quantum of energy may collide and produce an electron-positron pair. In
figure (20-14), both the production and annihilation processes of the electron-positron
pair are seen. But according to the uncertainty principle, these particles are in a virtual
vacuum and are not visible. But we can trace their effects. It is noticeable that in
addition to the vacuum, there is in fact, pair production and decay happens in the lab
that is different from the quantum vacuum.
This pair of virtual particles have energy, which is why they say that there is no
real vacuum environment and that the vacuum we are referring to is full of particles
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and virtual antiparticles. It is here that relativity and quantum mechanics contradict
one another. Why?
According to relativity, space and time create a texture called space-time that is
curved. On the other hand, the uncertainty principle states that space is full of particles
and virtual antiparticles containing energy. Now there is a problem between quantum
and relativity, and the question is that if space-time is full of these particles and
antiparticles and they have energy, then their sum of energy is extremely high. So the
texture of space-time should be wrinkled like a pea, so why is it not? Many scientists,
including Dirac, attempted to unite the two great theories of the century, which
unfortunately did not succeed.

20-7 Einstein, Podolsky and Rosen
In Year 1935, Einstein continued his attempts to prove the quantum mechanics to be
incomplete, and concluded that particles interacting with each other at least once had
a mysterious connection. By changing the quantum properties of momentum, spin,
and so on of one particle, the properties of the other particles that be at any distance
also change. He attributed it to the defect of quantum mechanics and later called it the
spooky action at a distance because, by special relativity, no interaction between
particles travels faster than the speed of light. Einstein, Podolsky 5, and Rosen 6,
published their famous paper as "Can Quantum-Mechanical Description of Physical
Reality Be Considered Complete?" This article was later known as the EPR
abbreviation. Four months later, Bohr rejected the EPR experiment in an article with
the same title and showed that their reasoning was fallacious. But that was not the end
of the story. Neither Einstein nor Bohr was satisfied either. In that year, Schrödinger
first used the term quantum entanglement to describe this strange connection between
quantum systems.
In 1964, Bell 7 found a mathematical relation called Bell's inequality for the test of
quantum entanglement. If the experiment violates Bell's inequality, it means
confirming the quantum entanglement. In the year 1972, John F. Clauser and Stuart J.
Friedman at Berkeley University first experimentally observed the existence of
quantum entanglement by measuring the polarization of previously interacting
photons. Later, more empirical evidence was found for quantum entanglement.

5

- Boris Podolsky (1896-1966)
- John Stewart Bell (1928-1990)
7
- John Stewart Bell (1928-1990)
6
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Einstein continued to recall quantum mechanics’ problems until his death in 1955.
It is also known about Bohr, the day before his death, a photograph of him was taken
beside a blackboard containing a pilot project discussed by him and Einstein in the
1930s. Einstein never accepted quantum mechanics and at best accepted that this
theory was only a temporary theory that was not complete and physicists should look
for other theories, a theory that is bound by both causality and realism, but at the same
time be beautiful and simple.
Einstein has long resisted the strangeness and alienation of quantum laws, which
were the rulers of the atomic age. The crucial role that these laws gave to chance and
uncertainty did not fit with his instincts. But despite the problems he had with the
philosophical implications of quantum physics, he eventually played an important role
in the development of this branch. In 1925, for example, he read an article by the
Indian physicist Satyendra Nath Bose 8 about photon statistics and found that
something strange would happen if atoms could be cooled to near absolute zero and
held together. The quantum effects force the atoms to temporarily condense into a
kind of atom cloud. In other words, the other group of atoms looks the same as the
photons of a laser beam.
Lasers are useful tools and there are good reasons that atomic lasers will be equally
effective. But the Bose-Einstein condensed material (A name that refers to these
atomic super-cold drips) remained as a clever prediction for more than 70 years. In
June 1995, Eric Cornell and Karl Wieman were finally able to do something to put
together 2,000 rubidium atoms, as Einstein had predicted, and received the 2001
Nobel Prize in Physics.

20-8 Modern physics and common sense
Physics formed the most important field of scientific developments of the twentieth
century. The proposing of the theory of relativity at the beginning of the century by
Albert Einstein gave a new meaning to physics. So, time and space ended their life as
two aliens with each other, and the Chinese wall that separated matter and energy
collapsed. Physics thus provided a new perspective of the infinitely large astronomical
world and the infinitely small atomic world.
New quantum mechanics states that the state of any system of particles is
completely determined by its wave function. But this wave function, rather than, as in
classical mechanics, specifies the exact position and velocity of each particle, only
8

- Satyendra Nath Bose (1894-1974)
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determines the probability of the particle being in a particular position at a particular
speed, provided that the appropriate measurements should be taken. Physics as the
most positive field in the natural sciences has shown that even the most general laws
apply only to a certain limit. Subsequent advances in physics have added a new
creature as information to the list of matter and energy. There is even evidence that
the transfer of information in atomic particles is faster than light. This phenomenon
has exposed the need for a better model of relativity since relativity does not
fundamentally matter to the information in the universe.
Relativity introduces a new understanding of geometry that transforms our
fundamentally unchanging worldviews. That is, these assumptions are, in fact, a
complex set of philosophical and scientific beliefs and arguments that, in critical
circumstances, their shells have been abandoned, shown their own petrifaction, and
necessitated a greater evolution.
That is to say, our understanding of the nature of the world, the structure of the
world, the origin and end of the world is placed as presupposed (sometimes
unknowingly) in our scientific activities. Contrary to empiricists' conception, the
study of these principles is not useless but may provide the means of fundamental
science changes. More than relativity, further developments in quantum theory in
nuclear physics have to be explored. These advances have undermined some of our
most basic perceptions of common sense in the world, such as causality, causality that
cause priority over the effect, not the other way around. In ordinary daily experiences,
causality is usually understood in relation to material phenomena. In quantum
mechanics, however, the relation between cause and effect must be examined through
information transfer.
Therefore, if the phenomena of the universe are considered to be a combination of
matter, energy, and information, then the causality from the angle of one property of
the phenomenon in question may be counteracted by the causality from the angle of
its other property. As a result, we may have to put the whole notion of metaphysics of
transposition in another context.
Quantum physics has taught us to understand the limitations of the concepts of
cause and effect in every field and to become familiar with the limits of this most
general law of nature.
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O.W. Richardson (1879-1959)
Petrus Josephus Wilhelmus Debije (1884-1966)
Martin Hans Christian Knudsen (1871-1949)
William Lawrence Bragg (1890-1971)
Hendrik Anthony Kramers (1894-1952)
Max Born (1882-1970)
Auguste Antoine Piccard (1884-1962)
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Chapter 21

General Relativity and Cosmological Equations
Space-time tells matter how to move; matter tells space-time how to
curve. John Archibald Wheeler

Introduction:
Special relativity had a fundamental limitation. This limitation was due to the fact that
it examined physical events in inertial frames, while in the real universe the frames
have acceleration. Although inertial frames can be used to check some events, they
are incapable of handling all events. Einstein introduced general relativity in 1915,
and special relativity came as a special state of general relativity. In addition,
astronomical observations have shown that general relativity is more powerful than
Newton's law of gravitation in explaining the structure of the universe. In special
relativity, the distances became as a function of the speed of light, and the contraction
of space gave rise to a different view of dimensions of the universe. Space contraction
was still a controversial issue among physicists which general relativity debated the
geometric structure of space and its curvature. As the test of space contraction seemed
difficult, observing the curvature of the space seemed easier. When physicists verified
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the correctness of prediction of general relativity by observing the curvature of the
light path around the sun, special relativity and Einstein's quantum perspective of
photoelectric effect were also better positioned. It's interesting that the curvature of
space was confirmed in 1919 and in 1918 Max Planck won the Nobel Prize in Physics
for his quantum perspective to energy and in 1921 Einstein for the photoelectric effect.
Interestingly, the greatest challenge in physics in twentieth century was the
incompatibility of quantum mechanics and relativity, in particular general relativity,
and still continues to yet.

Fig 21-1: Path of light from the perspective of observers placed in the gravitational
field and an accelerated frame

21-1 General relativity
Einstein had predicted, for many years before general relativity, that the path of light
was curved by gravity. But in order to formulate general relativity, he spent many
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years to study non-Euclidian geometries with the help of Grossmann 1. Since 1912
Einstein, in collaboration with Marcel Grossman, has published an essay entitled
"Outline of a Generalized Theory of Relativity and of a Theory of Gravitation", and
to describe the principle of equivalence, he compares gravity with an elevator: "An
observer in an elevator cabin does not know whether the cabin is at rest in a static
gravitational field, or whether it is in accelerated motion, maintained by forces acting
on the cabin, in a space without gravitational fields". Finally, in 1915, he introduced
general relativity by presenting the principle of equivalence.
Equivalence Principle: The laws of physics are the same in a uniform gravitational
field and in a frame that moves at a constant acceleration.
In other words, the laws of physics are the same regardless of a uniformly accelerating
reference frame or a reference frame that is acted upon by a uniform gravitational
field. Suppose a reference frame is in motion with constant acceleration. Observations
in this system are similar to observations in a uniformed gravitational field if the
intensity of the gravitational field is equal to the acceleration of the system, that is, if
a= -g , the observations will be the same (figure 21-1).

21-2 Curvature of space
Einstein had shown in special relativity that light (energy) has mass. Therefore, the
behavior of light in a gravitational field resembles the planets around the sun or a
projectile on the surface of the Earth. If we consider light as a package of energy that
has a mass, we can investigate the gravitational effect on it. Suppose a light beam
enters the Sun's gravitational field (figure 21-2). In a gravitational field, the intensity
of the field is obtained from the following relation:

g=

MG
r2

(21-1)

Where g is the gravitational field intensity, M is the body mass of the factor of the
field, G is the gravitational constant, and r is the distance between the center mass of
the body to the given point. So if we put the Sun's mass in relation (21-1) instead of
mass, the gravitational acceleration in the Sun's gravitational field will be as:

1

- Marcel Grossmann (1878-1936)
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g sun =

MG
r2

(21-2)

Fig 21-2: Light in the Sun's gravitational field.

Suppose a beam of light is moving from far away toward the earth and passes of
beside the sun. The closer this beam of light to the Sun, the intensity of the
gravitational field of the sun increases because r reduces. We select the reference
frame so that the direction of the light's motion is being parallel to the x-axis. The
light beam accelerates along the y-axis and gradually its intensity increases, and the
photon path is obtained from the following relations (figure 21-2):

cosθ =

g sun =

rm
r

GMcos 2θ
rm2

(21-3)

(21-4)

The acceleration of the photon fall will be equal to:

α y = g sun cos θ
MG cos3 θ
αy =
rm2

(21-5)

(21-6)

On the other hand, the speed changes on the y-axis obtain from the following
relation.

∆v y =
∫ α y dt

(21-7)
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The light moves along the x-axis at a constant speed c, so we can write:

x=ct

tan θ =
t=

(21-8)

ct
rm

(21-9)

rm tan θ
c

(21-10)

So the integral of the speed changes are as follows:
+π / 2

MG cos3 θ rm 1
dθ
2
2
r
c
cos
θ
m
−π / 2

∆v y =∫

(21-11)

After integrating, the final relation of photon acceleration will be as follows.

2 MG
∆v y =
crm

(21-12)

If the photon did not pass through the gravitational field, these changes would be
zero, and the path of light would be straight line relative to the inertial observer, but
due to gravitational acceleration, the path would be curved.

Fig 21-3: The path of light passing through the sun's gravitational field is curved
from the perspective of the earth observer.
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In figure (21–3) the sun is between the earth and a star, so the star is not visible to
the earth observer. But the earth is orbiting the sun, by rotating the earth around the
sun, the sun goes outside of between the earth and the star and the star will be visible.
The location of this star can be observed relative to the sun and other stars. Therefore,
the spatial position of the earth, the sun, and the given star is obvious. Now if the sun
is between the star and the earth during the solar eclipse, the star will not be visible.
But if the star's light is deviated by the sun's gravitational field as predicted by general
relativity, the star will be visible. Choosing the eclipse time is because sunlight does
not prevent the star from seeing. In 1919, in a full solar eclipse, physicists investigated
the curvature of space, which confirmed the prediction of general relativity.
Eddington2 had a very effective role to play in this observation.
In 1919, Eddington went to Cameroon's Principe Island of the west coast of Africa
along with a research team from the Royal Astronomical Observatory in England,
while his observatory headquarters was in Cambridge. According to a prediction made
on May 29, the solar eclipse must have occurred and he went with the group to observe
it. This solar eclipse was a great opportunity to test Einstein's theory of general
relativity, which claimed that light rays were affected by gravitational field. The
observation of these astronomers provided the first astronomical evidence to prove
the theory of general relativity (figure 21-4). The most important achievement of
general relativity was the justification of Mercury's orbit. Astronomical studies have
shown that Mercury's anomalous perihelion advance of 43 arc-seconds per century.

Fig 21-4: Eddington’s report of the 1919 solar eclipse, the light path of the star is
curved.

2

- Arthur Stanley Eddington (1882-1944)
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Physicists had known it for over a hundred years, but they could not justify it by
Newton's law. But general relativity was able to explain the reason for this shift. The
power of general relativity in justifying Mercury's orbit was a great achievement that
surprised physicists, along with observing the curvature the path of light, and relativity
was quickly adopted and covered Newton's universal gravitational law as a special
state (figure 21-5).

Fig 21-5: Mercury's anomalous perihelion advance, which cannot be justified by
Newton's law of gravity.

The empirical confirmation of general relativity led gravity to be presented and
accepted as the geometric effect of matter on space. So in relativity, gravity is not a
fundamental force, but it’s a geometric effect of matter on space, which is called
space-time. That is, the mass curves the space around itself, and the path of light
around it is not a straight line, but curved (figure 21-6), and from the observer's
perspective in the gravitational field, the path of light is as if the observer moves
upward with a constant acceleration. It is important to visualize how matter curves the
space around itself. Consider a rubber surface whose edges are firm and fixed.
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Fig 21-6: The influence of the reference frame on the path of light from perspective
of different observers, the light moves from left to right.

Now place a heavy bullet in the middle of this level. The bullet causes the rubber
surface to sink. The heavier the bullet, the more it will sink. If the bullet is heavy
enough, it can create a hole in the middle of the rubber surface and hide in that hole.

Fig 21-7: Space-time is like a rubber surface with a heavy bullet in the middle.

21. General Relativity and Cosmological Equations

473

Notice around of this bullet on the surface. Around the bullet, concentric circles
are formed, the center of which is where the bullet enters. The surface of these circles
is displaced relative to the surface it had before throwing. As the bullet is heavier, the
displacement is greater (figure 21-7). Now we throw a small ball at the rubber surface
with high speed. The trajectory of the ball is no longer straight and is diverted to the
bullet location. The degree of this deflection depends on the elastic properties of the
rubber surface and the mass of the bullet. If the curvature on the rubber surface is
high, and the bullet has created a hole, the ball will fall into the hole.
Now instead of the rubber surface of space and instead of a bullet, place a massive
body (e.g. stars), then we will have space-time. One consequence of general relativity
is about the slowing of the clock, meaning that as the gravitational field is being
stronger, the clock works slower (figure 21-8). This behavior of the clock in the
gravitational field derived from general relativity is such as special relativity, and
slowing of the clock at high speeds. To better visualize it, place the gravitational field
instead of the speed.

Fig 21-8: According to general relativity, clocks work slower in the stronger
gravitational field.

Space-time is curved, and the greater the curve, the clock works slower. When
light escapes from the gravitational field, it also loses some of its energy and is redshifted, which is called gravitational redshift. If light falls in the gravitational field, its
frequency and thus its energy increases, which is called the gravitational blue-shift.
The following relation:
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ν=' ν (1 ±

GM s
)
Rs c 2

(21-13)

In which,ν ′ is secondary frequency,ν is primary frequency, G is gravitational
constant, 𝑀𝑀𝑠𝑠 is the mass of the body such as the star, 𝑅𝑅𝑠𝑠 is radius and c is the speed of
light. The above relation is verified empirically. This relation is provided by the radius
of the body𝑅𝑅𝑠𝑠 , but in general the distance of the photon to the center of the body, that
is r, must be taken into account. But if the photon distance to the surface of the body
is negligible relative to the radius of the body, 𝑅𝑅𝑠𝑠 can be used.

21-3 Einstein Field Equations
Einstein tried to express the geometric structure of space as mathematical equations.
So he used non-Euclidean geometries. Using tensors algebra, he presented field
equations. Einstein field equation is generally written as follows:
1

𝑅𝑅𝜇𝜇𝜇𝜇 − 𝑅𝑅𝑔𝑔𝜇𝜇𝜇𝜇 = 𝑘𝑘𝑇𝑇𝜇𝜇𝜇𝜇 =
2

8𝜋𝜋𝜋𝜋
𝑐𝑐 4

𝑇𝑇𝜇𝜇𝜇𝜇

(14-21)

Ion which, 𝑅𝑅𝜇𝜇𝜇𝜇 is Ricci 3 curvature tensor, R is Ricci scalar, 𝑔𝑔𝜇𝜇𝜇𝜇 is the symmetric
4 × 4 tensor metric, G is the Newtonian gravitational constant, c is the speed of light,
and 𝑇𝑇𝜇𝜇𝜇𝜇 is the energy-momentum pressure tensor. Einstein field theory is a set of
symmetric 4 × 4 tensors and each tensor has 10 independent components. There are
a few things to note about Einstein field equations:
1- The field equations of general relativity theory do not come directly from the
equivalence principle, but are the simplest equations that compatible with general
relativity.
2- In addition to changing the direction of the light beam in the gravitational field,
its energy also changes. Photon is also a wave packet electromagnetic energy, and
how the gravitational field affects the photon and how it changes the photondependent electric and magnetic fields is another matter that relativity has been silent
about.
3- Space-time is a continuous quantity. While the energy changing and basically
production of energy is quantized. Therefore, continuous space-time cannot explain
the discrete amount of photon energy.

3

- Michelangelo Ricci (1619-1682)
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4- Theories of quantum mechanics and general relativity, although each of them
works well in its own area, are highly incompatible with one another. Currently,
activities are focused on the issue of finding a theory that unifies both quantum
mechanics and general relativity. It is hoped that combinatorial theory can answer the
problems arising from empirical observations. Quantum physics achievements in the
laboratory, and measurements, are always getting stronger and stronger, while
astronomical observations at the macro-level of the universe are not justified by
general relativity and Newtonian gravitational law. Experimental verifications show
that the universe has a quantum property. So the reason for the incompatibility of the
two theories is that of general relativity. This theory has to be changed from the base,
so Planck's constant h must be included in its equations (see chapter 25).

21–4 Gravity and geometry of space
In general relativity, space-time replaces Newton's gravitational law and gravity is
removed from the list of fundamental forces. We now have to examine the various
processes of the effect of gravity on the electromagnetic waves passing near large
objects. Experience has shown that the path of light passing near a celestial body such
as a star or galaxy is not a straight line, but curved. This behavior does not only include
light, but also all electromagnetic waves. Compare this gravitational effect with the
lens. The lens also diverts the path of light. Imagine a star that lies between the earth
and another celestial body like a star and its light passes near it to reach the earth. If
only one light beam is considered, only its deviation will be observed, but if two light
beams come from a source and pass near both side of the star, then the two beams
diverge first by the middle star and converge again, and the middle star behaves like
a lens. The lensing effect of gravity can be divided into three categories; Strong
lensing, weak lensing, and microlensing. These effects depend on the position of the
body and the observer and the mass of the lensing body.
A. Strong lensing: The lensing body is very massive and the source is close
enough. In this case, more than one image will be viewed. Multiple images were first
seen in 1979, the source of which was Quasar and the lens of a galaxy (figure 21-9).
B. Weak lensing: The lens is not massive enough to provide different images of
the body, but can remove the source image from its natural form. Background objects
of the gravitational lens are dragged to the front. An image of the sky can only be
identified by statistical analysis.
C. Gravitational microlens: The gravitational microlens consists of a star or a
group of stars much smaller than a galaxy or galaxy cluster. Although the effects of
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this type of gravitational lens are not profound due to its low mass, useful levels occur
more frequently. The bending angular of light in the gravitational microlens is of a
millisecond arc which is under the resolution of even the most powerful telescopes
such as Hubble. However, what can be discerned is a change in the apparent
brightness of the source that can provide information about the source and lens.

Fig 21-9: Gravitational lensing effect

21-5 The importance of general relativity in everyday life
Does general relativity matter in our daily lives? It depends on what we expect from
life. The following two examples illustrate the point. Today, people expect
earthquakes to be predicted to prevent catastrophes that were previously called natural
or heavenly. This will require a network of seismological stations in the ground. Each
seismological station actually has three very important tools: one seismometer, a
device that records earthquakes, a precise clock that should record the time, and a
transmitter that must send information to central stations.
The role of the clock is very important here. When an earthquake occurs in one
place, a wave passes through the surface and into the depths of the earth and reaches
different stations. Each station records the wave received (figure 21-10). To know the
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epicenter of the earthquake and the geological structure of its path, it is necessary to
know exactly when and at which station the wave has reached. Without such
information, what seismologist records, has very little value. Therefore, the clocks at
the seismological stations should therefore work carefully and be synchronized with
each other. This must be done with great care and this is where general relativity
comes into play. Physicists have been observing general relativity corrections for
many years in synchronizing and adjusting clocks. If we want the Global
Seismological System to be able to record accurate earthquake information so that
physicists can get a better understanding of earthquakes, to predict earthquakes and
prevent disasters, that When we see in everyday life, we also need general relativity.

Fig 21-10: Diagram of earthquake waves

Another expectation of today’s people is to have a device that shows where they
are. Such technology exists now. Today experts build satellites and place them in
orbits around the Earth (figure 21-11). These satellites, along with several stations on
Earth, make up a system called The Global Positioning System (GPS). Each of these
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satellites is, in fact, a very accurate atomic clock and a transmitter for transmitting
information to the ground. One of the most important information shows the time on
the satellite. This information is such that if we can get the data sent by four satellites
at one point on Earth, we can calculate our location. In order to be able to accurately
locate from a few hundred meters, we need to use general relativity corrections. So if
we want our location system to be able to differentiate between different alleys of a
street, we find that in everyday life we also need general relativity.

Fig 21-11: Global Positioning System (GPS)

21-6 General relativity and black holes
One of the earliest solutions to the Einstein field equation was obtained by
astrophysicist Schwarzschild 4. Schwarzschild obtained a metric around a sphere, such
as a star. This metric, now called the Schwarzschild metric, has a very strange
4

- Karl Schwarzschild (1873-1916)
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property; if the star's radius becomes too small, even the light cannot escape it. In this
case, the star becomes a strange object called a black hole. Understanding the physics
of black holes is one of the challenges physicists have been dealing with for over half
a century. Today, most astrophysics practitioners believe there are black holes in the
universe, including the center of the Milky Way.

21-6-1 History of black holes
After Newtonian mechanics was used in the knowledge of the universe as celestial
mechanics, black holes were one of the things to consider. For the first time in 1784,
John Michel 5 in an essay calculated escape velocity with the information of that day,
stating that if gravity was so strong that the escape speed was greater than the speed
of light in there, light could not escape. Of course, at that time he knew about the
speed of light, but the speed limit was not the speed of light, because in Newtonian
mechanics infinite speed was acceptable. In 1796 Laplace raised again John Michel's
theory. By the end of the 19th century, the speed of light was well known and
measured. In 1915 Einstein proposed the theory of general relativity and showed that
gravity affects light. A few months later Karl Schwarzschild, by solving the Einstein
field equation for a point mass, stated that, in theory, black holes exist. The radius
from which light cannot get out is known as the Schwarzschild radius (section 21–7).
A few months after Schwarzschild, one of Lorentz’ students, Johannes Droste 6,
achieved the same results as Schwarzschild.
In 1920, Chandrasekhar 7 who was a student of Eddington showed that if the escape
velocity were to exceed the speed of light, the mass of the body must be at least equal
to 1.44 that of the sun. This number is nowadays known as the Chandrasekhar limit.
Eddington opposed with his calculation and called it inaccurate. In 1939,
Oppenheimer 8 and his student Snyder 9 predicted that a massive star would collapse
due to gravity and become a black hole. As the Second World War began, the issue
of black holes was forgotten. In the 1960s again, black hole theory and Schwarzschild'
solution and gravitational collapse were considered of physicists. In 1971, Hawking 10
stated that the event of the black holes occurred when the universe began its first big
explosion. When all the constituents of the universe exploded, some of these materials
9F

5

- John Michell (1724-1793)
- Johannes Droste (1886-1963)
7
- Chandrasekhara Venkata Raman (1888-1970)
8
- Julius Robert Oppenheimer (1904-1967)
9
- Hartland Sweet Snyder (1913-1962)
10
- Stephen William Hawking (1942 -2018)
6
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were so compressed that they became as black holes. Some of these black holes may
be as small as the mass of a small planet or smaller than that, so he called them the
small black holes.

21-6-2 Gravitational collapse
A star is formed when a large amount of gas (which is essentially hydrogen) collapses
due to gravitational attraction. With the onset of this collapse and condensation of the
gas, its atoms collide more and more at high speeds, thereby increasing the heat of the
gas. Eventually, the gas becomes so hot that when the hydrogen atoms collide to each
other, they not only scatter, but they merge together and become into helium. The heat
released in this reaction is like the controlled heat of a hydrogen bomb, which is the
heat that causes the star to radiate. This thermal radiation, such as gas pressure,
increases to the point of equilibrium with gravitational attraction, causing the gas to
stop the contraction. This phenomenon is similar to a balloon action that the pressure
of the air inside it is in a direction that expands the balloon, and with the tensile force
of the balloon body which trying to hold it in a smaller volume, makes equilibrium.
Stars are similarly balanced by gravitational attraction from the heat generated by
nuclear interactions and remain stable for some time. However, the star will
eventually be depleted of hydrogen and other fuels. What seems to be a paradox is
that the more fuel the star begins to form, the sooner the star goes off. This is because
the more massive the star, the more heat it needs to balance with gravitational
attraction, and the higher the heat, the faster it consumes fuel. Our sun's fuel may be
enough for another five billion years or so, but most massive stars may consume their
fuel in less than a hundred million years. When a star's fuel runs out, that star begins
to cool down and contracts. What the end of such a star was for the first time was
justified in the 1920s. In 1928, Chandrasekhar went to Cambridge to study beside
Arthur Eddington, who was also an expert on general relativity.
During his journey from India to England, Chandrasekhar wondered how big the
star would be to be able to withstand the force of gravity after it had run out of fuel.
In summary, this was the case; when the star contracts, its matter particles get much
closer together, and then by the Pauli Exclusion Principle, such particles must have
very different speeds. These speed differences cause the particles to move away from
each other, thereby expanding the star. In this expansion, the radius of the star's sphere
is increased to the point where the equilibrium is established between attractive and
repulsive force due to the Pauli Exclusion Principle and the radius of the star's sphere
is stabilized to this extent. That is, exactly like the early life events of the star in which
its force of gravity was balanced by the radiation pressure caused by nuclear fusion.
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Chandrasekhar concluded that there is a limit in repulsive forces that determine by
the principle of exclusion. The theory of general relativity has limited the maximum
difference between the velocities of the particles of matter in the star to the speed of
light, which means that when the star is sufficiently dense, the repulsive force due to
the exclusion principle will be less than the gravity force. Chandrasekhar calculated
that a cold star whose mass is about more than one and a half times the sun's mass
cannot bear its own mass and will collapse. At about the same time, such a discovery
was made by a Russian scientist named Landau 11. This discovery yielded serious
implications for the final fate of robust stars. If a star's mass is less than Chandrasekhar
limit, it could eventually end up its contraction and possibly resemble a white dwarf
which with a radius of about several thousand kilometers and a specific density of
several hundred tons per cubic centimeter will collapse. The white dwarf star remains
stable with the repulsive force arising from the exclusion principle between the
electrons in their matter. We see many of these white dwarfs, and the first star of this
kind was discovered, around the Dog Star or Sirius, the brightest star in the night sky.
Landau noted that there is another possible final state for the star, where the mass
of the star is about one or two times the mass of the sun, but its volume is much smaller
than the size of a white dwarf star. Landau noted that a smaller final state is possible
for larger stars. If gravity causes electrons and protons to combine and become
neutrons, neutrons can similarly follow the Pauli Exclusion Principle and produce
neutron stars. It was predicted that these stars would not radiate, so they are invisible.
(But today we can identify them by radio waves.) But Chandrasekhar found no force
to prevent the complete fall of the great burning stars, which faced opposition from
Eddington, Einstein, and many others. Eventually, Chandrasekhar would ignore
further investigation of such stars.

21-7 Schwarzschild radius
Schwarzschild radius can be obtained using the escape velocity. But the escape
velocity must be explained before it. When you throw a bullet upwards, the bullet
rises to a certain height, its velocity reaches zero and returns to the ground again. At
the peak, the bullet only has potential energy. But the potential energy is not just a
property of a body, but also the energy capacity of a system consisting of several
bodies. Basically, gravitational potential energy is defined as follows:

11

- Lev David Vic Landau (1908-1968)
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U= -

GMm
r

(21-15)

In this relation U is the potential energy, M is the mass of the earth, m is the mass
of bullet, G is the gravitational constant and r is the distance from the center mass of
the earth to the center mass of the bullet. The higher the initial speed of the bullet, the
higher it will rise. Suppose at the moment of launch the distance of the bullet to the
center of the earth is R (where it is equal to the radius of the earth). If you throw a
bullet at velocity v upwards and rise to a distance r, it can be easily written with
assuming that air resistance is negligible:
1
GMm GMm
mv 2 =-(
−
)
2
r
R

(21-16)

When all the kinetic energy of the bullet is converted to potential energy that V=0
. In order for the bullet not to return to Earth, the kinetic energy of the bullet must be
zero at infinite distance, means when r → ∞ , then V is called escape velocity, and
denoted by Vesc : and we will have:
Vesc =

2GM
R

(21-17)

With considering of radius and mass, the escape velocity for somebodies is: the
escape velocity from the sun's surface is equal to 617.5 km/s and the escape velocity
from Mercury's surface is 4.4 km/s , from Venus's surface is 10.4 km/s , from Earth'
surface is 11.2 km/s , from the Moon's surface is 2.4 km/s and from Mars is
5.0 km/s . Paying attention to the escape velocity of the objects can provide useful
information about their atmosphere. The escape velocity at the surface of the sun is
so high that even hydrogen cannot escape from it. But Earth cannot keep light gases
such as hydrogen and helium. The moon also lacks atmospheres because of its low
escape velocity, which cannot even keep the gases like O 2 . In order for light to not to
escape from the surface of a body, the escape velocity Vesc must be equal to c in
relation (21-17). Such a body that prevents light from escaping is not visible and is
called a black hole. Schwarzschild, using general relativity, calculated the radius of a
black hole and presented it as follows:
𝑅𝑅𝑠𝑠 =

2𝐺𝐺𝐺𝐺
𝑐𝑐 2

(21-18)

In which 𝑅𝑅𝑠𝑠 is the Schwarzschild radius. By considering the constant values of G
and c in the above relation, we can write:
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(21-19)

That is the relation of Schwarzschild radius and mass. In this relation, the mass of
the body is without a unit.
And from here the relation of the Schwarzschild radius and the mass becomes
clear. Black holes act like vortices. Any mass or energy approaching a black hole,
within a certain distance called the event horizon, is irresistibly dragged into the black
hole. The black hole drags and expands matter and presses and crushes it, until the
material is completely decomposed and become part of the curved space of the black
hole. Light passing beside a black hole passes along it on a curved path if it does not
reach the event horizon. If it reaches the event horizon, it falls into the black hole
(figure 21-12). As light is drawn in, it infinitely shifts to the red end of the spectrum,
making the black hole the black and therefore invisible (from the observer's
perspective outside the black hole). If the black holes were slightly visible, observers
would see these stars just as they are collapsing, at billions of years ago. The reason
is that as the star becomes a black hole, the time stops for the outside observers
immediately.

Fig 21-12: The path of light beams around the black holes
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We do not know much about the center of what is called a singularity, but we know
that there is a fatal gravity in there. The faces of these bodies are always covered.
Their singularity is as the point at which the extraordinary gravitational force is
concentrated in it. All electromagnetic bodies and waves and the energy that are
trapped in the black hole are compressed into an ultra-small, extremely dense point,
creating infinite gravity. Black holes generally devour interstellar gases. The distance
about 1.5 times of the radius of the event horizon is the area known as the photons
sphere. In this area, black hole gravity is not enough to devour and light still has
enough energy to escape. Most photons in this area are captured so that their fate is in
the hands of the black hole’s orbit forever.

21–8 Types of black hole
Schwarzschild: It is the simplest type of black hole, it has no charge and rotation,
only has one event horizon and one photon sphere, one cannot extract energy. It
contains point singularity at which the material is trapped to an infinite density (figure
21-13).
Reissner-Nordström black hole: It an electric charge, but no spin, it can have
two event horizons, but it has only one photon sphere. It contains a point singularity.

Fig 21-13: The Schwarzschild black hole

Kerr: which is probably the most common form in nature. It has a rotation because
is formed by a rotating star, but no charge. It is Elliptical and externally has static

21. General Relativity and Cosmological Equations

485

limit. The dark area is between the event horizon and the static limit of Ergosphere
from which energy can be extracted. It can have two event horizons and two static
limits. It has two photons sphere and contains a circular singularity.
Kerr-Newman: It has both charge and rotation, it is the same as Kerr black hole,
except that it has a charge, and its structure resembles the structure of the Kerr black
hole. The energy can be extracted from that. It has a circular singularity.
According to the researchers, there could be four types of black holes as
mentioned. The most important thing about black holes is to know what will
eventually happen to the material inside the black hole. Astrophysicists believe: if you
throw some material into a black hole such as what is left of a dead weight star, the
final result will always be one thing and only the mass, electric charge and angular
momentum that the body carries will remain. But if the whole universe falls into its
black hole, that is, it becomes a black hole, then even basic quantities (mass), electric
charge, and angular momentum will disappear.

Fig 21-14: Space-time geometry around the rotating black hole

21–9 Hawking black holes
Primordial black holes do not emerge from the collapse of stars. They are the remnants
of the first world. If we could compress the material well enough, we could make one,
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but we can't. But in the early universe, the pressure was so high that it was possible.
Sometimes only a small amount of material is compressed. Now a primitive black
hole is much smaller than it was at the beginning because it has lost some mass over
a long period of time. In the simplest explanation, according to Hawking radiation,
the energy produced in a vacuum on the event horizon of black holes, which is the
result of the uncertainty principle, produces particles and antiparticles. One of these
particles falls into the black hole and the other escapes before being trapped by the
black hole. As a result of this process, it is observed that the black hole is emitting
particles (figure 21-15).

Fig 21-15: Outside the black hole, a pair is produced, one falls into the black hole
and the other escapes.

Hawking radiation, for primitive black holes, has profound and fundamental
consequences. As the mass becomes less and the black hole smaller, the temperature
and rate of particle emission on the event horizon increases. The black hole will lose
mass much faster; the lower the mass, the higher the temperature. An infinite regress
that no one knows what the end will be. Hawking speculates that the small black hole
disappears in a giant, explosive final movement with the emission of particles. The
power of this explosive is equivalent to millions of hydrogen bombs. Will a big black
hole ever explode? Before we reach this stage, the universe was ended long ago. The
idea that a black hole could become smaller and eventually explode was so contrary
to the views of those who were researching the black hole that Hawking was skeptical
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about his own discovery. For weeks he kept the idea secret and reviewed its
calculations. If it were hard for him to believe this fact, the anticipation of the reaction,
the world of knowledge might have in the field would have seemed more terrible. No
scientist likes the prospect of being ridiculed. On the other hand, Hawking knew that
if his thinking were correct he would make a revolution in astrophysics.
Hawking first shared the idea with his close colleagues. The encounters were
different. One Cambridge physicist went to Dennis Sciama 12, a person that Hawking
had done his doctoral dissertation under his supervision, and was surprised to say,
"Have you heard what Stephen's discovered, it changes everything". Sciama, with the
support of Hawking, gave him a new motivation and recommended that he should
publish his discoveries as soon as possible. In early 1974, Hawking accepted to submit
his peculiar discovery as a paper at the Rutherford-Appleton Laboratory in South
Oxford. When he traveled there, he was still frightened and, for his claim, not too
rude, he placed a question mark in front of the article "Black Hole Explosions?" The
brief conference, which featured slides of the equation, met with respectful but
uncomfortable silence and a few questions. Hawking’s arguments were difficult for
many listeners to specialize in other fields. But it was clear to everyone that he was
proposing something that contradicted the accepted theory. In this conference,
Hawking presented his entropy S and the black holes temperature T as follows.
S =

T =

A k c3
4G

c 3
8π kGM

(21-20)
(21-21)

In which k is the Boltzmann constant and A is the surface of the black hole.
Hawking published the nonsense next month in the British multidisciplinary scientific
journal named Nature 13, and within a few days all the world's physicists discussed it.
Some have called this theory the most important discovery of theoretical physics in
recent years. Sciama called Hawking’s discovery, “the most beautiful paper” in the
history of physics”. The views became clearer. Hawking used virtual particle
reactions to explain what it came out of the theory of relativity, means the black holes.
He was taking a step towards linking theories of relativity and quantum mechanics. If
astronomers can detect the type of radiation that Hawking has predicted, there will be
good evidence to confirm the existence of the black hole 14. But so far these predicted
12

- Dennis W. Sciama (1926-1999)
- Hawking, S. W. (1974). Black hole explosions? Nature 248 (5443): 30-31.
14
- Benyamin Cohen, Stephen Hawking's prediction confirmed, thanks to lab-created black
hole, Grapevine, May 30, 2019
13
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beams have not been discovered. However, these beams may be detected at any time.
The reason for the X-ray radiation from the black hole is that the mass of the star
escaping from its surface by its own star-like storms is hunted by the black hole at an
appropriate distance to the black hole and started to rotate in an orbit, and so they form
a huge disk. Due to the fact that the inner layers of the disk rotate faster than the outer
layers, due to the friction of the different layers, the disk heats up and begins to radiate
X-rays. This disk is called a cumulative disk. This state was first observed in the
binary star (X-1). The diameter of the black hole itself (event horizon diameter) is
probably 30 km.

21-10 General relativity and cosmology
After completing general relativity, Einstein thought the equations he wrote predicted
what things for the whole universe or cosmos. He made very reasonable and general
assumptions about the entire universe. For example, in large scales the cosmos has
neither a preferable center nor a preferable extension. He solved the equations and
was surprised to find that they were not static: either the universe is expanding or
contracting, it started in a finite past from one point and it may end at one point in the
finite future. He did not like this solution. He changed his equations. He added a
sentence. In this sentence appears a constant that he called the cosmological constant.
If the constant which is called lambda and is denoted by Λ be zero, the equations
become the previous equations, if lambda is positive, the expansion of the universe is
stopping and if lambda is negative, the universe is expanding consumedly. A few
years later, Hubble 15, the American astronomer, discovered the expansion of the
universe. Einstein then said that adding this cosmological statement to his equations
was the biggest mistake of his life. Today we have a very successful cosmological
theory known as the standard cosmological model, which one of the cornerstones of
this enormous and beautiful building is general relativity.

21-10-1 Cosmology
Cosmology is a branch of astronomy that studies the general and evolutionary
structure of the universe. Astronomers use mathematical science to make hypothetical
models of the universe and compare the properties of these patterns with the known
https://www.fromthegrapevine.com/innovation/stephen-hawking-radiation-sonic-black-holetemperature-jeff-steinhauer
15
- Powell Edwin Hubble (1889-1953
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universe. Cosmology examines the past, present, and future of the universe. The
Universe encompasses all things in the world, whether visible or invisible, whether
discovered or not.

21-10-2 Einstein's field equation and cosmological constant
The Einstein field equation can be written as follows:
1

𝑅𝑅𝜇𝜇𝜇𝜇 − 2 𝑅𝑅𝑔𝑔𝜇𝜇𝜇𝜇 = 𝑘𝑘𝑇𝑇𝜇𝜇𝜇𝜇 =

8𝜋𝜋𝜋𝜋
𝑐𝑐 4

𝑇𝑇𝜇𝜇𝜇𝜇

(21-22)

Using the above equation, which is the field equation in the general relativity,
Einstein tried to examine its results by generalizing the field equation to the whole
universe. He calculated the radius of the universe and came up with the following
relation.

RE =

c
4π G ρ

(21-23)

In this relation 𝑅𝑅𝐸𝐸 is the Einstein radius (radius of the universe), G is gravitational
constant, c is the speed of light, and 𝜌𝜌 is the density of the universe. There are two
constant coefficients here, one the gravitational constant and the other the speed of
light that have no role in the interpretation of the equation. But the radius and density
of the universe, appearing on both sides of the relation, show that these two quantities
are dependent to each other. Increasing the radius is equivalent to decreasing the
density and shortening the radius is synonymous with increasing the density of the
universe. These results mean the collapse of the world or its unlimited expansion.
Such results were not acceptable to Einstein. For this reason, he completed his
cosmological equation by adding a cosmological constant to the field equation with
the following two assumptions:
1. The matter has a medium density in space that is constant everywhere and
opposite zero.
2. The magnitude of the radius of space does not depend on time.
Finally, he presented the cosmological equation as follows:
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𝟏𝟏

𝑹𝑹𝝁𝝁𝝁𝝁 − 𝟐𝟐 𝑹𝑹𝒈𝒈𝝁𝝁𝝁𝝁 + Ʌ𝒈𝒈𝝁𝝁𝝁𝝁 =

𝟖𝟖𝝅𝝅𝝅𝝅
𝒄𝒄𝟒𝟒

𝑻𝑻𝝁𝝁𝝁𝝁

(21-24)

Where Ʌ is the cosmological constant, which Einstein published this relation in
1917. At the time of this equation, the curvature of space had not yet been empirically
verified, and general relativity had not yet reached the validity of the 1920s. In 1919,
with Edington’s attempt to empirically confirm the curvature of the light path around
the sun, general relativity gained global prominence.
In 1921 Einstein was awarded the Nobel Prize and added to his worldwide
reputation. Einstein's growing popularity drew more and more attention to relativity
by physicists and mathematicians. One of these was Friedman 16 who carefully revised
Einstein's cosmological equation. In 1922 Friedman showed that if the second
hypothesis (the radius of the universe is constant) was ignored, the first hypothesis
could be maintained without the need for the cosmological constant in the equations.
That is, the average density should be constant over time in the universe, but the radius
of the universe is assumed to be a function of time. With this assumption, Friedman
presented a differential equation as follows:

κ c2
1 dR 2 8π G
( =
)
ρ− 2
R dt
3
R

(21-25)

In this equation R is given as a function of time and κ is the curvature of space that
is discussed in subsequent chapters. In fact, years before Hubble's discovery of the
expansion of space, Friedman had predicted precisely his discoveries. The Friedman
equation is the main equation of Newtonian cosmology, and is also valid unchanged
in the theory of general relativity. Einstein objected to all the results obtained by
Friedman and published an article to rejecting it. Einstein expected this to be a mere
miscalculation, but he failed to find any problem in Friedman's calculations and
accepted that general relativity allows the possibility of an expanding world. In a letter
he sent to the editor of the Physics German journal, he confessed to his mistake in
calculations.

21-11 Friedman equation and Hubble’s law
Astronomer Slipher 17 from the Lowell Observatory in Arizona found that the light of
spiral Nebula in the night sky often showed a strange shift toward the red end of the
16
17

- Aleksandr Aleksandrovich Friedman (1888-1925)
- Vesto Melvin Slipher (1875-1969)
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spectrum. Slipher thought he was actually witnessing the so-called Doppler Effect. In
1924 Edwin Hubble of the Mount Wilson Observatory in California showed that the
nebulae are actually large galaxies far from our galaxy.
Five years later, Hubble was able to determine the speed of galaxies by
determining the amount of galaxies' atomic lines relative to those released by a
stationary source. He noticed that all of the nearby galaxies, such as Andromeda,
Magellanic Clouds, and several other galaxies that form the local group, all had redshifts. Hubble used red-shift to determine the distances of the galaxies and showed
that the universe was expanding. That is most bodies gone far away. He showed that
the speed of expansion depends on distance and is as follow:
V=HR

(21-26)

In this relation, H is Hubble constant, V speed, and R distance. That is, the greater
the distance of the galaxy is from the observer (in this case the Earth observer), the
faster the galaxy is moving away. By comparing the Hubble law and the Friedman
equation (21-25), it is found that the Hubble constant is actually the second root of the
left side of the Friedman equation. That's mean:

=
H

1 dR R '
R ' HR
= V
So, =
=
R dt
R

(21-27)

Hubble's discoveries were primer of further research and in-depth attention to the
origin of the universe and how it came about and evolved. The first question was if
the universe is expanding, where is the beginning of that expansion, and how did the
universe originate that now it is expanding?

21-12 Gravitational wave detection
According to general relativity, space-time geometry is a function of matter in space.
But as far as experience shows, all bodies, even galaxies, are in motion. Therefore,
with the passage of time and the movement of bodies in space, the geometric structure
of each part of space is constantly changing. Any sudden and important event, such
as the explosion of giant stars, or the collision of large celestial bodies in space, greatly
affect the texture of space-time. These changes are similar to throwing a large piece
of rock on the surface of a pool, creating a series of new waves in the space-time
texture that can be detected, called gravitational waves. Generally, gravitational
waves are a disruption in the space-time curvature created by accelerated large bodies
and propagate as waves outward from their source at the speed of light.

492

Physics from the beginning to now

In 2016, the LIGO Institute was able to identify and record the first gravitational
wave of history, 100 years after Einstein's prediction (figure 21-16). The observed
wave was due to the combination of two black holes with masses about 29 and 36
times the mass of the sun and about 3.1 billion light-years distance from Earth. When
the two black holes were combined, the amount of energy-mass converted to
gravitational waves was three times the mass of the sun, and was recorded as the first
observation of the combination of the two black holes.

Fig 21-16: An image of gravitational waves generated by two orbital black holes.
(Image: Art / NASA)
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Chapter 22

Fundamentals of revolutions in wave mechanics and
physics
Our knowledge can only be finite, while our ignorance must necessarily be infinite.
Karl Raimund Popper

Introduction:
It took nearly two thousand years since the Greeks attempted to explain the behaviors
of bodies in a lawful manner, until Galileo, Descartes, Kepler, and others laid the
foundations of classical mechanics. During this time, physical phenomena occurred
in front of the human eye and humans could not explain these events mathematically.
But when quantum mechanics emerged because quantum phenomena were not
observable, mathematical models were introduced to explain the effects of latent
physical phenomena, so quantum mechanics is as intuitive as the non-Euclidean
geometries.
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22–1 The intellectual foundations of revolutions in physics
Great scientific theories like social revolutions transform human life. For this reason,
the structure of scientific revolutions of Kuhn 1 cannot be ignored. If we look at the
great scientific developments from a revolutionary standpoint, in the course of the
progress of science, when the ambiguities and shortcomings of the previous theories
are revealed, they gradually turn our thoughts to themselves. The thought of many
pundits gets involved and new ideas form the basis of a revolution. “The way to learn
from experience is not to make repeated observations. Repeating observations is
nothing compared to thinking. Most of what we learn is with the help of the brain.
Eyes and ears are important, but they are important in the wrong ideas that the brain
or the intellect makes” 2.
On this basis, Popper 3 opposed the inductive methods and described induction is
itself metaphysical in character. Stating that theories are always prior to observations,
Popper established a new design in the field of empirical science methodology. In his
view, the correct scientific method is to put a theory that is constantly subject to
revocation. Therefore, in order to be accepted, a theory must be able to come out of
the batch of tests designed to refute it. Popper insisted that: "Let’s theories die through
debate instead of people" By presenting falsifiability theory, Popper attempted to clear
the boundary between scientific and unscientific theories. He states: for any system to
be scientific, it does not depend on its full verifiability, but it is related to the fact that
its logical structure is such that it can be rejected by empirical testing. In other words,
from Popper's point of view, scientific theories are not verifiable, but they are
falsifiable. Popper disagreed with common views of science with this thought and
stated that science and scientific theories never go beyond the level of conjecture and
that what leads to the development of science is a series of conjectures and revokes.
Popper emphasizes that no logical order can be prescribed to achieve new ideas. Many
scholars such as Bruno and Galileo have struggled with the hardships and difficulties
of the establishment of the inductive method in the world of science, but in the
twentieth century, the inductive method is not attractiveness like the Renaissance.
Although induction was not denied, the philosophers of the twentieth century were
working to replace it with better methods. And this is the logical evolution of thought
throughout the history of human life. In the philosophy of science of the twentieth
century, two views became more prominent than the others. One was Popper's
falsifiability view and the other was Kuhn's theory of scientific revolutions. Kuhn
- Thomas Samuel Kuhn (1922-1996)
- Ahmad Aram, the Persian translator of the book The Logic of Scientific Discovery by Karl
Popper, wrote in the introduction to the translator.
3
- Karl Raimund Popper (1902-1994)
1
2
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relies on a historical turn and believes that science is a dynamic system and focuses
on the sociology of science rather than the epistemology of science. He showed that
science has not a gradual evolution towards the truth, but rather it is the result of the
periodic revolutions that he calls the paradigm shift. The paradigm is one of the key
concepts of Kuhn's scientific philosophy. He believes that the paradigm of science has
not changed for a long time and scientists are working in its conceptual framework.
But sooner or later a crisis arises that breaks down the paradigm and create a scientific
revolution that, after some time, a new paradigm emerges and a new era of science
begins. From Kuhn's point of view, examples of paradigm shifts are: 1- Galileo's work
that abolished Aristotelian physics and created Galilean relativity. 2- Kepler's work
that discovered the elliptical orbits of the planets. 3- Newton established a new
physics. 4- Einstein's general and special relativity. 5- Quantum mechanics, which
limited the scope of classical mechanics. In his analysis, Kuhn has used the example
of replacing Einstein's theory of relativity rather than Newton's mechanics that
emerged from the crisis caused by the experiments of Michelson on the light.
If we believe in Kuhn's theory of scientific revolutions, we should not overlook
this point, as Feynman said: “It doesn’t matter how beautiful your theory is, it doesn’t
matter how smart you are. If it doesn’t agree with experiment, it’s wrong”. So, by
acknowledging that new ideas form the basis of any revolution, we must then agree
with Popper that no logical order can be prescribed to reach new ideas. The revolution
of relativity formed in Einstein's ideas and the quantum mechanical revolution came
out of Planck's ideas. Kuhn's view that the evolution of science is revolutionary, with
sudden conceptual changes, is not accepted by all. The discovery of penicillin by
Fleming 4 also showed that Popper's theory lacked general credibility. However, Kuhn
and Popper's theories are more prevalent than other theories in the philosophy of
science. Overall, the most important issue in the philosophy of science over the past
few decades has been how scientific theories are formed. This may be due to the rapid
expansion of scientific research and the emergence of various and even conflicting
theories in a particular field of science.

22-2 Revolutionary theories and new experimentalists
In recent studies of the formation of new experimentalism, such as logical positivism
and pragmatism, one thing is clear; modern empiricists are inspired by their
contemporary scientific revolutionary theories, more and prior than taking it from the
empirical philosophers before them. In their view, philosophical schools should be
able to digest the results of scientific revolutions in physics, chemistry, biology,
4

- Alexander Fleming (1881-1955)
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geometry and logic at the end of the nineteenth and early twentieth century. A great
example of these revolutionary results is Einstein's theory of general and special
relativity, which changed the understanding of physicists and philosophers of the
concept of space and time forever.
In the first half of the twentieth century, raise schools of thought in the philosophy
of science were concerned about losing a credible way of distinguishing meaningful
propositions from meaningless, usually referred to as Einstein's examples of the
concept of simultaneity. Suppose someone claims that two events that are distant from
one another occur simultaneously. For example, someone claims that the first morning
yawning of an Iranian engineer coincided with the evening cough of a Japanese
doctor. We call these two events respectively the Iranian event and the Japanese event.
As Einstein tells us, several things need to be done to investigate this claim. First, we
need two tools to time measuring that they were simultaneity in a frame of reference.
Second, two observers must record the moment of the Iranian and Japanese events.
The recorded results should then be compared. To do this, one observer must
announce the outcome of his or her measurement. In the best condition, the maximum
transfer information is possible with the light speed. This makes it clear that talking
about the absolute simultaneity of two events is meaningless, even has happened at a
frame of reference and it depends on the observer. All that can be said is the relativistic
simultaneity of two events (within a frame of reference) where the limitation of the
light speed is also involved in that. Modern experimentalism used examples like this
to show that all empirical content of a proposition is that can be empirically
investigated. Propositions say nothing more than their empirical research method.
Among the logical positivists, Schlick 5, the founder of the Vienna Circle, was the first
to show interest in the philosophical results of relativity theory. He published an essay
in 1915 with the title of "The Philosophical Significance of the Principle of Relativity"
in which he claimed that neither Mach6 positivism nor Cassirer 7 ' neo-Kantianism
could claim the right to relativity, and so both had to be rejected. The roots of logical
positivist thinking can be easily found in this article. In their view, all that is expected
of the philosophy of science is to examine the logical and conceptual implications of
scientific theories.
On the other hand, the use of non-Euclidean geometrical system in Einstein's
theory once again has faced mathematical philosophers with the question "What is the
correct geometric system?" This question was mentioned by Carnap 8 in his Ph.D.
thesis (1922), which is distinguished between empirical, formal, and a priori
- Moritz Schlick (1882-1936)
- Ernst Mach (1838-1916)
7
- Ernst Casirer (1874-1945)
8
- Rudolf Carnap (1891-1970)
5
6
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geometries. On the other hand, what is the simplest theory? Why the simpler theory
is better? It has since become one of the central issues in the philosophy of
experimentalist science. For logical experimentalists, the simplicity of the Euclidean
geometry system itself did not make any sense, since it does not make any empirical
prediction. The simplicity argument was raised when the use of the non- Euclidean
geometries system led to a simpler formulation of general relativity theory as an
empirical claim, and therefore their choice was recommended. Among the members
of the Vienna Circle, perhaps the most important work on the philosophical
implications of relativity theory has been done by Hans Reichenbach 9. In his two
major books, "The Theory of Relativity and A Priori Knowledge" and
"Axiomatization of the Theory of Relativity" deals with the simultaneous scientific
and philosophical study of this theory and argues that the concept of a priori
knowledge that is assumed to be essential and universal by the Kantians must be
changed. Reichenbach proposed the notion of relative prior knowledge of the
coordinate system, which, of course, abandoned this view by severe criticism. As a
result, Einstein's theories of relativity have both been instrumental in shaping the
philosophical views of modern empiricists and as the dominant scientific theories that
have been the subject of his scientific philosophy.

22-3 The interplay of mathematics and physics
Some thinkers consider mathematicians to be scientists because they take
mathematical arguments as equivalent to empirical experiments, but others do not
know mathematics as a science. They argue that mathematical theories and
hypotheses cannot be empirically tested. Whether or not we know mathematics as
"science", the important thing is that mathematics is essential to science. The collected
observations in the empirical sciences and their measurement require the use of
mathematics. Probability calculus, Statistics, Differential calculus, and Integral
calculus are branches of mathematics that is used in empirical sciences. Mathematics
is actually a useful tool for describing and understanding the universe. No science has
used mathematics as much as physics, yet no science like physics has contributed to
the development of mathematics.
The strongest and the most applied branches of mathematics such as differential
calculus and vector analysis have been invented or developed by physicists. But the
development of no part of mathematics, such as geometry, was influenced by physical
discoveries. Although some mathematicians regard mathematics as abstract
knowledge that is independent of physical phenomena, their subjectivity has been
9

- Hans Reichenbach, Physician (1891-1953)
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influenced by physical objectivity. Centuries before Pythagoras made its famous
theorem, it was applied by the inhabitant of Mesopotamia, and probably elsewhere in
Egypt, India, and China. Centuries before Euclid, the principles of Euclidean
geometry were used to build the Egyptian pyramids. Euclid's formulation of geometry
until the nineteenth century was the most thriving intellectual product, and it was
thought that Euclid's system was the only geometric system in nature. In the
nineteenth century, two great mathematicians named Lobachevsky and Riemann
formulated two systems of geometry that removed geometry from Euclid's domain.
Euclidean geometry was a model for the structure of scientific theories, and Newton
and other scientists followed it. Euclidean geometry assumes a space that has no
curvature. But the geometric system of Lobachevsky and Riemann assumes the
existence of this curvature. The emergence of these geometries was of interest to
mathematicians. But their significance became clear when Einstein's general relativity
was accepted by most physicists as an alternative to Newton's theory of gravity.
Einstein believed that realities demanded Riemannian geometry, and practical tests
proved that the foundation of the universe was non-Euclidean, and perhaps general
relativity theory was the best way in which we could observe and justify objects. But
proponents of Euclidean geometry believed that by experiment we could not decide
whether the geometrical structure of the universe was Euclidean or was not, because
some forces can be added to the system based on Euclidean geometry so that they
resemble the effects of non-Euclidean structure. The forces that change our
measurements of length and time so that create some phenomena which are
compatible with curved space-time. This theory is known as Contractualism, first
expressed by Poincaré. Einstein, with the help of his friend, Marcel Grossmann,
studied the theory of spaces and curved procedures that Riemann had created as part
of abstract mathematics without the notion that it had nothing to do with the real
world. In 1913, Einstein and Grossmann wrote an article in which they came up with
the idea that we know the gravitational forces as the fact that space-time is curved.
But they could not find equations that linked the curvature of space-time to the mass
and energy within it. Einstein continued his work in Berlin, far from internal issues
and war, until he finally found the correct equations in November 1915. During his
visit to the University of Göttingen in the summer of 1915, Einstein discussed his
ideas with Hilbert, and Hilbert, independent of Einstein and a few days before, had
found the same equations. However, as Hilbert acknowledged, Einstein was proud of
the new theory. Some said that David Hilbert has been in the audience when Einstein
has spoken about his new theory of gravity at the University of Göttingen in early
1915. In fact, he was the one who invited Einstein to speak. Einstein in his speech of
progress and the problems with his field equations in general relativity was being
expressed.
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The world has changed a lot in the past 100 years, more than over history. The
reason for all these changes is neither political nor economic, but technological,
technologies that originating directly from advances in empirical science. Obviously,
for these developments no more effective ground of quantum mechanics and relativity
can be found. No one can observe a quantum particle, yet the effects of quantum
particles being adapted to mathematical models presented in quantum mechanics,
have provided a rapid basis for the development of the present technology. Although
quantum mechanics relies on probabilities, its technological achievements are quite
evident and applicable in everyday life.

22-4 Wave mechanics
De Broglie believed that the movement of material particles is driven by waves that
propagate with matter in space. If so, the chosen quantum orbits in the Bohr atomic
model can be interpreted as orbits which their length containing the integer number
of wavelengths of these waves.

Fig 22-1: Electron wave diagram in the Bohr atomic model

Also in orbits with medium radius, the wave that rotates cannot terminate to itself
and therefore this kind of motion cannot exist (figure 22-1). In addition, in the Bohr
atomic model, the electron orbit was precisely identifiable and predictable, which was
not consistent with the experimental observations (figure 22-2). Subsequently, the
Bohr circular orbit was transformed into an elliptical orbit by Sommerfeld.
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De Broglie, with a bold blow, broke the Bohr atomic orbits. De Broglie’s theory
was generalized in 1926 by Erwin Schrödinger and was purely mathematical.
Schrödinger put these theories into his famous equation called the Schrödinger
equation, which was applicable to the movement of particles in any force field. Using
these equations for hydrogen as well as for complex atoms were again obtained the
results of the quantum orbits theory.

Fig 22-2: Schrödinger atomic model

22-4-1 Probability and quantum mechanics
The subject of probability plays a basic role in quantum mechanics. In quantum
mechanics, we are dealing with probabilities that are involved with continuous
variables such as x. Talking about the probability of finding a particle at a particular
point such as x= 0.5000 is not meaningful, because the number of points on the xaxis is infinite, but the number of our measurements is finite anyway, so the
probability of being obtained with an accuracy of 0.5000 will be very low. So instead,
it considers the probability of finding a particle at a short distance from the x-axis lies
between x and x +dx , where dx is an infinitely small length. Naturally, the above
probability is proportional to the small distance of dx and will vary for different areas
of the x-axis. Thus the probability that a particle is found in a distance between x and
x +dx is equal to g(x)dx that in here g(x) denotes how the probability changes on
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the x-axis (figure 22-3). Since the function of g(x) is equal to the probability value per
unit length, it is called the probability density. Since probabilities are real and nonnegative numbers, g(x) must be a real function that is non-negative everywhere. The
wave functionψ can take any negative value or complex value and therefore cannot
be used as a probability density. Quantum mechanics accepts as a principle that the
probability density equals:

| ψ |2

(22-1)

Probability density in quantum mechanics is very important and is so applicable.

Fig 22-3: The electron cloud model of atom

22-4-2 Schrödinger’s equation
The Heisenberg uncertainty principle shows that any attempt to make the Bohr model
more comprehensive and accurate is futile since it is impossible to precisely determine
the electron path in an atom. On the other hand, Schrödinger used the de Broglie
relation to formulate an equation that describes the electron in terms of its wave
nature. The Schrödinger equation is the basis of wave mechanics. The intensity of
each wave is proportional to the square of its domain. Therefore, the wave function
ψ is the domain function, and the value | ψ |2 for a small volume in any position in
space is proportional to the density of the electron cloud in that volume (figure 22-4).
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One can imagine that the electron charge due to the rapid movement of the electron
is extended as a charged cloud in the outer space of the nucleus even in the fields
(figure 22-5).
The probability of finding an electron in any given area is proportional to the
density of the electron cloud in that area. This is more probability in the area where
the electron cloud is thicker. This interpretation does not make any attempt to describe
the path of the electron, but merely predicts where it is most probability to find an
electron.

Fig 22-4 Probability diagram of the wave position

Fig 22-5: The wave equation also extends to the fields.
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22-4-3 Orbital
For the first time in the Schrödinger atomic model, which was based on the dual
behavior of the electron, with emphasis on its wave behavior, the orbital was
discussed. In Niels Bohr's atomic model for electron motion, concentric circles were
considered. This means that Niels Bohr had assumed that the electron was moving on
the plate, which is obviously far from reality. So Schrödinger attempted to talk about
the presence of electrons in a three-dimensional space. The name of this threedimensional space is orbital. The Schrödinger equation is the basis of wave
mechanics. This equation is written in terms of a wave functionψ for the electron.
Solving the Schrödinger equation for the hydrogen atom shows an area around the
nucleus where the electron is probability to be found. The electron wave function
describes what is called the orbital (figure 22-6). The Schrödinger equation is the most
basic non-relativistic equation in quantum mechanics used to justify the state of a
particle and, in simple terms is as:

H (=
t ) ψ (t )〉 i 

∂
ψ (t )〉
∂t

(22-2)

Here H is a linear mapping in the (essentially infinite-dimensional) Hilbert space
called the Hamiltonian linear mapping. The eigenvalues of this mapping are
essentially different values of the energies quantum.

Fig 22–6: Diagram of probability and potential functions
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Consider that | ψ 〉 is also a vector in Hilbert space that describes the state of the
particle (see chapter 7). If we write this vector as a function of time and place, the
Schrödinger equation would appear as:

i..

∂
2 2
−
ψ (r , t ) =
.∇ ψ (r , t ) + V (r , t ).ψ (r , t )
∂t
2m

(22-3)

In which ∇ is a gradient operator and ∂ is a partial derivative operator. Of course,
if we choose | ψ n 〉 as the special vector H, then this equation will no longer have a
time variable and will be as follows:

H | ψ=
Enψ ( x)〉
n ( x )〉

(22-4)

The diagram (figure 22-7) shows the wave function where two electrons are
moving apart. Here, however, the probability function and position are well known.
After Schrödinger, Heisenberg created the equivalence of this equation as the
linear mappings and displacement operators. Given the theory of relativity, the
Schrödinger equation is no longer true, and in this case, the more general Dirac
equation is used. Dirac obtained a general formulation of quantum mechanics in 1926
that applies to both the theories of Heisenberg matrix mechanics and the Schrödinger
wave mechanics in particular cases.

Fig 22-7: Wave frequency image of the ionized hydrogen molecule 𝐻𝐻2

In 1928 Dirac was able to derive his equation from the Pauli principle. This
equation, which, unlike the Schrödinger equation, also includes the theory of special
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relativity, is considered to justify the wave function of electrons in the relativistic
state. This equation also explains Zeeman Effect in his theory. Dirac was, therefore,
able to predict the positron's existence, first observed in 1932. He also showed that
spin is a relativistic process.

22-5 Dirac equation
The Dirac equation justifies the wave function of half-integer spin particles, fermions
(such as electrons), while the Klein-Gordon equation is considered for particles with
zero spins (like some mesons). If we try to share Einstein's famous equation for the
bound between momentum and energy and mass with the Schrödinger equation, the
result would not be desirable. But Dirac argued that one side of the equation
containing the first derivative of time must be equal to the other side of the equation
with the first derivative of space. In fact, the three components x, y, and z are defined
in the wave equation (Schrödinger equation) with the second derivative. But only in
this equation, time t is the first derivative, because the Schrödinger equation is derived
from the classical equations in which time is absolute. Dirac considered that if we
consider all spatial derivatives as first derivatives, then the result will be brilliant. He
then presented his equation as follows:
∂ψ
3
(22-5)
(α 0 mc 2 + ∑ j =1α j p j c)ψ ( x, t ) =
i
( x, t )
∂

Where m is the rest mass of the electron and α are the linear operators that operate
on the wave function and i, j are from zero to three and are integers, when: i be
opposite j:
i ≠ j , αi α j =
−α j α i

(22-6)

Then α will be 4 × 4 matrices that are known as Dirac matrices. With a series of
mathematical and physical arguments, he wrote the relation of relativistic mass with
using his own equation:
𝐸𝐸 2 = (𝑚𝑚𝑐𝑐 2 )2 + ∑3𝑗𝑗=1(𝑝𝑝𝑗𝑗 𝑐𝑐)2 = (𝑎𝑎0 𝑚𝑚𝑐𝑐 2 + ∑3𝑗𝑗=1 𝑎𝑎𝑗𝑗 𝑝𝑝𝑗𝑗 𝑐𝑐)

2

(22-7)

Dirac courageously proposed the following relation for a particle with a spin 1/2
like electron:
�(𝑚𝑚𝑐𝑐 2 )2 + ∑3𝑗𝑗=1(𝑝𝑝𝑗𝑗 𝑐𝑐)2 = 𝑎𝑎0 𝑚𝑚𝑐𝑐 2 + ∑3𝑗𝑗=1 𝑎𝑎𝑗𝑗 𝑝𝑝𝑗𝑗 𝑐𝑐

(22-8)
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The above relation is not compatible with algebraic computing and does not work.
But Dirac showed that this relation could be particularly suitable for given matrices
and coefficients. If the coefficients are given below, it works.
1 0
𝑎𝑎0 = 𝛽𝛽 = �
�
0 −1
𝜎𝜎𝑖𝑖 = �

(22-9)

0 𝜎𝜎𝑖𝑖
�
𝜎𝜎𝑖𝑖 0

(22-10)

In which 𝑎𝑎𝑖𝑖 are the Pauli matrices and each of the above matrix elements is a 2 ×
2 matrix (see Chapter 33 for further explanation). For example, the full form of the 𝛽𝛽
matrix is as follows:
1
0
𝛽𝛽 = �
0
0

0
0
1
0
0 −1
0
0

0
0�
0
−1

(22-11)

If the momentum in relation (8-22) is zero, that is, for 𝑝𝑝𝑖𝑖 = 0, we will have:
1
�(𝑚𝑚𝑐𝑐 2 )2 = 𝑎𝑎0 𝑚𝑚𝑐𝑐 2 = �
0

0
� 𝑚𝑚𝑐𝑐 2
−1

(22-12)

Given the relation (12-22), we will obtain the root of the relation (22-7) and assume
𝑝𝑝 = 0 and 𝛽𝛽 = 𝑎𝑎0 :
𝐸𝐸 2 = (𝑚𝑚𝑐𝑐 2 )2 = (𝛽𝛽𝛽𝛽𝑐𝑐 2 )2

𝐸𝐸± = ±𝑚𝑚𝑐𝑐 2

(22-13)

(22-14)

Dirac argued that E - , E + could be the solution to the equation that two particles
with equal masses but with opposite electric charges would be particles and
antiparticles. Like electron and positron that are massively identical but have opposite
charges. Dirac, of course, initially regarded these as negative masses, but there was a
problem with his work. He said that if a particle had a negative mass, according to
quantum mechanics, it would move from one energy level to a lower energy level. In
fact, all particles with a positive mass tend to reach a negative mass. But that was a
contradiction. Eventually he took advantage of the Pauli Exclusion Principle and
assumed that all sites for positive mass-particle mutation was filled by negative-mass
particles and that there would be no place. But such a particle with a negative charge
and mass cannot be detected. Then he concluded the existence of antiparticles by
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considering the above equation. And so the existence of antiparticles was predicted
and observed in cosmic rays three years later and from thereafter an antiparticle was
determined for each particle.

22-6 Nucleus and nuclear models
The nucleus is a set of positively (or neutral) charged particles that are concentrated
in an extremely small volume and bound together by a very strong force and shortrange called a strong interaction. This dense complex contains almost the entire mass
of the atom and the electrons in some orbital around this central dense point are
rotating (figure 22-8).

Fig 22-8: Atomic Model, Nucleus and its Orbits

22-6-1 Main components of the nucleus
The basic particles that makeup all the nuclei are protons and neutrons. The properties
of nuclei can be separated into two types:
Time independent properties: Properties that are not time-dependent. Like mass
and charge.
Time-dependent properties: Properties such as radioactive decay and nuclear
reactions are time-dependent.
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Atomic number Z
The atomic number is a term used in chemistry and physics to express the number of
protons in an atom's nucleus. In physics and chemistry, the atomic number is written
next to the abbreviation of the atom on the left, for example, to denote hydrogen use
1 H and oxygen 8O. The atomic number is basically the location number of each atom
in the periodic table. When Mendeleev 10 arranged the known chemical elements
according to their similarity in chemistry, he found that their exact alignment based
on the atomic mass created dissonances. He found that if the iodine and tellurium were
based on their atomic mass, they would appear to be in the wrong order and would be
placed in the proper place when they were moved. Putting them on the basis of their
closest chemical properties, their number in the periodic table was their atomic
number. This number almost appeared to be proportional to the mass of the atom. So,
this strange alignment was finally described after Moseley's 11 researches in 1913.
Moseley discovered that there was a precise relationship between the x-ray reflectance
spectra of the elements and their correct location in the periodic table. It was later
shown that the atomic number equals the electric charge of the nucleus, that is, the
number of protons; and this is the electric charge that creates the chemical properties
of the elements, not the atomic mass.
Mass Number (A)
The mass number is an integer that denotes the sum of the protons and neutrons of the
nucleus of an atom. In other words, the mass number is equal to the number of
nucleons of an atom (protons and neutrons also called nucleons). The mass number
of the atoms of the elements varies with each other. The difference between the mass
number and the atomic number is equal to the number of neutrons of the nucleus. The
chemical and physical properties of the elements are determined by the atomic number
and mass number. All atoms of an element have the same atomic number, which
determines the chemical nature of the element. If the atoms of an element have a
different mass number, they are called isotopes of that element. The reason for the
difference in the mass number of atoms in an element is the change in the number of
neutrons. So the mass number of atoms in an element can change the physical
properties of an element such as density, mass, and so on. The symbol for the mass
number A is at the top and the atomic number Z is written at the bottom of the element
symbol:
2

10
11

H e4 ,

6

C12 ,

- Dmitri Mendeleev (1834-1907)
- Henry Gwyn Jeffries Moseley (1887-1915)

92

U 235
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The mass number is more analyzed in nuclear reactions because there are elements
that some of their isotopes are stable and others exhibit radioactive activity. For
example, hydrogen has three isotopes (mass numbers 1, 2 and 3) that have stable
nuclei in two isotopes 1 and 2 (H1, H2), but tritium isotope (H3) has an unstable
nucleus. In nature, there are many isotopes of various elements. With the advancement
of nuclear science, experts have been able to produce new isotopes of various
elements in the labs so that some of them do not exist in nature.
Mass and charge of the nucleus
The mass of the nucleus can be found by the formula: n = A-Z

M=Z×M h +n×M n

(22-15)

Where n is the number of neutrons, z is the atomic number equal to the number of
protons, M is the mass of the nucleus, Mh is the mass of a hydrogen atom or the mass
of a proton, and Mn is the mass of a neutron.

Fig 22-9: Atomic dimensions

Nucleus radius: The radius of a nucleon is measured in terms of the nucleons which
is called a Fermi and is shown by fm and 1fm=10-15 m . Accurate experiments, with
using the scattering of nuclear particles and electrons, have shown that the radius at
which nuclear effects appear is obtained from the relation R=R 0 A1/3 , where

R 0 =1.2 fm is the radius constant and A is the atomic mass (sum of the number of
neutrons and protons in the nucleus) (figure 22-9).
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Nuclear dynamic properties: Nuclei like atoms can be in excited states by certain
energies. Transitions between excited states occur with the emission of
electromagnetic radiation. Nuclei can also be transformed into one another. Some
conversions are done spontaneously with emission of negative or positive (positon)
electrons or emission of alpha particles. Various conversions can be made by nuclear
bombings.
Conservation law of particles: The sum of nucleons is stable under all conditions
and under any conversion.

22-7 Half-life
One of the most important quantitative characteristics of radioactive substances is
their half-life. That is the time during which half of the raw material is decomposed.
Researches show that out of one million atoms of plutonium 218 in a newly made
sample of radioactive material, only about ten thousand plutonium atoms remain after
20 minutes and the rest converts to lead atom 214. It takes only 3 minutes for a pure
sample of lead 218Po to break down 50% of the atoms in it. In the case of radium 226 Ra
, for half of the radium atoms in a newly prepared sample to be converted to radon
(Rn with atomic number 86), it takes one thousand six hundred years. The above two
examples illustrate the empirical fact that samples of radioactive elements are very
different in their rate of decay. If we consider the different rapidity of radioactive
average, we can never tell when they will decay. Some may be destroyed as soon as
they are produced and others may never be.

22-7-1 Radioactive decay
It has been empirically proven that for a large group of atoms of one type of
radioactive substances, the fraction of these atoms that decay every second is
unchangeable and always for a large group of atoms of that kind of radioactive
substance is the same. This fraction is almost quantitatively independent of all
physical and chemical conditions, such as temperature, pressure, and chemical
composition. These prominent properties of radioactivity deserve specific attention,
because it is a basis for understanding radioactivity. For example, suppose onethousandth of an atom of a newly purified sample is destroyed in one second. In this
case, we would expect the one-thousandth of the remaining atoms to decay in the next
second. Thus, the one-thousandth of the atoms remaining after ten seconds is
destroyed during the eleventh second and so on. During every second of successive,
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one-thousandth of the remaining atoms in the beginning of that second will be
destroyed. This process, at least, continues to reduce the number of remaining atoms
so that our predictions are highly uncertain. Because the fraction of atoms destroyed
per second is constant for each element, the number of atoms that decay per unit time
decreases as decreasing the number of atoms that have not yet changed. For Uranium
238, the mother of uranium-series, half-life is 4.5 billion years. This means that after
4.5×109 years, half of the atoms of uranium 238 will be destroyed. For polonium 214,
the half-life is of the order of 10-4 seconds. That is, in just 10-4 seconds, half of a main
sample of atoms of 214 P would be decayed. When there are pure samples contain a
number of equal atoms from each of the atoms of polonium 214 and uranium 238, the
initial activity (atoms per second decaying) of polonium-214 will be very strong and
the initial activity of uranium-238 will be very weak. But if even a minute passes, the
polonium is almost destroyed, and so the numbers of remaining atoms are reduced to
such a degree that the polonium activity will be less than that of the uranium.

Fig 22-10: An analogous image of an atom

22-7-2 Calculation of the half-life
The radioactive elements may have existed as so much long ago and have been
destroyed so rapidly that no measurable effect is left today. On the other hand, many
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radioactive elements are destroyed so slowly that during each normal test, the
counting rapidly that shows decay remains. For each element with 1/2 T half-life
regardless of sample age, after a time interval of 1/2 T , half of its atoms will remain.
Therefore, half-life should not be thought of as an abbreviation to half of life. If half
of the main atoms remain unchanged after time 1/2 T , after two intervals of the
consecutive half-life of 1/2 T one quarter and after three half-life intervals, one-eighth
of the atoms will remain, and so on.

22-8 Models of the atom’s nucleus
After the atom was found to have a structure, it was attempted to present a model for
the atom's structure. After the discovery of the nucleon, the same thing happened for
the nuclei of atoms. For this reason, several models for the nucleus have been
proposed, none of which have yet been fully validated. Figure (22-10) presents a
beautiful illustration of an atomic model, but this image is more of an art than a
scientific work. But the more consistent model with experience is the Rutherford
Atomic Model (figure 22-11), which is much closer to the imagination than to the
experimental realities.

Fig 22-11: Rutherford atomic model
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Perhaps the models presented for the nucleus are influenced by the artistic spirit of
their providers. In any case, these models have influenced the dynamic minds of
physicists to try to develop a model compatible with empirical experiments for the
atom’s nucleus. Two popular nucleus models are the drop model and the layer model.
1- Drop Model: This was introduced by Niels Bohr and John Wiley 12 in the year
1939. In this model, the nucleus is assumed to resemble a sphere-like drop. We know
that what is the cause of the drop to remain spherical is the drop's tensile forces (figure
22-12). The surface of the sphere is proportional to its volume, by such an argument
there is a similarity between the holding forces of the nucleon of the nucleus and the
surface tensile forces that hold the liquid spherical. The holding forces of the nucleus
are as follows:
1. The forces with short-range
2. The force within the nucleus is much stronger than the electrostatic force
between nucleons.
3. These forces are independent of the coupling of other nucleons.
4. This force is limited. Each nucleon will only absorb its closest nucleons.
2- Layer model: By using the drop model, the variations of the binding energy
can be explained with the mass number at points where the curve is continuous. But
at points where the curve is not continuous, this model is no longer responsive, and
the layer model is better suited to explain the behaviors of nuclei that do not change
continuously with respect to n.
In this model, for the nucleus, a layer structure is assumed where the nucleons are
placed on specific surfaces. Each surface has its own entropy. In this model, the
nucleon, like the electron with excited energy, moves to the higher level, and when
the nucleon has to return to its layer, it releases a photon (gamma-ray). Three other
models have been proposed for the nucleus, including the nucleon coupling model: in
this model, the protons and neutrons are tightly interconnected and the nucleus is 1014
times dense than water. Using this model, the nuclear force is easily explained. What
came here was related to the old theory of the nucleus model that protons and neutrons
were thought to have no structure and were not made of other particles. But with the
advent of quantum chromodynamics theory and the fact that protons and neutrons are
not fundamental particles, the ideas, and theories about the nuclei of the atoms have
changed in general, which will be explained in later chapters.

12

- In fact, John Wiley edited the Bohr article
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Fig 22-12: The drop model
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Chapter 23

The Big Bang Theory
First of all, the Big Bang wasn't very big. Second of all, there was no bang. Third, Big
Bang Theory doesn't tell you what banged, when it banged, how it banged. It just said it did
bang. So the Big Bang theory in some sense is a total misnomer. Michio Kaku

Introduction:
At the beginning of the twentieth century, human knowledge of the universe was
limited to the Milky Way. But when high-powered telescopes came from the early
twentieth century, the new findings made human beings more capable of visualizing
the universe. Edwin Hubble discovered that all galaxies are escaping from each other
and the universe is expanding. If the universe is expanding, it must have a beginning.
The theory of the Big Bang, or Big Bang, was therefore put forward. With the advent
of the Big Bang theory, scientists have come up with a new question of what was
before the Big Bang that was unique throughout history and is still one of the unsolved
mysteries of physics.
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23-1 Doppler Effect
Because of the importance of Doppler's effect in cosmology, we need to briefly review
it before continuing the discussion. The Doppler phenomenon was originally
proposed for changes in the frequency of sound sources in classical physics, which
accordingly, whenever an observer is in motion relative to a sound source, the
observer receives a frequency other than that emitted from the source. For example,
if an ambulance is moving at a fast speed toward us, the sound of the siren will cause
a frequency change in the incoming wave due to the sound source moving, so that the
closer the ambulance gets to us, the siren sound becomes treble (higher frequency)
and when the ambulance passes by and away, the siren sound that reaches our ears
becomes bass (lower frequency). This is called the Doppler Effect, which is also true
for light. That is, whenever the light source is moving towards the observer, the
frequency of the received light by the observer changes, if the observer and the source
are moving away from each other, the incoming light is shifted to red and if they are
approaching, the frequency of received light indicates the shift to blue.

Fig 23-1: Doppler relativistic effect, right side transfer to red and left side transfer
to the blue

After relativity was introduced, the Doppler Effect for electromagnetic waves was
reconsidered. In relativistic Doppler effect because the emission source of the wave
emits electromagnetic waves and the behavior of these waves is also described by
special relativity theory, so the situation is completely different from classical Doppler
effect because according to the principle of special relativity, that the laws of physics
are the same in all reference frames, the existence of any privileged reference frame
in the universe is denied. Therefore, the movement of the source toward the observer
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or the observer towards the source will have no difference (figure 23-1). In this
phenomenon, if the observer moves to the light source or the light source to the
observer, a displacement toward the blue of the light spectrum are seen, the following
relationship:

λo =

1 − v/c
λe
1 + v/c

(23-1)

In which λo is the light received wavelength and λe is the emitted wavelength of
the source, in this case, the light received wavelength is shorter than the emitted
wavelength. If the light source is gone away from the observer or vice versa, as the
wavelength of the light received increases, a redshift in the emission or absorption
spectrum of the source is observed, which is given by the following relation:

λo =

1 + v/c
λe
1 − v/c

(23-2)

For example, if the speed of a galaxy to move away from Earth causes hydrogen
spectrum lines observed to record instead of 434 nm, 600 nm, then the galaxy would
be moving away from us at 0.31 speed of light or 94 thousand km/s.

23-1-1 How is the escape of galaxies calculated?
When it comes to the escape of galaxies or the expansion of the universe, the question
arises as to how these calculations are performed? Using the Doppler Effect, we can
understand that the observer and the light emitter source are stationary relative to each
other or moving closer or further apart. Therefore, whenever the source and the
observer move towards each other, there will be a shift in the frequency of received
light. Suppose a light source is moving away from the observer, in which case,
according to Doppler’s effect, the relation of the wavelength of received light and the
light emitted by the source is obtained from the following relation:
1 + z=

λ
, λ=
(1 + z)λ0
λ0

In which λ is the received wavelength by the observer and λ0 is the wavelength
emitted by the source and z is the displacement of the light wavelength. From the
above relations, it results that if z=0 , the observer and the source are stationary
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relative to each other, if z>0 , they move away from each other and if z<0 , they are
approaching to each other. Now consider an observer who is at rest on the earth and
observes the stars. How does the observer detect that the star is moving away from
the earth? If he had already received the time of star’s light passing, he would now be
able to compare it with the light it is receiving, and knowing that whether the star is
moving towards the earth or not. But as we know it doesn't, we don't know with what
wavelength the star's light was reached the earth in the past, so we cannot now
compare it to each other. There is an easy way to do this. Consider two atoms 1 and 2
moving in one system relative to the observer. We have for the radiation of these two
atoms:

λ1= (1 + z )(λ1 )0  وλ2= (1 + z )(λ2 )0

(23-3)

By dividing the two sides of the above relation on each other, we will have:

λ1 (λ1 )0
=
λ2 (λ2 )0

(23-4)

Thus the ratio of the wavelengths of two atoms 1 and 2 in a system is always
constant (relation 23-4), namely:
(λ1 )0
= Constant
(λ2 )0

(23-5)

That is unique. Given the individuality of this ratio and measuring the spectra of
galaxies or stars, we find that two specific spectra 1 and 2 belong to two atoms 1 and
2. But (λ1 )0 𝑎𝑎𝑎𝑎𝑎𝑎 (λ2 )0 and can be measured in the laboratory on the ground, and by
placing them in relations (23-3) we can calculate z, and therefore, by using the
displacement amount of wavelength of the incoming lights, we can calculate how fast
the galaxies are moving away, or in other words, the rate of expansion of the universe.

23-2 The origin of the big bang theory
Hubble's observations showed that galaxies are moving away from us at speed V,
resulting from the relation 𝑉𝑉 = 𝐻𝐻𝐻𝐻 where H is Hubble's constant and X is the distance
from the earth. In fact, this relation can be applied to any part of the universe, since
there is no point or body in the universe as a special reference. In Hubble's relation,
X has a profound cosmological meaning that shows that the greater the galactic

23. The Big Bang Theory

523

distance, the faster it is moving away. In the Hubble relation all three quantities are
functions of time, since distance is a function of time and also speed varies with
distance changes, so Hubble's constant is also a function of time (figure 23-2). That's
mean:
V(t)=H(t)X(t)

(23-6)

The expansion of the universe has shown that this expansion must have an origin.
The Big Bang theory is the most prominent scientific theory that has been presented
until now on the origin of the universe. According to this theory, the universe we see
emerged 13.7 billion years ago with an explosion that launched all the ingredients of
the universe everywhere (figure 23-3). The Big Bang theory was first put forward for
the purpose of explaining the reason for the galaxies' rapid departure from us. This
theory also assumed the existence of cosmic radiations (radiations from the
explosion). The theory of Big Bang was first put forward by a Belgian priest named
Lemaître 1 in 1927.

Fig 23-2: The speed of galaxies moving away from each other depends on the
distance between them.

1

- Georges-Henri Lemaître (1894-1966)
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Lemaître’s theory was proposed by astronomers as a model based on the theory of
relativity for the universe after observing the red-shift in distant nebulae (huge gas
masses). This theory was firmly established when the radiations that is called Cosmic
Microwave Background (CMB) were discovered in 1964 by Penzias 2 and Wilson 3.
The two won the Nobel Prize for this discovery in 1978. Since then, the Big Bang
theory has been widely accepted. The more we look at the depth of the universe, the
more we look deeper into the past. We see a star that is 10 light-years away, just as it
was in 10 light-years ago. The farthest bodies that humans can observe with large
astronomical telescopes are quasars. Quasar is a member of various star-like bands
that have exceptional red rays and often emit radio frequencies as well as visible light
waves.

Fig 23-3: The universe at the beginning

23-3 What did the universe look like at the beginning?
Obviously, we should not ask astronomers for the first seconds, or better say, of the
first few fractions of the first second after the Big Bang, in this case, we should look
for fundamental particles physicists who research and experience about radiations and
2
3

- Arno Allan Penzias (1933 - )
- Robert Woodrow Wilson (1936 - )
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matter in completely abnormal conditions. The history of the universe is usually
divided into 8 completely different and non-equal sections:
First step (zero to 10-43 seconds)
It is not yet clear what became to a fiery orb in the few fractions of the first second
universe that the cosmos should have created from it later. There are no equations or
measurement formulas for the very high and unimaginable temperatures that existed
at this time (figure 23-4).

Fig 23-4: The universe was once smaller than the nucleus of an atom.

Second step (from 10-43 up to 10-32 seconds)
The first cornerstones of matter, such as quarks and electrons and their antiparticles,
create collisions of rays together. Some parts of these cornerstones collide again and
decay as radiation. In the very early moments, super-heavy particles of x could also
have been created. These particles have the characteristic that during decay, produce
more matter than anti-matter and, for example, more quarks than anti-quarks. The x-
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particles, which existed only in the very first small fraction of seconds, left us an
important legacy that was an added element of matter against anti-matter.
Third step (from 10-32 up to 10-6 seconds)
The universe was made up of a mixture of quarks, leptons, photons, and other particles
that were mutually created and destroyed each other. They also lost heat very quickly.
Fourth step (from 10-6 up to 10-3 seconds)
Almost all quarks and anti-quarks are converted to energy as beams of particles. At
declining temperatures, new quarks can no longer create, but since there are more
quarks than anti-quarks, some quarks have not found a pair for themselves and stay
as an extra. All three quarks together make one proton with one neutron. The
cornerstones of the nuclei of future atoms have now been created.
Fifth step (from 10-3 up to 100 seconds)
Electrons and anti-electrons become rays in collision with each other. Some electrons
remain because there is more matter than anti-matter. These electrons later make
atomic orbits.
Sixth step (from 100 seconds to 30 minutes)
At temperatures that can be seen today in the center of the stars, the first nuclei of
light atoms, especially highly stable helium nuclei, are formed by nuclear fusion. The
nuclei of heavy atoms such as iron or carbon atoms are not yet formed at this stage.
At the beginning of creation, there were actually only two of the lightest fundamental
elements: helium and hydrogen.
Seventh step (from 30 minutes to one million years after creation)
After about 300,000 years, the fireball has lost so much heat that the nuclei of atoms
and electrons can bound together and form atoms without collapsing again. As a
result, the mixture of the previously invisible particles is now visible.
Eighth step (from one million years after creation to today)
The Milky Way systems, stars, and planets come from hydrogen clouds. Inside the
stars, the nuclei of heavy atoms, such as oxygen and iron, are produced, which are
then released in star explosions and used to build new stars and planets and life.
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23-4 Cosmic Microwave Background Radiation
The most important human discoveries have often been accidental. One of these
coincidental and very important discoveries was the discovery of radioactive elements
by Becquerel. Another discovery that was accidental and had a profound effect on
human thought is the discovery of cosmic background radiation. US astronomers,
Arno Penzias and Robert Wilson had been tried to communicate with satellites using
a radio telescope. What they discovered instead was a ray scattered around the
universe. Stars, galaxies, clusters, and supernovae are immersed in these rays. The
density of this light is about 400 photons per cubic centimeter. This is extremely cold.
Its temperature is about 3 degrees Kelvin, which is 270 degrees below freezing water.
Thirty years before the discovery of this radiation by Penzias and Wilson, an
intelligent astrophysicist named George Gamow 4 had been predicted it. Believing in
the expansion of the universe, Gamow along with the Russian astronomer Alexander
Friedman and the Belgian priest Lemaître tried to follow the path of time to the past
with the help of physics, just as a discoverer followed the path of a river in the opposite
direction to its source. Their valuable guide on this trip was Albert Einstein, because
Isaac Newton's observation posts were not sufficient in these strange valleys. Looking
at the time path (in the past), we can see that the galaxies are coming together. As a
result, the average density of the universe increases. Based on the laws of physics the
temperature also rises. The past is very dense and hot. As the temperature increases,
the light becomes more intense. According to Newton, matter absorbs matter.
Everything is moving, the faster a body moves, the more it is absorbed and the more
it absorbs. Also, anything includes massless objects such as light photons. Matter
absorbs light, and light absorbs matter, and even light absorbs light!
Today, the universe is dominated by matter, that is, atoms, stars, and galaxies.
Light carries little energy. The share of light in the absorption force of the universe is
one thousand times weaker than the share of atoms. But if we move toward the past
time, this situation will be reversed. At a point where the universe is one billion times
denser than it is today, light energy dominates. This is where we should refer to
Einstein's general relativity. In its first millions of years, the universe was dominated
by light before stars and galaxies were born. In 1948, Gamow published an article
entitled "The Origin of Chemical Elements", predicting that there is primary light or
cosmic microwave background (CMB) radiation today. But as time goes by, it
becomes weaker. The expansion of the universe has reduced it to a level of a pale
radiation. This light cannot be seen with a light telescope, but it can be seen with the
use of a radio telescope. The cornerstone of a good theory is that it makes predictions
4

- George Gamow (۱۹٦۸-۱۹۰٤)
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that scientists test these predictions experimentally, and they get out of these tests
successfully. It was only by accident, however, that Penzias and Wilson discovered
this ancient light thirty years after it had been predicted. With the discovery of these
waves, the universe's expansion theory was proposed again and it gained popular
support. It can be easily said that the discovery of cosmic background radiation shows
that the expansion of the universe has begun from an original state, which was at least
one billion times denser and thousands of times warmer than today. Over time and
with the expansion of the universe, this radiation has cooled. The temperature slowly
but steadily declined.

23-5 Flat, open and closed universe
Some believe the universe will be expanding forever. The universe that is always
expanding is called the open universe. According to others, when the universe reaches
a certain level, its expansion stops and remains constant. Another group says that the
universe will eventually stop expanding and its contraction and internal collapse will
begin. According to this theory, the great collapse will go through the same major
explosion steps in the opposite direction to become a single point. The universe with
these characteristics is called the closed universe.

23-5-1The opposition of two forces
The universe is expanding, but the force of gravity is against it. The constituents of
the universe absorb each other. So the whole tendency of the universe is to fall on
itself. If so, will the third group's view be upheld and the universe will collapse?
The answer to this question is not exactly clear. Here we are dealing with the
opposition of two forces. One is the gravitational force and the other is the force from
the Big Bang. Whichever is stronger, will determine the fate of the universe. If the
gravitational force is strong enough, the galaxies will stop moving from each other
one day. The galaxies will reverse their direction of motion and move in a contraction
motion. Temperature and density will increase and the Universe will experience the
enormous stages of the Big Bang through a reverse process and will close. If the two
forces are equal, the second group theory will prevail and the universe will remain
constant, but if the force of the Big Bang is stronger than the gravitational force, the
universe will continue to expand, the galaxies go farther from one another and our
universe is an open universe.
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23-5-2 Density of the Universe
With the vacuum in interstellar space, the mass of our universe appears to be less than
it could contract in the future. How is our future? Is the universe waiting for a big new
explosion or will it have more cold and more vacuum in the future? To answer this
question, we need to calculate the gravitational force of the universe or the density of
matter in the universe. The universe is expanding, and the gravitational forces between
materials are slowing it down. The denser the mass of the universe, the density
increases as so much and its expansion is getting slower. A high-density universe may
eventually contract due to the force of gravity between its constituent parts, and the
universe may remain closed (closed universe). If the universe does not have enough
density, it will expand forever and will be an open universe (open universe).

23-5-3 Critical density and geometric shape of the universe
Critical density is a measure of whether the universe is open or closed. The critical
density can be interpreted as tangible. How much is the critical density of the
universe? This is equal to 5×10-27 Kg/m3 what is called the critical density. Therefore,
omega (dense and dimensionless parameter) is defined as follows:

Ω=

ρ
ρc

(23-7)

In which ρ c is the critical density, ρ is the density of the universe and Ω is the
density parameter. Here we assume that we can calculate the density of all black holes
that are dark stars or dark coronas. By the way, we didn't consider mass for neutrinos.
Although these particles may have very small masses, they can change the outcome
of our calculations because of their large numbers.

23-5-4 Interpretation of the Friedman equation and the critical density
The Friedman equation can be interpreted tangibly with respect to the critical density.
The Friedman equation will thus be:
2
κ c=
H 2 R 2 (Ω( R ) − R )

(23-8)
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Fig 23-5: It shows three static, expanding and collapsing universes.

Now let's look at the impact of the Omega amount on the geometry and fate of the
universe. If the omega is larger than one, then the curvature of the universe will be
greater than zero κ > 0 , meaning the density of the universe is greater than the critical
density, and the geometry of the universe is elliptical, and eventually, the universe
will collapse. If omega equals one, then κ = 0 and the geometry of the universe is
Euclidean and we will have a static universe (table 23-1). If omega is smaller than
one, then κ < 0 and the geometry of the universe is hyperbolic and the universe will
be constantly expanding (figure 23-5).

Table 23-1: The fate and geometric shape of the universe

Fate of Universe
Open Universe
Open Universe
Closed Universe

Ω
Ω =1
Ω <1
Ω >1

Geometry
Flat
Hyperbolic
Spherical

Astronomers' observations cannot precisely determine whether this curve will be
open or closed if space is curved. The apparent reason that the universe of today is in
equilibrium is that its omega equals one.
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23-5-5 The Universe in a Nutshell
According to Stephen Hawking 5, if Einstein had abandoned the steady universe theory
he and most people believed and adhered to his initial equation, he could have
predicted the universe must be expanding or contracting. The discovery of the
universe expansion led to Lemaître to make a research on the origin of the universe.
He named the origin of the universe a "primeval atom", which we call today the Big
Bang. But Einstein seems never to take the Big Bang theory seriously. He apparently
thought that if we followed the motion of the galaxies over time to the past, the
simplistic model of the expanding universe would fail. On the other hand, the low
speeds of galaxies that cross each other prevent them to reach each other. He thought
that the universe may have gone through a phase of contraction in the past, and
through a leap, it has reached the current phase of the expansion with a relatively
average density.
However, today we know that for the amount of light elements that we see around
us to be produced during nuclear reactions in the early universe, the density of the
universe would have to be at least tens of tons per cubic centimeter and its temperature
would be tens of billions of degrees. Even more, the observation of cosmic
background radiation emphasizes that perhaps the density of the universe was 1075
kilograms per cubic centimeter. In addition, we now know that Einstein's theory of
general relativity does not permit a leap from the contraction phase to the current
expansion phase. Roger Penrose 6 and I (Hawking) were able to show that general
relativity predicts the start of the universe with the Big Bang. So Einstein's theory
suggests that time has a beginning, though this was never based on his own pleasure.
Einstein even disagreed with the idea that general relativity predicts that when heavy
stars reach the end of their lives and can no longer produce heat to counter their own
gravitational forces that make them smaller, time will Ends too. Einstein thought that
such stars should eventually fall apart and comes to an end. But today, we know there
is no definitive formulation for stars that their masses are more than twice the mass of
the sun. Such stars continue to contract for so long that they become black holes.
5F

Penrose and I showed that, according to Einstein's prediction, time will ends in the
black hole, both for the star itself and for the unlucky astronaut crashed inside it. But
the beginning and the end of time is where general relativity equations are not defined
in it. Therefore, the theory of general relativity cannot predict what it should find out
from the Big Bang. Some see it as God's will for the beginning of the universe, while
5
6

- All of this (in this sub-section) is a quote from Hawking
- Roger Penrose (1931- )
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others think that the beginning of the universe must be governed by the same laws as
at other times. We have made some progress to this end, but we have not yet fully
understood the origin of the universe. The reason why general relativity fails in the
Big Bang is that it is not compatible with quantum theory.

23-5-6 Horizon problem
In 1969, almost four years after the discovery of the cosmic background radiation,
astronomers began researching the strange question of why the background radiation
in the universe is perfectly uniform. It was difficult for the cosmic background
radiation to be uniform at all distances. Likewise, the universe is so large that light
can travel through the lifetime of the Big Bang and go from one point on one side of
the universe to any point on the other. Astronomical physics specialists have
succeeded in observing the border of the universe. They call this visible range as the
horizon. If we look at the horizon in one particular direction and then look at the other
side of the universe, then we will see that the background radiation uniformly has
2.725 𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 temperature in all directions. How can we explain that billion years ago
all parts of the universe, without contacting each other, now have the same uniformity
of temperature in all directions? The horizon, which now extends nearly 15 billion
light-years from each side, has caused the background radiation that comes to us from
around the universe to be about fifteen billion light-years away from us.
The radiation that has swept the universe, its two sides, must be 30 billion lightyears apart. If the universe is close to 15 billion years old, the question arises, how do
these regions, which have been completely apart for so long and have never been in
contact with each other, have a uniform temperature? Because the horizons of the
universe, with a distance of about thirty billion light years apart, have not been able
to exchange any signals, because otherwise, the signal must have a speed beyond the
speed of light, which is contrary to Einstein's special relativity, where the speed of
light is the highest speed.

23-6 Space-time before the Big Bang
While existing theories do not provide a clue about the universe before the Big Bang,
a research team from Penn State University used quantum gravitational calculus to
find some clues about the time before the Big Bang. "The general relativity can be
used to explain the universe when the matter has become so dense that no equation
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can explain it," says Abhay Ashtekar, director of the Institute of Physics and
Gravitational Geometry from that university.

Fig 23-6: Research group model from Penn State University

He says again: "We needed quantum equations and tools that were not available in
Einstein's time to look beyond this time and point". In collaboration with other
researchers, he developed a model that with following the footsteps of the Big Bang
and passing through it, he faced with a shrinking cosmos which had physic similar to
that of our universe (figure 23-6). This group showed that there was an expanding
cosmos before the Big Bang, whose space-time geometry resembled our expanding
cosmos.
When the gravitational forces pulled the previous universe inside itself, it came to
the point where the quantum properties of space-time made gravity repulsive, not
gravitational. "We used quantum corrections of Einstein's cosmological equations to
show that there was, in fact, a “quantum reversal "instead of a “classical big bang."
says Ashtekar. This is the first mathematical explanation that methodically establishes
the existence of a pre-Big Bang universe.

23-7 Inflation Theory
In the year 1980, a physicist named Alan Guth 7 presented the theory of inflation. Later
others added explanations to this theory. This theory, originating from applicable
physics of particles, explains the most important features of today's universe. In the
theory of inflation, small parts of the early universe expanded exponentially and made
smoother part of the space we see today. As we blow up a balloon, it makes the small
7

- Alan Harvey Guth (1947 -)
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surface on it look smoother. The main reason for this expansion to flow is the
existence of potential energy-dependent to hypothetical energy called inflation. This
potential energy, which provided the dramatic heat of the Big Bang, during the
inflation phenomenon, quantum fluctuations on the subatomic scales are attained to
astronomical sizes by tremendous expansions. The expansion of the universe grew
with gravity over the years, eventually led to the emergence of the galaxies and present
galactic clusters. From the theory of inflation we can draw three conclusions:
1. Space should look flat on its visible edge.
2. The distribution of matter in astronomical scales must have a quantum origin.
3. The background of gravitational waves must surround space created by quantum
oscillations after 10-32 second of the beginning of the universe. The first two
predictions have already been seen with measurements, and the third is likely to be
achieved in the not too distant future.

23-8 Big Bang and Inflation Theory
The characteristics of the Big Bang are very unique and special. But physicists, using
the laws of physics, have come up with a solution that exactly matches with it and is
known as cosmic inflation, uses a false vacuum to describe it. A false vacuum is used
in many theories involving the scalar field. The scalar field resembles electric or
magnetic fields but has no particular orientation. For example, the scalar fields are
used to describe the Higgs field used in the standard model of fundamental particles
or in grand unified theory (GUT). In one sample of the Higgs fields, the energy density
is very low but does not disappear. The diagram of the energy density in a false
vacuum can be shown in figure (23-7). If φ =φt , then the energy density is zero, which
then represents an empty space here called the true vacuum. When the scalar field is
near zero, φ→ 0 is called an imaginary vacuum. In a very short time, a false vacuum
can act like a true vacuum. A false vacuum has negative energy and can act as a
suction and expand the space (here we mean a part of space that contains matter such
as gas). In any case, the pressure and suction solution is function of pressure
difference. Given general relativity, we consider gravitational pressure, which is very
important in this case.
Pressure, like the energy density, acts as a gravitational field, so the negative
pressure of the false vacuum creates a kind of repulsive gravitational field that
provides the inflation force. Many editions of the theory of inflation show that at the
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beginning, the universe plunged into a false vacuum and expanded (figure 23-8). For
the production of a universe with the features of the existing universe created after the
Big Bang, the expansion coefficient should be around 1025. There is no upper limit for
expansion here. Eventually, the false vacuum was destroyed and the energy replaced.
This energy produced very hot soup, which is the starting point for the Big Bang
theory. In inflation theory, the universe began from a very small volume, probably smaller
than a proton. During the expansion, as the false vacuum was conquered, the amount of
energy increased and the space expanded with a linear coefficient of approx 1075.

Fig 23-7: A false vacuum

Fig 23-8: Inflation theory diagram
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23-9 WMAP researches
The WMAP 8 research spacecraft produced a spectacular map of the infant universe
by completing the first year of its four-year mission. The surprise that this project
brought to the cosmologists was that nothing was surprising and that their
observations were consistent with previous calculations. However, it turned out that
star formation began sooner than what it was expected (200 million years after the
Big Bang). WMAP research strengthened the position of the universe which
previously predicted.

Fig 23-9: Full sky image of temperature fluctuations in the cosmic microwave
background (shown in color differences) which was made based on nine years of
WMAP observations.

- WMAP: Wilkinson Microwave Anisotropy Probe was a spacecraft operating from 2001 to
2010 which measured temperature differences across the sky in the cosmic microwave
background (CMB)-the radiant heat remaining from the Big Bang.

8
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The universe, with13.5 billion years of life, contains matter and dark energy and
4% of ordinary matter (baryons). The project also confirms the obtained value for the
Hubble constant. For the Hubble constant, the value of 72 km / s was obtained in
mega-parsec 9 with an error of about 10%. While the parameter measured by Hubble
itself was 550 km/s in mega-parsec (figure 23-9). Since the size of the observable
universe and its age are both related to the Hubble constant, the growth shown by this
modified for the universe is eight times of the magnitude, which was previously
measured for that.
8F

The results of the WMAP research are generally consistent with the theory of
inflation, but inflation is a theory of many kinds. New discoveries have raised a
number of new questions by raising awareness. What is dark matter? What is the
nature of mysterious dark energy and its gravitational repulsion? Why is the work of
our universe so complicated? And how did the universe start? How dark energy relates
to physicists' discoveries about forces in nature and intra-atomic particles and how
interacts with them, is a mystery that remains unanswered. "Remember that we call
this phenomenon as dark energy, but that naming may create the false belief in the
minds of the audience that we really know what that phenomenon is. But we should
be admitted that we didn't really know much about it" say astronomers.
When did the first stars form? How were individual galaxies formed and how did
they evolve? When and where the chemical elements that were after the elements in
the Big Bang, means the heavier elements that are useful to our life, did emerge?
Where are most of the ordinary matter in the universe, and does it just contain hot
gas? Answering these questions requires new observations and tools, as well as newer
and more sophisticated models that we are in the midst of a great era of cosmological
discoveries. If we succeed in adapting our theories to any new discovery, we can
achieve great insight into the universe.

9

- One mega-parsec “Mpc” 3,261,564 light years
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Chapter 24

Dark energy problems, dark matter and antimatter
In theory, whole islands of antimatter could be floating in the universe, cut off from
matter by the empty void of space. If a large chunk of antimatter fell to Earth, the planet
would be vaporized in a blinding flash of energy. William J. Broad

24-1 Dark energy
About 200 billion galaxies, each of which has approximately 200 billion stars, can be
detected by telescopes. But these numbers of galaxies make up just a few over 4% of
the universe. Over 95% of the universe is made up of other matter called dark matter
(dark matter and dark energy). No one knows what the nature of this matter is, but it
is much more than all the atoms in all-stars in the entire galaxies of the universe.
It seems that a strange force pulls the components of the universe apart at an
increasing speed, while the force of gravity counteracts it and slows it down. The
discovery was made by an orbiting observatory called WMAP, Wilkinson Microwave
Anisotropy Probe. This probe measures the small fluctuations in the microwave rays
of the Cosmic Microwave Background created by the mortal echoes of the Big Bang.
These findings ended many arguments about the universe, the life of the universe, its
speed of expansion, and its composition. Using the results of their research,
astronomers today believe that the age of the universe is 13.7 billion years, with a few
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hundred thousand years approx. According to available information, the universe is
expanding at a speed of 71 km/s in mega-parsec.

24-1-1 Anti-gravity force makes the universe to expand
There seems to be some force in space and acts as a kind of anti-gravity force. This
force makes the universe to expand rather than condense and bring its components
closer together. Twenty years ago, they thought that there was the dark matter in the
universe because at that time they realized that the universe was acting as if it was
much heavier than it really looks. To justify the observed phenomenon, scientists
considered all possibilities. Including the presence of black holes, brown dwarfs, and
undetectable particles that differ in nature from ordinary types of atoms, but none of
them could justify the enormous mass observed. But the story of dark energy began
in 1998.
At that time, scientists found that many distant galaxies were moving far faster
than predicted by existing calculations. Researches on specific types of supernovae
revealed that the calculations were not wrong, in other words, precise calculations
showed that not only does the expansion of the universe slow down, but it is also
increasing moment by moment. The discovery of some types of unexpected and
undetectable forces that causes the galaxies in space to constantly move away from
each other seems to confirm the observations made by Haldane 1, many years ago said:
"I have no doubt that in reality the future will be vastly more surprising than anything
I can imagine. Now my own suspicion is that the Universe is not only queerer than
we suppose, but queerer than we can suppose”. And Heisenberg said "The universe is
not only stranger than we imagine; it is stranger than we can imagine". These two
statements show that the mystery of the universe does not even fit into one's
imagination.

24- 1- 2 What is the nature of space, time, energy, and matter?
Once again, many fundamental questions have been raised about the nature of the
universe: what is the nature of space-time, energy, and matter? Now it's time once
again for theorists to interpret these observations and then design experiments that
confirm their theories, so scientists once again turned their attention to phenomena
1

- John Burdon S. Haldane (1892-1964). A British geneticist and evolutionary biologist.
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that for the first time were evidence of the Big Bang, the Cosmic Microwave
Background. These radiations are the first rays after the birth of the universe.
Scientists are trying to get a more accurate image of the universe by performing
multiple experiments in several disciplines, including experiments that are done at the
South Pole and using balloons at very high altitudes. It seems that the universe must
include something other than these ordinary atoms, and so the name of the dark matter
was chosen for them. Dark matter may form of ordinary things like the sex of planets,
but planets like Earth do not have enough mass. So denser planets may form dark
matters. But this theory has a few problems, first, we have assumed that planets are
formed just around the stars, and that their masses will increase at a very small
amount, and that it is not enough to make up this mass of the universe.
The second and most important problem arises from the Big Bang's nuclear
constituents, called the Nucleosynthesis Big Bang or BBN Theory. At the time of the
universe's birth, when the Big Bang took place, the universe was made of very hot
matter made up of all kinds of particles. As the universe grew larger and colder,
normal matter particles such as electrons, neutrons, and protons also cooled to form
atoms in the universe. Most of these atoms are related to helium and hydrogen. The
BBN Theory is a successful theory that not only identifies hydrogen and helium as
the most important elements in the universe but also correctly states their proportion.
But there is a problem. The amount of any material that is formed depends on the
amount of normal matter that makes up the atom, and the theory of BBN predicts the
amount of this material for the present universe to be about one-tenth (0.1) of omega.
It should be noted that this amount of matter is very high for the observed material in
our universe therefore there is some amount of the usual dark matter (including burnt
planets and stars). But these materials cannot justify the speed of the clusters and their
curves. Detecting the amount of omega for normal matter is very important in
predicting the future of the universe. If the Omega value for normal matter is 0.1,
given the ratio of normal matter to 0.1 dark matter and dark energy, which makes up
just 5% of the material in the universe, the omega of the universe will be about 2,
which is not at all consistent with astronomical observations (figure 24-1).
Other normal matters that can form dark matters are stars that are not massive
enough to burn and shine, brown dwarfs or Jupiters 2 that are heavier dwarfs, and act
as very small, dim stars. But these possibilities, like planets, faced with the problem
against BBN, and there is still not enough baryon. It is also possible that the theory of
BBN may be wrong, but since it has been so successful until now, physicists are
- Comparison: most brown dwarfs are only slightly larger than Jupiter (10–15%) but up to
80 times more massive due to greater density

2
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looking for other options for dark matter. In recent years, there has also been the
possibility of a strange material, which is not so strange, just a matter that has no
electron, neutron, and proton. Many such particles are known, and some of them are
theoretically possible to solve the dark matter problem. Most of the weird material
choices fall into the category of WIMPs. Wimps are a group of heavy particles that
hardly interact with other particles. In addition to the strange material, neutrinos can
also be helpful. Neutrinos are massless particles that have been proven to exist, but
some reasons show that they sometimes have very small masses. In the universe, there
is a large amount of these particles, yet even a much smaller mass is important for
dark matter. If the neutrino mass is 1/5000 (one per five thousandths) the mass of the
electron, the omega will be 1. (Later it was proven that neutrino has mass and in 2015,
neutrino mass discoverers were awarded the Nobel Prize in Physics. But the neutrino
mass is much lower than the high value).

Fig 24-1: Omega and the geometric shape of the universe

24-2 Gravity, the reason for dark matter
The existence of a phenomenon can be proven in two ways: Direct observation of the
phenomenon or its effect on the more easily observed phenomena. The fact that there
are objects in the night sky that are not easily seen has always been of interest. When
using a telescope or radio telescope, only objects that emit light or radio waves are
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observed. But not all phenomena have these characteristics. Even the earth is not
visible due to darkness.

24-2-1 Galactic clusters
A significant amount of matter has been identified in the study of galactic clusters that
we cannot easily see them. Clusters created by the accumulation of several hundred
to several thousand galaxies or single galaxies in space. In the 1930s, Zwicky 3 and
Smith 4 (he was a young boy) studied two nearly close clusters in terms of galaxies
forming and clusters speed. The speed they achieved was anything between 10 and
100 times what they expected. What does it mean? In a group of galaxies, such as
clusters, the only force affecting galaxies is gravity, which is a tensile effect of the
galaxies on each other that increases their speed. Speed can determine the amount of
matter in the galaxy in two ways:
1. The first method is by cluster radiation. As the mass of cluster be higher, its
radiation will be higher too.
2. Based on Newton's law of gravity and the motion of galaxies within clusters
relative to each other
1- Mass, acceleration, and speed of clusters: The larger the mass of the galaxy,
the higher the galaxy's acceleration force. If a galaxy's acceleration is too high, it can
get out of the cluster’s gravity field. If the galaxy's acceleration is more than an escape
speed, it will leave the cluster. As such, all galaxies must have a speed lower than the
escape speed. With this attitude, we can guess the mass of the whole cluster which is
a significant amount of observed value. However, this theory was no longer
considered because it was observational and the observations were often erroneous.
When you look at an existent with the size of galactic cluster, even though they may
be very fast, they are nothing in comparison to the breadth of the clusters, so
continuous observation of a cluster over many years gives the same picture. We
cannot see galaxies that move without a pattern. So a high-speed galaxy may be
separated from the cluster or not belonged to it at all, or some galaxies may be just
opposite the other galaxies along their line of sight. Therefore, this galaxy will be
misleading.

3
4

- Fritz Zwicky (1898-1974)
- Francis Graham-Smith (1923- )
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2- The curve of galaxies transition motion: More reliable reasons were
introduced in the 1970s for measuring galaxies rotation curves. The reason for their
reliability is that they provide more reliable information about the number of galaxies.
Scientists knew from the past that galaxies were rotated around their centers. Just like
the planets rotate around the sun, like the planets, they follow Kepler's laws.
According to these rules, the rotational speed around a center depends only on the
distance from the center and the mass in the orbit. So by finding the speed of rotation
of a galaxy, we can calculate the mass in the galaxy. As the amount of light on the
sides of the galaxy decreases rapidly, the speed of rotation is also expected to
decrease, but this does not happen and the speed remains the same as it was calculated.
The story clearly shows that there is a mass on the sides of the galaxy that we do not
see. The experiment has been carried out on several spiral galaxies, including the
Milky Way, and has yielded the same results each time. This is the strongest and best
proof of the existence of dark matter.

Fig 24-2: The ratio of materials available in the universe

24-2-2 Mass map
Theorists like to consider the omega of the universe as about 1. This means that the
dark part of the universe is 95% of omega or 95% of the Universe (figure 24-2). But
if we look more realistically, we find that scientists have no reason to expect an omega
size greater than 0.4, so the amount of dark matter would be 0.35 omega, 88% of the
mass of the universe. We see that 88% of the universe is completely unknown. If you
are confused about the figures presented, it is quite logical, since different figures are
presented in this field and there is still no one that is acceptable for all astronomers.
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But these figures have not much difference. Astronomers have provided a "mass map"
of one of the largest buildings in the universe, indicating that the universe is far
beyond luminous stars and nebulae. This map shows that the distribution of dark
matter in the universe is largely similar to the distribution of stars and nebulae.
Researchers believe the map will help a better understanding of this mysterious
material, but it is unlikely to help us identify its true nature.
To draw this map, the researchers looked at the distant galaxies behind the cluster
and observed that the image of these galaxies, as a result of the gravitational force of
the cluster, is getting out of the normal state. The way these changes provide some
information for scientists about the invisible mass of the cluster. The project was
carried out over 120 hours of observations. This is the most time Hubble has ever
spent studying a galactic cluster. This research has led to the most comprehensive
study of the dark matter distribution in a galactic cluster. This map reveals, as
expected, that the mass of the dark matter drops rapidly as it moves away from the
center of the cluster.

24-2-3 Dark matter in the Milky Way
Scientists think they have found some dark mystery matter in the center of the Milky
Way. Extra microwave radiation from the center of the Milky Way may be due to the
presence of dark matter. Princeton University astronomer, Douglas Finkbeiner 5, is not
sure what causes the extra radiation in the center of the galaxy. He suggested that
Cosmic Microwave Background should be studied for this purpose. This radiation is a
remnant of the Big Bang, and by studying it we can refine our information about the
beginning of the universe. The WMAP team is currently studying the anisotropy of
this radiation. During their observations, the team is careful not to mix terrestrial
signals with cosmic signals. They believe that the source of non-cosmic microwave
waves could be from ionized hydrogen in the heart of our own galaxy, interstellar
dust, or high-speed electrons in supernova remnants. Using the team's research around
the heart of the galaxy, he found radiation similar to that of ionized hydrogen atoms,
but the amount was not high. The radiation also resembles that of high-speed electrons
in the magnetic field, but they must have the speeds close to the speed of light. He
presented a paper in Edinburgh, Scotland, in September 2006, which may have found
signs of dark matter. Scientists say that the constituent of dark matter cannot interact
very much with normal matter. But here's a gap. Some of these particles can interact
with each other and even destroy each other. When electrons collide with their
5

- Douglas Finkbeiner (1971- )
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antiparticle, positrons, both particles are destroyed in a gamma ray production
process. Some dark matter candidates may thus be antimatters. The lightest stable
particle, which supersymmetry theory introduces it as a candidate for dark matter, is
a hypothetical particle called "Neutralino" that has not detected yet. As Neutralino
destroys, other particles are created such as pions, electrons, and positrons that can
reach high speeds. As these high-speed particles pass through the magnetic field, they
emit synchrotron radiation - exactly the same radiation that the WMAP team detected.
These electrons and positrons also collide with starlight and Cosmic Microwave
Background, taking photons to higher energy levels, so that we see Gamma and X-rays.

24-2-4 The first galaxy of dark matter
British astronomers believe they have been able to detect a galaxy made of dark matter
using a radio telescope. They believe that this invisible galaxy is entirely made up of
dark matter. A dark galaxy is an area of the universe that contains a large amount of
matter that rotates like a galaxy. But no stars can be seen in it. This area is only visible
by a radio telescope. The galaxy was first observed with the University of
Manchester’s Lovell Telescope in Cheshire, and the sighting was confirmed with the
Arecibo telescope in Puerto Rico. The matter of unknown galaxy is thought to be the
dark matter. "The Universe has all sorts of secrets still to reveal to us, but this shows
that we are beginning to understand how to look at it in the right way. It’s a really
exciting discovery," said Dr. Jon Davies, one of the team of astronomers from
Cardiff University. An international team from Ukraine, France, Italy and Australia
are investigating dark galaxies. They have studied the distribution of hydrogen atoms
throughout the universe. Hydrogen gas emits radiations that can be seen in radio
wavelengths. The team in the Virgo galaxy cluster, about 50 million light-years away,
discovered a hydrogen body about 100 million times the mass of the sun. "We found
out from the speed of rotation of the VIRGOHI21 galaxy that the body is thousands
of thousands heavier than the amount we could consider for hydrogen alone. If it were
a normal galaxy it would have been quite bright and visible with an amateur telescope,
but it is not." said Dr. Robert Minchin of Cardiff University.
The mystery of dark matter is that when astronomers calculate the galaxy's
rotational speed on one side and the mass on the other side, the two values do not
correspond at all. In other words, the measured mass cannot produce such a rotational
speed, and there must be large amounts of mass, which is unseen for unknown reasons,
along with the visible mass, so that such rotational speed can be obtained. These dark
galaxies appear to have formed at a time when the density of galactic matter for star
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formation was low. However, Cardiff's team hopes that their observations will reveal
the invisible part of the universe.
But that's not all stories, in recent years, galaxies that have no dark matter have
been discovered. In any case, the matter of dark matter such as dark energy is one of
the cosmological riddles.

24-3 Particle-antiparticle and the mystery of antimatter
Scientists say they have successfully produced "antimatter" in the lab. This is an
important step that will help to carefully study the properties of antimatter and solve
one of the universe's greatest mysteries. In the past, "anti-hydrogen" was produced in
small quantities at various laboratory times. Now, scientists say, using a particle
accelerator device at the CERN headquarters in Geneva, Switzerland, they have
produced more than 50,000 atoms of anti-hydrogen. CERN is the European
Organization for Nuclear Researches. The antimatter is a mirror image of normal
matter, and scientists believe that when the universe is created, they are both produced
in equal quantities. So a question arises as to why normal matter dominates the
universe? "This is an important and enlightening step is a new horizon that enables
scientists to study the symmetry in nature and discover the basic laws of physics that
govern the universe," said Professor Michael Charlton of the University of Wales in
Swansea. In the latest experiments, the researchers used the CERN accelerator to
create "antiprotons" and trapped them in a vacuum chamber. At the same time, a
radioactive source was used to produce the "positron", which was also trapped in such
a chamber. The injection of the antiproton to positron’s chamber produced "antihydrogen". However, the life of the antimatter was short and was destroyed shortly
after colliding with normal matter. Special machines tracked the unique radiation
caused by the destruction of the antimatter. Researchers have been working on mass
production of antimatter for many years to test the "standard model" that describes the
fundamental particles and their interactions. Such a test is important if the antihydrogen does not behave like hydrogen, textbooks should be rewritten. The matter
and antimatter collide with each other and are destroyed by explosions and
transformed into radiation. Scientists believe this process played a key role in the early
stages of the universe billions of years ago. Nowadays, these skepticisms about antihydrogen have become obsolete and the CERN laboratory officially reported and
confirmed anti-hydrogen production in 2014.
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24-3-1 Highlight differences between matter and antimatter
BaBar of the Stanford Linear Accelerator Center in the United States claims to have
found the most striking difference between matter and antimatter. The experiment has
shown that the number of observed decays for a class of meson B particles are 13%
higher than their antiparticle B anti-meson. The results of this experiment could help
to answer the question of why the universe was conquered by matter instead of by
antimatter. Or why not have an equal amount of both? BaBar suggests the existence
of a universe in the capture of matter that has undergone different processes since the
great explosion of matter and antimatter. To justify this abundance, the standard
model of particle physics predicts that matter and antimatter have slightly different
decay rates. This called Charge Parity Violation (CP), which was first seen indirectly
in 1964. Three years ago, BaBar’s team, in collaboration with Belle Group at KEK
Laboratory in Japan, indirectly discovered CP violation for the first time in another
family of particles called meson B. Although direct CP violations have previously
been observed in experiments on Kaons, the new observation with meson B is more
powerful.
The new measurements are the result of better performance of PEP-II's accelerator
in SLAC and BaBar’s detector efficiency, which can detect 98% of collisions. "We
have seen strong and clear signals for the asymmetric behavior of matter and
antimatter, which is the result of a direct CP violation mechanism" adds James Olson
of Princeton University.

24-3-2The universe of matter and the mystery of matter-antimatter
Scientists in recent years have made sophisticated detectors for antimatter search in
the cosmic rays. As these beams decompose in the air after colliding with the nucleus
of the molecules, researchers have to send their detectors to the most accessible areas
of Earth's atmosphere. The High Energy Antimatter Telescope (HEAT), mounted on
high-altitude balloons, searches for possible antiprotons between cosmic rays. There
are other important detectors, some of which continue to search in space. The results
of these experiments can be keys to understanding the origin of the antimatter, or even
revealing whether the anti-stars and anti-galaxies actually exist or not. Astrophysicists
think most of the observed antiparticles in the upper atmosphere are the result of
intense collisions of subatomic particles in interstellar space. The story begins when
the magnetic field accelerates the shock wave caused by a proton supernova explosion
or a heavier atomic nucleus in interstellar space to very high speeds. If this nucleus
(now known as a high-energy cosmic ray) collides with another interstellar particle,
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some of the cosmic ray energy can become a particle-antiparticle pair. Some of these
collisions lead to the production of Pion pairs. Pions are unstable particles that decay
rapidly and are transformed into positrons, electrons, neutrinos, and antineutrinos. The
most energetic collisions, namely those involving particles near the speed of light,
create proton-antiproton pairs. However, the number of antiparticles created in
interstellar collisions is relatively small. For example, in the cosmic rays observed by
HEAT, the number of particles is much higher than that of antiparticles. For a better
visualization of the difficulty of detecting antimatter, consider a bucket full of steel
screws with 100 right-hand threads (electrons in the cosmic ray) and 10 left-hand
threads (cosmic ray positrons). Cosmic rays also contain protons. These can be
illustrated by adding ten thousand large left-hand thread screws to the above
imagination bucket. Now every single left-hand thread screw has to be weighed to
determine its proton or positron, and the weighting must be done very carefully
because if one proton per thousand is mistaken with one positron, the number of
observed positrons will double. The HEAT telescope (which has an error of less than
one in a hundred thousand) uses a superconducting magnet and an array of detectors
to detect positrons. After the cosmic rays passed through a collector valve, the
magnetic field of the superconducting magnet diverts the negative electrons one way
and the positive protons and positrons another way.
Detectors measure the charge and direction of each incoming particle along with
the amount of deviation from the direct path created in the magnetic field, which the
latter being used to detect the proton from the positron. Since the protons are heavier,
they are less deviated by the force of the field (which is dependent on the charge and
speed) than the positron at the same speed. For the first time, research scientific
balloon of the US National Aeronautics and Space Administration (NASA) at a base
in New Mexico sent the HEAT telescope and its instruments to the air. Although the
whole instrument weighs about 2300 kg, a giant helium balloon was able to raise it to
a height of 37 kilometers above the Earth's surface (i.e., above 99.5% of the
atmosphere). The HEAT telescope measured the cosmic rays for 32 hours and then
landed with an umbrella in Panhandle, Texas. NASA once again in 1995 flown the
HEAT from a location in Manitoba, Canada, and in this second flight, the detector
was able to detect even lower-energy positrons that could only penetrate into the
magnetic field in near the Earth's magnetic north and south poles (figure 24-3).
The results of these two flights were quite promising. The number of low-energy
positrons that HEAT succeeded in recording them, was very close to the expected
number. However, detectors in the high-energy section recorded more positron than
expected. This surplus, of course, is not very high and can be due to possible errors.
But to put it real, it does indicate an unknown source of high-energy positrons in the
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universe, which one of its possible candidates is the heavy particle involved in weak
interactions (WIMP). This hypothetical particle is also one of the solutions to the dark
matter problem. Astrophysicists to explain the observed rate of galactic rotations
assume that each galaxy is in a huge halo of dark matter that cannot be observed by
ordinary means.

Fig 24-3: This balloon is made for research on cosmic ray.

The hypothetical WIMP particle could be a suitable candidate for this dark matter,
as it does not emit any light or other types of electromagnetic waves. If WIMPs have
existed with the predicted density, collisions between them produce a significant
number of high-energy positrons, and this process could be a justification for the
surplus observed by HEAT. But before any future measurements of HEAT or other
groups, this surplus must be confirmed more accurately.
As the cosmic rays turned to look for positrons, other scientists were working on
harder problem: hunting of antiprotons. Antiprotons are more infrequent than
positrons because their masses are about two thousand times of positrons and so much
more energy is needed to produce them. For example, interstellar protons must collide
at speeds above 99% of light speed to produce a proton-antiproton pair (figure 24-4).
Antimatter detectors, such as IMAX (The Isotope Matter Antimatter experiment) or
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BESS (Balloon-borne Superconducting Solenoid), have found at least one antiproton
in every ten thousand protons in cosmic rays. The shortage of these antiparticles forces
probes scientists to use extreme precision to avoid inaccurate counts. The detector
used to do this must have an error of less than one part per million.

Fig 24-4: Research diagram for the existence of antiparticle in cosmic rays

24-4 Following the anti-universes
The first extensive search for more quantities of cosmic antimatter was carried out by
physicist Louis Alvarez 6 in the 1960s. Alvarez searched in cosmic rays for heavy
antiparticles, such as the anti-helium nucleus or the anti-carbon or the anti-oxygen.
6

- Luis W. Alvarez (1911-1988)
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Unlike positrons and antiprotons, these heavy antiparticles are much massive that they
have been made by collisions between interstellar particles. Thus the discovery of an
anti-helium nucleus proves that some antimatter remains of the Big Bang. Likewise,
finding an anti-carbon or anti-oxygen is a reason for the existence of anti-stars,
because carbon and all the heavier elements only exist in stars. Most astrophysicists
have little idea of the probability of an anti-star. Although the light of an anti-star
does not differ from the light of a normal star, the anti-star will spontaneously collide
with ordinary material particles emitted from interstellar space and the destruction of
the resulting matter-antimatter results in a large production of gamma rays. Orbital
detectors (located in Earth's orbit) have recorded low-energy gamma rays, indicating
the destruction of a large number of positrons around the center of our galaxy.
However, scientists still do not believe that these positrons belong to an anti-star
because in this case, the resulting radiation would be seen as a strong local source of
much more energetic gamma rays. The fact that no detectors have ever recorded such
sources indicates that there are no anti-stars in the galaxy, and so there are no antigalaxies in our local galaxy cluster. How about farther?
Maybe our universe consists of isolated anti-galaxies that large empty spaces have
separated them from normal material galaxies. In the last decade, astronomers have
provided large, detailed maps of the distribution of galaxies up to several billion lightyears away, and in these maps, there are no isolated areas that could be made of
antimatters. If large areas of the universe were made of antimatter, where matter and
antimatter would come together, huge amounts of gamma ray would have been
released in the early days of universe history. But astronomers have not yet seen such
powerful radiation in cosmic background radiation. The anti-galaxies (if they exist)
should be beyond the reach of our best telescopes (at least a few billion light-years).
In addition, the new cosmology offers a reason for the question of why the universe
almost could be made of normal matter. According to most accepted theories, the Big
Bang at the first moment of creation produced matter more than antimatter. This
phenomenon was the result of a small asymmetry in the laws of physics known as
"CP violations" and also observed in the laboratory.
Thus, for every 30 billion created anti-particles during the Big Bang, there is 30
billion and one material particle. About a millisecond after the Big Bang, the particles
began to annihilate the anti-particles until the only normal matter has remained. This
small surplus (a fraction in 30 billion) was, of course, still large enough to build our
present universe. While this theory seems tempting, some scientists are looking for
heavy anti-particles. They still believe that there are large areas of antimatter and that
heavy antimatter nuclei moving at a speed close to the speed of light and they can
travel vast distances and reach us. In the 1960s and 1970s, Alvarez and other
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scientists, using detectors, searched for tens of thousands of cosmic particles for a
heavy anti-particle. They have done the same thing with millions of particles in newer
experiments. But in spite of all these efforts, no anti-particle was found heavier than
antiproton. It can be assumed that distant anti-galaxies emit heavy anti-particles, but
the existence of magnetic fields in space prevents them from reaching the ground.
Recent measurements of synchrotron radiation passing through galaxy clusters have
shown that the magnitude of the magnetic field inside such clusters is about onemillionth of the magnetic field intensity on the Earth's surface. Because these fields
are likely to have been amplified up to a thousand times during the appearance of
clusters, astrophysicists believe that the field between distant galaxies is just onebillionth of the Earth's field.
However, such a field is far weaker than even shakes the needle of a compass. But
over time, it can have a significant effect on an antiparticle that travels a very long
distance between galaxies. The antiparticle path turns into a spiral with a few lightyears diameter, around one of the magnetic field lines. Astrophysicists disagree on the
direction of magnetic fields in the intergalactic space. Some believe that these fields
are coherent, like the field around a regular rod magnet, but others claim that the field
lines are on the contrary complex and intertwined, that if so, the antiparticles cannot
move too much in one direction and in disorder accidentally follow the field lines. On
the other hand, if the magnetic fields between galaxies are coherent, the field lines can
reach almost directly from one galaxy to another. In this situation, the antiparticles
travel the distance between adjacent galaxies through cosmic magnetic highways for
several million light years and fly from one galaxy to another along their path. In this
situation, antiparticles can only be several hundred million light years away from their
starting point, even if they have enough time to travel around the universe. This
distance is much shorter than the billions of light years possible to the nearest antigalaxies. Even if such an antiparticle closes to our galaxy, it may not reach the Earth.
Because the magnetic field inside the galaxy is much more than the outer field and it
will deviate most of the antiparticles that come into the galaxy.

24-5 Upcoming flights
Although it is highly unlikely to find heavy antiparticles in our galaxy, the search still
continues. The US Department of Energy is supporting a plan to place an antimatter
detector in orbit of the earth. This device, called the alpha magnetic spectrometer
(AMS), primarily searches for the nucleus of heavy antimatters. The AMS was
launched from the International Space Base and started operating from the year 2002
and lasted about 3 years. Given such a long exposure time, the AMS essentially has
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the sensitivity of a hundred times of previous antimatter detectors. The real problem
is the lack of a guarantee of an equal level of accuracy in distinguishing particle from
antiparticle. The detector must accurately measure the deviation of each particle in
the magnetic field to detect a heavy antiparticle of one hundred million particles of
Cosmic Microwave Background. The most precise balloon-based equipment performs
15 or more measurements to determine the deviation of the high-speed particles. The
AMS magnetic spectrometer performs only six measurements for this task. Another
instrument that observed the cosmic antimatter from orbit is called PAMELA 7,
launched to space at The Baikonur Cosmodrome 8 in the year 2000. PAMELA
searched for positrons and antiprotons, as well as heavy anti-nuclei using a system
much more complex than AMS. Other balloon equipment is being built to search for
cosmic antimatter. For example, a new version of the HEAT detector is being
developed that looks for high-energy antiprotons. We hope that by increasing the time
of the establishment of the detector at altitude the measurements will improve. NASA
has manufactured balloons that fly at high altitudes and can move in a circular path
on the South Pole for 10 to 20 days. The submarine team of NASA's Wallops Island
is also developing light-weight balloons that can fly for more than a hundred days.
The search for antimatter in the universe faced many problems. The impetus for the
first experiments was symmetry, that is, to prove that the amount of matter and
antimatter in the universe is equal and that the results reported a huge asymmetry. The
antiparticle detectors observed only a small number of positrons and antiprotons in
the cosmic rays, and no effect was found of the heavier antiparticles. Anti-stars and
anti-galaxies maybe billions of light years away from our galaxy, waiting to be
discovered. The heavy antiparticles of these remote areas have almost no chance of
reaching the earth, and searching for them is probably futile. However, searching the
cosmic rays to find positrons and antiprotons may help to discover the nature of dark
matter. At least physicists hope that this will happen.

24-6 Neutrino and the mystery of the Big Bang
A neutrino is a fundamental, non-electric charged particle (such as a neutron) that is
emitted from the beta decay of atomic nuclei along with electron or positron. The
neutrino does not actually interact with electrons and does not cause significant
ionization of the environment.
- The Payload for Antimatter Matter Exploration and Light-nuclei Astrophysics (PAMELA)
- The Baikonur Cosmodrome is a spaceport located in an area of southern Kazakhstan
leased to Russia.

7
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24-6-1 Neutrino detection
As you probably know, neutrinos are likely to be based on beta decay. It is the process
by which the nucleus loses one electron and becomes another element’s nucleus
(figure 24-5). Although neutrinos can be easily detected due to their effects on atomic
nuclei, nuclear reactions, and energy transfer during collisions, the neutrino's
interaction with the nuclei is very weak. Until recently, the nuclear reaction triggered
by neutrinos has not been detected in the laboratory. This particle is unstable, so how
can we detect the existence of neutrinos? If only the electron was emitted during the
decay of the beta particle, the energy of all the beta electrons would be the same for a
given radiant isotope. Obviously, this energy must be equal to the difference between
the internal energy of the initial atomic nucleus and the resulting nucleus in addition
to the electron, but it is not. Because experiments have shown that all nuclei of a
certain isotope have the same mass. As a result, their internal energy is the same. The
electron energy generated by the decay of the beta particle can have values ranging
from zero to a maximum value of W (figure 24-5). It is important to know that this
maximum value is exactly equal to the released internal energy during the above
reaction.
To be consistent with the law of energy conservation, it must be assumed that
during the decay of the beta particle, another particle is formed along with the electron
(i.e. neutrino). This particle carries an energy that complements the electron energy
up to W. If the neutrino carries energy close to W, the electron energy is close to zero.
If the neutrino energy below, on the contrary, the electron energy is close to W. A
detailed analysis of the decay suggests further convincing reasons for the neutrino
emission in the process and has allowed the neutrino rest mass to be estimated.

Fig 24-5: Beta decay causes neutrino radiation.
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24-6-2 Other physical properties of neutrinos
It is known that the mass of this particle is less than ten thousandth mass of the electron
at rest. Years of research eventually led to the discovery of a nuclear reaction by
experiment in 1956 in which the neutrino 𝑣𝑣 was absorbed by the proton and then this
proton is converted into a neutron and a positron.

p + +ν → n + e+

In these experiments, the neutrino source was a powerful nuclear reactor in which
the neutrino is formed during the decay of beta particles from the fission fragments of
uranium (figure 24-6).

Fig 24-6: In the table of fundamental particles, neutrinos make up three of the six
leptons.

24-6-3 Solar Neutrino
Neutrino performed a variety of reactions in reactors. The most interesting
experiments are experiments on the detection of solar neutrinos. These experiments
have allowed the validity of the views expressed about the structure of the Sun and
the nuclear processes within it to be investigated. In the fusion reaction of four
protons, thought to be the sun's source of energy, two neutrinos are emitted along with
each formed helium nucleus. Neutrino interacts very little with the matter. As the vast
majority of them pass through the sun and flee into the cosmic space. That part of the
neutrinos that reach the ground shows that certain detectors trigger nuclear reactions.
Because interactions with neutrinos are very weak, experiments on the detection of
solar neutrinos are expensive and complex. However, these experiments have been
carried out and neutrinos emitted from the Sun mass have been recorded.
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New physics and astronomy are closely related to each other. For this reason, space
is a laboratory for physics, which cannot study many processes in terrestrial
conditions. The discoveries of this science in this natural laboratory make it easy to
make astronomical progress. So we see the influence of these two sciences on
together, which is a natural step in the process of perception.

24-7 Neutrino’s mass
Neutrino is the most amazing particle of the two hundred fundamental particles known
to physicists. According to a long-held theory, neutrinos have no mass at rest and
move at exactly the speed of light. On the other hand, there is no law prohibiting the
assumption of neutrino mass. For this reason, years ago, a team of experts at the
Institute of Theoretical and Experimental Physics encouraged the former Soviet
Academy of Sciences to conduct experiments to find neutrino mass. Even in the early
stages of this experience, the results were very exciting. It was found that the neutrino
mass is not zero but between 14 and 16 eV. And these efforts eventually led to brilliant
results and proved that neutrinos have very little mass.

24-7-1 Neutrino in space
Among the notable issues, astronomers are facing today is the issue of solar and stellar
energy. Until recently it was believed that the source of this energy was the thermalnuclear reaction of conversion of hydrogen to helium. The idea was so strong that it
was almost part of the axioms, but it was later doubted. If the sun is really the place
of nuclear-thermal reactions, then neutrinos must be created there. Due to the high
permeability of neutrinos and their poor interaction with matter, these particles must
escape into the sun's space and some must reach the Earth. As you know, there is a
special device for recording neutrinos, and the number of particles that reach the earth
is found to be several times lower than the number predicted in the hypothesis.
Theorists believe that there are three types of neutrinos in nature and imagine that
solar neutrinos, which are recorded by special detectors, may become other neutrinos
on their way to Earth that they are unable to be recorded by detectors. Attempts to
detect neutrinos in a variety of ways and initiatives are ongoing. In a recent (in 2020)
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attempt at the SLAC National Accelerator Lab in California, researchers use radar to
detect neutrinos in cosmic radiation 9.

24-7-2 Neutrino contribution in space
The geometry of space is related to the density of matter. If the density is greater than
the critical value of 10−29gram per cubic centimeter, the space of the universe is
closed and will eventually collapse. Until now, astrophysicists have believed that the
real average density of the universe is lower than the critical value, and that neutrinos
may significantly change this theory. According to available information, there are
about one billion neutrinos for every proton in the universe and is the basis of proton
calculations because the proton is the hydrogen nucleus and hydrogen is the most
abundant chemical element in nature. The total mass of neutrinos in the universe is 30
times larger than the mass of matter. All stars, planets, galaxies, and nebulae may have
only a small contribution to the neutrino field. The concept of this subject is that the
average density of matter is much greater than the critical value. As a result, the
universe is closed and limited, and at some point in the future, its expansion would be
replaced by contraction. In the first phase of the expansion of the universe, small
instabilities were caused by accidental neutrino gas that was filled with the universe.
But at that point, the neutrinos were extremely energetic, and the gravitational fields
of the small masses of matter were not sufficient to connect the neutrinos to
themselves, and these neutrinos were gradually destroyed and scattered. As the
expansion continued, the speed of neutrinos slowed. According to calculations, about
three hundred years after the Big Bang, neutrinos were placed in the masses of matter
that had grown larger and more capable of absorbing them. The mass of these masses
was 1015 times mass of the sun. They gradually became heavier and their gravitational
field intensity increased and more neutrinos were absorbed. About a million years
after the start of the Big Bang, the masses of matter were also able to absorb the
standard matter (neutral gas). Calculations show that the amount of this matter is only
a few tenths of the total mass of neutrino aggregations.

- Mark Buchanan, Focus: Catching Neutrinos on Radar, APS JOURNALS, Physics, March 6,
2020, https://physics.aps.org/articles/v13/33
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24-8 Neutrinos and dark energy
According to a new hypothesis, the mass of neutrinos and the increasing rate of
expansion of the universe are related to another subatomic element known as
“Acceleron”. Two of the great achievements of physics in the past decade may be
related to cosmology which one is that neutrinos have a small mass that has not yet
been measured, and another is that the expansion speed of the universe is currently
increasing.
Three physicists at the University of Washington believe that the two discoveries
are both related to the most unknown phenomena in the universe, dark energy, that
we do not yet know it correctly, only we know that is a factor against gravity which
accelerates the expansion of the universe (figure 24-7). They believe that everything
is related to another subatomic particle that has so far been ignored and called it
"Acceleron" means accelerator.

Fig 24-7: Acceleration of the universe
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Dark energy in the early universe has not been very noticeable. But it currently
occupies 70% of the universe. Understanding the dark energy helps us to understand
why in the distant future the universe will expand so far that no more galaxies will be
seen in the night sky, and will this expansion continue forever? In a new theory,
neutrinos are influenced by a new force that results from their interaction with the
accelerons. They are separated by this force. Just like pulling a tie on either side, the
more we pull it, the more energy it stores. Ann Nelson 10, one of the presenters of the
new theory, believes that the interaction between the accelerons and other particles is
even weaker, so these particles have not yet been detected. Of course, the force these
particles exert on neutrinos effects on the neutrinos, so it should be possible to show
such a force in current neutrino detectors that exist in different parts of the globe.
Various models for dark energy have been proposed, but their testing is limited to
accurate measurements of the changes in the universe's expansion speed. This is
possible only by observing very distant objects, but precise measurements at such
distances are very difficult. According to Nelson, this is the only way we can identify
the force that increases dark energy in the universe by using current detectors in the
universe (figure 24-8).

Fig 24-8: Density changes of neutrino mass in Accelerons Potential

10

- Ann Elizabeth Nelson (1958-2019)
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Until then, astronomers have been looking for information that will ultimately
determine whether our universe will expand forever, or once again will contract in a
"Big Bang" and close itself. But now we have to look at whether the expansion rate
of the universe will continue to increase or will it stay somewhere. According to the
new theory, as the neutrino distances become too large, their mass will increase so
much that dark energy will no longer affect them, thus the acceleration of the universe
expansion also disappears gradually, and since then, the universe will continue to
expand, but at a steadily decreasing speed.
Researchers believe that neutrino mass changes in passing through different
environments, as it changes as the light passes through the air, water or prism. As a
result, different detectors will produce different results depending on where they are
installed. But if we accept that neutrinos are also part of dark energy, the existence of
new force can explain these ups and downs. Nelson believes that the interaction
between neutrinos and accelerons can provide the energy needed to expand the
universe forever.
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Chapter 25

Quantum Electrodynamics and Chromodynamics
Because the theory of quantum mechanics could explain all of chemistry and the
various properties of substances, it was a tremendous success. But still there was the
problem of the interaction of light and matter. Richard Feynman

Introduction
Literally, the force has different meanings, and in any culture, the word force has not
been comprehensively defined. If we look closely at what is commonly called force,
we will be amazed at its multiplicity. This multiplicity of forces should not lead us
astray. One of the characteristics of science is to unify plurality and at the same time,
from unity, it can conclude specific and different cases. After Lorentz presented his
transformations, Poincaré in an article in 1905 stated that all forces should follow
Lorentz's transformations. Then, with presenting special relativity in 1905, Einstein
stated that nothing could move faster than light, thus the speed limit of the
fundamental forces was limited to the speed of light. With the development of
quantum mechanics, in the standard model, interactions between fermions are carried
out by the exchange of a discrete amount of energy called bosons and thereby a new
understanding of the fundamental forces was developed. Here we look at the forces
that are known in physics as the fundamental forces and use the term interaction. The
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other forces we deal with arise from the fundamental forces of nature. In nature, four
fundamental forces of gravitation, electromagnetism, weak and strong nuclear have
been identified.

25-1 Gravitation
There are two theories of gravity in physics which are the most successful physics
theories. Newton's universal gravitational law, with all its successes, has nothing to
say about the nature and mechanism of gravitational field production. Einstein's
theory of general relativity explains the geometric properties around objects under the
term of space-time, has ignored gravity as a force and is not compatible with quantum
mechanics. In addition, general relativity is incapable to explain inside the black hole
and the earliest stages of the universe before and after the Big Bang. On the other
hand, the macroscopic universe (larger than atoms and molecules) is composed of
quantum particles accumulation, which shows that the laws of the universe are
quantum. For this reason, as we become more accurate in the microscopic world, the
need for a theory of quantum gravity becomes greater. Since quantum mechanics was
founded by Planck's constant definition and presentation, to better explain what
quantum gravity really is, and even what is the main difference between physical
theories, we should refer to Planck's units proposed by Planck in 1898 ( table 25-1).
Notice the Planck units, the 3 universal constants G, c, and ℏ are very significant and
important in these units. There is the only G in classical mechanics, the Planck
constant ℏ appears with quantum mechanics, and c is introduced as a universal
constant with special relativity, and in general relativity, the two constants c, G are
used (table 25-2). The concept of quantum gravity and the use of Planck's constant
became apparent after the development of special relativity theory and the emergence
of general relativity. In 1916, Einstein proposed the necessity of combining general
relativity and quantum mechanics after obtaining the formulas for gravitational wave
intensity. He stated: "Because of the intra-atomic movement of electrons, the atom
must radiate not only electromagnetic but also gravitational energy, if only in minute
amounts. Since, in reality, this cannot be the case in nature, then it appears that the
quantum theory must modify not only Maxwell's electrodynamics but also the new
theory of gravitation (Einstein 1916, p. 696)" 1.

- Gravity and the Planck Values
http://people.bu.edu/gorelik/cGh_FirstSteps92_MPB_36/cGh_FirstSteps92_text.htm
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Table 25-1: Planck units
Name

Dimension

Expression

Planck length

Length (L)

Planck mass

Mass (M)

Planck time

Time (T)

Planck charge

Electric
charge (Q)

Planck
temperature

Temperature (Θ)

𝑙𝑙𝑝𝑝 = �

ℏ𝐺𝐺
𝑐𝑐 3

𝑚𝑚𝑝𝑝 = �

ℏ𝑐𝑐
𝐺𝐺

ℏ𝐺𝐺
𝑡𝑡𝑝𝑝 = � 5
𝑐𝑐

𝑞𝑞𝑝𝑝 = �4𝜋𝜋𝜀𝜀0 ℏ𝑐𝑐
𝑇𝑇𝑝𝑝 = �

ℏ𝑐𝑐 5
𝐺𝐺𝑘𝑘𝐵𝐵2

Value (SI units)
1.616255×10−35 m

2.176435×10−8 kg
5.391245×10−44 s
1.875 545 956×10−18 C
1.416785×1032 K

A Soviet physicist, Bronstein 2 was a friend and colleague of George Gamow, who
published an article in 1931 examined the magical cube G, c, ℏ (Table 25-2).
Bronstein was a pioneer in quantum gravity theory. He was captured and killed by
Stalinism in 1937.
Table 25-2: Universal constants in theories and magical cube
Classical mechanics, G

Quantum mechanics

Special relativity, c

Relativistic quantum theory cℏ

General relativity , cG

The fusion of quantum theory, theory of
the electromagnetic field, and theory of
gravitation, cGℏ

Since then, much effort has been put into presenting a theory of quantum gravity,
and two of the most popular theories proposed for quantum gravity are string theory
and loop quantum gravity theory. There is still occasionally an article published in
prestigious physics journals on the theory of quantum gravity, which illustrates the
2

- Matvey Petrovich Bronstein (1906-1938)

570

Physics from the beginning to now

importance of this theory today as one of the most important problems of modern
physics. But in CPH theory, a different approach was taken, instead of theorizing, the
mechanism of gravitational interaction, exchange graviton between particles and
bodies was attempted to be explained which is presented in the next chapters.

25-2 Quantum electrodynamics
The theory of quantum electrodynamics (QED) is the generalization of
electromagnetism and the theory of radiation from classical mechanics to quantum
mechanics and the acceptance and development of wave-particle duality property. In
the 19th century, laboratory experiments and some necessary mathematical relations
were provided by Gauss, Ampere, Oersted, Faraday, etc. to develop a coherent theory
of electricity and magnetism. Eventually, the classical electromagnetic theory was
developed by Maxwell, Heaviside, and others, and with Lorentz's law of force, it has
evolved. Since the speed of electromagnetic waves including the speed of light was
not consistent with Galileo's relativity but it showed good compatibility with special
relativity, physicists attempted to combine quantum mechanics and special relativity,
as a result, quantum electrodynamics was formulated. This ongoing effort, which
lasted for decades, was a kind of collaboration among with competition between
physicists, especially talented young physicists, who put their curiosity and creativity
to the test. The history of quantum electrodynamics was accompanied by
disappointment, hope, failure, and success.
What was done was to explain the empirical observations mathematically or to
provide equations consistent with the experiences that are still ongoing. The
expansion of quantum electrodynamics can be seen as a remarkable result of the
interaction between theory and experience. Part of this evolution was due to the advent
of the newly emerging microwave technology, which enabled Henry Dicke 3 to
accurately measure the hydrogen spectrum and electron magnetic moment. The
results of the experiment, published in 1947, produced rapid theoretical
advancements. These advances, in turn, have led empirical researchers to devise new
methods of measuring more precisely. At the moment, while it is still possible to
improve the method, the theory, and experience in a wide range of energies are
remarkably consistent.
Quantum electrodynamics (QED) was the first quantum field theory to be
discovered. QED describes the electromagnetic field, which includes the
3

- Robert Henry Dicke (1916-1997)
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electromagnetic force, the force through which electric charges, including protons and
electrons, interact with each other. In the 1920s, Dirac introduced the first formulation
of quantum theory to describe the coefficient spontaneous emission of an atom and
called it quantum electrodynamics. He showed that the atom emits surplus energy as
a photon, and the behavior of the electromagnetic field is like a gas composed of
photons that act as a harmonic oscillator. Within a year, Dirac published his relativistic
theory of electrons and combined quantum mechanics with Albert Einstein's special
theory of relativity. Other physicists, including Wolfgang Pauli, Eugene Wigner 4,
Pascal Jordan 5, Max Born 6, Werner Heisenberg, and Enrico Fermi 7, helped develop
the Dirac idea to form the basis of modern QED.

Fig 25-1: Feynman diagrams for electron and virtual photon

4

- Eugene Wigner (1902-1995)
- Pascual Jordan (1902-1980)
6
- Max Born (1882-1970)
7
- Enrico Fermi (1901-1954)
5
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While photons can be considered both particle and wave, in QED, photons are
considered particles that carry the electromagnetic force. Charged particles interact
with each other by emitting and absorbing photons. Photons themselves do not
experience the electromagnetic force and therefore don't interact with each other, but
the electromagnetic effects are produced by energy and the momentum that they carry.
Force-carrying photons are known as "virtual" particles (virtual photons) that are
carriers of the electromagnetic force. Virtual particles exist for a short time. They are
invisible in principle and can only be identified by the effect they have on the particle
that emits or absorbs them.
Therefore, the photons carrying the force are different from those produced by
other phenomena, including nuclear fusion, which can potentially exist forever. The
possible ways in which charged particles can interact by exchanging virtual photons
are represented by Feynman diagrams. These were devised by Richard Feynman in
the 1940s and 1950s. Feynman diagrams show a plot of time and space with straight
lines used to depict fermions, like electrons, and wavy lines to depict bosons, like
virtual photons (figure 25-1). Antiparticles are represented as normal particles that are
moving backward in time.

25-2-1 Zero point energy (ZPE)
Zero point energy, or vacuum fluctuation, is a term used for the constant fluctuation
of electromagnetic waves in a vacuum, which is observed after removing all the
energies in the system. The Casimir 8 effect is a weak attractive force between two
parallel uncharged conducting plates. This work was predicted by Casimir in 1948.
The pressure on the plates is different due to vacuum fluctuations on its inner and
outer surfaces, the difference of these pressures producing the Casimir force (figure
25-2). According to Casimir's effect, Bohr whispered something is referred to as zero
point energy. Then zero point energy entered physics. The QED theory changed our
view of the classical vacuum that was only considered empty. In the vacuum state, the
expected values of 𝐸𝐸 2 and 𝐵𝐵2 are non-zero. This means that fluctuations in energy are
possible in a vacuum.
In fact, vacuum fluctuations have been empirically confirmed, and this rare
fluctuation has a significant contribution to the effects observed in the laboratory. In
addition, in the presence of an external electromagnetic field, these fluctuations lead
to the production of particle-antiparticle pairs that are polarized as components of the
8

- Hendrik Casimir (1909-2000)
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dielectric environment. This work, called vacuum polarization, has been empirically
confirmed. Thus, the concepts of light and vacuum in the minds of physicists both
changed with the advent of QED. In addition to the above explanation, zero point
energy and quantum vacuum fluctuation is a result of the Heisenberg uncertainty
principle (see chapter 20). The problem with relativistic quantum mechanics is that
Dirac equations cannot explain the production and decay of virtual pairs in a vacuum.
Feynman showed that his diagrams also include the production and decay of virtual
pairs in a vacuum. The set of Feynman diagrams for the vacuum is shown in figure
(25-3). Although the QED quantum electrodynamics theory is very consistent with
the experimental results, there are still problems with this theory. However, many of
the features of QED have been applied in modern theories of strong and weak actions.

Fig 25-2: Casimir effect

25-3 Exchange particles
The first step to justify strong nuclear forces was taken in 1932 by Heisenberg. He
hypothesized that protons are interconnected by exchange forces. Thus, it can be
assumed that two particles exchange the third particle, called an exchange particle.
According to Heisenberg's theory, all attractive and repulsive forces are the result of
exchange particles. In the case of the electromagnetic force, the exchange particles
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are photons. Virtual photons also travel at the speed of light. Virtual photons are the
result of the uncertainty principle. Figure (25-4) shows the space-time diagram of the
exchange particles between two electrons whose effect is repulsive and an electron
and a proton whose effect is attractive. In figure (25-4), one electron generates and
emits a virtual photon.

Fig 25-3: Feynman diagram for quantum vacuum

Virtual photons also travel at the speed of light. Virtual photons are the result of
the uncertainty principle. Figure (25-4) shows the space-time diagram of the exchange
particles between two electrons whose effect is repulsive and an electron and a proton
whose effect is attractive. In figure (25-4), one electron generates and emits a virtual
photon. The second electron absorbs it. The energy and the momentum of each of the
reactive electrons are changed by the photon exchange. The invisibility of the virtual
photon allows for the loss of energy conservation and momentum between the time
interval of emission and the photon's absorption. The uncertainty principle for energy
is assumed to limit the violation of energy conservation to the following value:
∆𝐸𝐸∆𝑡𝑡 ≥

ℏ
2

(25-1)
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In which 𝛥𝛥𝛥𝛥 equals the time interval between the emission and the absorption of
the virtual photon. The particles that apply in this relation are called virtual particles
and their lifetime is Δt. In other words, the lifetime of virtual photons depends on the
uncertainty principle. Also, these particles cannot move faster than the light speed.
These limitations determine the mass m and the range R of exchange particles. The
highest range of exchange particles can be obtained from the following relation:

Range ≈ ct ≈


2m 0c

(25-2)

In which m 0 is the rest mass of the particle. Because by relativity, every particle that
moves at the speed of light is a massless particle, so given the high relation, the virtual
photon range, which is the exchange particle of electromagnetic force, is infinite.

Fig 25-4: Electromagnetic interaction

The particles that carry forces are called bosons and have a spin equal to an integer
number of zero, one, two ... The theory that electrical forces are transmitted by virtual
photons has prompted Japanese physicist Yukawa 9 to apply an exchange particle
scheme to the strong interaction, the force that holds the protons together in the
nucleus. (At that time, there was still no debate about whether nucleons were also
made from other particles, quarks). Given the short range of the strong interaction,
Yukawa predicted the exchange particle of strong interaction to have a mass about
300 times the mass of the electron's mass at rest, which was later discovered and called
mesons. Likewise, the exchange of particles for weak interaction can also be
9

- Hideki Yukawa (1907-1981)
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explained. The obtained results show that the weak interaction is carried by three
bosonsW⁺ , W⁻ , and Z⁰, all of which have non-zero rest mass and their range is
limited. Since the theory of graviton (exchange particle carrying gravity force)
propounded because graviton moves at the speed of light c, its rest mass is zero, and
range is infinite.

25-4 Model of Fundamental Particles
In the 1950s and 1960s, physicists discovered more than a hundred types of stronginteracting particles called hadrons by breaking atoms in labs. No one could explain
why the world of fundamental particles that seemed so simple in the 1930s suddenly
became so complicated. It was once thought that the entire universe was made of four
particles (electrons, protons, neutrons, neutrinos) and two forces (electromagnetism
and gravity). But physicists have encountered a flood of new hadrons discovered in
labs. The discovery of new particles was so fast that Oppenheimer joked that the
Nobel Prize in physics 'should go to the physicist who did not discover a new particle
that year. Therefore, a new theory was needed to classify and organize these particles.
Table 25-3: Quarks
Symbol of quark

charge

Mass GeV

down (d)

-1/3

0.333

up (u)

+2/3

0.330

strange (s)

-1/3

0.486

charm (c)

+2/3

1.65

bottom (b)

-1/3

4.5

top (t)

+2/3

176

To find a table such as the Mendeleev table, physicists began to search for a
symmetry that could classify all hadrons. In the early 1960s Gell-Mann 10 introduced
a symmetry scheme he called the Eightfold Way, which was based on the
10

- Murray Gell-Mann (1929-2019)
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mathematical symmetry known as SU(3). Gell-Mann like Mendeleev, was able to
predict the existence and even properties of particles that had not been discovered
before. But if this pattern was comparable to Mendeleev's table, what could have
replaced instead of the electrons and protons in this pattern? This pattern arises from
the existence of the subatomic particles that they called quark. In fact, by combining
three types of quarks could describe all the particles produced in laboratories. Finally,
six types of quarks have been proposed that are recognized in pairs (table 25-3).
The electrical charge of quarks as fractional is -1/3 and +2/3 , and the hadrons are
composed of quarks. Although quarks have fractional electric charges, the hadrons
obtained by combining them have integer electric charges. In addition to electric
charge, quarks carry another type of charge called color-charge. Electrical particles
(charged particles) classify themselves into structures that are electrically neutral. A
similar phenomenon occurs in the color-charge quarks. In quarks instead of two, there
are three charges that they are called red, blue and green. Note that the color charge
is that the quark carries some charge and has nothing to do with ordinary color. When
we say green, it means that the quark charge is positive. The rules of color-charge are
somewhat more complex because of the three types of charge instead of two. But it
seems that in only two cases the color force is attractive. The force between a quark
carrying a certain color and its anti-quark carries its anti-color is attractive, and the
force between the three quarks, that no two of them are the same color, is also
attractive. Any other combination leads to repulsive force. The composition of the
quarks is summarized as follows:
State one - Quark In addition to anti-quark is what we call mesons.
State two - Three quarks correspond to a baryon.
Therefore, only mesons and baryons have strong interaction. The force is also
reflected as color-charge. However, the law governing the force between quarks is
simple. Quarks only come together if the resulting color is white (remember the color
scheme). There is a complete similarity between the color- charge and the electric
charge (figure 25-5 A).
Just as particles can have a positive or negative charge, quarks can also be green,
red, or blue. Note that these colors are just a name, and quarks have no radiation that
resembles the frequency of blue, red, or green light that displays these colors in the
eyes. But just as the electric charge has both positive and negative aspects, the color
has three aspects: green, red, and blue. A proton is produced by mixing a green quark,
a red quark and a blue quark, which is a colorless proton (figure 25-5 B). The force
between the particles which have color-charge is very strong, which is why it is called
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a strong force. The particles that carry this strong force that is exchanged between
quarks are called gluons. The color-charge is of a different nature than the
electromagnetic charge, and the gluons themselves have color-charge, which makes
them more surprising because they are unlike the photons which carrying
electromagnetic force. Although photons carry the electromagnetic force, they
themselves do not have an electric charge.

Fig 25-5: Composition of quarks

On the other hand, the hadrons, which consist of quarks, lack color-charge and are
neutral in color charge. That is why we only see the effects of this powerful force
among the hadrons. The theory that explains this force is called quantum chromodynamics. One of the most important factors in the simplicity or difficulty of the
description of the quantum fields is the coupling constant. Thus, before describing
quantum chromo-dynamics, it is necessary to explain the coupling constant.
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25-4-1 Coupling constants
The coupling constants are the coefficients that determine the interaction power
between two particles participating in an interaction. For example, how much force is
in Newtonian gravity between two masses at a given distance is determined with the
Newtonian gravity constant. Another factor determines the amount of force between
two charged particles. These types of coefficients are used with a more refined
definition for computation, the results of which are consistent with the fine structure
constant in electromagnetism. For this purpose, we can define a coupling constant for
each field. These coefficients exist for all fundamental fields in physics, and despite
their names, it is shown in quantum field theory that they are not constant and change
with energy and all of them converge at high energies. Because we deal with
subatomic scales in quantum mechanics, physicists define coupling constants using
quantum quantities and constants, including Planck units, the speed of light, the mass
and charge of electrons (table 25-1).
Gravitational Coupling Constant: The gravitational coupling constant is defined
as follows:

αG =

Gme me 2
=(
) ≈ 1.752×10-45
c
mp

(25-3)

In which 𝑚𝑚𝑒𝑒 is the electron mass and 𝑚𝑚𝑝𝑝 is the Planck mass.

Fig 25-6: Diagram of coupling constants
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Electromagnetic Coupling Constant: For the electromagnetic coupling constant

α is used, where α is obtained from the following relation:
α=

e2

1
4πε 0 c 137
=

(25-4)

In which ε 0 is the vacuum permittivity constant, e is the electron charge (electron
charge unit) and all the values are constant. The beta function needs to be defined
before we talk about other couplings.
Beta Function: In theoretical physics, in particular quantum field theory, the beta
function β (g) is defined as follows:

β (g) = µ

∂g
∂µ

(25-5)

In which g is an optional coupling coefficient and 𝜇𝜇 is a physical process.
Therefore, the beta function is defined as the changes in the coupling coefficient due
to changes in a physical process. For example, suppose that the coupling coefficient
is 𝛼𝛼 and the physical process is heat changes, then the ratio of the coupling constant
changes to the heat changes is defined as a beta function for this process. Also note
that in this case, instead of g, α should be considered (figure 25-6).
Coupling constant of strong interaction: It should be noted that weak and strong
interaction has a basic difference by gravitational and electromagnetic interactions,
due to the range of these interactions. The range of electromagnetic and gravitational
interactions is infinite, while the range of weak and strong interactions is very short
and less than the radius of the atom. This difference has a large effect on their coupling
constant. The coupling constant of the strong interaction is approximately equal to
𝑎𝑎𝑠𝑠 ≈ 1. Introducing the quark theory, the strong coupling constant applied between
the quarks was presented as a function of the energy of the quarks for the small space
(within the proton, figure (25-7)):

α S (E) =

12π
E2
(33 − 2n f ) ln[ 2 ]
Λ

(25-6)

In which 𝑛𝑛𝑓𝑓 is the number of active quarks in production of coupling and maximum
up to 6 and Λ is the tested coefficient and approximately equal to 0.2GeV . The nature
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of this definition is to α S gives a value of 1 for intervals as much as the radius of the
proton.

Fig 25-7: The coupling constant of the strong interaction is defined for space which
is a function of their range.

25-5 Quantum chromo-dynamics or color electro-dynamic
The strong nuclear force, also called the color force, prevents the nuclei quarks from
being too much separated from each other or even thrown outward. Quark's powerful
force, or strong force, is transmitted through the exchange particles or so-called gluons
that fly between quarks. This force, like glue, ensures the bonding between quarks,
which is why they use the word gluon to mean glue. The nuclear force that holds
protons and neutrons together in the nucleus of an atom is not actually a fundamental
force, but a force that is achieved from the color force of quarks (the strongest force
referred to). The range of this force is very short and is ineffective outside the atom's
structure. For many years, physicists' efforts to find a method for calculating strong
interactions between quarks did no results, and they believed that a method similar to
the method of calculating electromagnetic and weak interactions cannot be found
because of the amount of coupling constant of strong interaction. To better understand
it, let's look at the Landau11 Pole. The difference between the two theories is related
to the QED coupling constant and the QCD interaction, referred to as the Landau pole,
as shown in figure (25-8). In physics, the Landau pole is the scale of momentum (or
energy) in which the coupling constant of a quantum field theory becomes infinite.

11

- Lev Landau (1908-1968)
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Fig 25-8: Comparison of the coupling constant in QED and QCD

To compare the differences between these two theories, we can also refer to our
intuitive understanding. What happens in the atomic nucleus and the fusion of the
nucleus in the center of the stars is that the positively charged particles do not repulse
each other at short distances, that is, at short distances (relative to the radius of the
nucleus) the repulsive force between positive charged particles become the attractive
force. This is exactly what quantum chromo-dynamics cannot explain, but CPH
theory can. See CPH Theory (in this book) for more details. Unfortunately, to date,
no satisfactory method of calculating strong interaction has been found in quantum
chromo-dynamic theory. The conditions at high energies appear to be even worse,
provided that the beta function is positive for the theory that as a result, coupling
constant increases with increasing energy and makes calculations more difficult.
Evidence showed that a real theory must have a positive beta function.
Finally, some articles have been published that, surprisingly, showed that beta
function can have negative values. One of the most important proofs of the QCD
theory is made by testing collision of electrons and positrons at high energies. In this
experiment, electrons and positrons collide and new particles, including quarks,
appear. In this process, quark particles are produced at very close distances and
diverge very rapidly. In fact, when quarks want to move away from each other, they
are affected by the increasing force of the strong interaction that generates a pair of
new quark particles, in this way, a cascade of particles is produced in the direction of
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the initial quark and anti-quark. In 1990, the Nobel Prize in Physics was awarded to
Friedman, Kendall, and Taylor for demonstrating that the constituents of protons
(quarks) that have electric charge act as free particles at high energies. In this case,
the momentum of quarks is only half the momentum of the proton made of them, and
the rest is due to the momentum of the gluons.

Table 25-4: Characteristics of fundamental forces

25–6 Electroweak
Weak interaction, commonly called weak force or weak nuclear force, is one of the
four fundamental forces of nature. This force is carried by bosons Z0  وW + , W - that
appear in the radioactive elements by beta decay and are 1013 times weaker than the
strong interaction (table 25-4). Due to the mass of the weak bosons (approx 80 GeV
) and considering the uncertainty principle, these bosons have a lifetime of about
3×10-25 seconds. In decay, a neutron becomes a proton, and an electron and a
neutrino-electron diffuse, W - causing this decay. For example, when cobalt 60 is
converted to nickel 60, as is evident in the process (figure 25-9), it is presented as
follows:
60
27

Co →60
28 Ni+e + ν e

n → p+e- +ν e
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In fact, in the above process a d quark becomes a u quark.
d → u+W -

There is a similar relationship for W + .

-

Fig 25-9: Beta decay and W boson

25-6-1 Weak and Electromagnetic Unification
In 1967 a new theory of quantum field was introduced that could unite weak nuclear
force and electromagnetism. For the first time since Maxwell's, almost a hundred
years later, the unity of the forces of nature has taken another step forward. Weak
interactions are related to the behavior of electrons and their partners called neutrinos.
Of all the particles, neutrinos may be the rarest of them, because they are extremely
volatile. The neutrino has no electric charge, is very hard to detect and is included in
the standard mass-free model. But two physicists, Arthur McDonald and Takaaki
Kajita have shown that neutrinos have mass and that their identity can be changed.
The two physicists won the Nobel Prize in Physics in the year 2015. New observations
have shown that the standard model cannot be a complete theory. In 1933, Enrico
Fermi published the first comprehensive theory of neutrinos. The existence of the
neutrino was confirmed in 1953, when a large number of particles were created by a
nuclear reactor. As neutrinos unfolded, physicists speculated that the force between
electrons and neutrons was created by the exchange of new particles called weak
particles. Weak interaction particles are also called vector bosons.
This theory was precisely describable by diagrams similar to Feynman diagrams;
instead of the electron-positron pair, it is enough to replace the electron-neutrino and
replace the W particles instead of photons (figure 25-10). The problem was that the
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theory could not be normalized by the use of symmetry, and the theory involved with
infinites that physicists had been involved for years. Finally, Abdus Salam 12,
Weinberg 13, and Sheldon Glashow14 unified the weak and electromagnetic forces
using the newly introduced mathematical symmetric relations (see next chapter for
more details). The three physicists independently published their theory in 1967 and
jointly received the Nobel Prize in 1979. Physicists had seriously believed that weak
forces were closely related to electromagnetic forces, and they eventually discovered
that at very short distances (approx10-18 m ) the power of weak interaction was
equivalent to that of electromagnetic interaction. But when the distance is 30 times,
that is in distance 3×10-17 m , the weak interaction power is much weaker than the
electromagnetic one. At very short distances for quarks inside a proton or neutron
10-25 m , the force is even weaker.

Fig 25-10: Weak interaction diagram

Physicists conclude that in fact, weak and electromagnetic forces have essentially
the same powers. The strength of the interaction depends on two factors, the mass of
the carrier particles of force and the distance of the interaction. The difference
12

- Abdus Salam (1926-1996)
- Steven Weinberg (1933-)
14
- Sheldon Lee Glashow (1932- )
13
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between their observed powers is due to the large difference in mass of Z0  وW + , W - that
are very massive and the photons that are massless. Therefore, at a finite distance of
10-18 m , the weak interaction power is equivalent to the electromagnetic interaction
(table 25-5). The unity of weak and electromagnetic interactions that is called
electroweak, was ignored for several years. But from 1971 onwards, this theory
gradually became more popular and accepted.

Table 25-5: Characteristics of weak bosons and virtual photons

Mass
Unified ElectoWeak

GeV/c

Electric Charge
2

(e)

γ

photon

0

0

W-

W minus boson

80

+1

W+

W plus boson

80

-1

Z°

Z boson

91

0

25-6-2 Unification the forces
Many physicists, including Faraday and Planck, believed that gravitation and
electromagnetic forces were very similar, and there was probably a similar
relationship between gravitation and electromagnetic forces, such as that between
electric and magnetic forces. Albert Einstein also tried very hard to summarize these
two forces into one primary force. But he failed. In Einstein's time, of course, the two
most important forces were the two gravitational and electromagnetic forces.
Einstein was motivated by an intellectual need to unify the forces of nature. He
strongly felt that all of nature should be described by a single theory. “The intellect
seeking after an integrated theory cannot rest content with the assumption that there
exist two distinct fields totally independent of each other by their nature,” Einstein
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said in his Nobel lecture in 1923 15. In addition, he believed that there was a need to
eliminate the obvious paradoxes of quantum mechanics and the necessity to unify
electromagnetic and gravity. Einstein always insisted that quantum mechanics could
be derived from some more complete theory. For Einstein, who was never satisfied
with the weirdness and randomness inherent in quantum theory, any acceptable
unified field theory had to have quantum mechanics as a consequence. In the 1920s,
when Einstein began his work on unified field theory, electromagnetism and gravity
were the only known forces, and the electron and the proton were the only known
subatomic particles. In addition to Einstein, other physicists, such as Hermann Weyl
and Theodor Kalutsa, worked on the unification problem but their approach was
geometrical and sought to extend 4D space-time to include electromagnetism, which
has not to succeed.

Fig 25-11: Unification of forces in the first moments after the Big Bang

But today physicists have been able to show that at very high energies, the
difference between electromagnetic force and weak force disappears and it is possible
that at much higher energies, the difference between strong force and weak force, and
Also, the difference between the Leptons and the Quarks disappears, so that there will
15

- Einstein's Grand Quest for a Unified Theory. APS News, December 2005
https://www.aps.org/publications/apsnews/200512/history.cfm

588

Physics from the beginning to now

be only one primary particle and one primary force. Such relationships could not be
established even with the largest accelerators, but the "unity of forces" probably
existed shortly after the Big Bang (figure 25-11). That is when the whole universe
was still a supernatural fiery orb with enormous energy. In the realm of the smallest,
there is still much to be researched. For example, can 21st-century physicists ask
whether quarks and electrons are made of smaller particles?
By dividing the forces of nature into two basic and non-basic categories, the
question arises: what is the origin of the non-basic forces? The strong and weak
nuclear forces operate within the nucleus of the atom. Therefore, only electromagnetic
and gravity forces can be the source of non-fundamental forces. Examination and
analysis of other forces showed that non-fundamental forces have an electromagnetic
origin. Therefore, the generating factor for all non-fundamental forces is the
electromagnetic force.

25-7 Magnetic moment
In the interaction model between charged particles, it is suggested that these particles
interact with each other by emitting and absorbing a virtual photon. Here we examine
a model of interaction that results from quantum mechanics. In this model, an electron
interacts with an external electromagnetic field and changes its momentum of p by
absorbing a virtual photon. In any case, a number of internal interactions will occur.
An electron with momentum p moves a virtual photon with momentum k, and its
momentum is reduced to p-k until it re-absorbs another virtual photon.

Fig 25-12: Virtual photon absorption and radiation affect the momentum of particles.
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As a virtual photon may become an electron-positron pair, it contributes to the original
momentum as long as the electrons and positrons are not combined again (figure 2512). Virtual photon emission and absorption change the momentum of the electron.
Complex states may occur during pair generation and virtual photon radiation.
Each coupling of photon to fermion has a coefficient equal to the second root of 𝛼𝛼,
(√𝑎𝑎 ) which α is the electromagnetic coupling constant. The relation (25-4) is internal
interaction of α which is known as self-internal energy. In the case of electron, the
mass is the first property to appear and the electrical effect is the second property. We
can calculate the mass and electrical effects of each individual circle by summing and
integrating on all graphs. Likewise, we can apply this method to infinite size and
calculate the mass and magnetic effects.

Fig 25-13: Each charged particle is surrounded by a cloud of virtual photons.

Little thought suggests that the placement of electric charge and mass e  وm
between the most important parameters of a theory is not acceptable and should be
considered as measurable effects. When we do an experiment with an electron, the
electron is surrounded by a cloud of virtual photons and this is the effective mass of
the electron, m effective being measured (figure 25-13). Some very complex
mathematical calculations called renormalization to allow us to apply physical mass
and charge and ignore the inner circles in the particle lines. External circles (input and
output couplings), however, have a finite number of visible effects. Here are some
features of electromagnetic interaction. One of these interactions is the magnetic
moment of the charged leptons, especially the muons (table 25-6).
Dirac, using relativistic quantum mechanics for quasi-dot particles, such as
electrons or muons, proposed the magnetic moment which is inherent in charged
leptons as follow:
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µ

In which µ

B

=

e
=
±µ , µ =
Z
B
B 2m

(25-7)

e
is called Bohr magneton. On the atomic physics scale we can
2m

write:
µ = gµ

BS

,

S

Z

= ±

1
2

(25-8)

In which g is called the gyro-magnetic ratio of the electron which is g = 2 for the
non-quantum state. But in general we will have:
g=2(1+a)
In which (a) is called the anomalous magnetic moment of the electron.

Table 25-6: Leptons

Complete calculations of quantum electrodynamics are very confusing, but the
field theory draws our attention to the values of (a) and 𝛼𝛼. We can even provide a
qualitative explanation of why the magnetic moment is observed. When a lepton with
spin 1/2 emits a photon with spin 1, its spin and so on its magnetic moment is hit. The
average magnetic moment of a real lepton is less than we would expect from a particle.
Another important observed effect is the positive value to be considered for a. A
classic picture of the magnetic moment of a charged particle can be obtained from a
circle drawn around its center of mass. The spin, and therefore the magnetic moment
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of leptons, is affected by the radiation (or absorption) of a virtual photon. The
emission and absorption of a virtual photon cause the value of μ to increase at the
center of the ring. The calculated values of quantum electro-dynamics for a, indicate
that it must be a = 0.5α /π . But in the general case, this value depends on the mass of
the lepton. The following equations have calculated some of these values for electrical
and magnetic effects.

25-7 A grand unified theory (GUT)
The way to develop a gauge theory of weak interactions is to investigate the
symmetries involved in changing electric charges in different parts of space. A similar
type of symmetry in relation to quarks involves color charges rather than electric
charges. Following the method developed by Weinberg and Abdul Salam, when we
check a system after random changing color charges of the quarks, no measurable
quantity must be changed.

Fig 25-14: Gluons and their compounds

Changes in the quantum mechanical properties of quarks should be counteracted
by compensatory changes in the quantum mechanical properties of exchanged
particles between quarks, particles called gluons. For neutralization to occur there
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must be eight particles of this type (figure 25-14). Note that gluons are virtual
particles, all that was said about the absorption and emission of virtual photons by
charged particles also happens to gluons, and such as virtual photons are short-time
existed.
All of these particles are massless and have a spin of 1 and carry color charge while
being electrically neutral. Each gluon carries one color and one anti-color, however,
this color and anti-color need not necessarily be members of the corresponding pairs.
There is, for example, a gluon that carries red and anti-green color charges and another
carries the blue and anti-red color charges. The exchange of gluons between quarks
holds the fundamental particles together, just as the exchange of photons between
electrons and protons keeps the atom cohesive.

Fig 25-15: The diagrams of three electromagnetic, weak and strong interactions will
converge at high energies.

The only real difference is that exchanges are a little more complicated for strong
interactions. Quantum chromodynamics thus provides a theory of quark interaction
that applies in basically of gauge symmetry, as applied for color-charges. The question
that can now be asked is whether this interaction can be unified by the electroweak
force using the above method. The answer is yes and the outline is easy. The
interaction involving all three forces (strong, electromagnetic, and weak) exhibits a
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gauge symmetry that allows us to vary the electrical and color charges at different
locations in space. Since we are talking about combining weak and strong interactions,
we must necessarily generalize this symmetry and make the quarks become leptons
in the same way. To compensate for these transformations, there must be a family of
particles whose exchange be a factor of a unified force. The change in these exchange
particles will completely neutralize the change in the original particles and make the
resulting theory immutable. In the symmetrical form of the theory, all exchange
particles are massless. But due to their spontaneous broken symmetry, some of these
exchange particles become massive. Just as the vector bosons were in the unified of
the weak and electromagnetic forces, the coupling constants of the strong and weak
forces are approached at high energies (figure 25-15). The coupling constant of strong
interaction is equal to:

=
aS

g s2
≈1
4π c

(25-9)

The fundamental force acting on this unified theory is a family of 24 massless
particles with spin-one. In the grand unified theory, these particles play the same role
as four massless particles with spin one in the electroweak unity. In fact, four of these
particles are equivalent to four bosons of electroweak, while the other eight are
equivalent to gluons carrying strong-force. The remaining 12 particles are represented
by x and represent a new set of particles. The x particles carry charge-color and
electric charge (figure 25-16).

Fig 25-16: Proton decay
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The x particles have the property that when absorbed by a quark, convert it to a
lepton and vice versa. Thus, these particles prove the most important prediction of
largely unified theories, proton instability. When the present energy in collisions of
particles exceeds 1015GeV , the fact that x has mass and gluons are not, becomes
meaningless and the symmetry of the field in the system becomes apparent. As energy
drops below this level, the effects of spontaneously broken symmetry become
apparent, and the strong force will look very different from the electroweak force. For
example,1015GeV is the mass of the grand unity and the corresponding energy is
called the grand unified energy.

25-8 Supersymmetry supergravity and unification
The work to be done consists of two parts. The first is the development of a quantum
gravity theory based on the exchange of particles and the second is to combine this
theory with the grand unified theory. The situation we are facing here is similar to
what we saw in unifying strong forces with electroweak. We first needed a theory of
strong interaction (quantum chromo-dynamics) then we had to find a way to integrate
that theory with Weinberg-Abdus Salam's theory and came up with a grand unified
theory of GUT. The described method which means quantum gravity and combines it
with the grand unified theory nowadays called supersymmetry, and quantum gravitaty
theories that using supersymmetry are called supergravity theories.
Supersymmetry theories operate in such a way that the distinction between bosons
and fermions disappears. The general form of a supergravity theory is the unification
of gravity force with other fundamental forces and introduces interactions in which
fermions and bosons can replace each other, which leads to systems that there is only
one super-particle in it. Beyond this general picture, and the view that unification
should take place in Planck's time, there is currently no solid theory in this regard. In
1974 Sheldon Glashow and Howard Georgi 16 proposed a theory in which a strong
force was unified with the electroweak, and was called the Grand Unified Theory
(GUT). This theory predicts that quarks can be transformed into electrons, in other
words, protons can be transformed into electrons because the protons are made up of
three quarks. Although GUT theory made significant progress in unifying the
electroweak force with the strong force, it was theoretically incomplete. For example,
this theory cannot explain why there are three copies of the particle families (electron,

16

- Howard Mason Georgi (1947-)
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muon, and tao families). In addition, there were many contractual constants in theory
that was not satisfied by physicists.

How did the term quark get into physics?
Murray Gell-Mann, the creator of the term quark, writes: In 1963, when I identified
the constituents of neutron and proton, I chose the term kwork for it, but when reading
James Joyce's book "Finnegans Wake 17", I faced with the sentence three quarks for
Mr. Mark:
“Three quarks for Muster Mark”
In addition, number 3 is perfectly suited to how quarks are found in nature.
Murray Gell-Mann, 1994
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Chapter 26

Development of Mechanics and Physical Engineering
One machine can do the work of fifty ordinary men. No machine can do
the work of one extraordinary man. Elbert Hubbard

26-1 Lagrangian and Hamiltonian
It is easy to apply Newton's laws of motion directly to simple systems. But as the
number of particles in the system grows, it will be difficult to apply Newton's laws.
In this case, a general method developed by Lagrange 1 is used. In fact, Lagrangian
mechanics is a set of mathematical equations that can be used to find the equations of
motion of all dynamical systems. Because it is more general than Newton's equations,
this method is also applicable to simple states that are easily solved by Newton's
equations of motion. The basis of the work of Lagrange and Hamilton 2 equations is
to relate the kinetic and potential energy of a system to a mathematical equation. If
the kinetic energy of a system is T and its potential energy is U, the Lagrange equation
is as:
𝐿𝐿 = 𝑇𝑇 − 𝑈𝑈
1
2

- Joseph Louis Lagrange (1736-1813)
- William Rowan Hamilton (1805-1865)

(26-1)
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And the Hamiltonian equation is as:
𝐻𝐻 = 𝑇𝑇 + 𝑈𝑈

(26-2)

𝐻𝐻 = 𝐻𝐻(𝑝𝑝, 𝐿𝐿)

(26-3)

But Hamiltonian is usually written as a function of Lagrangian and momentum,
namely:

Since kinetic energy is a function of particle's velocity and its potential energy is
a function of its position, in the equations, we deal with x quantities (position or
position of the particle in the coordinate system), and v (particle speed relative to the
coordinate system). Usually q and 𝑞𝑞 ′ are used to check the system in general, instead
of x and v. Considering that position and velocity in different systems can have
different components such as (x,y,..) and (v x , v y ,...) , they generally represent the
position with qi and the derivative with 𝑞𝑞𝑖𝑖′ . So the above coordinates are generally
written as follows:
(𝑞𝑞1 , 𝑞𝑞2 , 𝑞𝑞3 , … ) , 𝑞𝑞1′ , 𝑞𝑞2′ , 𝑞𝑞3′ …

(26-4)

It should be noted that these coordinates and components are themselves a function
of time t.

Fig 26-1: Lagrangian is used to study ice-edge trajectories.
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Lagrangian and Hamiltonian are widely used in complex systems, ranging from
celestial mechanics to molecules, ice movement to fundamental particle physics and
quantum fields (figure 26-1).

Fig 26-2: Lagrangian and Hamiltonian deal with potential and kinetic energy
changes and their interactions.

Using Lagrangian and Hamiltonian is very important in simplifying mathematical
calculations in a dynamic system (figure 26-2). Even for classical systems such as
interaction of the moon and Earth, the use of Lagrangian and Hamiltonian is much
simpler than applying Newtonian equations (figure 26-3).

Fig 26-3: The rotation of the moon and the Earth, around their barycenter, is examined
with Lagrangian. For the meaning of barycenter see section 6.
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26-2 Lagrange equation
The Abstract of Lagrangian Mechanics is a quantity that is called Lagrangian.
Consider a system that moves in only one direction. We determine the position of the
system with x variable. Its kinetic energy depends on the coordinate system in which
we examine the position of the system. Because one object may be at rest relative to
one system, that is, its kinetic energy is equal to zero, while it is in motion relative to
another system, meaning it has non-zero kinetic energy. But in general, suppose a
system has a speed v and position x relative to a coordinate system. Then consider the
T and U quantities where T depends on the speed and position, that is:

𝑇𝑇(𝑥𝑥, 𝑥𝑥 ′ )

(26-5)

The above relation expresses the kinetic energy of system. Also for U, we will
have:

𝑈𝑈(𝑥𝑥, 𝑥𝑥 ′ )

(26-6)

Given the quantities U and T, Lagrangian of a system are given with the following
equation:
𝐿𝐿(𝑥𝑥, 𝑥𝑥 ′ ) = 𝑇𝑇(𝑥𝑥, 𝑥𝑥 ′ ) − 𝑈𝑈(𝑥𝑥, 𝑥𝑥 ′ )

(26-7)

In relation (26-7) both the right-hand statements of the equation are scalar
quantities. Now if we derive the above form of L once relative to time (kinetic energy)
and once relative to the position (potential energy), then we get the following dynamic
relation:
𝑑𝑑 𝜕𝜕𝜕𝜕

𝑑𝑑𝑑𝑑 𝜕𝜕𝑥𝑥 ′

=

𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕

(26-8)

Example: We use the Lagrangian for a simple pendulum: The length of the
pendulum string is l and the mass of the ball is m. When the string, in an upright
direction, forms an angle of 𝜃𝜃 (figure 26-4), we have:

U ( x) = mgx

1

𝑇𝑇 = 𝑚𝑚(𝑙𝑙𝜃𝜃 ′ )2
2

U = mglθ

(26-9)
(26-10)
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Thus Lagrangian relative to θ, θ' will be as follows:
1

𝐿𝐿 = 𝑚𝑚(𝑙𝑙𝜃𝜃 ′ )2 + 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

(26-11)

2

Second method: According to figure (26-4) we can write:

x = l − l cos θ

(26-12)

Fig 26-4: Simple pendulum

Now we determine the right-hand statements of the equation (Lagrangian 26-7).
For kinetic and potential energy we have:
1

𝑇𝑇(𝑥𝑥 ′ ) = 𝑚𝑚𝑥𝑥 ′2
2

U ( x) = mgx

(26-13)
(26-14)

For the Lagrangian derivative to speed we have:
𝜕𝜕𝜕𝜕

𝜕𝜕𝑥𝑥 ′

=

𝑑𝑑𝑑𝑑

𝑑𝑑𝑥𝑥 ′

𝑚𝑚𝑥𝑥̈

(26-15)

And for the Lagrangian derivative to position we will have:
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∂L
dU
=
−
=
−mg
∂x
dx

(26-16)

According to the two recent relations, the equilibrium of the force applied to the
object and its weight is obtained.

26-3 Generalized coordinates
The position of a particle in space can be determined by three coordinate systems.
These include Cartesian, Spherical and Cylindrical. If the particle has to move on a
fixed plane or surface, it only needs two coordinates to determine the position of the
particle. However, if the particle is moving on a straight line or a constant curve, a
coordinate is sufficient. But for a system consisting of n particles, we will need 3n
coordinates to fully detect the simultaneous position of all the particles. If there are
restrictions on the system, the number of required coordinates to specify the
configuration will be less than 3n. For example, if the system is a rigid object, we only
need the position of a suitable reference point of the object (such as the center of mass)
and the orientation of that point in space to determine its configuration. Therefore, in
order to specify the configuration of a particular system, a minimum number of n
coordinates is required. These coordinates are called generalized coordinates.

26-3-1 Generalized force
In a generalized coordinate system, instead of forces used in Newtonian mechanics, a
force is defined in relation to each coordinate known as the generalized force. This
quantity, which is calculated using the definition of work, is such which the product
of the generalized force in the generalized coordinate has the dimensions of work.
Therefore, if the generalized coordinate has the dimension of distance, then this
quantity will be as force type. If the generalized coordinate is as the angle type, then
this quantity will have a torque dimension. That is, depending on the generalized
coordinate type, it can be the force or torque.

26-4 Hamiltonian
To investigate the motion of a system in Lagrangian mechanics, the kinetic energy
and potential energy of the system are determined. In fact, the main task is to
determine and correctly calculate the kinetic and potential energy of the system. This
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method assumes that there is a potential function, but if numbers of forces are nonconservative, such as in the case of Lagrangian equations, the contribution of these
forces can be considered separately. In this case, the Hamiltonian function is equal to
the sum of kinetic energy and the work is done by all forces, whether conservative or
non- conservative. The Hamiltonian equations consist of 2n first-degree differential
equations. These equations are written in terms of generalized momentum and its
derivatives. The generalized momentum is defined as derivatives of the Lagrangian
function relative to the generalized speed. Suppose the generalized coordinates of a
system are as follows:
�𝑔𝑔𝑗𝑗 |𝑗𝑗 = 1, … 𝑛𝑛�

(26-17)

�𝑞𝑞𝑗𝑗′ |𝑗𝑗 = 1, … 𝑛𝑛�

(26-18)

The components of the generalized speed corresponding to it are shown below:

For their Lagrangian we will have:

𝐿𝐿(𝑞𝑞𝑗𝑗 , 𝑞𝑞𝑗𝑗′ , 𝑡𝑡)

(26-19)

To write the system Hamiltonian, its momentum is used instead of speed. The
Lagrangian dimension is the same as the energy dimension. On the other hand, the
momentum dimension is the same as the energy per speed dimension. Therefore, the
momentum can be expressed as Lagrangian divided by the speed. Therefore, the
momentum components of the desired system can be written as follows:

𝑝𝑝𝑗𝑗 =

𝜕𝜕𝜕𝜕

𝜕𝜕𝑞𝑞𝑗𝑗′

(26-20)

This Hamiltonian selection of the component j can be defined as follows:

𝐻𝐻�𝑞𝑞𝑗𝑗 , 𝑝𝑝𝑗𝑗 , 𝑡𝑡� = ∑𝑖𝑖 𝑞𝑞𝑖𝑖′ 𝑝𝑝𝑖𝑖 − 𝐿𝐿(𝑞𝑞𝑗𝑗 , 𝑝𝑝𝑗𝑗 , 𝑡𝑡)

(26-21)

It can be shown that Hamiltonian equals the sum of kinetic energy and the potential
of the system, which means H = T + U. The Hamiltonian equations are the first set of
differential equations to solve problems simpler than the Lagrangian equations that
arrive at the same Lagrangian results for Newton's laws.

26-5 Fluid mechanics
Fluid mechanics is the knowledge that examines static and moving fluids and the
interaction between them and the static or moving objects inside or around them.
Since static and dynamic fluids are widely used in nature, industry, and human daily
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life, scientists are conducting extensive and often ingenious experiments in this field.
These experiments are mostly used in industrial applications which have led to the
creation of a science called fluid mechanics. Computational fluid mechanics is used
in aerospace and spacecraft manufacturing. For this reason, there is a great need for
scientific and practical research in fluid mechanics.
Until the early twentieth century, fluid studies were mainly carried out by two
groups of hydraulic engineers and mathematicians. Hydraulic engineers worked
experimentally, while mathematicians focused their attention on analytical methods.
The extensive and often ingenious experiments of the first group provided extreme
and valuable information to the applied engineering of that day. However, these
results were of limited value due to the lack of generalization of an efficient theory.
Mathematicians, too, by neglecting empirical information, making simple
assumptions, whose results were sometimes completely inconsistent with reality.
Finally, researchers concluded that the study of fluids should be a mixture of theory
and experiment. These studies were the beginning of the current science of fluid
mechanics. The new research and testing facilities that mathematicians and physicists,
engineers, and technicians use in collective work bring both perspectives together.

26-5-1 Fluid Statics
If all the particles are moveless in a fluid or have the same constant speed relative to
an inertial reference frame, the fluid is considering to be static. In static or uniform
moving fluid, since the fluid cannot withstand shear stress without moving, the static
fluid must necessarily be completely free of shear stress. A fluid having a uniform
motion, that is, a flow in which the velocity of all its components is the same, is also
free of shear stress since speed variations in all directions in the uniform flow must be
zero.

26-5-2 The flow of free surface
Free-surface flow is usually referred to as a flow of fluid in which part of the flow
boundary, called free-surface, is only affected by certain conditions of pressure. The
movement of water in the oceans, in rivers, as well as the flow of liquids in semi-full
pipes, is free-surface flows in which atmospheric pressure is applied to the boundary
surface. In the free-surface flow analysis, the geometry situation of the free surface is
not known in advance.
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26-5-3 Computational fluid mechanics
With the advent of the computer, a third method, computational fluid mechanics, has
emerged. When using the computer to change the various parameters that are in the
program, we deal with numerical simulation of fluid dynamics. With this method, new
phenomena are discovered, before being tested and practiced. As such, computational
fluid mechanics can be considered as a separate scientific field that complements the
theoretical and experimental fluid dynamics. Industries are using computers on a daily
basis to help solve the fluid flow issues that are needed to design tools such as pumps,
compressors, and motors. Aircraft engineers simulate three-dimensional flow around
the entire aircraft on a computer to predict flight characteristics. In fact, a significant
portion of the design and development budget is often devoted to computational fluid
dynamics studies.

26-5-4 Fluid dynamics
Fluid dynamics is a branch of fluid mechanics that determines the nature of a fluid's
motion. Since the laws expressing the complete motion of a fluid cannot be easily
computed and expressed as a set of relations, it is necessary to get help from
experiments. By using mechanical, thermodynamic analysis and precision testing,
large hydraulic structures and fluid dynamics relations can be obtained.

26-6 Analytic mechanics
Analytic mechanics, as the name implies, is a branch of extensive physics that
analyzes the motion of different systems. In classical mechanics, motion is generally
discussed and less detailed in motion. For example, the motion of a multi-particle
system is thoroughly examined, while in classical mechanics the single-particle
motion and ultimately the two- or three-particle systems are discussed. Analytic
mechanics are crucial to preparing for advanced work in physics. One of the goals of
analytic mechanics is to arouse the reader's curiosity in a way that prepares him to
think about physical phenomena in mathematical terms and provides a basis for a deep
understanding of the basic principles of mechanics. The purpose of learning
mechanics is to make the object appear almost as intuitive understanding in the reader
for mathematical expression of physical problems as well as physically altering
mathematical answers. First, the basic concepts of mechanics and the laws of
mechanics and gravity are expressed in mathematical languages. Then the problem of
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moving in one-dimensional space is fully explained. Harmonic motion is considered
as one of the most important examples of one-dimensional motion, in which it uses
complex numbers to represent oscillatory quantities. So a preliminary description of
the mechanics emerges. At this stage, vector algebra is considered as a very powerful
tool in the expression of mechanics problems and its application in mechanics. The
motion is divided into two-dimensional and three-dimensional states and required
fields for studying the movement of different systems are outlined. Eventually, it leads
to more advanced studies, such as Continuous mechanics, Lagrangian mechanics, and
small vibration theory.

26-7 Celestial mechanics
Celestial mechanics forms part of the physics of space in which the motion of celestial
bodies is studied. Celestial mechanics use classical mechanics topics and their
relations and rules. Celestial mechanics is often used to study the gravitational field
and its effects on objects such as planets, satellites, spaceships, and rockets. It should
be noted that in addition to the gravitational force, other factors such as atmospheric
resistance on the orbit of objects or plasma actions such as solar wind or meteorites
are also involved in the description of celestial mechanics. It can be said that there is
a great similarity between the motion of planets around the sun and the problem of
electrons moving around the nucleus of the atom. In other words, the motion of the
planets is an almost macroscopic state in very large dimensions of motion within the
atom, although the nature of these two phenomena is very different. Therefore, the
relationship between celestial mechanics with classical mechanics and quantum
mechanics becomes clear. Celestial mechanics is also closely associated with
astrophysics, astronomy, and cosmology, and in some cases, it is very difficult to
determine the boundaries between these sciences.
It is clear that much of human information and knowledge of celestial objects have
been acquired by satellites and spacecraft launched by humans. But knowing what
conditions a spaceship needs to move in space or how it places in the Earth’s orbit are
some of the things that are studied and explained by celestial mechanics, which makes
clear the importance of celestial mechanics.
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26-8 Solitons
One of the most interesting topics that have been of interest to physicists in recent
years is the discussion of solitons. Solitons are an efficient and non-linear
mathematical method for studying all physical waves and the effect of movement of
these waves on the wave propagation environment. Scott Russell 3 discovered the
solitons in 1834 and it was later presented as differential equations with partial
derivatives. He discovered some of its features by observing the movement of a wave
over the surface water in a canal and continued these observations for a while to finally
explain all its properties (figure 26-5).
Solitons were ignored for more than a century until, in 1965, Norman Zabusky 4 of
Bell Labs and Martin Kruskal 5 of Princeton University expressed mathematically the
behavior of solitons. Since then, solitons have become increasingly popular not only
for explaining water waves but also in other fields of physics dealing with the wave.
In 1987 Emplit, Hamaide, Froehly, Reynaud, and Barthelemy of the University of
Brussels and Limoges performed the first solitons experiment in the transfer of dark
solitons into the optical fiber.

Fig 26-5: The present waves on the surface of the water in a canal led to the
discovery of solitons.

- John Scott Russell (1808-1882)
- Norman J. Zabusky (1929-2018)
5
- Martin Kruskal (1925-2006)
3
4

610

Physics from the beginning to now

The properties of solitons in mathematical form can be divided into 3 categories
by differential equations and partial derivatives:
1. Showing these waves Stability
2. They are local so that they decay or end up at a constant value in infinity.
3. The solitons interact with each other, but after they collide, they are separated
without any change.
Solitons are one of the great mathematical achievements of the twentieth century
that is used to understand nonlinear dynamics. Figure (26-6) shows the behavior of a
wave, which is explained by solitons.

Fig 26-6: The behavior of a wave justified by solitons.

The mathematical explanation of the wave solitons can be understood in terms of
two figures (26-7A and B). In Figure (26-7A) a wave is moving from left to right, in
Figure (26-7B) the same wave is observed without any change.
The mathematical and geometric shape of the wave with a spatial displacement
makes no difference. These features led to the attention of solitons, and Gordon
presented the mathematical form of solitons as follows:

26. Development of Mechanics and Physical Engineering

611

 ∂2
  ∂2

ϕ
(
x
,
t
)
0
(26-22)
 2
 −  2 ϕ ( x, t )  + sin(ϕ ( x, t )) =
 ∂t
  ∂x


Fig 26-7 A: Wave beginning at x=6, B: Wave beginning at x=7

Today, solitons are used in all scientific and practical fields, such as the behavior
of molecules, electronics, Bose-Einstein's explanation, and even DNA behavior in
biology. Because gravity can behave like a wave, some physicists try to solve the
problem of quantum gravity using solitons 6. Given its new approach to the waves, we
are expected to see more expansion of solitons in the future.

26-9 Medical physics
Medical physics means the application of physics to the medical profession, such as
radiography, ultrasound, ophthalmology, and more. Because biophysics means the
6
- Staff Writers; Matsumoto, Japan (SPX), The link between gravity and solitons,
SpaceDaily, Feb 28, 2020
https://www.spacedaily.com/reports/Witnessing_the_birth_of_baby_universes_46_times_Th
e_link_between_gravity_and_soliton_999.html
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physics of life, medical physics discusses the physics of human life. Such as blood
circulation, ear anatomy, eye anatomy and more. On the other hand, applying the
principles and rules of these scientific groups in designing or building a system is
called medical engineering and bioengineering, respectively. Establishing medical
engineering and bioengineering courses is one of the essentials of an advanced
society. On the other hand, medical physics and biophysics education precedes
medical engineering or technological education. In other words, it can be stated that
medical physics is a very powerful tool that can be provided for physicians and
medical engineers. In fact, the same is true for other engineering fields. For example,
in electronic physics, the structure of electronic components is carefully examined.
However, in electronic engineering, the use of these components is more emphasized.

26-9-1 The necessity of acquaintance with medical physics
Nowadays, due to the rapid advancement of technology and the increasing number of
devices in hospitals and clinics, not only there is a need for thousands of medical
engineers in the community, but physicians and paramedics need to be capable of
maintaining the devices as well, and that requires familiarity with medical physics.
Neglecting the physical principles governing diagnosis and treatment will aggravate
the disease, waste time and national capital, and ultimately result in the loss of
patients' lives. For example, we can note the inaccuracy in the measurement of
radioactive material consumed in the nuclear medicine department, which sometimes
causes the image of the organ being tested to be inaccurate (figure 26-8).

Fig 26-8: Medical engineering devices are becoming more and more complex.

If we want to explain all the inconsistencies and difficulties caused by ignorance
of medical physics, several books may not suffice. In order to properly perform
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diagnostic and therapeutic work and to prevent damage to patients and to protect the
devices, we must fully know the relevant physics. This means that all medical and
paramedical graduates must be familiar with the principles of medical physics in order
to be able to maintain the devices and work with them properly (figure 26-9). On this
basis, not only will the community need medical engineering more and more, but it
will also prevent harm to the device and the purchase of unwanted devices.

Fig 26-9: Brain with Alzheimer's disease and a healthy brain that was not visible
without the advancement of medical physics.

26-9-2 Relationship between medical physics and other sciences
It can be said that the field of physics is closely related to most branches of
experimental science. The physics relationship with medicine is also established
through medical physics. In other words, medical physics is like a bridge between the
various branches of physics and medicine. For example, medical physics is closely
related to laser trends and nuclear physics. Due to the application of science to the
optimization of human life, the attention of the world's intellectuals and elites has
shifted to the development of various fields. So we are now witnessing a tremendous
advancement in technology. Every day new and more advanced devices are made that
are more efficient than previous ones. Developing and using sophisticated equipment
requires the training of experts in the field. In other words, every day various advanced
devices are produced in medical science. For example, laser knives, plasma knives,
and so on. But to make the best use of these devices and to prevent their side effects

614

Physics from the beginning to now

that endanger the lives of patients treated with these tools, the existence of medical
physicists is inevitable.

26-10 Physics of accelerators
Achieving high energy is one of the wishes of physicists, chemists, medical scientists,
and others. Even with the possibility of achieving high energy, efforts are still ongoing
to provide higher energy, because high energy makes it possible to identify and study
the microcosm and the macrocosm universe and to discover the phenomena in these
fields by providing many facilities. Have you ever bothered to identify a specific
person in a mass population, such as a primary school student? You either go into the
crowd for this recognition or stand up and get help from a camera. High energy also
helps physicists or chemists discover new phenomena in a similar way. Accelerators
are devices used to accelerate particles in electric or magnetic fields to increase their
energy. These investigations apply to various physical and chemical fields, helping
physicists better understand the world, and arming physicians to fight with diseases.

26-10-1 The mechanism of accelerating particles
Physicists have used accelerators to accelerate charged particles in a variety of ways.
Some have used direct voltage between two systems to accelerate charged particles to
the target, while others have transported ions of the same charge from the container
that holds these charges and accelerated the charged particles by carrying charges with
mechanical means such as belts and pulleys. Some have been able to raise the charged
particles to high energy through low and continuous accelerations. The flaws in these
methods have led manufacturers to use more advanced methods to accelerate
particles. One of these methods is to accelerate charged particles onto a circular spiral
path using magnetic fields. This method has also found a better way during its
evolution. For example, in a circular spiral path, it is necessary to extend the path to
reach very high-energy particles. But by resizing the magnetic field and changing
frequency, they have been able to accelerate the charged particles on the concentric
circles instead of the circular spiral path. In addition, using superconducting magnets
instead of conventional magnets, they have taken another step and are looking to build
massive accelerators.
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26-10-2 Accelerator components
The accelerators are made of four components. The first component is the source of
the particles that generate electrically charged particles, as many accelerators use
electric and magnetic fields to accelerate. Sources may produce electrons, negative
ions, or positive ions. Of the positive ions, protons and alpha particles are the most
common. The ions must be injected into the system after being produced. Sometimes
this is a simple process in which ions are absorbed into the accelerator tube by simple
electrostatics. In other cases the injector itself is an accelerator that feeds a larger
accelerator. The way of accelerating from one device to another is different. But they
all use electromagnetic fields to accelerate particles. Eventually stable particles leave
the accelerator and are directed to the target. Accelerators vary in size and design,
from a neutron generator of Cockcroft-Walton Accelerator which can be carried by a
person, to LHC that contains a 27-kilometers ring.

Fig 26-10: Cockcroft-Walton Accelerator
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26-10-3 Cockcroft-Walton Accelerator
Cockcroft-Walton accelerator use direct voltage applied between the two systems to
accelerate particles toward a target. These types of accelerators are often used as
injectors for larger accelerators (figure 26-10).

26-10-4 Van de Graaff Accelerator
In Van de Graaff accelerator, a belt of a nonconductor material is placed on two
pulleys and the pulleys are rotated continuously. At one end, a voltage source strews
the positive charge into the belt. Positively charged particles are transported by a belt
to the pulley inside a hollow metal dome. Positive charges are separated from the belt
by a brush attached to the dome and distributed over the surface of the hollow sphere.
Inside the positively charged sphere, there is an ion source that can produce positive
ions. Positive charges repulse each other. Positive ions excreted in an accelerator tube
accelerate downward to the potential of the field. The target is placed at the bottom of
this narrow tube. Van de Graaff accelerators are applied in analytical applications for
decomposition through charged particle activation, emission of X-ray generated from
particle, fast neutron activation decomposition, and Rutherford backscattering
spectrometry (figure 26-11).

Fig 26-11: Van de Graaff Accelerators
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26-10-5 Linear Accelerators
The first linear accelerator was the Linac accelerator, whose main purpose was to give
small and very much acceleration to the particles, rather than a large acceleration. In
this accelerator, particles are accelerated through a series of hollow tubes arranged on
a straight line. The ions from the sources are absorbed in the first tube which has the
opposite charge. As the particle reaches the end of the tube, by changing the voltage
sign of the tube, the particle is expelled from the tube and absorbed into the next tube.
As the particle passes through each tube, its velocity increases. This type of
accelerator is used in industrial radiation processes, in physics research, and in
radiation medical treatment.

Fig 26-12: Cyclotron accelerator of Lawrence 7 and Livingston 8, Nobel Prize
winners

26-10-6 Cyclotrons
In the cyclotron, particle accelerates in a semicircular spiral orbit rather than being
accelerated in a straight path. The cyclotron has an ion source located between two
hollow semicircular planes. These planes are called "D". Particles move in a circular
7
8

- Ernest Orlando Lawrence (1901-1958
- Stanley Livingston (1905-1986)
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direction as a result of applying a magnetic field, and by changing the voltage sign of
the planes, the particles are placed in a direction with a larger radius and gain more
energy than the previous step (figure 26-12).
Eventually, the spiral path radius of the particles, which the cyclotron must hold
them in its next movement, becomes much larger and the particles are diverted by
electric fields from the inside of the cyclotron toward the target. Simple cyclotrons
are currently used as injectors for larger accelerator systems. They are also used for
medical purposes.

Fig 26-13: Synchrotron Accelerator
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26-10-7 Synchrotrons
In synchrotron accelerators by changing the magnetic field and frequency, it is
possible to move particles in orbits with a constant radius instead of spiral cyclotron
orbit. In these accelerators, instead of Ds, there is only one curved closed tube that
contains particles. Alternating C-shaped magnets have been replaced along the tube.
The particles are injected into a ring by a smaller accelerator and held inside the tube
by magnets. Particle acceleration is accomplished by accelerator cavities. This
accelerator is used to accelerate electrons and positive ions (figure 26-13).

26-10-8 Colliders
Another type of circular accelerator used in high-energy physics research is the
collider. In this type of machine, two beams of particles accelerate in opposite
directions. When particles reach the desired energies, the possibility of crossing paths
and colliding beams is provided. Currently, the most powerful accelerators for highenergy processes are colliders. The world's largest electron-positron collider is called
LEP. The device was created in the summer of 1989 in Geneva. Experiments in there
have succeeded in establishing an accurate maximum for the number of neutrinos and
more precisely determining the mass of the Z exchange particle.
Probably this will be the last electron-positron circular collider built, as we will
need a much larger machine to increase more high-energy. The length of the path
around LEP is now over 27 kilometers. Higher-energy electron-positron colliders may
be used with machines like the SLC, which uses two linear accelerators with head-on
particle beams. The Superconducting Super Collider (SSC), to be made in Texas, is a
proton-proton collider with a circular path of more than 80 kilometers. It is expected
that the experiments will be carried out at SSC and LHC (Large Hadron Collider at
CERN, Geneva) will yield a great deal of interesting information about the physical
structure of particles. These laboratories began operating in the first decade of the 21st
century. One of the great advantages of colliders is a large amount of energy
obtainable in collisions. Consider a car traveling at a speed of 50 km / h and colliding
with a stationary car. Estimate the damage caused by the collision. Now imagine that
two cars, both traveling at 50 km / h, hit each other head-on, the damage caused by
the collision is certainly greater. The same principles apply to fixed-target accelerators
and colliders. In the collider, we will have much more energy to produce new
particles; in addition, doubling the beam energy in the collider will double the energy
obtainable for producing new particles, which is not the same for fixed-purpose tools
(table 26-1).
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Table (26-1) Some Accelerators
Name of
accelerator

Type of
accelerator

Energy
GEV

Place of
activity

Years of
activity

Cosmotron

Synchrotron,
Proton

3

Brookhaven

19521967

Boatron

Synchrotron,
Proton

6.4

Berkeley, CA

19541985

AGS

Synchrotron,
Proton

28

Brookhaven

From
1961

Slack

LinearElectron

50

California

From
1961

Fermi

SynchrotronProton

400

Batavia;
Illinois

From
1972

CERN

ProtonAntiproton

900

Geneva,
Switzerland

Teatrons

ProtonAntiproton

2000

Batavia;
Illinois

From
1987

SLC

ElectronPositron

100

California

From
1989

120

Geneva,
Switzerland

From
1989

16000

Geneva,
Switzerland

From
1996

40000

Texas

From
1999

LEP
LHC
SSC

Electron ـ
Positron
Proton-proton
Protonelectron
Proton-proton

From
1981

26-11 Nuclear Fusion
After using nuclear energy, physicists were looking for a source of energy that could
be used for a long time without producing hazardous waste. Now in the third
millennium, efforts to fulfill this seemingly unattainable dream have come to a
practical phase, and with the construction of a nuclear heat reactor (nuclear fusion) a
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big step has been taken. Nuclear fusion has a clean and cheap fuel called hydrogen,
the amount of produced energy is also very high and its residue, helium, is very clean.

26-11-1 Nuclear Heat Reaction
For many years, scientists have discovered the reaction that occurs in the sun and
stars, in which energy is produced. This reaction combines the nuclei of four ordinary
hydrogen atoms and produces a helium atom nucleus. But there is a fundamental
problem with this theory. The highest temperature in the sun is in its center, which is
equal 15×106 . While in larger stars, it is even greater. It is thought, therefore, that the
combination reaction of the four ordinary hydrogen atoms which produce one helium
atom in other stars, does not generate energy, but likely that the carbon cycle will keep
their furnace bright. The carbon cycle does not occur on earth, but it occurs in the
center of the stars, so that an ordinary hydrogen atom first combines with a carbon
atom 12 C (fusion) and then releases an atom 13 N plus a unit of Gamma energy. Then
13
N is converted to 13 C atom plus a positron and a neutrino with a decay. Then 13 C
is re-combined with a hydrogen atom and 14 N is yielded with a unit of gamma.
Table 26-2: Nuclear Fusion
12
13

C+1H →13 N+γ

N+γ →13 C+e + + notrino
13

C+1H →14 N + γ

14

N+1H →15 O + γ

O →15 N+e + + notrino
15
N+1He + →12 C + 4 H

15

Again, by combining this nitrogen with ordinary hydrogen, an atom of 15 O and a
gamma unit is produced, 15 O also decays, and produces 15 N plus a positron and a
neutrino. Finally, the combination of 15 N with hydrogen yields 12 C plus a helium
atom (table 26-2).
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This cycle 12 C was neither consumed nor produced, but it was just a catalyst. These
reactions take place in sequence, and the main reaction is the conversion of four
hydrogen atoms into a helium atom. The advantage of the carbon cycle is that it speeds
up work. But the drawback is that it starts at a temperature of at least 20 million
degrees. So it is likely that in larger stars the carbon cycle will generate energy.

26-11-2 Confinement
A simple and basic definition of fusion is the dip of nuclei of some lighter atoms and
the formation of a heavier nucleus. For example, the general fusion reaction that
occurs in the sun is the collision of the nuclei of four hydrogen atoms and converting
them into a helium atom. It sounds simple so far but there is a fundamental problem.
The nucleus is composed of fine particles, the proton, and the neutron is an integral
part of it. It is a charge-free neutron and positively charged proton that repulse other
positive charges. The basic solution is to give these protons so much energy that their
kinetic energy exceeds their colonic repulsive force and that the protons can get close
enough. So how do they produce this kinetic energy? As the temperature increases,
the kinetic energy of the particles increases so that the number of collisions and their
intensity increase.
If we get the fuel to the equilibrium temperature of millions of degrees Kelvin with
great effort and cost, would these atoms conserve energy to react with other atoms?
Or do they give their high energy to the wall and destroy it? So this heat should not
be allowed to get the wall.

26-11-3 Reaching high temperature
The onset of the fusion reaction requires very high temperatures. It is true that fifteen
million degrees Celsius is a very high temperature, and it is difficult and even
frightening to imagine it on Earth, but there are usually very high temperatures in our
daily lives and we are unaware of them. For example, when the power cord burns in
the split box as a result of connection, at the moment of burning, the temperature
reaches about 30-40 thousand degrees, Kelvin.
Therefore, using very high voltages, the arcs can pass through the capillary tubes.
As such, the air temperature inside the tube that has now become plasma reaches a
few million degrees (which is still low for fusion). One of the best ways is to use a
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laser. We know that some lasers are made with very high power. For example, the
Nova laser can generate 105 joule energy in a short time (figure 26-14). But there are
still disadvantages to every advantage. For example, this laser consumes a great deal
of energy, which even with neglecting that, there is another problem indicates that the
produced energy in laser must be delivered in a short time, so the density should go
higher which in this case it also goes higher than the solid density.

Fig 26-14: Nova Laser

Table 26-3: Fusion and the produced energy
2
1

H+12 H →13 H+11H 0
2
1

Q=4MeV12 ,

H+ H → He+n
3
1

4
1

2
1

H+12 H →32 H+n

Q=3.34MeV

Q=17.6MeV , total energy 4 MeV

26-11-4 Types of reactions
There are several ways to optimize the performance of fusion reactors and increase
their output power. One of these is to select the type of reaction to be carried out in
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the reactor. According to the relations in table (26-3) in some kind of fusion reaction,
two light nuclei interact with each other and form a heavier nucleus. That is, the result
of combining two deuterium nuclei is producing a tritium nucleus, plus an ordinary
hydrogen nucleus. This reaction is energetic, because the difference of the binding
energy between the heavier nucleus and the lighter nuclei is a negative value.
To accomplish fusion, the nuclei must be close enough together. This distance is
approximately equivalent to 3fm. Because at these distances, the electrostatic
potential energy of the two deuteriums is approximately 0.5MeV , so by energizing
one of the deuteriums, we can break the Coulomb repulsion between the deuterons
and initiate the reaction after which the amount of 4.5MeV energy is produced. The
reactor can be designed so that the outer wall of the reactor will have liquid lithium
under pressure. This liquid lithium takes extra produced heat from the reaction and
transfers it to water, turning it into steam, causing the turbine and generator to move
and generate electricity.

Fig 26-15: An example of tokamak reactor
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26-11-5 Why lithium?
The most cost-effective reaction in a fusion reactor is the deuterium and tritium
reaction. This reaction produces a high-energy neutron. This is a matter of neutron
generation that can weaken parts of the reactor. On the other hand, it is very harmful
to the environment and especially to the health of those who work around the reactor.
But if we have lithium as a coolant, the lithium flow will also play an important role
as the slowdown. By combining it with the extra neutrons produced in the reaction, it
produces an expensive and extremely rare fuel reactor, which is the same as tritium.
In this case, however, the liquid lithium thick must be at least one meter. The exact
reaction of lithium and its neutron is as follows:

26-11-6 Types of reactors
A Tokamak is one of the types of nuclear fusion reactors that perform the confinement
operation well. The Tokamak plan was proposed by the Russians in the fifties. The
word tokamak is derived from the words "Toroidalnaya Kamera and Magnitnaya".
One of the reasons the torus is used for confinement chambers is that it can direct
magnetic vectors. In a magnetic sphere, the field vectors around this sphere are not
uniform (not all in one direction) and the irregularity on both sides of the sphere causes
the instability of confinement. But in toroidal confinement, there is no such problem
and the uniformity of the field, throughout the confinement (Tokamak), makes it
stable. The most important and vital task of a stable fusion device is to maintain
plasma (figure 26-15). In the last decade, most research in the field of magnetic fusion
energy has focused on the toroidal tokamak for reaching high-level fusion reactions.
Spheromak is another type of nuclear fusion reactors that is spherical. There is no
material body in the center of the Spheromak, which is the difference with Tokamak
(figure 26-16). Tokamak continues to work in the United States and abroad, but the
Fusion Energy Scientist Organization is investigating Spheromak. Much of the
renewed interest in the Spheromak project has focused on active research in Lawrence
Livermore in a group called SSPX that started in 1999.
According to David Hill, project manager of SSPX at Tokamak, temperatures
above 100 million degrees Celsius are available (more above the sun's center
temperature), which is currently the leader in fusion projects. However, Tokamak
magnetic fields are produced by very large outer coils that completely surround the
reactor toroid. These large coils will cost a great deal and will cause irregularities in
the reactor operation. As Spheromaks, they generate very hot plasma in a simple,
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compact magnetic field system that uses only a series of simple, small stabilizing
coils. The strong magnetic fields required in the plasma are generated by the magnetic
dynamo.

Fig 26-16: The structure of Spheromak

26-11-7 Creating a chain reaction
In some nuclear fission reactors, the chain of reactions is created by the collision of a
high-energy neutron with the nucleus of a uranium-235 atom. When this neutron
enters the nucleus of the U-235 atom, it converts it into a U-236 nucleus. Because it
is unstable, it decays rapidly and produces lighter atoms along with three other
energetic neutrons. A more complete explanation is that in stable heavy nuclei such
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as uranium, there is a very sensitive equilibrium between the electrostatic forces that
wish to separate the particles of atoms and the nuclear force that holds them together
that this equilibrium can be easily disrupted in the manner described, and the nuclear
fission reaction begins. The reaction of one atom by producing three more energetic
neutrons causes the other three uranium atoms to decay. Similarly, the reaction
becomes a so-called chain. Undoubtedly, an ideal fusion reactor is a reactor in which
we have chain reactions. In fact, the basic purpose of building a nuclear fusion reactor
is to chain it. If we are going to consume energy in this way to get less energy from
it, surely this reaction is neither a chain nor useful. If we just spend some energy on
starting the reaction and getting more energy from the reaction chain, it makes sense,
and the chain reaction occurs. That is, not only the produced energy by one reaction
is sufficient for the subsequent reaction, but it also has an additional amount and can
be used to generate electricity.
If Tokamak or any other means where fusion is done in it, to have useful power,
that is, to give energy, it must have certain conditions. In order for the collision
possibility of fusion candidate particles (ions) to increase, it must first produce a very
high temperature inside it and the reactor can withstand the high temperatures as well
(in the range 108 K ). Secondly, the reactor must be capable of absorbing a high density
of ions and, third, having a longer confinement time. The high temperature is enough
to pass through the strong barrier of the colonic potential of the nuclei. High density
is also a key to increasing the probability of effective collisions. To achieve optimum
conditions in nuclear-heat reactions using deuterium-tritium fuel, the plasma
temperature (T) must be between 1×108 and 3×108 Kelvin and the TE confinement
time must be about one to three seconds and density (n) should be about 1020 particle
per a cubic meter.
An auxiliary heater must be used to get the reactor running at a minimum
temperature. After the fuel is burnt, the plasma mixture is heated with alpha particles
generated by the primary combustion, and we can remove the auxiliary device from
the circuit. Thereafter, the fusion activity speed increases with increasing plasma
density. However, increasing the density above defined and safe boundaries would
mean disrupting plasma stability or shutting down the reactor. To stabilize the
confinement time of plasma and its combustion temperature and volume, it increases
with increasing density of plasma stability point and makes conditions more difficult
to operate. The equilibrium state of these requirements is made possible by the
formation of the reactor in the smallest Spect Rito (figure 26-17), which depends on
its magnetic configuration.
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Fig 26-17: The ratio R to a, is called the Spect Rito.

The world's first fusion reactor, the Tokamak type, called ITER (the International
Thermonuclear Experimental Reactor, www.iter.org), is under construction in France
(figure 26-18). Russia, Europe, Japan, Canada, China, the United States and the
Republic of Korea participate in this series. In this way, they use superconductors for
the magnetic parts of the reactor. The output power of this Tokamak will be 410MW.

Fig 26-18: Exiting waste that is alpha particles
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Chapter 27

Symmetry and Standard Model
To a physicist, beauty means symmetry and simplicity. If a theory is beautiful, this
means it has a powerful symmetry that can explain a large body of data in the most
compact, economical manner. More precisely, and the equation is considered to be
beautiful if it remains the same when we interchange its components among
themselves. Michio Kaku, Parallel Universes

27-1 Symmetry and Unity in Physics
In modern physics the concept of symmetry plays a very important role. Whenever a
particular set of changes does not change any measurable quantities in a system under
study, the system is said to have symmetry under such changes. For example, the
equilateral triangle under rotation of 60 degrees has symmetry, meaning no change is
observed after 60° rotating (figure 27-1). When an action, under certain
circumstances, causes a phenomenon whose symmetry is broken, we say that the
involved symmetry is spontaneously broken.
For another example, consider a piece of iron. The iron atoms in this piece apply
forces to each other that do not choose a particular direction in space. But when the
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piece of iron becomes a magnet, the interaction between the iron atoms has a particular
(north-south) direction. The interaction of atoms in the magnet segment has a hidden
symmetry that is not obvious to the observer. When a piece of iron becomes a magnet
(for example, by a coil through which electric current passes) the symmetry of
interaction between the atoms breaks. In this case, we say that the involved symmetry
is broken spontaneously. This chapter attempts to examine the types of symmetry.

Fig 27-1: The equilateral triangle under rotation of 60 degree has symmetry.

27-1-1The Role of Symmetry in Physics
Contemporary physics does not always think conventionally and employs various
methods to study phenomena. One of the major changes that took place in the
twentieth century is the role that has been attributed to the concept of symmetry and
its importance is increasing day by day. Symmetry is applied from the study of solids
to the completion of a unified field theory.
There are many symmetrical structures in nature, which snowflakes being one
example. A snowflake under a 60 degree rotation (or integral multiples of 60 degrees)
shows no changes. But in the case of, for example, 50 degrees, the changes will be
observed that we say the shapes of the snowflakes are unchangeable (invariant) under
rotations of integral multiples of 60 degrees (figure 27-2). The appropriate
mathematical way to describe such symmetry is to use groups. Group theory well
describes physical symmetry. Mathematicians call the snow example under group C
(6), is invariant.
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Fig 27-2: Snowflakes are symmetrical under a 60 degree rotation.

Example 1: Spherical Tank - Consider a spherical tank containing water or air.
An observer at the center of such a tank, wherever it turns, will always see the same
image of tank contents. We say that the position of the observer under rotation in each
of three dimensions is invariant, because as far as it is concerned with the observer,
all directions are the same. The required group is denoted as O (3) and is called the
rotational group in three dimensions. Note that the water tank has a higher degree of
symmetry than snowflakes.
Symmetry can, therefore, be defined as follows: Symmetry exists when a
particular type of change does not produce any measurable effect on the system
under study.
Example 2: Gravitational Force - Physicists pay close attention to the symmetry
or asymmetry of physical phenomena (figure 27-3). We know that the force of gravity
does not depend on the two objects’ direction, only on the distance between them and
their mass. Thus, if the two objects are in a new position relative to each other, so that
the distance between them does not change, the gravitational force they interact with
will not change. The electrical force between charged particles is also unchanged
relative to the particle's direction. Since rotation does not change the force of gravity,
we say that gravity under rotation in three dimensions is invariant.
Example 3 - The applied force by a magnet under rotation in three dimensions is
not invariant. In the above examples, only symmetries were assumed to be
geometrically symmetric, but the concept of symmetry in physics is much more
general than was stated.

636

Physics from the beginning to now

Fig 27-3: Symmetry and asymmetry

Example 4: Electric Charges - Consider two positive electric charges (two
protons) that apply repulsive electric force to each other. If we convert both charges
to negative (electron instead of the proton) the force is still repulsive and will have
the same value. Now, if we do the experiment with two opposite charges (one proton
and one electron), by reversing the charges (instead of proton, electron, and proton
instead of the electron), the force will not change again. We conclude that there is a
basic symmetry in the laws of electricity which states that if we substitute each charge
with its symmetry wherever in the system a charge appears, the electrical effects will
remain unchanged. This symmetry can also be investigated by using groups.
Example 5: Changing Nucleons - In the nucleus of an atom, an exchange particle
called meson is responsible for the interaction of the nucleus. If we only consider
strong action, the change of protons to neutrons does not matter.

27-2 Gauge Theories
Another type of symmetry was considered when physicists studied the situations in
which the length scales of a system could be changed. One of these situations is:
Suppose the universe rests on a rubber plane in which the tensile or elongation of the
rubber can change the distance between points. Some theories under this type of
transformation are invariant, meaning that their predictions do not depend on whether
or not the distance is stretched. Since they measure the distance with a gauge (scale),
they are called the invariants under gauge transformations.
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27-2-1 Global Gauge Symmetry
The gauge can be considered a coordinate system to measure various quantities. In
fact, the gauge theory put forward by Herman Weil in 1918, was originated from
general relativity theory to extend Einstein's approach, which insisted that the laws of
physics should be the same in all reference frameworks. So the application of gauge
theory is the description, comparison, and transformation of the values measured by
different observers, from one coordinate system to another. For example, how much
energy is needed to lift up a one-kilogram body from the sea level to a height of 10
meters? Now raise this body to a height of 10 meters on a mountain peak that is 3000
meters above sea level. Assuming the gravity intensity is constant, the amount of
energy needed in both stages will be equal. What is important here is the difference
between the two levels where we move the body. This type of transformation, which
depends on the redefinition of altitude level or zero potential levels, is called the gauge
transformation. This type of transformation is the simplest type of gauge
transformation, what physicists call it a Global Symmetry.
This kind of symmetry actually represents the deep insight we have about nature.
Nothing in nature should depend on the mental state of the person observing it. The
altitude we choose as zero is completely optional, and every observer must see the
same gravitational force, regardless of how zero altitudes are defined. At the same
time, nothing in nature can depend on arbitrary definitions that may change from one
observer to another. The key point in this discussion is that the electrical and
gravitational force applied to the objects is independent of the origin selection (or zero
potential levels) by the observer. The choice of observer does not alter the electrical
or gravitational force acting on any object. Quantum mechanics should also include a
description of the gauge symmetry. The description of the gauge symmetry presented
above should be somehow reflected in the exchange of photons between charged
particles.

27-2-2 Local gauge symmetry
Unlike the global symmetry, a local symmetry varies from point to point. A theory
that has local gauge symmetry does not depend on the optional definition of a
particular observer, and the choice of one observer is independent of the other
observer. Suppose we could create a system that allowed us to select that point as
zero, regardless of what was done in the neighborhood of that point. If one can
establish such a theory, then it follows local gauge symmetry rather than a Global

638

Physics from the beginning to now

symmetry. It is clear that gravity and electromagnetism do not involve local
symmetry.
Electricity alone does not exhibit a local symmetry. But if we remember the close
relationship between electricity and magnetism, we can ask another question: Can the
changes in the global due to a local gauge transformation of electricity be offset by
the changes caused by the same transformation to magnetism? In other words, is it
possible for electricity and magnetism, which do not exhibit local gauge symmetry
alone, become allied so as to show local symmetry in the new theory?
The most important conclusion to be drawn from this argument is that while
neither electricity nor magnetism itself exhibits a local symmetry, the unified
electromagnetic theory ensures such symmetry. Because in this theory parts of
electrical effects that violate symmetry are counteracted by magnetic effects and vice
versa. In particular, gauge symmetries have received much attention due to their
central role in formulating the most successful physics theories. For example, the
standard model of fundamental particle physics has been formulated using gauge
symmetry theory, which is why there is much debate about its development.

27-2-3 Exchange particles
In the case of generating a force carrier exchange particle, two things can change. One
is the description of the quantum mechanics of the particles in which force is applied
to them, and the other is the description of the quantum mechanics of the particles
being exchanged.

Fig 27-4: Exchange particle between electric charges
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We can pose the problem of local gauge symmetry in a particle descriptor theory:
Is there no way that change in the description of charged particles and exchange
particles will counteract each other's effect and leave us a theory that have local gauge
symmetry? It is proved that such a phenomenon is possible only if the exchange
particle has zero rest mass and one spin. Of course, a particle with a spin of one and
the zero rest mass is a photon (figure 27-4).

27-3 Electroweak Unification
In the 1950s there was a hidden idea in theoretical physics that there was likely to be
some kind of deep connection between weak and electromagnetic interactions, and
mainly because the exchange particles of both interactions have spin one. It was found
that it was possible to assemble a theory called the gauge symmetry of the local Su
(2) group. The implication is that you can put forward a theory that at one point in
space, a neutron would become a proton or vice versa and then go to another point in
space, repeating the same thing, no matter what was done in the first point.
This involves the relatively broad expansion of gauge symmetry. The strong force
between protons and neutrons can be thought of as the exchange of a meson. In this
type of exchange, there is no difference in whether the existing particles are protons
or neutrons, the strong force being the same anyway. Therefore, the conversion of
protons and neutrons within a nucleus is corresponding to the index rotation of 180
degrees. After this rotation, all protons become neutrons and all neutrons become
protons. If the universe remains unchanged as a result of this transformation, it means
redefining the electric charge everywhere in space, saying that nature under an
isotopic spin symmetry is a universe unchanging. In mathematical terms, such a
theory demonstrates the global gauge symmetry of Su (2).
It is proved that a theory involving protons and neutrons will have a gauge
symmetry of Su (2) when forces are generated by the exchange of a family of four
massless particles with spin one (some of them carrying charge). In this case, like
electromagnetism, the change in the description of particles resulting from the
conversion is precisely neutralized by changes in the exchanged objects, and
everything in this theory remains as it was at the beginning. We know that groups of
iron atoms are arranged in a certain direction at low temperatures, and the interactions
between atoms have no preferred orientation in space. In doing so, the atoms gain a
certain amount of energy, and we have to energize the system to break this line and
see symmetry. In the case of weak interactions, the theory predicts that the involved

640

Physics from the beginning to now

symmetry will be such that the four exchanged particles to produce this force must be
massless.
In 1967, Weinberg and, almost simultaneously with him, Abdul Salam showed
that the gauge theories we have examined so far can describe the real world in the
sense that the effects of spontaneously broken symmetry are considered. The theory
predicts that the involved symmetry is such that the four exchanged particles to
produce this force must be massless. But Weinberg and Abdul Salam showed that at
low energies, the symmetry breaks spontaneously and three of the four exchange
particles become massive, while the fourth remains massless.
This is similar to the magnet mode, in which the atoms line up, giving the system
energy that would not have been obtained if the symmetry had not been broken. In the
case of particles, this added energy takes the form of a mass for the exchanged
particles. This view responded to one of the major drawbacks of gauge theory. This
theory no longer predicts the existence of four massless spin-1 particles in natural
energies and temperatures. So this theory predicts that we should see one massless
particle with spin one (which we can call it photon) and three massive particles with
spin one. Two of three massive particles must be electrically charged, and we can
combine them with ordinary vector bosons that represent as W +, W- (figure 27-5).
The third heavy particle is electrically neutral and represents a new type of particles
in weak interactions called the neutral Z vector boson. The final result of WeinbergAbdul Salam's theory is that we no longer need to distinguish between weak and
electromagnetic forces. Because we now know that these forces depend on the
exchange of a family of particles and the obvious differences between them is the result
of spontaneously broken symmetry. Thus, the number of fundamental forces was reduced
from four to three. The new force that results from the exchange of particles with spin one
is called electro-weak interaction and their mass is about 80 − 100GeV .

Fig 27-5: Picture of Z 0 , W +

,W

-

27. Symmetry and Standard Model

641

27-4 Symmetry and Spin
It should be noted that quantum particles are not the material points of objects that
can be compared with objective observations. Including spin is a quantum property
that differs from classical notions of the spherical objects rotation around one of its
axes. In fact, spin has no clear definition, which means it cannot be described by
macroscopic impressions. Although spin is an English word meaning rotation and is
very similar to classical concepts of angular momentum, spin can be represented by
the rules of the Su (2) group, but angular momentum is represented by the So (3)
group. Because the particles in the So (3) group with 2π rotation will have a full
rotation, the particles in Su (2) group with 4π rotation will have a full rotation, and
this allows the particles with spin 1/ 2 to exist in three-dimensional space. However,
there is no equation that explains the spin of all particles. For this reason, the spin of
each kind of particles is justified by special equations:
1- The Klein-Gordon equation represents zero spin.
2- The Dirac equation explains the spin ½ of fermions.
3- Maxwell equations explain photons.
4- The spin of 𝑍𝑍 0 , 𝑊𝑊 − , 𝑊𝑊 + is explained by the Proca equation.
5- The spin 2 of graviton is explained by tensors calculus.

In quantum mechanics, each of the spin operators Sx , Sy , Sz directs the particle in
a particular direction, given these limitations in quantum mechanics, the spin can only
be measured in the direction of one axes, so they usually choose the Z axis. When it
is said that the spin of a particle is S, it means that the maximum value that the Z
component can accept is the value of s. A particle having spin ½, the particle, can only
have two states, namely the z component of the particle spin vector be ½ or -½ which
the former is called high spin and the latter low spin. In non-specialized explanations,
it is usually referred to as the counterclockwise or anticlockwise rotation of the z-axis.
But this is only for the sake of understanding, and not in the quantum sense.
One problem that is difficult to understand is the shape of these particles. The
particles with zero spin are like dots, which are the same shape on each side as we
look at it or rotate on each side. Imagine the symmetry in the sphere of water content
that has any rotation, from the observer's point of view is like the previous shape.
Particles with spin 1 are like an arrow, if we rotate them 180 degrees, they take exactly
the opposite shape. Particles with spin 2 in 90 degrees look like this. But the problem
is about fermions because they have spin ½, and an electron with spin ½, if it is rotated
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360 degrees is not seen exactly as before, and is seen reversed, but it is seen at 720
degrees rotation just as before. That's why it's not so simple to visualize it.
According to the above description, a spin value can be defined. The rotation value
or angle of rotation D obtained by the following equation indicates how much rotation
a particle with a specified spin S will return to its previous state that is given as follow:

𝐷𝐷 =

360ᴑ
𝑆𝑆

(27-1)

The spin angle of the fermions with spin 1/2 is 720 degrees. The rotation angle of
the photon with 1 spin is 360 degrees. But if we consider spin-zero in the above
relation, an undefined relation is obtained. That is, the particle has a spherical
symmetry without any preferred axis.
Table 27-1: Fermions

27-5 Standard Model
Protons and neutrons have long been thought to be fundamental particles and were
thought to be no longer divisible like electrons and have no internal structure. Today
we know that the nucleons themselves (protons and neutrons) are made of smaller
particles called quarks. Therefore, the components of fundamental particles table
called the standard model to contain only the fundamental particles such as quarks,
leptons, and bosons, and nucleons can be extracted from the standard model. The
accepted model is standard, simple, and contains an explanation of the fundamental
particles and forces. The model consists of twelve fermions with spin ½, six of which
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are quarks and the other six are leptons (Table 27-1) and three particle with spin-one
(photon, gluon, and vector boson) and one particle with spin-2 (graviton) that carry
forces, and a Higgs-boson with zero spin that causes the particles acquire (table 27-2).

Table 27-2: Bosons
Name

Spin

Electric
charge

Mass

Observation

Graviton

2

0

0

Not yet

Photon 𝛾𝛾

1

0

0

Has been

1

0

0

Indirect

W+

1

1

80 GeV

Has been

1

-1

80 GeV

Has been

Z0

1

0

91 GeV

Unknown

Higgs

0

0

> 78 GeV

Has been

Gluon g

Vector boson
Vector boson

WVector boson

Table 27-3: Electric charge of quarks and anti-quarks
Quarks
Up
Down
Charm
Strange
Top
Bottom

Charge

+2 / 3
−1/ 3
+2 / 3
−1/ 3
+2 / 3
−1/ 3

Anti-Quark
Anti-Up
Anti-Down
Anti-Charm
Anti-Strange
Anti-Top
Anti-Bottom

Charge

−2 / 3
+1/ 3
−2 / 3
+1/ 3
−2 / 3
+1/ 3

27-6 Quarks and fundamental particles
So far six different types of quarks have been identified. However, only two of them
play an important role in the formation of ordinary stable materials, such as quark u
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and quark d, u being the abbreviation for up and d for down. Each quark also has its
own anti-quark (table 27-3). Quarks are much smaller than atoms and nucleons, so
relationships in small quarks are more important and subtle than relationships between
atoms. The quarks, for example, never play a role alone but are always in groups of 2
and 3 (figure 27-6). Particles with 3 quarks are called baryons (table 27-4). Particles
consisting of two quarks (one quark and one anti-quark) are called mesons (table 27-5).

Fig 27-6: Composition of quarks, hadrons are made of quarks. Mesons contain two
quarks and baryons contain three quarks.

The particles that participate in strong interaction are called hadrons. Leptons are
not in the category of hadrons because they do not participate in strong action. But
weak interaction works on both groups of leptons and hadrons. Quarks make
nucleons, and they bond to each other, forming the nuclei of atoms. Nuclei and
electrons create atoms. Quarks cannot be observed, but they can be proved, like
atomic nuclei, through extensive and complex experiments.
This works like what Rutherford did in 1911 to identify the nucleus of the atom,
and the protons are hit by highly accelerated electrons. Most electrons in this
experiment rarely diverge, but some completely get out of their path, just as if they
hit hard, small bullets inside protons. These very small bullets are the quarks. A
careful study has shown that the proton is made up of three primary constituents of
such that. Because binary groups (mesons) are made of matter and antimatter, they
break down very quickly. Therefore, mesons are not stable.
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Table 27-4: Baryons
Particle

Symbol

Makeup

Rest mass
MeV/c2

Spin

Lifetime
(seconds>

Decay
Modes

Proton

p

uud

938.3

1/2

Stable

...

Neutron

n

ddu

939.6

1/2

920

pe-νe

Lambda

Λ+

uds

1115.6

1/2 2.6×10-10

pπ-, nπ0

Sigma

Σ+

uus

1189.4

1/2 0.8×10-10

pπ0, nπ+

Sigma

Σ+

uds

1192.5

1/2

6×10-20

Λ 0γ

Sigma

Σ−

dds

1197.3

1/2

1.5×10-40

nπ-

Delta

∆ ++

uuu

1232

3/2 0.6×10-23

pπ+

Delta

∆+

uud

1232

3/2 0.6×10-23

pπ0

Delta

∆+

udd

1232

3/2 0.6×10-23

nπ0

Delta

∆−

ddd

1232

3/2 0.6×10-23

nπ-

Xi

Ξ+

uss

1315

1/2 2.9×10-40

Λ0π0

Xi

Ξ

dss

1321

1/2 1.64×10-40

Λ0π-

Omega

Ξ−

sss

1672

3/2 0.82×10-40

Ξ0π-, Λ0K-

Lambda

Λ c+

udc

2281

1/2

Table 27-5: Mesons

2×10-43

...
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27-7 Color force field
The strong force holds quarks together will sustain the nucleus. Quarks exchange
gluons inside hadrons, which is why physicists talk about the color force field as
gluons drive quarks to each other. When the quark absorbs or emits a gluon, the color
of the quark must be changed to maintain color stability. As shown in figure (27-7), a
quark from one proton applies force to another quark from the second proton, and this
force is stronger than the electric repulsion force (figure 27-8).

Fig 27-7: Quarks are attracting to each other by gluons.

Fig 27-8: Strong interaction is carried by gluons.

The red quark releases an anti-green gluon that moves toward the green quark. The
green quark becomes red quark with the absorption of the anti-green gluon. As the
rule of colors, the sum of colors is constant. Therefore a proton (uud), which must
have all three colors, can have several different arrangements. Examples
are:ur ug db,ub ur dg, ug ub dr.
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Fig 27-9: An illustration of the nucleus structure

The size of quarks and other subatomic particles (figure 27-9) compared to the size
of molecules and other microscopic creations (figure 27-10) illustrate the difficulty of
directly examining the behavior of the particle’s world within the hadrons. However,
theories presented in the field of fundamental particles provide important information
on the structure of matter. Although the standard model needs to be developed, its
particles are sufficient to describe the universe we are experiencing (other than
gravity) and much of the information obtained by particle physicists. One of the great
successes of the standard model is that the structures of forces, the precise structure
of the equations that describe them, are largely determined by the general principles
that exist in the theory. In other words, the standard model is not based on dummy
assumptions that are consistent with laboratory data. For example in the case of
electromagnetism, the validity of relativistic quantum field theory (which is the basis
of the standard model) and the existence of electrons require that the photon must
exist and act as it does. So we understood the nature of light. Similar problems
predicted the existence and properties of gluons and W and Z particles, which were
later confirmed.
The standard model, in addition to the particles described above, predicted the
existence of the Higgs boson. Higgs interacts with other standard model particles in a
way that gives them mass.
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Fig 27-10: Comparison of the size of molecule, atom and nucleus

27-8 Deeper levels
Is it possible that another theory in which quarks and electrons, which are themselves
made of more basic particles, would replace the standard model? Not very likely,
probably it won’t. Today, experiments are far more accurate than ever, and no sign of
additional structure has been found. More importantly, the standard model is a
compatible theory that makes sense if electrons and quarks are fundamental. There is
nothing ambiguous to suggest the existence of a deeper fundamental structure.
In addition, all forces behave similarly at high energies, especially if the supersymmetry is true. If electrons and quarks are composite particles, this unification will
be destroyed and the forces will not be the same. The theory of relativistic quantum
fields considers electrons and quarks to be quasi-point particles, meaning that they are
unstructured. In the future they can be seen as small or membrane strings. Even with
the acceptance of the string theory, the fundamental particles, as string theory says,
are still electron and quark quantum particles, with all the properties that the standard
model describes at their low energies. The standard model describes the fundamental
particles and how they interact. To fully understand nature, we need to know which
rules are used to calculate the results of interactions. For example, Newton's law of F
= ma can help us with clarification of this subject. Even if we know the particles and
the forces on them, and this knowledge changes our view of particles and forces, we
cannot calculate the behavior of particles unless we know and apply law F = ma.

27. Symmetry and Standard Model

649

27-9 Beyond the Standard Model
Despite the word model, the standard model is not just a model, but a complete theory
for describing the basic particles and explaining their interaction. Everything that
happens in our universe (except gravitational effects) can be expressed by the standard
model laws and equations.
The standard model was formulated in the 1970s, and in the early decade of the
1980s, the experiments showed its relative correctness 1. Nearly three decades of
rigorous experimentations have tested this theory and confirmed that all predictions
of the theory are true. On the one hand, this success is valuable because it confirms
that we really understand how nature works. On the other hand, this success is
disappointing. Before the emergence of the standard model, before the previous
theory became obsolete, physicists waited for the new theory to discover new particles
or new signs. But for the standard model, it took thirty years for the theory's
observations to be confirmed. Expectations are coming soon. Experiments that can
produce higher-energy collisions with higher precision for specific phenomena are
ahead of the standard model. These results will not invalidate the standard model.
Rather, they will advance it with the discovery of new particles and unexplained
forces.
A new era in particle physics will begin with the observation of super-symmetric
particles in the Tevatron accelerator at the Fermi National Accelerator Laboratory. A
quark and an anti-quark (red and blue) collide directly to form two bright and heavy
(amber) super-symmetric particles. They become orange W and Z particles and two
lighter supersymmetric particles (dark amber). The W and Z particles also become an
electron, an anti-electron, and a muon (all green) that are visible, and an invisible antineutrino (gray).
Significant information also comes from B Factories, B Factories are accelerators
in California and Japan designed to produce b quarks one of eleven extra particles and
their antiparticles to be used to investigate the phenomenon of CP symmetry breaking.
The CP symmetry is the symmetry of particles and antiparticles, and its breaking
means that antiparticles do not accurately reflect the behavior of particles. The amount
of CP symmetry breaking seen in laboratories is consistent with the standard model,
but there are reasons that more values may be produced for the CP symmetry breaking.
1

- This and the next two sections of the article are selected below
Kane, Gordon, the Dawn of Physics Beyond the Standard Model, SCIENTIFIC
AMERICAN, pages 68-74, 2003
http://particle-theory.physics.lsa.umich.edu/kane/Kane5p.pdf
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This additional amount of CP symmetry breaking can be produced by physics beyond
the standard model. Physicists also examine the exact electrical and magnetic
properties of particles. The standard model predicts that electrons and quarks behave
like tiny magnets with a certain power, and their behavior in an electric field is
completely determined by their electric charge. Most interpretations of the standard
model predict magnetic power and electrical behavior that is slightly different from
the standard model. Experiments have begun gathering data carefully enough to
observe these very small predicted effects.
Beyond the Earth, scientists are also looking for solar neutrinos and cosmic-wave
neutrinos. Trillions of neutrinos, or ghost particles, are passing through us every
second. These are the kind of ghost particles that rarely interact, and have recently
been proven to be massive. This was the result predicted by the extended standard
model theory. The next round of experiments will clarify the form of the theory
observed for describing massive neutrinos. In addition, experiments are underway to
observe the obscure particles that make up the universe's cold dark matter and
examine how neutrons decay with very high precision. Success in any of these
programs is a sign of physics after the standard model. This researches will provide
particle physics with valuable information.
Around the year 2007, the Large Hadron Collider came into operation. This
instrumental accelerator was built with a 27 km environment at CERN. CERN is the
European laboratory for particle physics near Geneva. Complementing the results of
the Large Hadron Accelerator is a 30 km linear positron-electron accelerator. Given
the references to physics beyond the standard model, there are reports that the standard
model is wrong and we have to prepare ourselves for its discard, but this is not the
right approach. Consider the Maxwell equations, for example. These equations were
written in the late nineteenth century to explain the electromagnetic force. In the early
twentieth century, we realized that for atomic sizes we needed their quantum version,
and then we saw that the quantum Maxwell equations are part of the equations derived
from the standard model. By the way, we are not saying that Maxwell's equations are
wrong, they have been expanded and are still used in countless electronic
technologies. Similarly the standard model is also durable. This model is a complete
mathematical theory, a complexly, highly stable structure. This model may be part of
a larger structure, but not wrong. No part of this theory will collapse unless the whole
structure of the theory collapses. If the theory was wrong, all successful experiments
would be random. This theory will forever explain strong, weak, and electromagnetic
interactions in its own energy domain. The standard model is well tested. This model
predicted the presence of w and Z bosons, gluons, and 2 heavier quarks (charm quarks
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and upper quarks). These particles were found after presenting the model, which is
exactly in line with the predicted specifications.
The second major experiment was the mixing angle of the electroweak theory. This
angle is a variable that is used to describe weak and electromagnetic interactions. The
mixing angle in any electroweak process should have a constant value. If the standard
model was wrong, the mixing angle should have one value for one process and another
for another process. It has been observed that this angle is exactly the same for all
processes with one percent accurate. Third, the large electron-positron accelerator in
the CERN has observed about 20 million Z bosons. They all decayed as expected from
the standard model so that for each experiment, the details of the energy and direction
of the output particles were consistent with the prediction of the standard model.
These tests are part of the tests that have strongly confirmed the standard model.
The standard model proudly has 17 particles and a few free variables - values like
particle mass and interaction strength. These variables can have any value, and we
can only determine the correct value by experiment. Critics sometimes compare many
of the standard model variables with the medieval theories used to describe the orbits
of the planets. They think the standard model has limited predictive power, either that
it has arbitrary content or that it can explain everything by just quantifying some
values. But the opposite is true: once the masses and strengths of interaction have
been measured in the process, their value is determined for all experiments and for all
theories, and no change is allowed. In addition, today the exact form of all standard
model equations is determined by theory. All values except the Higgs boson mass
have been measured 2. Before achieving models beyond the standard model, the only
thing that can change is the accuracy of our data with respect to the new results and
the further we go along this path, getting more precision is not only get easier but also
more difficult. In order for all empirical information to remain consistent with each
other, the measured values must be consistent with each other by a higher degree of
accuracy. It may seem that adding particles and other actions to reinforce the standard
model will provide more freedom, but not necessarily so. The most attractive option
for developing the standard model is the Minimal Supersymmetric Standard Model,
MSSM. The supersymmetric attributes to each particle a supersymmetric
superconducting particle. We know little about the mass of these supersymmetric
particles, but their interactions are constrained by supersymmetry. Once the masses
are measured, the MSSM predictions will be more constrained than the standard
model due to the super-symmetric mathematical relations.

2

- Which was later measured
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27-10 Ten Mysteries
If the performance of the standard model is such a great one, why expand it? One
important point about this is when we are looking for the old goal of unifying the
forces of nature. In the standard model, we can extrapolate the forces and ask how
they behave at higher energies. For example, how were the forces at very high
temperatures just moments after the Big Bang? At low energies, the strong force is
about 30 times stronger than the weak one and more than 100 times stronger than the
electromagnetic force. When we extrapolate, we find that the strength of these forces
is very close, but never exactly equal. If we extend the standard model to MSSM, the
forces unite at very high energies. Even better, the gravitational force at even higher
energies reaches the same force like other forces, indicating the relationship between
standard model forces and gravitational force. These achievements provide important
clues that support MSSM; other reasons for the need to extend the standard model
arise from phenomena that cannot be described or even adapted, including:
1. All modern theories implicitly state that the universe must contain a high
density of energy, even in its empty areas. The gravitational effects of this
phenomenon, called vacuum energy, must either have interconnected the universe
long ago, or have caused it to expand far beyond its present size. The standard model
cannot help to understand what is called the cosmological constant problem.
2. It has long been thought that the expansion of the universe is very slow, as the
constituents of the universe are under each other's gravitational attraction. We now
know that the expansion of the universe is accelerating, and what is causing this
acceleration (dark energy) has no place in standard model physics.
3. There are some evidence that in the first fraction of a second of the Big Bang,
the universe was in a rapid expansion phase called inflation. The fields that caused
the inflation do not place within the scope of the standard model.
4. If the universe had started with the Big Bang, the explosion of the great value
of energy, there would have been an equal share of matter and antimatter (CP
symmetry), but the stars and nebulae are made up of nucleons and electrons rather
than their antiparticles. This asymmetry in the matter cannot be justified by the
standard model.
5. A quarter of the universe's matter is dark and invisible outside the standard
model particles realm.
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6. In the standard model, the interaction with the Higgs field (referred to as the
Higgs boson) causes the particles to be massive. The standard model cannot explain
the very specific structure of the Higgs interaction.
7. Quantum corrections clearly calculate a large mass for the Higgs boson, which
results in a very large mass for all particles. The standard model cannot avoid such a
problem and, as a result, creates important conceptual problems.
8. The standard model does not include gravity, because the structure of this force
is not the same as the other three forces.
9. The mass of quarks and leptons (fermions) cannot be justified by the standard
model.
10. The standard model has three processes of particle production. The world
around us is just filled with the particles of the first process, and this process itself
creates a consistent theory. The standard model describes all three processes, but
cannot explain why there is more than one process.
It should be noted that, when I say that the standard model cannot justify these
mysteries, it does not mean that theory has so far failed to justify it, but one day it
will. Rather the standard model is too bound and will never be able to explain the
phenomena listed above, but there are possible interpretations. One of the reasons that
make the development of supersymmetric theory attractive to many physicists is that
it can provide an explanation for the above cases, except for the latter and the last
three. String theory (in which particles are very small one-dimensional entities rather
than point entities) explains the last three. It is not surprising that the standard model
cannot answer the questions. Any successful theory in science increases the number
of answers to the questions, but there are still unanswered questions. In addition, the
rise of awareness raises new questions that were previously unexplained, but the
number of unanswered fundamental questions decreases. Some of these ten riddles
illustrate another reason why particle physics is entering a new era today. It has
become clear that important issues in cosmology have found their answers in particle
physics, and the two issues have been merged into particle cosmology. Only from
cosmological teachings did we find out that the universe is made of matter (not
antimatter) and about a quarter of the universe is made up of cold dark matter. Any
theoretical understanding of these phenomena should explain how they emerged after
the Big Bang. But cosmology alone cannot say, what particles produce the cold dark
matter, or how matter asymmetry actually occurs, or what is the origin of inflation?
Understanding the largest and smallest phenomena must be possible together.
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Physicists are working extensively on models beyond the standard model to find the
answer to these riddles.

27-11 Effective theories
It is useful to think deeply about effective theories to deeply understand the
relationship between the standard model and the rest of physics and to examine the
limitation and power of the model against it. An effective theory is an explanation of
an aspect of nature with inputs that are essentially computable in a deeper theory. In
nuclear physics, mass, charge, and proton spin are assumed to be input. In the standard
model, these quantities are calculated according to the properties of quarks and
gluons. Nuclear physics is an effective theory for describing the nucleus, while the
standard model is an effective theory for quarks and gluons. From this perspective,
any effective theory is an unfinished as well as a fundamental one, which is not, of
course, completely fundamental. How far will the ladder of effective theories go? So
MSSM solves problems that the standard model cannot solve, but is still an effective
theory because it has inputs. Perhaps these inputs can be calculated with the string
theory. Even from the point of view of effective theories, particle physics has a special
situation. Particle physics enhances our understanding of nature until a more effective
theory is formulated. Perhaps the string theory or one of its relatives can compute all
inputs, not only electron mass and quantities like this but also complement the
existence of space-time and the principles of quantum theory. We still have one or
two effective theories that are far from the main goal.
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Chapter 28

Higgs and Advanced Laboratories of Physics
There is a sort of mythology that grows up about what happened, which is
different from what really did happen. Peter Higgs

How particles acquire mass?
In the standard model, in the case of mass, a kind of field known as the Higgs field
takes over the whole universe, and the fundamental particles acquire mass in
interaction with the Higgs field. Scientists want to know why different types of
fundamental particles have their own mass, but we still do not know why.

28-1 What is mass?
The basics of our modern understanding of mass are far more complex than Newton's
definition and based on the standard model. At the heart of the standard model, there
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is a mathematical function called Lagrangian that shows how different particles
interact. Using this function and following the rules of relativistic quantum theory,
physicists can calculate the behavior of fundamental particles and find out how these
particles come together to form composite particles like protons. We can figure it out
how fundamental and composite particles react to forces. For force F, the equation
𝐹𝐹 = 𝑚𝑚𝑚𝑚 relates the force, mass, and acceleration of the force to each other.
Lagrangian says how much value should use here for the mass m, and this is what
physicists consider about the mass of a particle. However, the mass we normally
understand is more than what the relation 𝐹𝐹 = 𝑚𝑚𝑚𝑚 shows. Special relativity theory,
for example, predicts that massless particles move in a vacuum at the speed of light
and the massive particles move much slower than the light speed so that we can
calculate their speed if we know their mass. The laws of gravity very accurately
predict gravity affects both the matter, and energy. As we would expect from a
particular value of mass, the value of the mass m that obtained of Lagrangian for each
particle is true and applicable in all other cases. Fundamental particles have an
intrinsic mass that we know as the rest mass. In the case of composite particles, the
rest mass of the constituents and kinetic energy and potential energy of interactions
play a role in the total mass of the particle. As the E=mc 2 relation states, energy and
mass are equivalence. An example of the contribution of energy to mass can found in
the most familiar kind of matter in the universe, protons, and neutrons. The standard
model allows us to obtain almost all the masses of protons and neutrons from the
kinetic energy of the quarks and gluons that form it, and the remnant obtains from the
rest masses of the quarks. So four to five percent of the entire universe, almost all of
the ordinary matter, stems from the motion energy of quarks and gluons in protons
and neutrons 1.

28-1-1 Higgs mechanism
Fundamental particles (quarks and electrons), unlike protons and neutrons, do not
form of smaller components. The description of how the rest mass of these particles
has become one of the main issues regarding the origin of the mass. Interpretations
provided by modern theoretical physics suggest that the mass of fundamental particles
results from the interaction with the Higgs field. However, why is the Higgs field so
available in the universe? Why is the power of this field not zero at all like the
1
- This and the two other sections of this chapter is selected from the below reference
Gordon Kane, The Mysteries of Mass, SCIENTIFIC AMERICAN, 2005
https://craftx.org/sites/all/themes/craft_blue/pdf/Interrogating_the_Text_Kane_Mysteries_of
_Mass_p5.pdf

28. Higgs and Advanced Laboratories of Physics

659

electromagnetic field on cosmic scales? What is the Higgs field? The Higgs field is a
quantum field. It may sound strange, but reality is that all of fundamental particles
appear as the quantum of the corresponding quantum field. Therefore, the Higgs field
is no stranger than electrons and light. However, the Higgs field differs from all other
quantum fields in three important ways.
1- The first difference is that all fields have a property called spin. The Higgs boson
(the particle of Higgs field) has a zero spin. Zero spin enables the Higgs field to appear
in Lagrangian in a different way than other particles, and the Higgs field shows two
different aspects of itself.
2- The second unique property of the Higgs field explains why the field's power is
non-zero throughout the world. Every system, including the universe, is at the lowest
energy level. In the familiar fields, as in electromagnetic fields, the lowest energy
level is where the field has zero value. That is, where the field disappears. If a nonzero field is applied, the energy stored in the fields increases the net energy of the
system. If we want to use the valley analogy, for the familiar fields, the valley floor is
a zero field, but for the Higgs, the valley has a hillock at its center, and the lowest
point of the valley is a circle around this hillock. The universe resides like a ball
somewhere on this circular trench, which corresponds to the non-zero value of the
field. This means that the universe is normally non-zero, full of Higgs field, at the
lower level (figure 28-1).
3- The last striking feature of the Higgs field is its interaction form with other
particles. Particles that interact with the Higgs field behave as if they are massive and
their mass is proportional to the intensity of the field multiplied by the intensity of the
interaction. Masses arise from a term in Lagrangian that denotes the interaction of
particles with the Higgs field.
However, our understanding of all this is not yet complete and we are not sure how
many Higgs fields exist. Although the standard model only requires one Higgs field
to create the mass of all the fundamental particles, physicists know that a more
complete theory should replace the standard model. The most important competitors
are extensions of the standard model known as the supersymmetric standard models
(SSMs). According to the supersymmetric standard model, we need at least two
different Higgs fields. Interacting with those two fields gives masses to the standard
model particles. Which also makes the supersymmetries become massive. Two Higgs
fields result in five types of Higgs bosons.
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Fig 28-1: Higgs field and Higgs boson interaction

Three of them are electrically neutral and the other two are charged. It is also
possible that the mass of particles called neutrino and is smaller than the mass of other
particles, indirectly, creates from these interactions or from the third type of Higgs
field. Theorists have several reasons to suggest that the SSMs image of Higgs'
interactions is correct. First, without the Higgs mechanism, the Higgs bosons that
mediate the weak force must be like massless photons, the other that the weak
interactions must be strong like the electromagnetic ones. This theory says that the
Higgs mechanism makes W and Z become massive, by way of very specific
interactions. The predictions of such an approach for W and Z masses have confirmed
empirically. Second, virtually all other aspects of the standard model have well tested,
and in such a highly detailed and interconnected theory, it is difficult to change a part
(such as Higgs) without affecting the other parts. For example, the analysis of precise
measurements of Z and W boson properties led to a precise prediction of the top quark
mass prior to its direct production. Changing the Higgs mechanism violates this and
other successful predictions. Third, the Higgs mechanism of the standard model works
well in justifying the mass of all standard model particles; it justifies the W and Z
boson masses, as well as the quark and lepton masses. While alternative theories
cannot. SSMs, unlike other theories, provides a framework for coordinating our
understanding of the forces of nature. The bottom line is that SSMs can explain why
the energy valley has so shaped by the universe that needed for the Higgs mechanism.
In the original standard model, the valley shape should entered as an acceptable
model, but in SSMs, this valley shape can obtained mathematically.
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28 -2 Higgs boson and its results
In 1962, Peter Higgs 2 returned to college after a weekend with a new idea, and he
simply shared his thoughts with his colleagues. The main idea was to answer the
question of how do particles acquire mass? His simple thought discussed and its first
article published in 1964, in which it examined how particles acquire their masses
from the Higgs boson. Empty space filled with the Higgs field that has a non-zero
value and always penetrates the entire universe. The Higgs mechanism proposed by
Philip Anderson 3 illustrates how all the fundamental particles are getting mass. This
mechanism makes Z and W bosons different from photons.
According to this mechanism, by spontaneously broken symmetry, it assumed that
there is a complex scalar field at any point in space whose value is:
(28-1)

H ( x, y , z )

This field has some potential energy obtained by the following relation:

=
U(x , y , z ) (| H (x , y , z ) |2 −u 2 )2

(28-2)

That obtains by integrating on the space that is not negative and has a continuous
manifold with the least value as follow:

| H |2 = u 2

(28-3)

Its implication is that the energy density in space is a function of H.
According to the concepts of the Higgs field, the way of production and getting
mass of particles can explain from the point of view of the hypothesis. Therefore, the
following relations can be justified:
H → γγ

(28-4)

Production of a photon pair

2

- Peter Higgs (1929 - ), a personal chair in theoretical physics at the University of
Edinburgh and is now an emeritus professor.
3
- Philip Warren Anderson (1923 - )
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H → W +W −

(28-5)

Production of vector bosons

According to one of Feynman's diagrams, a reverse process presented for Higgs
boson production. In this diagram, Feynman predicts the probable process of Higgs
boson production (figure 28-2).

Fig 28-2: Feynman Diagram for the Higgs Production and Detection

Theoretically, there are two main ways, which the Higgs boson might produce.
Two gluons maybe converted into two pairs of up and anti-up quarks that they
combine to form a neutral Higgs boson or both quarks may be a boson. Release W or
Z. Combine to make a unique Higgs boson.
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28-3 Zero point field
In the 1990s, Alfonso Rueda of the University of California, Bernard Haisch, and
York Dobyns of Princeton University proposed that a completely different field called
the quantum vacuum field would probably be responsible for mass production. The
field, which predicted by quantum mechanics theory, is considered the lowest energy
balance and scale in the universe and is created by remnants of electromagnetic
vacuum-fluctuation everywhere in the universe. This field is also called zero point
field, and is thought to appear itself as an ocean of virtual photons exerting from the
ocean throughout the universe, shining momentarily back into the ocean. Rueda and
Haisch argued that material charged particles, such as electrons, are constantly
oscillated by the zero field, but these oscillations occur so that if these particles are
moving at a constant velocity relative to this field, the effect of these oscillations
would be zero (figure 28-3).

Fig 28-3: Zero Point Field of Rueda and Haisch
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In other words, no independent, resultant force acts on these particles, but if the
particles are accelerating in movement, then based on the calculations made by the
two physicists in the year 1994, it becomes clear that the number of photons coming
from the ocean of virtual photons against these particles is greater than the number of
photons behind them. In this way, a resultant force will apply to particles that oppose
with the movement of particles, thereby producing a rest mass or inertia mass of
particles, but the research, which published in Physical Review Magazine at the time,
only explained one type of mass. Physicists now claim that the same mechanism can
use to explain the gravitational mass. Imagine a very heavy mass curved the spacetime structure around itself. This heavy body will also bend zero field or quantum
field, so that, the particle that is near this heavy body and within the space-time
curvature range created by it is facing a smaller number of photons in the virtual ocean
in the direction it is facing the body, rather than a direction farther from the body.
This means that a resultant force applies to the particle, which drives it toward the
heavy body, and thus the particle feels that it is stuck in the gravitational curvature of
the heavy body. According to Rueda and Haisch, who have published their research
in the journal Annalen der Physik, this theory suggests that Einstein's argument about
the equivalence of gravitational mass and mass obtained by acceleration is correct.
Thus, the source of mass production of material particles is the source of mass
production of their resting state. However, this hypothesis has not yet accepted by the
other physicists. One of the main issues with this hypothesis is the position of the zero
field itself, which is a mystery, and not much has known about it. The total energy
stored in this field is astonishingly high, and its value is such that it can crush the
entire universe and make it swing like a beating heart. Clearly, such a situation has
not observed in the universe. Another limitation of this hypothesis is that it applies
only to charged particles.

28-4 The families
The mass of atoms comes from the motion of quarks in neutrons and protons. The
mass of proton must be about the value that obtained even without the Higgs field,
but the entire mass of quarks themselves, as well as the mass of electrons, comes from
the Higgs field. Without the Higgs field their masses should be become zero. In the
latter case, which is certainly not the least, most of the mass of superpartners and
therefore the mass of the dark matter particle (if it is actually the lightest superpartner)
are derived from interactions other than the Higgs main interactions (figure 28-4).
Finally, we came up with something called the family issue. Physicists have shown
for the last half-century that the universe we see is made up of only six particles: three
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matter particles (up quarks, down quarks, and electrons), two force quantum (photons
and gluons), and the Higgs bosons. It is a remarkable and surprisingly simple
description of the universe. However, there are still four other quarks, two more
particles similar to the electron, and three more neutrinos. They are all short-lived or
have little interaction with the other six particles. They can classified into three
families: up, down, electron neutrino, electron; charm, strange, muon neutrino, muon;
and top, bottom, tau neutrino, tau.

Fig 28-4: Three families of fundamental particles

The interaction of particles in each family is similar to the interaction of particles
in another family. The difference between these families is that the particles in the
second family are heavier than the particles in the first family and the particles in the
third family are even heavier. Since these masses result from the interaction with the
Higgs field, these particles must have different interactions with the Higgs field.
Therefore, the family problem has two parts: However, to describe the visible world,
just one family of particles is enough, why are there three families? Why do families
differ in mass and why do they have such masses? It may not be obvious why
physicists are surprised at the fact that nature has three families of particles instead of
one. This is because we want to understand fully the laws of nature and its
fundamental forces and particles. We expect that every aspect of fundamental laws is
a necessary one. Our goal is to have a theory that all particles and their masses ratios
inevitably derived from it and there is no need for dummy assumptions about the mass
quantities as well as the need to adjust the parameters. If the existence of three families
is necessary, it is a clue that we have not yet understood the importance of it.
However, SSM (the sequential standard model) can accommodate the observed
family structure in itself, but it cannot describe them. This statement is very important.
This does not mean that SSM has not yet been able to (and likely will) explain the
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family structure, rather, it means that it cannot describe it. We can now see why it
took so long for this mass to understand historically. Without the standard model of
particle physics and the development of quantum field theory, physicists could not
even ask the right questions to describe particles and their interactions. Although we
have not yet fully understood the origin and amount of the mass, it seems that the
framework needed to understand them is available. The concept of mass could not
been comprehended before presenting theories such as the standard model and its
supersymmetric expansion and the string theory. Whether these theories can really
provide a complete answer to this question is not yet clear, but it is clear that the
subject of mass has become a common research topic in the field of particle physics
today.

28 - 5 Higgs and the outlook of the future
The central component of the standard model is the mechanism that generates the
observed mass of particles. Particle mass is very important. For example, changing
the electron mass changes all chemistry and neutrino masses affect the expansion of
the universe. The other is to be a compound creature made up of new particles called
techni-quark that were strongly bonded to each other by a new force (called
Technicolor). Even if this field is a fundamental field, there are still many questions
about the Higgs field: how many Higgs fields are there and what are their exact
characteristics?

Fig 28-5: Supersymmetry
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However, we know with almost mathematical certainty that any mechanism
responsible for this must produce new phenomena in the LHC energy range such as
observable Higgs particles or technoparticles. Therefore, the main purpose of the LHC
design is to detect these phenomena and to determine how they getting mass. LHC
experiments will also be sensitive to other new phenomena that may support theories
that extend or complement the standard model. Supersymmetry greatly enhances the
network of relations between forces and fundamental particles. Local super-symmetry
will also have gravitational, whether or not want it. In contrast, the only known theory
(string theory) that can successfully combine general relativity with quantum
mechanics requires supersymmetry. If the supersymmetry is true, physicists have a
very good reason to believe that the LHC can find new particles that it has predicted.
These experiments can find new phenomena beyond the domain previously explored
by LEP, and the LHC is where physicists conduct extensive studies of new processes.
Dealing with this type of physics requires reproducing the conditions that had been
existed, only a trillionth of a second after the Big Bang, which pushes new
technologies to their borders and beyond. The magnets must produce a field of 3.8
Tesla to hold 7TeV proton beams along the way. This field intensity is about 100000
times that of Earth's magnetic field, and is the highest field intensity ever used in an
accelerator. These magnets based on superconducting technology; massive currents
flow without any resistance through thin superconducting wires, resulting in compact
magnets that can produce a magnetic field whose intensity is unattainable with
ordinary magnets made of copper wires. To maintain superconductivity in this state at a current of 12,000 amps - the nuclei of the magnets, must kept at 22.4 km along
the tunnel at -271 ° C. Attempts to achieve refrigeration at this scale have never been
made. In December 1994, a piece of complete LHC prototype operated for 24 hours
and proved the key technical benchmark for selecting the magnets is correct. Since
then, tests on prototypes have conducted and simulated the implementation of the
LHC for ten years. Magnets above the design standards of the day are currently being
built and delivered to CERN for final testing and installation and will be the only
accelerator project in the world that can implement a diverse research program on
high energy boundaries. The beams consist of proton clusters, which have threaded,
like spheres of a chain. At each collision point, the pairs of these clusters will cross
each other 40 million times per second, producing about 20 proton-proton collisions
each time. The collisions will be so high that when the next collision occurs, particles
from the previous collision will still pass through the detectors. From these 800
million collisions per second, only about one in one billion collisions is in front of the
quark.
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To keep up with this excessive speed, the information will move from the detector to
the electronic pipeline long enough to hold the data of thousands of collisions. This
gives "downriver" electronic devices enough time to decide whether it is an interesting
collision and whether it should be recorded before the data reaches the end of the
pipeline and disappears or not. LHC detectors have tens of millions of readout
channels. Pairing all the signals in the pipeline that originate from the same protonproton collision is an ambitious goal.

28- 6 When quarks collide
In fact, particle detectors are the electronic eyes of physicists, working diligently to
watch each collision, in order to provide signs of interesting events. That is why the
LHC has four particle detectors. Of this set are two massive detectors and the point of
the collision has directed toward the center of the detector. Each section designed and
built by order and a range of new technologies, and special observations made on
particles before they reach the next level.

Fig 28-6: ATLAS
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ATLAS multipurpose detectors (figure 28-6) and CMS (figure 28-7), which are 22
m high, search for Higgs and supersymmetry particles and with the recording of the
remnant effects of the collision, as much as possible, they will wait for unexpected
events. Two smaller detectors, ALICE and LHC, will focus on specific fields of
physics. Both ATLAS and CMS have optimized to detect high-energy muons,
electrons and high-energy photons whose presence can indicate the production of new
particles, including the Higgs boson. However, they follow very different approaches.
Years of computer simulation have shown that they can detect any new phenomena
that nature may exhibit.

Fig 28-7: CMS

The foundation of ATLAS has based on a massive magnet equipped with detectors
designed to detect muons in the air. Compact Muon Solenoid of CMS uses a more
traditional approach than chambers inside the recoil yoke, a very powerful solenoid
magnet to detect muons. Part of the CMS detector consists of crystals. When electrons
and photons enter, they light or flash. Such crystals can be very difficult to make, and
CMS benefited of the experience gained from L3 recent experiments at CERN, which
has also used crystals. The L3 detector was one of four detectors used from the year
1989 to the year 2000 in the LEP accelerator and, by careful investigation, revealed
the weak force and showed that there were exactly three types of low-mass neutrinos.
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Physicists have observed a violation of CP in the decay of strange quarks in the
1960s, but taking data from heavy "down" quarks and anti-quarks, the B meson
cornerstone is also needed to determine whether the standard model description is
correct or not. In 1999, the experiments have started in two B factories in California
and Japan that could produce tens of millions of B mesons per year. These
experiments have observed a violation of CP predicted by the standard model in the
meson B decay mode. The high brightness of the LHC beams is capable of producing
one trillion B mesons in a year for the LHC. As a result, it will allow for more indepth reviews of the broader conditions and may reveal critical external decay modes
that are rarer than other factories can clearly see.

28- 7 A Laboratory for the World
The scientific experiments that are as ambitious as the LHC project cost too much for
a single country and are therefore not very pleasant to do. Certainly, international
cooperation has always played an important role in particle physics; scientists turn to
wherever the most appropriate equipment exists for their research interests. As
detectors become larger and more costly, the size and geographical distribution of the
scientific collaboration that made them has also grown. There was a need to facilitate
communication between colleagues at LEP, which was the impetus for the invention
of the World Wide Web by Tim Burners Lee 4 at CERN. The LHC accelerator initially
received funding from only 19 European governments at the time. Fortunately,
countries such as Canada, India, Israel, Japan, Russia and the United States, and Iran
are now involved in sharing money and workforce.

28- 8 Top quark discovery
In the year 1985, when Fermi's accelerator began operating the search for the top
quark already been going on for eight years. Experiments at the Stanford Linear
Accelerator Center in California and DESY Lab in Hamburg, Germany, have not
resulted. Gradually, the more energetic accelerators began to operate, and efforts to
hunt this particle became wider. In the early 1980s, at CERN, a stream of protons and
antiprotons collided in energy 315GeV and created two new particles, W and Z.
Everyone was expecting CERN to discover the top quark soon, but it was still difficult
to find. When protons and antiprotons collide at high energies, real collisions occur
4

- Tim Berners Lee (1955- )
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between quarks and gluons inside them. Each quark or gluon carries only a fraction
of the high energy of its host proton or antiproton. On the other hand, the collision
energy must have high enough to create the top quarks. Such reactions are very rare
and as the required energy is higher, it means the top quark is heavier it is also less
likely to occur. A few years passed, and until the year 1988, this particle has not found
in the CERN. European researchers could only conclude that the top quark mass is
over 41GeV. At this time, Fermi Lab Accelerator was launching its new CDF, The
Collider Detector at Fermilab, CDF detector. A near-sensational competition between
CERN and Fermi Lab began. The decade of 1980 ended and the top quark was not
exposed, but scientists were able to find that the mass of the particle was no less than
77GeV. CERN had reached its peak of energy. The particle beam of this accelerator
could not produce heavier quarks than 77GeV, so the competition was limited to the
National Fermi Laboratory, between CDF and a new experiment in the accelerator
loop, named for its position in the accelerator path (D-zero). In the early 1980s, Leon
Lederman, who headed the Fermi Lab, decided that the CDF should have an internal
rival. It was then that a new group formed at Fermi Lab to make D0. The experiment
began in the year 1992 and produced the first data. Apart from the competition created
between the two Fermi lab research groups, which doubled the effort, having two
complete experiments studying one subject had the advantage of being more confident
in the obtained results. There is always the possibility of a mistake in one experiment
and the inconsistency of the results of the two tests could indicate these errors.
Both CDF and D0 test members have formed of international groups over than 400
scientists collaborate on the detector construction and operation, and on the event
analysis. In addition, many engineers, technicians and service personnel employed.
The rival groups were independent of each other; they never did engage in the
scientific analysis of the others, and each tried to exclude the other. However, it is a
friendly competition, and if you went to a restaurant and café for lunch or break, you
would see members of different groups sitting at a table chatting. It is an unwritten
rule in any research program that the results of any physical analysis are not leaked
out of the group until the data analysis is complete, but from the beginning, it was
clear that secrecy about a topic as important as the discovery of a top quark was very
difficult.
In each group, at least three spouses were members of the rival group. In order to
prevent unbearably spreading of gossips, the two groups came together to report oneweek announcement if they came up with results in their analysis that were worth
news. The most sensitive part of any high-energy experiment is the detector that
records the remnants of the collisions. According to the best theoretical calculations,
scientists expected one out of every ten billion protons and antiprotons collisions to
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produce the top quark. Other collisions were for other purposes. The difficulty was
that out of all the unpleasant collisions, they had to find one that produced the top
quark. Scientists from both CDF and D0 groups have developed complex and giant
tools over a decade, each with hundreds of thousands of electronic circuits, all
designed for one purpose: to find the top quark traces. The CDF detector has the
ability to accurately determine the path of each particle in the magnetic field and
thereby determine the momentum of those particles, but the D0 device is equipped
with a highly sensitive and accurate calorimeter that can measure the energy of any
collision.
If top quarks and anti-quarks have created, they will decay at the same instant.
These particles are very unstable, unlike the up and down quarks, which are stable
particles. Its half-life is 10-24 second, after which half of the top quarks and anti-quarks
are decayed and become other particles. The standard model predicts that if the top
quark is heavy enough, it will always decay into a W particle and a bottom quark.
Therefore, if a pair of top quark and anti-quark formed, they must produce two W
particles, one bottom quark and one bottom anti-quark.

Fig 28-8: Jets diagram of quarks
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Unfortunately, none of the W and bottom quark particles can be seen directly. The
half-life of the W particle is approximately equal to the half-life of the top quark. The
bottom quark is also unstable but lives much longer than the top quark. On the other
hand, quarks never have seen alone. When a quark released in a collision, a cloud of
other quarks and anti-quarks covers it. What is seeing is a jet, a directional beam of
particles traveling in the same path of primary quark. The W particle can transformed
into a co-generation quark and an anti-quark, such as an up quark and a down antiquark can see in the detector in the form of two-particle jets (figure. 28-8). However,
this particle can also decay into leptons, meaning it decays into a charged lepton and
a neutral co-generation lepton, like an electron and a neutrino! The resulting neutrino
in W decay has a very small mass and passes through the detector without be seeing.
Fortunately, can detect its presence, because this particle carries part of the collision
momentum with itself. The sum of particles momentum in each collision is constant;
if the momentum of all particles seen in the detector comes together and is
significantly low, the result is that a neutrino carried that value.
Fermi's lab in August 1992 resumed hunting the top quark. That month, scientists
determined the lower mass of this particle as 91GeV. It was a big step. The W particle
creates interactions between the same-generation quarks and fortunately the top and
bottom quarks are part of that generation. If the top quark were light enough, the W
particle could have produced it with a bottom anti-quark in its decay. However, by
reaching the limit of 91GeV, it turned out that the only way to find the top quark was
to create a top quark-anti-quark pair.

Fig 28-9: Jets diagram
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One of the most fascinating events in the creation of a top quark is the jets of
particles that the bottom quarks produce. These quarks move as part of a meson or
baryon and decay almost half a millimeter away from where they were created. In the
year 1992, a new device, called the silicon detector, was installed on the collision site
of high-energy beams that could track the particle's motion very carefully. The
detector could determine the path of each particle with an accuracy of 15 microns.
Scientists hoped to find the starting point of the decay by identifying the traces of jet
particles and tracing their path and identify the bottom quark in the jet. Silicon
technology was very new at the time, and scientists were concerned about the effects
of passing thousands of billions of high-energy particles. It was enough to disrupt the
accelerator's performance until the energetic particles of the beam shift its direction
to the detector and burn it all in a matter of seconds. Fortunately, a protective shield
was developed that would remove high-energy beams from the detector in
emergencies. But this wasn't the only new tool! A new detector was also developed
for D0 testing, located on the other side of the accelerator ring. In autumn of the year
1992, just three months after the launch of the new devices, the first signs of top quark
has found. Unique features of the event include the presence of highly energetic
electrons and muons, the loss of large amounts of momentum and at least two particle
jets. After much investigation, it became clear that the event was related to the creation
of a top quark. Both CDF and D0 experiments were able to record the event, but the
drawback was that one event was not enough to announce the world. This particle had
to be revealed several times so that no one would suspect it was one of the tens of
billions of other collisions that accidentally produced effects similar to the top quark
signs. Both groups continued the experiment more precisely but did not reach a
definite conclusion. The top quark seemed to be hiding.
Three groups participated in the CDF data analysis. The first event of the top quark
candidate was found by a group that was looking for collisions involving two leptons
(two W decay product), and at least two particle jets (two bottom quarks and
companions). The other two groups were looking for events involving one lepton
(only one W-particle decay) and several particle jets (caused by another W-particle
decay and, of course, bottom quark companions). The groups' strategies for
identifying these events varied. One group used well-worked silicon detectors to
detect bottom quark jets. Another group was looking for low-energy leptons, an
automatic sign of the decay of a bottom quark. A year passed and Fermi's lab couldn't
catch the quark. The CDF group was able to reach the lower limit of mass to 108GeV
and shortly thereafter, the group of D0 could exceed this value and reach 131GeV. In
July 1992, CDF groups describe their achievement at an in-house conference. The
achievements of each group alone were ambiguous, but data from both groups showed
a top quark hunt.
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Shortly thereafter, the CDF team discussed a variety of quark hunting methods at
a specialized conference, but of the top quark, the candidate event did not speak.
Gossips have soared, so that the scheduled conference canceled until the spring of
1994. The CDF team had to build a new silicon detector because the previous
instrument had damaged by the intense radiation of the proton currents. Fortunately,
the newer device was more accurate than the previous one. Experience with the
previous device has led physicists to use this tool better, and by writing a new
algorithm as well as using better hardware, was increased the tracking power of the
device to find the top quark. The new data analyzed with the new algorithm, and it
was not long after the top quark showed itself. The final conference of the
achievements of the Fermi National Laboratory's research teams held on March 2 of
the year 1995, and both CDF and D0 team were able to provide indisputable evidence
of the presence of top quark. Both groups showed that the probability that the recorded
events were caused only by field collisions was less than one in 500,000. Until the
time of the conference, the two groups had recorded more than 100 top quarkantiquark couple creation events. Of course, the CDF team, in addition to recording
these events, also searched for other events that could not explained by the standard
model of fundamental particles. The large mass of the particle obtained 176GeV gave
rise to the suspicion that the top quark's possible structure was different from the other
quarks, and so there could be a way to explore the universe beyond the standard model
particles.
It is true that the particles standard model is very successful, but there are many
questions that this model cannot answers. The standard model shows that at very high
energies, the weak reactions transmitted by W and Z particles merge with the
electromagnetic ones transmitted by photons, creating a new interaction called the
electroweak. Such energies existed in the early universe, but in today's low-energy
universe, weak and electromagnetic forces behave quite differently. It is unclear what
process caused the initial symmetry between these forces to be broken, but the
simplest model to explain it is the Higgs particle (figure 28-10). At very high energies
that there is symmetry, the W, Z particles, photons, leptons, and quarks are all
massless. At low energies that symmetry is broken, the W and Z particles interact with
the Higgs and become massive. Quarks and leptons also gain mass in the same
process. The mass of W and Z particles can be obtainable using the standard model,
but the masses of quarks and leptons must entered into the equations as variable
parameters.
These parameters show how strongly each quark or lepton interacts with other
particles. In other words, it shows how the strength of each quark or lepton interacts
with the Higgs. In the Standard Model, the strength of the interactions between the
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Higgs boson and matter particles (quarks and leptons) is proportional to the particle’s
mass. For an electron that is a very light particle, the strength of interaction is 3×10-6
. For Top quark, this is one.

Fig 28-10: Particles’ mass diagram

This the strength of the interaction of the top quark with the Higgs (which for some
physicists makes the mysterious aura of one more mysterious) suggests that the top
quark is likely to play a special role, a role we do not yet know. Certainly, the high
mass of the top quark makes it the most effective quark in interaction with other
particles. Very accurate measurement of the top quark mass and other particle such as
W can bring us closer to an estimate of the Higgs mass. There are, of course, other
ways to break the symmetry of electroweak theory that does not require the presence
of the Higgs fundamental particle. In one of these theories, the Higgs has replaced
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with a pair of top quark-antiquark. This theory predicts the existence of a new highmass particle that decays to the top quark-antiquark pairs. Such effects greatly
increase the rate of production of the top quarks.

28- 9 The Higgs boson detection
In the standard model, all particles gain mass in interaction with the Higgs field. The
Higgs boson can provide reasons for the differences between photons that are
massless and vector bosons that are relatively massive. According to the standard
model, atoms would not have formed without the Higgs field. In 2012, scientists at
the CERN Lab announced that they had discovered the Higgs boson (figure 28-11).

Fig 28-11: The Higgs boson detection
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The CMS detector event recorded in 2012 in a proton-proton interaction with 8TeV
energy center of mass. The event demonstrates the expected features of the standard
model of Higgs bosons in a pair of photons (yellow lines and green towers). This event
can also be a known cause of standard model background processes.
On October 8, 2013, the Nobel Prize in Physics awarded jointly to Francis Englert
and Peter Higgs for the theory of how particles acquire mass. When developing the
theory of quantum chromodynamics, some new insights into the types and properties
of the Higgs bosons introduced. Higgs' electric charge has considered in articles
published in recent years. Many of them have focused on the relationship between the
Higgs bosons and the electroweak bosons, so far no relationship between gravity and
the Higgs has considered.
After physicists detected Higgs particle, Hawking lamented and said it made
physics less interesting. He warned this particle one day could destruct the known
universe. Hawking is not the only scientist who thinks so. However, some physicists
disagree, and each cites quantum mechanics as a reason for the existence or
destruction of the universe by Higgs. Including:
The Higgs field emerged at the birth of the universe and has acted as its own source
of energy since then, Lykken said. Physicists believe the Higgs field may be slowly
changing as it tries to find an optimal balance of field strength and the energy required
to maintain that strength.
"Just like matter can exist as liquid or solid, so the Higgs field, the substance that
fills all space-time, could exist in two states," Gian Giudice, a theoretical physicist at
the CERN.
Right now, the Higgs field is in a minimum potential energy state - like a valley in
a field of hills and valleys. The huge amount of energy required to change into another
state is like chugging up a hill.
If the Higgs field makes it over that energy hill, some physicists think the
destruction of the universe is waiting on the other side.
However, an unlucky quantum fluctuation, or a change in energy, could trigger a
process called "quantum tunneling." Instead of having to climb the energy hill,
quantum tunneling would make it possible for the Higgs field to "tunnel" through the
hill into the next, even lower-energy valley. This quantum fluctuation could happen
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somewhere out in the empty vacuum of space between galaxies and create an
expanding "bubble," Lykken said 5.
The Higgs boson mass is about 126 billion eV or about 126 times the mass of a
proton. It seems that this precise mass has needed to keep the universe on the threshold
of instability, but physicists say finally the fragile state will eventually collapse and
the universe will become unstable. This conclusion includes the Higgs field.
In addition, the Higgs boson (LHC) observations go beyond the standard model.
In the case of 𝐻𝐻 ± charged Higgs bosons, many new physics models predicted with or
without supersymmetry. Therefore, it expected that some evidence of the presence of
𝐻𝐻 ± in the CERN laboratory should been presenting beyond the standard model.
Recently, for the first time, scientists at the European Organization for Nuclear
Research (CERN) have observed the decay of Higgs particles into down quark. This
event represents the most common method of Higgs particle decay. Physicists have
come to the first evidence of Higgs decomposition by using the Atlas detector on the
Large Hadron Collider in years 2015 and 2016. New results based on data from the
Large Hadron Collider between 2011 and 2016 showed that the Higgs boson is an
unstable particle and will soon decay into lighter particles. The Higgs particle decays
first into two Z bosons and then into four leptons. Even the Higgs boson conversion
to two photons had observed.

- Kelly Dickerson, Stephen Hawking Says 'God Particle' Could Wipe Out the Universe,
Live Science, September 08, 2014
https://www.livescience.com/47737-stephen-hawking-higgs-boson-universe-doomsday.html
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Chapter 29

Trying to combine the standard model and
general relativity
Experience is never limited, and it is never complete; it is an immense
sensibility. Henry James

29-1 CPT- and Lorentz symmetry breaking
It is conceivable that observations from nature are likely to indicate that the Lorentz
invariance and the CPT will be violated. In the developed standard model of particle
physics, which is a combination of the standard model and general relativity, the
Lorentz and CPT symmetry must be examined and explained. But before that, what
is the CPT and Lorentz symmetry? To answer this question we first need to see what
are Lorentz transformations and CPT? Lorentz transformations are divided into two
categories:
1- The rotation of coordinate system around each axis (figure 29-1).
2- Change the velocity of a charged particle relative to each of the coordinate axes.
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CPT conversions come from a combination of three transitions, charge conjugation,
reverse coupling, reversal time. Therefore:
C: A particle becomes its own antiparticle.
P: An object becomes its own mirror image, but turns upside down (parity).
T: Time direction change.
If the laws of physics do not change under Lorentz transformations (rotation and
increasing of velocity of the charged particle), the system has Lorentz symmetry.
Likewise, a physical system has CPT symmetry, when the components of the CPT do
not effect on physical laws. These symmetries are the basis of Einstein's relativity
(figure 29-2).

Fig 29-1: System Rotation

Fig 29-2: Lorentz symmetry and CPT
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29-1-2 Clock-Comparison Experiment 1
0F

It is also possible to obtain a high sensitivity to relativity violation in the clockcomparison Experiment. In this experiment, the work rate of a clock is examined in
different directions. Symbolically, a clock is an atom in a magnetic field whose rate
of work is the transition frequency between two energy levels of an atom. This
frequency depends on the size of the magnetic field. The direction of the magnetic
field, which is usually constant relative to the laboratory, is considered as the direction
of the clock. Therefore, the clock direction also changes due to the rotation of the
earth. At this time, another clock examines the work rate of the first one. The second
clock is often made of a different atom but with the same transition frequency. If there
is a violation of relativity, then the operating rate changes (frequency transients) of
two timers will be different. So the two timers will go out of sync after a while.

Fig 29-3: Two types of vector fields

1

- This and some other sections of this chapter is selected from the below reference
Beyond Einstein, SCIENTIFIC AMERICAN, SEPTEMBER 2004
http://pelusa.fis.cinvestav.mx/tmatos/CV/4_Repercusion/Papers_On_Mine/Scientific_Ameri
can_2004.pdf
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29-2 Studying Space in Space in the spinning lab
In satellites such as the space station, experiments are conducted based on a two clock
comparison to find evidence of Lorentz symmetry violations. In figure (29-3), two
types of vector fields (red and blue vectors) are observed that violate relativity, which
have different interactions with particles. The figures (29-4) show a comparison
between an atomic clock (indicated by an atom) and a clock based on light or
microwave (wave lines) in the resonant cavity. Light and electrons (red) interact with
red vectors, while protons (blue) interact with blue vectors. As the space station
rotates, these interactions will disrupt the synchronization of clocks, indicating a
violation of the Lorentz symmetry. A space station rotates around the Earth in about
92 minutes, so faster and more accurate data can be obtained than from stationary at
the earth.

Fig 29-4: Comparison of clocks

29-2-1 Ancient Light
A method of achieving high sensitivity for special relativity violates is the study of
polarized light that has traveled through the universe for billions of years.
Undoubtedly, the effects of relativity violation in SME (Standard Model Extension)
polarization alters the light traveling in empty space. The greater the travel distance,
the changes grow. In SME, the theory of relativity for light consists of two major
parts: one the CPT breaks and in another this symmetry is maintained. CPT symmetry
breaks are either impossible due to technical problems or the impact of these problems
is minimal. The examination of the cosmological data shows that this violation is of
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the order of 10−42 seconds. In the second case where the CPT is preserved, violation
of the theory of relativity for light can be measured by observing cosmic polarization,
the polarization changes of light traveled depend on its color. Alan Kostelecky and
Matthew Mewes at Indiana University conducted research on changes in polarization
of infrared light, visible light, and ultraviolet light, and obtained sensitivity about of
10−32 on the coefficients controlling these violations. Investigating other violations
of relativity in light can be done with a variety of novel tools used in the classic
Michelson Morley experiment. In the first Michelson-Morley experiment, two
perpendicular light rays were sent, and their relative velocity was independent of
direction. In today's most sensitive experiments, resonator cavities are used. For
example, one of them is rotated on a rotating direction and as the frequency changes,
they intensify. John Lipa' Group from Stanford University employs used
superconducting cavities to study the properties of microwave resonances. Achim
Peters and Stephan Schiller in Germany and their collaborators use laser light in
sapphire crystal resonators. All of these groups measured the sensitivity between the
two 10−15 to10−11 .
29-2-2 Clock-Comparison Experiments
It is also possible to obtain a high sensitivity to relativity violations in the clocks
comparison test. In this experiment, the clock rate is monitored for one clock in
different directions. Symbolically, a clock is an atom in the magnetic field the rate at
which it works is the transition between the two of the atom’s energy levels. This
frequency depends on the strength of the magnetic field. The direction of the magnetic
field, which is usually constant relative to the laboratory, considered as clockwise.
Therefore, the orientation of the clock also changes due to the rotation of the earth.
At this time, one more clock examines the ticking rate of the first clock. The second
clock is often made of a different atom but with the same kind of transition. If there
is a violation of relativity, then the frequency changes (frequency transitions) will be
two different timers. So the two timers will go out of sync after a while. To date, the
most sensitive of its kind has been conducted at the Ronald Walsworth’s laboratory
at the Harvard-Smithsonian Center for Astrophysics. These experiments have
obtained significant sensitivity of 10−31 to a specific combination of SME
coefficients for neutrons. Walsworth's team mixes helium and neon in a single glass
bulb and converts both gases into a microwave, it's a difficult technical feat. The
frequencies of the two masers are compared. Atom-based clock comparison
experiments as clocks have been conducted in various other settings, with a sensitivity
of about 10−23 to 10−27 for neutrons, protons, and electrons. In other experiments
instead of atoms, separated by electrons and positrons, negative charge hydrogen ions
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and anti-protons in electromagnetic traps and muoniums (An atom made from a
rotating electron around a positive muon particle) used. Researchers are designing
several time comparison experiments at the International Space Station (ISS) and
there are other satellites. These experiments have more benefits; including easier and
faster access to all spatial directions. Clock comparison experiments on Earth use a
rotation of the earth that has a constant rotation axis, and this constant axis creates
limitations for investigating the relativity violation. Since the rotating plane of the
International Space Station is diagonal and rotating, all spatial directions are available.
Another advantage is that the rotation period of these stations is 92 minutes and can
be accessed 16 times faster than ground laboratories.
Note: The International Space Station is designed so that one side is always
toward the earth.

29-2-3 Antimatter experiment
If the CPT is symmetrical, the antimatter should behave like matter. At CERN, two
experiments to test this hypothesis designed using anti-hydrogen atom. A hydrogen
atom when an electron falls from a higher level to a lower level emits light with an
especial color or, in other words, a specific wavelength (figure 29-5, top, left side).
Under the same conditions, the anti-hydrogen emits light of the same color (figure 59, top right side), the photons being their antimatter. So the emitted light will be a
photon. Therefore, if the symmetry of CPH is maintained, the hydrogen and the antihydrogen should have the same emission spectrum (figure 5-29 below). The CERN
experiments have been using ultraviolet laser light absorption and transmission to
microwave waves, which should be the same for hydrogen and anti-hydrogen. Any
discrepancy in these two spectra will indicate a violation of CPT that will eventually
violation of Lorentz's symmetry.
Explained experiments show that it is possible to understand the Planck scale (Planck
units) with today's facilities.
Although no strong evidence of a violation of relativity has been found so far, it should
be noted that a small number of experiments have been designed and performed to
detect this violation. In the coming years, we will see significant advances in both
relativity tests (to measure more coefficients) and the accuracy of tests. If the violation
of relativity is discovered in the end, it will change our attitude and understanding of
the world. Spontaneously broken symmetry occurs when a set of symmetric
conditions or fundamental and basic equations produce results of broken symmetry.

29. Trying to combine the standard model and general relativity

689

Broken Symmetry can be represented by a vector or an arrow. The direction and size
of the vector indicate the direction and extent of bending. Violation of Lorentz
symmetry requires the existence of such vector quantities in space-time.

Fig 29-5: Anti-mater experiment

29-2-4 Torsion pendulum
At the University of Washington during an experiment involving a torsion pendulum
(Where the pendulum's weight hangs back and forth on its yarn), the spin-coupled
forces are examined. The weight includes the magnet rings that are made of two
different materials (figure 6-29, red and blue, right side). The fields of both magnets
have the same strength but are made up of different quantity of electron spins (arrows).
The magnetic field forms a closed loop that releases a small amount of weight, thereby
reducing unwanted signals from magnetic interaction. But electron spins are
unbalanced. If the vector field that violates relativity is large enough, pendulum
oscillations are impaired.
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Fig 29-6: Spinning pendulum

29-3 Antimatter
Direct violations of CPT can be observed by comparing the properties of matter and
antimatter. One of the classic CPT tests involves a fundamental particle called kaon.
In this experiment, kaon due to the weak interaction. Gradually it becomes its antiparticle, and back again. These oscillations are so balanced that even a small violation
in the CPT makes significant changes to it. So far, there have been major laboratory
collaborations to study CPT violations. The results predict for two independent
measurements of SME coefficients at the level of 10−21 . In experiments, ATHENA
and ATRAP, both of which are performed in the CERN, the spectrum of trapped antihydrogen is compared with the hydrogen spectrum (figure 29-5). If there is CPT, the
two spectra will be quite similar. Thus observing any difference would indicate a
violation of the CPT and consequently a violation of the Lorentz symmetry. In the
sensitive tests for relativity, materials are also used which combine a large number of
electron spins to create a spin network. The spin of each electron is a small pointer
like a tiny compass needle. Opposite directions of these needles cancel each other, but
parallel ones form a larger spin. Such materials are common, for example, a spin set
produces a magnetic field like a magnet. In an investigation to violate the Lorentz
Symmetry, the existence of a strong magnetic field is disturbing. To solve this
problem, Eric Adelberger, Blayne Heckel and their colleagues at the University of
Washington, designed and made a polarized spin ring that the substance of this ring
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is an electron spin network, but it has no external magnetic field. This ring is used as
the weight of a torsion pendulum. When the pendulum hangs on a rotating plate, it
twists back and forth (Figure 29-6). A spin-dependent Lorentz symmetry violation
can disrupt itself on the pendulum's oscillations that is depending on the direction of
the pendulum orientation. This device is the best current for violating relativity in a
system containing electrons, it measures10−29 . It is also possible that a violation of
relativity already has been observed so far, but this has not been recognized. In recent
years, it has been shown that the neutrinos oscillate, this requires that the current
standard model be modified. This oscillation is usually described by considering a
small mass to the neutrino, whereas the anomalous oscillatory property of neutrino is
also predicted by SME theory. Theorists have shown that describing neutrino behavior
on the basis of the relativity violation and SME theory is much easier than describing
neutrino mass.

29-4 In search of violation of relativity
In recent years, efforts to unify known forces and particles into a final theory have led
some physicists to investigate the possibility that the principles of relativity are
approximate.

29-4-1 does the violation of relativity lead to a more complete theory?
Scientists are seeking a violation of Einstein's physical principles that were once
sacred to reveal possible features and possible structures of a final theory. Particle
colliders take advantage of the benefits of increasing mass and life span of high-speed
particles, and experimenting with radioactive isotopes indicates mass to energy
conversion and vice versa. Even users of electronic devices are affected by these
phenomena. In the Global Positioning System (GPS), time delay correction must be
considered. This time delay changes the clock work’s speed of the satellite orbits. It
is expected that a slight deviation from the theory of relativity will usher in the first
experiments to investigate a final theory. Being constant or invariance of the laws of
physics for different observers indicates space-time symmetry called Lorentz
symmetry.
The complete sphere represents a symmetry known as rotational symmetry.
Rotating the sphere in any direction and at any rate, it looks exactly the same. The
Lorentz symmetry is not based on the similarity of objects, rather, its basis is on the
unification of the laws of physics under rotational and transient transformation that
changes speed. Inertial observers, regardless of their constant direction and speed, see
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the laws of physics as the same. When Lorentz symmetry is considered, space-time
appears to be isotropic, meaning that all fixed directions and movements are equal
and none have superiority over the other. The Lorentz space-time symmetry forms the
basic core of the theory of relativity. Knowing the rules of Lorentz transformations
can yield all the known predictions of relativity. Prior to Einstein's paper in 1905,
equations for these phenomena had been obtained by other researchers, including
Lorentz himself. But they interpreted these equations as physical changes in objects,
for example shortening the bond length between atoms to cause the phenomenon of
length contraction. Einstein's great contribution was that he linked all the pieces
together, revealing that the lengths and the work rate of the clocks is related closely
together, and so, the notion of space and time came together in a new concept called
space-time.
The Lorentz symmetry is a key element and the basis of our best descriptions of
fundamental particles and forces. The Lorentz symmetry, when combined with
quantum mechanics, establishes a framework called relativistic quantum field theory.
In this frame, each particle and force is described by a field that fills all space-time
and has Lorentz symmetry.
Particles such as electrons and photons are known as local excitations of the
corresponding field quantum. The standard model of particles that describes all known
non-gravitational particles and forces (including electromagnetism, weak interaction,
and strong interaction) is a relativistic quantum field theory. The necessity for Lorentz
symmetry to be established strongly determines the type of interaction and behavior
of these fields. Many of interactions that can appear as probable sentences in the
equations of this theory are forbidden because of violation of the Lorentz symmetry.
The standard model does not include gravity interaction. Einstein's theory of
general relativity also follows Lorentz's symmetry. In general relativity, as the special
relativity, the laws of physics in one place are the same from the point of view of
observers with different directions and speed. But the presence of gravity can make a
complex comparison between experiments at two different locations. General
relativity is a classical non-quantum theory, and no one knows how it can be
satisfactorily combined with the standard model. However, the two can be partially
integrated into a theory called the "Standard Model with Gravity", which includes all
particles and four forces.
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29-4-2 the unified of forces and the Planck scale
This combination of the standard model and general relativity is strikingly successful
in describing nature. In the combination, all known fundamental phenomena and
laboratory results are well explained and no further laboratory evidence is found.
However, many physicists think this combination is not satisfactory. One basis of
these difficulties is that although the two theories have brilliant formulation, they are,
in their own form, incompatible according to mathematics.
In conditions such as the classical experiment of the motion of cold neutrons
against the Earth's gravitational field, which requires both gravity and quantum
physics, the gravitational force is added to the quantum description as an external
force. These models may prove to be efficient from a laboratory perspective. But they
cannot be regarded as a fundamental, consistent and satisfying description. This is as
if someone carries an object on his shoulders, could be explained very precisely by
the forces acting on the bones and organs of the body at the molecular level, or the
muscles can be considered as closed boxes that are capable of providing specific
forces within specified ranges. For this and other reasons, many physicists believe that
the formulation of a final theory is possible, a complete and unified description of
nature in which gravity and quantum physics are combined together. We now believe
that electromagnetism is closely related to weak and strong forces. It was only after
the laboratory findings after Einstein's death that the strong and weak forces were
formulated and understood separately without combination with electromagnetism
and gravity.
An extensive and promising approach to such a final theory is string theory. This
theory is based on the idea that all particles and forces can be described on onedimensional objects of the "strings" together with two-dimensional procedures and
higher procedures called super- procedure. Another well-known approach is loop
quantum gravity, which seeks a consistent quantum interpretation of general relativity
and predicts that space is made of volume and surface quantum. Whatever the form
of the final theory may be, however, it is expected that quantum physics and gravity
will be inseparably intertwined at the scale of a fundamental length10-35 m called the
Planck length. Planck's length is much shorter than the lengths that can be seen with
ordinary microscopes or can be found in high-energy accelerators. So not only the
presentation of the final theory is a serious challenge, but it is also practically
impossible to conduct direct empirical observations to test the predictions of such a
theory. Despite such barriers, there may still be ways to obtain laboratory information
from the final theory on Planck's scale. Perhaps in experiments that are sensitive
enough, small phenomena may be observed that are indirectly new physical reflectors
in the final theory; like images on a TV screen or a monitor that consists of a large
number of Pixels. The Pixels are so small compared to the viewing distance that the
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image looks perfectly flat. But under certain circumstances, these Pixels are observed.
For example, when a news presenter wears a striped shirt with narrow lines, he creates
a design known as the "Moiré" pattern. One such scheme, derived from Planck's
length, is a violation of the theory of relativity. At large (regular) distances, spacetime appears to be Lorentz's invariant, but it may be broken at sufficiently small
distances as a manifestation of the unity of quantum physics and gravity.
It is expected that the visible effects of the theory of relativity in Planck scale will
be within distances of10-17 to10-34 m. Therefore, observing a violation of relativity
requires far more sensitive experiments is done than ever before.

Fig 29-7: Is the mass ratio of two non-homogeneous objects during the day the same?

The standard model obeys from CPT symmetry, while this symmetry may be broken
in theories that violate relativity. The rotation of the Earth rotates a laboratory relative
to the vector field of relativistic violations (arrows). From perspective of the
laboratory, the direction of field vector changes throughout the day, which can be used
to detect relativity violations. For example, the mass ratio of two non-homogeneous
objects may vary throughout the day (figure 29-7).
Explanation: The Moiré pattern is derived from the French word (Moire) meaning
wavy. This happens when the density of duplicate images exceeds the density of the
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sensor pixels. For example, if a landscape is made up of multiple points of the same
pattern and the sensor cannot assign a pixel to each point in the landscape, we will see
the Moiré pattern.
Important note: consider that our usual perception of dimensions and plane is
different from what is stated in string theory. The string theory uses D-branes for the
Dirichlet. Branes of D are usually classified by their spatial dimensions, which are
written by the number after D. A D0 - branch of a single point, branch D1 is a line
(sometimes called "string D"), a branch D2 is a plane, and a branch D25 is the highest
space considered in theory. There are also D (-1) momentary beams that localize both
in space and time.

29-5 Spontaneously Violation of Lorentz Symmetry
How does the violation of relativity manifest itself in a final theory? A natural and
beautiful way is the breaking of the Lorentz symmetry spontaneous. This should be
quite similar to the spontaneously broken symmetry in other cases when the basic
laws are symmetric while the actual terminals are not. To understand the general idea
of spontaneously broken symmetry, consider a narrow cylindrical rod positioned
vertically on a flat surface. Imagine a vertical force is applied toward down on the rod.
This system under the rotation around the cylindrical axis of the rod is completely
symmetric: the rod is cylindrical and the force is applied vertically, so the laws and
physical equations are invariant under these conditions and under rotation. But if the
force becomes strong enough, the rod bends in one direction, and breaks the symmetry
under rotation spontaneously (figure 29-8). In the case of relativity violation, the
equations describing rod and force are replaced by the equations of the final theory.
Instead of the rod of quantum fields, particles and forces lie. In most cases, the natural
background field value of such fields is zero.
However, in some situations, background fields receive non-zero values. Imagine
this happening in the electric field. Since the electric field has a direction (it is a vector
field), each location in space has a particular direction which is determined by the
direction of the electric field at that location. A point electric charge accelerates in
that direction. As a result, rotational symmetry as well as translational symmetry
breaks. Such results are also true for a non-zero tensor field. Such non-zero tensor
fields do not create in the standard model, but some fundamental theories, such as the
string theory, include aspects that are appropriate to the Lorentz's spontaneously
broken symmetry.
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Fig 29-8: Spontaneously broken symmetry

The idea that Lorentz's spontaneously broken symmetry and observation of
violation of the relativity theory can occur in the string theory and field theories
involving gravity was first proposed by Alan Kostelecky and Stuart Samuel of New
York College in the year 1989. Kostelecky and Robertus Potting expanded this issue
to the CPT broken symmetry in the string theory in 1991. Thereafter, several methods
were proposed to violate the theory of relativity in the string theory and other quantum
gravitational approaches. If the Lorentz's broken symmetry is really a part of the final
theory, observing the violation of relativity will provide the first laboratory
observations for such a theory.

29-6 The Standard Model Extension
Suppose fundamental theory of nature is through mechanisms involving the Lorentz
broken symmetry (CPT). We should know how this violation is observed in the
laboratory and how it is related to modern physics. To find the answer we need a
general theoretical framework that can cover all the phenomena that may occur in the
laboratory. With such a framework, we can calculate laboratory parameters, compare
different experiments, and predict expected phenomena. To build this framework,
must follow no doubt natural principles: First, all physical phenomena are

29. Trying to combine the standard model and general relativity

697

independent of the coordinate system we choose to describe space-time. Second,
successful experiments of the standard model and general relativity theory show that
the Lorentz and CPT symmetry violations must have very little effect.
Following these criteria and applying known forces and particles directs us to a set
of possible interactions that can be added to the equations of the theory. Each of these
statements is equivalent to a tensor field with a non-zero background value. The
coefficients that determine their domain are unknown, but many of them may be zero
in a definite final theory. The final result is a theory known as the standard model
extension (SME).
The beauty of this formulation is in its generality: Whatever physical or
philosophical origin you consider for the violation of relativity, its results should
explain nature with the help of SME, because this theory includes all possible
corrections and generalizations of relativity that are consistent with the standard
model. To visualize the effects of the Lorentz broken symmetry, suppose space-time
has an inherent direction. When a vector field appears as a special sentence in the
SME equations, this inherent direction of space-time corresponds to the direction of
the vector field. For tensor fields, the subject is similar, but slightly more complex.
The motion and interaction of the particles due to the existence of such background
fields is dependent on the orientation, such as the motion of the charged particle in an
electric or magnetic field. Such phenomena also occur in violation of the CPT, but
this is due to the coupling constant difference of particle and antiparticle with the
background field. MSE equations predict that particle behavior can take many variety
ways to be affected by the violation of relativity. The properties of particles and
interactions are dependent on their motion direction and velocity (rotational symmetry
violation). A particle may have a spin, in this case, the behavior can be caused by a
relativity violation depending on the direction and value of the spin. A particle may
not be the mirror image of its own anti-particle (CPT violation). The behavior may
depend on the type of particle; for example, proton may be affected more than a
neutron. These phenomena leave many traces that can be found in experiments. A
number of these experiments have already begun, but none have yet yielded
conclusive evidence to violate the theory of relativity.

29-7 Tradition breakers
Alan Kostelecky explains those empirical studies designed to find a deviation from
the theory of relativity. His analysis is based on a generalized standard model in which
all possible terms are added to the physical particle equations to violate relativity. This
universal model encompasses all possible deviations from the theory of relativity
leading from a theory of final unity to modern physics. The existence of such
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hypothetical deviations in relativity still attracts much attention. Some of these
theories have been examined as "Doubly special relativity" by Giovanni AmelinoCamelia of the University of Rome until 2000 and later by Lee Smolin of the Institute
for Theoretical Physics in Ontario; João Magueijo of Imperial College London and
other people.
Doubly special relativity is inspired by quantum gravity theories. This theory
predicts a second velocity limit that operates along with the accepted speed limit, that
is, the speed of light in vacuum c. The idea is that maybe the space-time continuum is
lost at short distances and the space-time at these intervals is granular, such as sand
grains or a network of spider webs. In quantum physics, small distances and short
times are equivalent to large momentum and high energies. Therefore, at sufficiently
high energies (such as Planck energy), particles must see the space-time as granular.
Ep =

c 5
≈ 1.95 J ≈ 1.22×1019 GeV
G

This subject violates relativity, as space-time loses its smoothness in small scales.
The reflection of this is doubly special relativity theory is such that particles can not
only have velocities beyond c but also cannot have energy higher than Planck's. Some
models predict that the speed of light at high frequencies is greater than the speed of
light at low frequencies. Experimenters are looking to find this effect in the light of
distant explosions, called gamma burst. However, a group of skeptics has not yet been
convinced that these theories are good findings. Some scholars have argued that those
equations are physically equivalent to ordinary relativity, which are covered by
complexity to remain hidden. Their proof must be drawn precisely from more
fundamental theories such as string theory or loop quantum gravity, not through
empirical evidence. Another disadvantage that some may think is that the speed of
light has varied throughout the history of the universe. John Moffat of the University
of Toronto studied models of this kind in the early 1990s, now Magueijo is one of the
most famous. If the speed of light were higher at the beginning of the Big Bang, then
the phenomena would be transmitted faster. This can solve some of the cosmological
riddles. If the speed of light is variable, then the alpha coupling constant, which is a
dimensionless number that determines the magnitude of electromagnetic interaction,
will also be variable. So alpha can change without changing c. This does not violate
the theory of relativity, but it is equally important.
Such a variable alpha can exist in the string theory. The size of alpha depends on
the exact structure of the extra dimensions contained in the theory. The possibility of
alpha variability was long ago suggested by Russian physicist Landau in 1955.
Physicists and astronomers are now looking for evidence of slight alpha changes over
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billions of years by examining the lights from distant quasars. Alpha changes cause
changes in the frequency of light emitted or absorbed by atoms and ions. Most
research in this area has so far been negative. One exception is the results of a group
led by John Webb of the University of South Wales in Australia. The researchers used
a new method of data analysis to achieve high accuracy and reported evidence of
frequency shifts: between 8 billion and 11 billion years ago, alpha was six parts per
million weaker than it is today. These changes are hardly justified by the string theory
predictions. The theory predicts that constants such as alpha are highly stable, except
that they occasionally (in point) show large variations. However, some researchers
report that the claimed accuracy of the new method is incorrect and the obtained
results are statistical fluctuations. In March 2004, a team of astronomers led by Patrick
Petitjean from the Institute of Astrophysics of Paris and Raghunathan Srianand from
the Pune University Center for Astronomy in India presented a report on traditional
and well-known methods. They conclude that alpha changes have been about 0.6 parts
per million since 10 billion years ago, contrary to the report of Webb and his
colleagues.
So Einstein has stood up to all fighters so far. Tradition breakers must continue
their search to find a hole in his armor.
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Chapter 30

The Border between imagination and reality
The bottom line is that time travel is allowed by the laws of physics. Brian Greene

30-1 Time Travel
Probably one of man's dreams throughout history has been and is to travel in time.
Before time entered physics as one of the four dimensions of space-time, humans
traveled past or future in their dreams and desires by leaving three spatial dimensions.
These fantasies usually did not focus on producing or inventing a physical device for
time travel. In early science-fiction stories, the protagonist fell asleep and woke up in
a dream society or traveled to the past through supernatural devices. With the onset
of the industrial era and the invention of the machine, the time machine gradually
came into science fiction stories by writers such as Wells 1. But after the emergence
of relativity that introduced time as a dimension like a length, some physicists have
tried to examine the problem of time travel with a theoretical and scientific approach.
Time travel can be explored in both states of past and future travel.
Traveling to the past is probably impossible. Hawking and others argue even if it's
possible, you can never before making your own time machine, go back. What about
travel to the future? It's a different story. Of course, we all are time travelers together,
1

- Herbert George Wells (1866-1946)
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because time flows from past to future. We move with a clock relative to other clocks
(our inner clock relative to the environment clocks). But, like a river, time flows at
different speeds in different places. As we know science allows this in several
methods to get to the future faster. Here are a few examples. Here are a few items to
mention.
1. Speed: This is the simplest and most practical way to reach distant futures Go too fast. According to Einstein's theory of special relativity, when you travel at
the speed close to light speed, Time slows down for you to the outside universe.
This is not just a guess or a thought experiment - it has been measured. Physicists
using atomic twin clocks (One on a jet, the other on the ground) have shown that
one clock in flight due to its speed slows down.
2. Gravity: This method is inspired by Einstein's general relativity. According
to the theory of general relativity, the stronger you feel about gravity, time moves
slower. For example, the closer you get to the land, the intensity of gravity
increases. Time for your legs going slower than your head. Again, this effect has
been measured. In 2010, physicists at the US National Institute of Standards and
Technology (NIST), put two atomic clocks on the shelves. One 33 cm higher than
the other, and they measured the difference in the amount of tick. The bottom
worked slower because it felt more weight.
3. Animation Suspension: Another way to travel to the future is possible, slow
down your understanding of time through slow or stop your body's physical
processes and restart them. Spore bacteria can last for millions of years live
suspended animation, as long as the proper temperature, humidity, conditions are
provided for feeding and start their metabolism again. Some mammals, like bears
and squirrels, can reduce their metabolism during hibernation, and dramatically
reduce their cells' need for food and oxygen.
4. Wormholes: General relativity also allows for shortcuts through space-time,
known as wormholes which maybe bridge be distances of one billion light-years
or more between different points. Many physicists, including Steven Hawking,
believe wormholes consistently on a quantum scale, much smaller than atoms, are
coming out. The trick would be to capture one and transfer it to human scales, an
operation that requires a lot of energy, but it is theoretically possible.
5. Light usage: Another way by the American physicist Ron Mallet has been
raised, the use of a rotating cylinder of light is to complicate space-time. His ideas
have not attracted the attention of physicists 2.
2

- CATHAL O'CONNELL, Five ways to travel through time, COSMOS, 05 APRIL 2016
https://cosmosmagazine.com/physics/five-ways-travel-through-time
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Methods 1 to 3 are interpretations of general relativity that has been experimentally
proven. Methods 4 and 5 are conceptions of general relativity that have not been
experimented. But another approach using the string theory is proposed. According to
the string theory, our universe is a 4-dimensional shell floating in a 10-D space-time.
In the extreme curvature of the dimensions beyond our universe, any particle capable
of exiting the four dimensions of this universe can by shortcut through the fifth
dimension, even surpass the light. Moving faster than light, for some observers of this
universe, traveling in time and returning to the past. Neutral gravitons and neutrinos
are particles that can exit our universe, so they can travel in time. So over the next few
decades, with the help of neutral neutrinos, we will be able to experiment with the
idea of time travel.

30-2 String Theory and Quantum Gravity
“Some string theorists prefer to believe that string theory is too arcane to be understood by
human beings” Lee Smolin American physicist said.
By the early 1970s physicists were fascinated by the astonishing power of quantum
field theory and were happy with the powerful tools gained from this theory to
successfully explain fields. This was at a time when Weinberg, Abdul Salam and
Glashow᾽s theory of electroweak had succeeded in the test of accelerators. In addition,
the theory of quantum chromo-dynamics that was proposed to explain the strong
nuclear interaction seemed consistent. Since all of these achievements were the result
of the quantum approach to the three mentioned fundamental forces, some physicists
have pursued quantum gravity theory seriously. Although early attempts to quantify
gravity had begun many years earlier by DeWitt 3 and others, gravity was initially
incompatible. The criterion for quantizing gravity, which seemed straightforward at
first, faced with problem. All the efforts of physicists, including Gerard’t Hooft 4 to
solve the problem of infinities were unsuccessful. Eventually, it became clear there is
no quantum field model compatible with general relativity.
The integral approach of Hawking path, with Euclidean approach to quantum
gravity, was also abandoned unsuccessful and ambiguous, after several years with the
goal of quantizing gravity at the weak-field level. Soon physicists realized that even
putting classical gravity and field theory into one image would produce very strange
results. It was during these years that physicists realized that the idea was initially put
3
4

- Bryce Seligman DeWitt (1923-2004)
- Gerard 't Hooft (1946- )
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forward for strong nuclear interactions could potentially introduce some kind of
quantized gravity. The basis of this idea, known as string theory, was very small
strings in space-time that could be oscillating. The quantization of these strings
automatically provided the quantum gravity and many things needed to paint a final
and necessarily unifying theory. All problems that were found in the early years of
string theory, over time, have become very surprising to its advantage. In the 1980s
and 1990s, many of the most prominent physicists worked to develop string theory.
String theory mysteriously drove them to and fro, and sometimes amazing adaptations
and beauties were found in every corner of the theory. Over time, this theory became
a pristine universe where news of a very strange discovery was heard every day. In
spite of all the exemplary achievements of string theory, its internal structure is always
complicated and hidden at the last step.
Those who pursue a unifying theory have assumed that uniform laws rule the universe.
This assumption is not far from the empirical facts since, at high energies, there are
valid signs of convergence of the coupling constants. This evidence guides physicists
to describe the universe with a unified theory, quantitatively and qualitatively. Even
the theory of multiple universes, as it turns out in inflationary cosmology, does not
contradict this point, since those universes are united on their own and together form
a single universe that obeys the unified laws. This belief makes the structure of the
universe wider and richer than common belief. In any case, string theory is the most
famous (but not necessarily the best) candidate for the unification of physical fields.
Gerard’t Hooft said: "Although it is advertised as a “candidate theory of quantum
gravity”, we claim that string theory may not be exactly that. Rather, just like quantum
field theory itself, it is a general mathematical framework for a class of theories".
The origins of string theory, especially where the dimension is discussed, can be
traced back to the 1920s and the works of Kaluza 5 and Klein 6 who sought to unite
gravity and electromagnetism. But the main focus on string theory goes back to the
late 1960s, and its first results appearing in the early 1970s. In 1984, there was a
revolution in this theory by presenting the superstring theory by Michael Greene and
John Schwartz. The prefix "super" comes from the idea that super-symmetry is also
involved in the theory (supersymmetry is a symmetry between fermions and bosons).
Some believe that such symmetry must exist and that there must be a bosonic dual for
every fermion (e.g. electron) and vice versa. Such duals have never been seen before,

5
6

- Theodor Franz Eduard Kaluza (1885-1954)
- Oskar Klein (1894- 1977)
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and there has never been any sign of this symmetry in the field of available energies
in particle accelerators.
In the Superstrings field, different models were presented, and in the late 1990s,
Edward Witten suggested that different Superstring models are, in fact, different
modes of a more basic theory called M theory. Other important developments in this
area include the introduction of D-branes by Polchinski. Another result of string
theory is the discovery of the microscopic state of black holes by Cumrun Vafa and
Strominger. The mathematical richness of this theory is undoubtedly extraordinary.
The mathematics that this theory needed was in many ways beyond mathematics.
Proponents of string theory, therefore, began to develop the needed mathematics.
Even some of those who worked on string theory or related fields, such as Edward
Witten (in 1990), won the Fields Medal, the most important medal in mathematics.
But nobody has ever been awarded the Nobel Prize for string theory. What is strange
is that such a large amount of work has been done by such great theorists and their
associates that it has not received the slightest empirical confirmation. Why such huge
work has been done and is performed in a relatively long time without the slightest
empirical confirmation? Some predictions of this theory not theoretically but
technically are not testable, and in other words occur at energies beyond the
capabilities of the present technology. Some people find the beauty of theory to be
their guide. The fact is that this beauty seems to be merely pure mathematical beauty.
There is an important difference between a theoretical mathematician and a physicist.
That is, in many cases even when these two types of characters are combined in one
person such as Newton, Lagrange, Gauss, etc., but their achievements and how they
function were different. Because when it comes to mathematics, it comes up with a
single and abstract space that is only logically compatible, but when it comes to the
subject of physics, they necessarily look for experimental examples. In mathematics
we are dealing with an ideal universe, that is, possible but not necessarily existing
universes, while in physics we are dealing with a universe we know and the aim is to
formulate this world. Therefore theoretical physics has two stages:
1. Learn mathematics.
2. Applying mathematics to physics.
In mathematical physics, that is, in the field where physicists are involved with
mathematics, mathematics descends from that ideal space and takes the tangible
concepts of physics, and there is some merging of these two branches. So many
mathematicians are frustrated that in mathematical physics, mathematical precision is
sacrificed because of its application. But in fact, there is no other solution, and a
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physicist has to give up many precise mathematical proofs at the expense of their use
in nature, otherwise, he will always remain in the abstract space of mathematics. Since
string theory has a solid mathematical basis rather than relying on empirical fields,
the question arises whether string theory is a mathematical ideal model for nature or
a way of understanding the physical laws governing nature?

30-3 Superstring Theory
In string theory, instead of considering each particle independently, they consider it
as a continuous string of different shapes of strings. For example, the electron can be
seen as a bracelet or a string that its two ends tied together. The reason for this theory
was that gravity has a problem with quantum. As mentioned, there are four
fundamental forces in our universe called electromagnetic, strong nuclear, weak
nuclear and gravitational. The first three forces can be unified at high energies and
form a single theory. That is, they are divergences of a basic theory. It is said that
these three forces are symmetric at high energies and at low energies they become
spontaneously broken symmetry.

Fig 30-1: Different shapes of strings
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But the fourth major force, gravity, has two major problems. First, not uniting
with the other three forces, and second, if we consider particles as point, the crosssection of gravitational force interaction between two point particles approaching each
other is obtained infinite by quantum mechanics. Therefore, particles were considered
as one-dimensional strings. For example, electrons or quarks are all closed and
circular strings of different shapes (figure 30-1). With this new notion, the interaction
of particles does not occur at a particular time or place, but rather you have two loops
that are close together in space and, with the imaginary photograph, a shell is
displayed as a hose. It's like two hoses hit each other and are created two new hoses.
Proponents of string theory claim that not even unification is possible, but infinities
of quantum gravity is solved.But what is actually a string made of? A string is a small
amount of energy and nothing is smaller than that amount.

30-3-1 What is String?
Imagine strings of guitar wires that are tuned by stretching along with the guitar;
depending on how the strings are pulled and how much pressure they put on, different
musical notes are created by them. We can call these musical notes the exciting modes
of stretched guitar strings. Similarly in string theory, the fundamental particles seen
in accelerators can be assumed to be musical notes or the same excited states of wires
(figure 30-2).

Fig 30-2: Strings must be stretched to be excited
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Such an attitude requires us to change our beliefs about some of the concepts and
imaginations we have about nature, two of which are:
Extra Dimensions: String theory claims that our universe is ten-dimensional. That
is, it has nine spatial dimensions and one temporal dimension. This is contrary to our
experience. That is, we think that we live in a universe with three spatial dimensions
and one temporal dimension. For this reason, string theory justifies that the six extra
dimensions actually exist in our universe, but are compressed. Compressing is like
seeing a hose from a distance in one dimension, but close in the shape of a twodimensional cylinder. Today, some string theorists have argued for even more
dimensions, even 26 dimensions.
Shells: A shell is what a string is on it. Suppose a shell is a 3D space (like our
space). Then suppose fields are on these shells. Photon is on these shells and the other
six dimensions are dark. Photon lives only on these shells and we will not see any
extra dimensions. There is also graviton in every space. Particles interact with
graviton is performed in nine dimensions. The effect of graviton on these extra
dimensions is so small that we only see the effects of gravity.

30-3-2 String Tension
Although strings in string theory in space-time are floating and not bound like guitars,
they are nonetheless elastic, and string tension in string theory is given with below
quantity:

Tstring =

1
2π a '

(30-1)

In which T is the string tension and a ' is equivalent to the square of the length of
string. If the string theory is quantum gravitational theory, then the average string size
must be something close to the quantum gravitational length scale, called Planck
length, and is 10-35 meters. This means that the strings are so small that cannot be seen
with the current technology. Physicists have to devise new methods to test the theory.

30-3-3 Supersymmetry
The string theory was presented first only for bosons, in order for fermions to enter to
the string theory, there had to be a special kind of symmetry called supersymmetry,
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which would have a corresponding fermion for each boson. Supersymmetry has then
relates the particles carrying force and the particles that makeup material.
The results of supersymmetry have not been observed in particles experiment, but
theorists believe that supersymmetry particles are larger and heavier than can be
observed in current accelerators. Possibly building stronger high-energy accelerators
in the future could provide the evidence needed to investigate supersymmetry.

30-3-4 Normalization
The Schrödinger equations could not explain the behavior of particles at high
velocities (close to the speed of light). The problem was that in the Schrödinger
equation, the first-order derivative in time and second-order derivatives in space.
Whereas the second-order Klein-Gordon equation included both temporal and spatial
quantities and its solution was related to zero spin particles, namely:
∇2 𝜓𝜓 −

1 𝜕𝜕2
𝜓𝜓
𝑐𝑐 2 𝜕𝜕𝑡𝑡 2

=

𝑚𝑚2 𝑐𝑐 2
𝜓𝜓
ℏ2

(30-2)

This equation was consistent with relativity, meaning it is also valid at high speeds.
Dirac was able to justify the particles with spin ½ called the relativistic quantum, by
using the square root of Klein-Gordon equation and a matrix called the gamma matrix.
One form of the Dirac equation is as follows:
�𝑎𝑎0 𝑚𝑚𝑐𝑐 2 + ∑3𝑗𝑗=1 𝛼𝛼𝑗𝑗 𝑐𝑐𝑝𝑝𝑗𝑗 �𝜓𝜓(𝑥𝑥, 𝑡𝑡) = 𝑖𝑖ℏ

𝜕𝜕𝜕𝜕(𝑥𝑥,𝑡𝑡)
𝜕𝜕𝜕𝜕

(30-3)

Where i=1, 2, 3 and m is the electron's rest mass, c is the speed of light and p is
the momentum operator, x and t are also the coordinates of space and time andψ (x, t)
is the wave function. One form of coefficients of α j (but not singular) can be
considered as follows:
1
0
α0 = 
0

0

0 0 0
1 0 0 
0 -1 0 

0 0 -1 

,

0 0 0 1 
0 0 1 0 

α1 = 
0 1 0 0 


1 0 0 0 
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0 0 i 0 

α2 = 
0 -i 0 0 


i 0 0 0 

,

0 0 1
0 0 0
α3 = 
1 0 0

0 -1 0

0
-1
0

0

The Dirac equation can also be shown as follows:

�𝑖𝑖ℏ𝑐𝑐 �𝑎𝑎0

𝜕𝜕

𝑐𝑐𝑐𝑐𝑐𝑐

+ ∑3𝑗𝑗=1 𝑎𝑎0 𝑎𝑎𝑗𝑗

𝜕𝜕

𝜕𝜕𝑥𝑥𝑗𝑗

� − 𝑚𝑚𝑐𝑐 2 � 𝜓𝜓 = 0

(30-4)

If we define the gamma matrix as follows:
j
=
γ 0 α=
α 0α j
0, γ

(30-5)

This matrix applies to Clifford algebra, which is called Dirac algebra, namely:

{γ µ , γ ν } = γ µ γ ν + γ ν γ µ = 2η µν I , µ , ν =0, 1, 2, 3

(30-6)

Whereη µν is called the flat space-time metric (Minkowski). Then we will have:
3

µ
 i c ∑ γ ∂ µ
µ =0


− mc

2


0
(30-7)
ψ =


The problem with relativistic quantum mechanics is that the Dirac and Klein
Gordon equations cannot explain the creation and decay of the virtual pairs in a
vacuum. With the advent of relativistic quantum fields and the advent of quantum
electrodynamics, Feynman introduced calculations of the behavior of fundamental
particles in a series of diagrams called Feynman diagrams and showed that they also
involved the production and decay of the virtual pairs in a vacuum. The Feynman
diagrams for a vacuum are in accordance with figure (30-3).

Fig 30-3: Feynman diagrams in vacuum
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In the figure (figure 30-3) the straight lines represent electron and the wave
representing photon. Each of the small rings represents the creation and decay of
electron-positron pair and represents a process that is called virtual. The quantum
computation of these rings has a big problem. In all virtual processes on rings,
integrals must be obtained for all possible values of momentum, from zero momentum
to infinite momentum. But the integrals of these rings for a particle with spin j in
dimensions D will be as follows:

𝐼𝐼𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 ~ ∫ 𝑝𝑝4𝑗𝑗 𝑑𝑑 𝐷𝐷 𝑝𝑝

(30-8)

If 4J+D-8 be negative, then the integral for infinite momentum will behave correct
(according to de Broglie relation, wavelength becomes zero). But if the 4J+D-8 value
be zero or positive, then the value of integral will be infinite and is theoretically
meaningless because the infinite number will have answer. The universe we see is
four-dimensional, so D=4 and we have J=1 for photon. Therefore, for the photonphoton scattering, the integrals of these rings become infinite. But this integral tends
to infinity very slowly, such as the logarithm of momentum. In this case, by
normalizing, redefining parameters such as electron mass and charge, infinities,
neutralize each other. Quantum electrodynamics is therefore said to be a normalized
theory. But the integrals of other forces, weak nuclear, strong nuclear and gravity
grow rapidly, tending to infinite and are not normalized. With the advent of QCD,
quantum chromodynamic theory, and electroweak theory, the path of strong and weak
nuclear forces changed which was examined in the previous chapters. But the problem
of gravitational force still remains, because the graviton has a J = 2 spin and for D =
4, the integral value tends to infinity very fast (similar to the exponential function) for
the momentum with power of four and is by no means normalized. This was
unacceptable to physicists, and their efforts for many years was failed to attain
quantum gravity. It was here that string theory came up to solve this problem.
The string theory was first proposed to describe the relationships between mass
and spin of hadrons. In string theory, particles were created from the excitation of
very small strings; one particle from these excitations was a zero-mass particle with
two spin units that became two-dimensional on a flat surface, which means D=2, and
the integral became normalized. The success of the string theory was that in
Feynman's diagrams model, the diagrams were converted to two-dimensional flat
surfaces, and the integrals on the surface had no longer the zero-distance problem. As
stated in the string theory, the infinite momentum did not necessarily mean zero
distance, since in this theory the relation between momentum and the distance was as
follows:
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ℏ
𝑝𝑝

∆𝐿𝐿~ + 𝑎𝑎′

𝑝𝑝
ℏ

(30-9)

The α ' quantity depended on the string tension, a basic quantity based on the
relation (30-1) that indirectly states that the minimum visible length for string theory
is as follows:

𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚 ~2√𝑎𝑎′

(30-10)

The behavior of particle at zero-distance, which was very problematic in quantum
field theory, became extremely unimportant in string theory, which led to string theory
becoming a candidate for quantum gravity theory. If string theory is the theory of
quantum gravity, the minimum length must be at least as much as Planck length which
is obtained by the combination of Planck's constant, Newton's gravitational constant,
and the speed of light, namely:
ℏ𝐺𝐺

𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚 ~�

𝑐𝑐 3

= 1/6 × 10−35 𝑚𝑚

(30-11)

Proponents of string theory have introduced supersymmetry into the theory,
according to which both fermions and bosons have a place. Then theories emerge that
are called superstrings.

30-4 Time travel from the fifth dimension
Heinrich Pass has published an article entitled "Sterile-active neutrino oscillations
and shortcuts in the extra dimension" which, for theoretical physicists, is the
unveiling of a fascinating fact. According to this article, making the time machine is
much easier and more accessible than previously thought. Previously it was thought
that the only way to travel in time as rotating black holes or strange wormholes, but
according to Pass and colleagues at the University of Hawaii, time travel is possible
always and everywhere. Contrary to most previous interpretations, the truth of this
idea can also be tested here on earth. "The important thing is to prove the theory" said
Bill Louis of the Los Alamos National Laboratory. Of course, physicists like Louis
have the right to be a little cautious. Although none of the laws of nature actually
rejects the possibility of time travel, physicists have long been unhappy with this issue,
since time travel can question the accepted premise of cause over effect. On the other
hand, violation of causality law can disrupt the universe. For example, you can travel
to the past and prevent your birth.
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The existence of such contradictions led to a conjecture by Steven Hawking which
is called "Chronology protection conjecture". According to this conjecture, there must
be principles in physics (not yet discovered) to prevent the possibility of time travel.
The conjecture essentially states that the fundamental laws of nature prevent time
travel on all but a submicroscopic scale. But physicists are not convinced by one
answer, which led Pass and his two colleagues, Sandy Pakvasa of the University of
Hawaii and Thomas Weiler of the University of Vanderbilt, Tennessee, to re-analyze
string theory. This theory views the fundamental components of the universe not as
dot particles but as vibrational energy strings. In this theory, the faster vibration of
these strings equals the mass of most particles. These vibrational strings can explain
the thousands of types of interaction between all of the fundamental particles such as
quarks and electrons. But there is a fundamental point about this theory: it only works
when these energy strings are vibrating in 10-dimensional space-time, instead of the
usual four dimensions.
In fact, according to strings theory, these dimensions are extra or extraordinarily
small, so we haven't noticed them yet, or they are very large and curved so that they
are still hidden from our vision. According to the strings theory, our universe is
actually a four-dimensional shell floating in a 10-D space-time. Since all of the
particles and forces of our universe are bound to the four-dimensional shell of the
universe and cannot be ejected, so we have not yet known of the higher dimensions.
"If so, then there is also the possibility of shortcuts through these higher dimensions,
and these are the shortcuts that make time travel possible" says Pass. It is not difficult
to visualize such shortcuts. Suppose the four-dimensional shell of our universe, which
is positioned in a higher dimension (fifth dimension), is like a piece of paper that is
folded in from the middle and its two ends facing each other. Then we can leave it
from a point of the shell of the universe, enter the higher dimension, and after traveling
a short distance, return to the universe in the fifth dimension again and elsewhere in
front of it. It is interesting that if this bent plane (that is, our universe) be a very large
plane, then we would have to travel a very long distance to travel the same path (i.e.,
from within the universe). But by leaving the shell of the universe and passing through
the higher dimensions, we will practically shortcut. But there is a problem with the
presented image. Although we can basically imagine a universe that can shortcut from
one side to another, the problem is that our universe cannot be like that universe.
The reason for this is that the space-time of such a universe is strongly curved, and
consequently incompatible with Einstein's theory of special relativity (which
describes the geometry of space as flat). Since several empirical tests have so far
confirmed the accuracy of special relativity predictions in the local domain of our
position in the universe with accuracy greater than 1 in a million, it is highly unlikely
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that the four-dimensional shell of our universe is like a folded paper. So Pass, Pakvasa
and Weiler used a different premise. They considered a space-time in which our
universe was a four-dimensional flat shell, but this flat shell is floating in higher
dimensions and is heavily curved. Since our universe is flat, so special relativity will
still be valid in it. But the curvature of higher dimensions outside our universe is such
that special relativity will lose its validity. This means that anything which can go
beyond the dimensions of our universe, and enters into the fifth dimension and
violates one of the most basic principles of special relativity: it can moves faster than
the speed of light.
This will have strange consequences for inhabitants of our universe’s shell. For the
people living in this universe, anything that goes the way of a shortcut through higher
dimensions suddenly disappears from one part of our universe and appears elsewhere
in our universe. For some of the inhabitants of the universe, this physical being will
travel faster than light speed the distance between these two points. But more
surprisingly, for others, it has traveled even in time and will return to the past. This is
because, according to special relativity theory, in some reference frames, motion
faster than light is equivalent to travel in time and return to the past. "Such shortcuts,
which pass beyond the higher dimensions of our universe, are called" closed time-like
curves". Finding such paths is actually equivalent to acquiring the time machine
code".

30-4-1 Exit of shell
The idea of time travel requires solving a problem and finding a way out of our
universe and entering into higher dimensions of universe. But how can this be done?
Fortunately, string theory provides a way for us to do this. According to this theory,
almost all of the strings representing the fundamental particles of our universe are
open strings, and the two ends of these strings are always bound by our universe. For
this reason, these particles will never be able to get out of our universe and pass
through a shortcut in space-time by entering the fifth dimension. But there are two
notable exceptions: one is a particle carrying gravitational force called Graviton and
the other is the fourth type of neutrino, which is called a neutral neutrino against its
three common types. Neutral neutrino is not meant to be electrically neutral, because
ordinary neutrons also have no electric charge, and none participate in
electromagnetic interaction.
In fact, the neutral word is that these types of neutrinos do not participate even in
weak interaction and only participates in gravitational interaction. According to string

30. The Border between imagination and reality

717

theory, these two particles are, in contrast to other particles, closed-loop strings. Since
these closed strings have actually no definite ends that are bound to the shell of the
universe, they can freely leave our universe and travel to other dimensions of universe.
It is this feature of gravitons that helps string theorists explain why gravity is the
weakest fundamental force. Accordingly, the weakness of gravitational force is due
to the fact that many gravitons emitted by the source particle will exit our universe
and will enter into higher dimensions before they find the chance to reach the
destination particle. But what is more surprising is that the departure of these particles
from the dimensions of our universe and shortcutting of them through higher
dimensions means that neutral gravitons and neutrinos are essentially capable of time
travel. So Pass believes that with the help of these particles, time travel can be
empirically tested.

Fig 30-4: Neutrino path to Earth

But this is not so easy, because no one has ever been able to trap neutral graviton
or neutrino, because it is very unlikely and difficult to detect these particles.
Thousands of billions of ordinary neutrinos pass through our body every second, but
we do not notice any of it, because these particles rarely interact with electrons and
atoms. But neutral neutrinos interact with matter even less than ordinary neutrinos,
and only through ultra-weak gravitational interaction and Higgs boson exchange.

718

Physics: From the Beginning to Now

However, Pass and his colleagues believe that based on quantum mechanics, there is
a way to solve this problem.
The laws of quantum physics suggest that neutrinos can be transformed from one
type to another. The experiments in Japan and the United States, designed to detect
solar neutrinos as well as neutrinos from other astrophysical sources, have empirically
proven that neutrinos can be transformed into other types. The same is true for neutral
neutrinos, so that they can also be converted to ordinary neutrino (which is easier to
detect), and vice versa 7. It is important to note that the probability of this conversion
increases with respect to the density of the environment that neutrinos pass through
it. It was this that prompted Pass and his colleagues to propose a test that would be
able to empirically show time travel. In this experiment, a beam of ordinary neutrinos
from a research center in Antarctica will be sent to a detector on the equator. When
the beam is passing through the Earth, part of neutrinos will become neutral neutrinos
(figure 30-4).
Since this type of neutrinos is capable of by passing from higher dimensions
beyond our universe, they will reach the other side of the Earth sooner than any other,
as if they are moving faster than light. As these neutrinos exit the other side of the
Earth and enter the atmosphere, they will be re-transformed into ordinary neutrinos
(which can be detected). But given the rotation of the Earth, and surprisingly, these
neutrinos (which traveled faster than light) will reach their destination just before their
departure.
Although such a test goes beyond the capabilities of current technology, Pass said
the test will be available in a maximum of 50 years. Of course, the realization of such
an experiment, first of all, requires two assumptions to be true. The first condition is
the existence of neutral neutrinos. Although many physicists believe that such
neutrinos should exist, this has not been empirically confirmed. The second condition
is that, as Pass assumed, we actually live in asymmetrically curved space-time. But to
what extent is this assumption acceptable?
When Einstein introduced the theory of general relativity, he actually showed that
space-time could be curved or flat under what conditions. But Einstein's equations tell
us nothing about the real geometry of the universe (but merely illustrate the possible
states of this geometry). Therefore, cosmologists rely on these equations, merely
cannot say whether our universe continues to infinity or whether the universe is curved
7

- In 2015, Takaaki Kajita and Arthur B. McDonald received the Nobel Prize in physics,
because they have proven the identity of neutrinos change and have mass.
https://www.nobelprize.org/prizes/physics/2015/summary/
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and closed. This makes it possible for different time machines, some of which are
more acceptable than the others. For example, one of the most famous answers of
Einstein equations, first described by mathematician Kurt Godel 8, describes a rapidly
rotating universe. In such a universe, the light will move in a spiral rather than in a
straight line. Kurt Godel was able to show that a traveler in such a universe, traveling
a long way deep into the cosmos, could even surpass the light and return there at a
time before he began his journey from the beginning. Gödel’s rotating universe acts
like a time machine. But as Pass noted, we do not live in such a universe. Another
type of time machine can be searched inside the rotating black holes. In rotating black
holes, space-time becomes so curved that space varies with time. Although this kind
of time machine really exists in our universe, the problem is that these rotating black
holes are practically out of our reach.
But after the rotating black holes, a different kind of time machine arrives, the idea
of which was first put forward by a physicist named Frank Tipler. This type of time
machine is formed in space-time around an infinite rotating cylindrical mass. But,
according to Pass, making such a machine is also actually impossible, as it requires
an enormous cylindrical mass that must rotate at incredible speeds. Another option
for the time machine is wormholes. These microscopic tunnels in the space-time
structure can connect one point of time to another. But there is also a fundamental
problem with passing through these tunnels: The wormhole tunnel is closed
spontaneously in a second after being formed. There is only one way to keep these
tunnels open, and that is to use some kind of unknown material. Unlike ordinary
matter absorbed in the presence of a gravitational field, this type of material will be
repelled by gravitational force, which is a repulsive force that can prevent the
wormhole from closing. But as Pass says, we still do not know whether such a strange
material exists in the universe and whether it exists, whether it will be stable.
Although Pas acknowledges that the plan presented by him and his colleagues for
time travel also requires a strange material that can curve the fifth dimension, he
considers that the plan is, however, more acceptable than the other plans. The reason
is that the unknown strange material in this plan (unlike the wormhole plan) can be
hidden among the higher dimensions outside our universe. As such, the Pass’s plan
can explain why we have not encountered such a strange material in the universe so
far. The Pass’ thought, of course, has its critics just like any other thought. One of
them is Sydney Deser from Brandeis University of Massachusetts. Deser, who does
not like the idea of strange and unknown matter like Einstein, believes that time travel
will not be fundamentally possible.
8

- Kurt Godel (1906-1978)
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Pass believes that with such a space-time attitude, we can solve a number of
unanswered problems that general relativity faces. For example, communicating
beyond the speed of light between distant points of the universe with each other in the
early universe can lead to a thermal exchange of these points together. This would be
able to explain the cause of the uniformity of universe temperature observed by
cosmologists. As such, Pass theory can be an alternative to inflation theory. In fact,
before the theory of Pass was introduced, most cosmologists favored the theory of
inflation, but the point is that no one has so far been able to provide the physical details
beyond the problem of cosmic inflation.

30-5 Gravity Probes
Gravitational exploration is done to investigate general relativity in space. Because
general relativity is related to observations in accelerator devices, and acceleration has
many types, including linear, rotational, constant and variable acceleration, so
research in this area is very extensive. Two examples are described in this section.

Figure 30-5: Performing the Gravity Probe test of A
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30-5-1 Gravity Probe A
Gravity probe A (GP-A) was a space experiment to test the equivalence principle of
general relativity. The program was jointly conducted by the Smithsonian
Astronomical Observatory and the National Aeronautics and Space Administration
(NASA). The experiment sent a very precise frequency hydrogen maser into space
with high precision to measure the rate of change over time It was sent into space in
a weaker gravitational field (gravitational time dilation). The material causes a warp
in space which results in the length contraction and time dilation. Both are predicted
results in Albert Einstein's theory of general relativity (figure 5-30). Using the
principle of equivalence in general relativity, an observer on earth with gravity
intensity (-g) less than an accelerating upward frame equal a, that a>-g, time dilation
is measured. The experiment took place on January June 18, 1976, and confirmed
with reasonable accuracy the predicted value in general relativity9.

30-5 -2 Gravity Probe B
The idea of space-time rotation is one of the most sophisticated experiments in general
relativity that was put forward by Francis Everitt and conducted as a gravity probe B.
He was born in Sevenoaks, United Kingdom, in the year 1934. After receiving his
undergraduate degree in physics, he went to Imperial College London to study
geology and the magnetic layers of the earth. In 1960, he became familiar with low
temperature physics and went to the University of Pennsylvania to study liquid helium
physics. In the same years, an experiment came to his mind to investigate the
prediction of space-time rotation in Einstein's general relativity. He went to Stanford
University in the year 1962 to perform this experiment. Until this time (2007) he was
a professor of physics at Stanford University, and, as a result of his efforts, he had
published 90 articles in physics and a beautiful book on the biography of James Clark
Maxwell.
Engineers usually do not exaggerate what they have made, so the GP-B is unique
in that scientists use beautiful and artistic terms to describe it. Launched on April 20,
2004, to investigate one of the predictions of general relativity, the satellite is a clear
proof of human ingenuity and expertise. Although the idea of building the GP-B has
been around since the 1950s, it was too late to technically make it. "If experimental
science is an art, then I look at GP-B as a renaissance masterpiece," says Jeffery
9

- Gravity Probe A, From Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/Gravity_Probe_A
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Kolodziejczak, project director at NASA's Marshall Space Flight Center. The beauty
of the GP-B design is that the satellite has to make very detailed discoveries around
the planet that is full of various objects, that the effects of each may affect the results
of the experiment. Scientists hope to use this satellite to measure space-time curvature
around the Earth, and this action must be done so carefully that even a moment's
intervention by another external force or a small, millimeter defect inside the satellite
will cause the error in the result of the test and hide the effect that scientists are looking
for. According to the theory of general relativity, the Earth with its rotational motion
pulls space-time with itself and forming a spiral of space-time around the Earth.
Scientists call this phenomenon "frame-dragging precession ". Given the proven of
many predictions of the theory of general relativity, most physicists believe that such
a vortex state in space-time is true. However, no experiment has previously been
conducted to confirm this prediction (figure 30-6).

Fig 30-6: Frame-Dragging Precession due to Earth's rotation

30-5-3The Plan of Gravity Probe B
The idea of the experiment is very simple. The rotating gyroscope, in which the axis
of rotation has a definite status relative to the framework of fixed stars, lies in the orbit
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of the Earth and tries to keep it from being affected by external forces. Therefore, the
rotational axis of the gyroscope should not change direction and should always be
constant. But if space-time has become a spiral as a result of the mass and rotational
motion of the Earth, the axis of rotation must shift slowly under the influence of spacetime bending. By measuring these small changes, we can investigate the theory of
general relativity. The principles of testing are simple, but the problem is how to do
it. According to the calculations, the axis of gyroscope should be angled 0.0042
seconds per year relative to the constants frame. To achieve this rotation, the GP-B
measurement accuracy must be less than 0.0005 second arc (figure 30-7). "This
experiment should be complete in every way because it has 40 years of planning,
research and effort from scientists and engineers of Stanford University, Marshall
Space Flight Center and Lockheed Martin Aircraft Company," said Kolodziejczak.
The building team of GP-B was able to create the most spherical spheres ever made
by humans for the satellite's gyroscopes.

Fig 30-7: Earth's rotation and constant frame

The spheres should be placed in Earth's orbit in a metal chamber to prevent any
electromagnetic field from penetrating. The satellite's rotational motions also
counteract the effects of Earth's gravity. Thus, the axis of rotation of the spheres is not
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affected by any external forces, and only the curvature of space-time can affect it.
This is called a drag-free chamber. It is very difficult to build such a chamber. Because
the Earth's magnetic field is so wide that it surrounds the GP-B, which is 400
kilometers above the Earth's surface. Gyroscope spheres are the size of a 1.5-inch ping
pong ball made of quartz and silicon alloys. These spheres are hollow and their body
is so thin that if the spheres were as large as the Earth, their wall thickness would only
be about 10 meters (figure 30-8). If this thin wall was not completely spherical, its
axis of rotation will shift its direction due to the gravity of the Earth and all efforts of
experimenters will be lost. Placing in orbit causes the spheres to float in their chamber
with the weightless state, but without control, the spheres may rotate so as to hit the
satellite body. The satellite is in a weightless state due to aerodynamic effects. While
the floating spheres inside the ship are not. The GP-B team used a drag-free satellite
body to prevent the gyro from colliding with the satellite body.

Fig 30-8: Rotating Sphere

Inside the satellite, the measuring devices of gyroscope's distance to the body of
the chamber are controlling it by the precision of about one nanometer and the satellite
motors correct the slightest change in that distance. As a result, the gyroscope's
spheres actually rotate around the earth inside a chamber with no contact. But the
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chamber always keeps them safe from the influence of any external forces. What
should be done to prevent the penetration of the Earth's magnetic field, which causes
the gyroscope's rotational axis to destroy?
The electromagnetic fields do not penetrate into metals, so gyroscopes are in a lead
chamber, surrounded by about 400 gallons of liquid helium, raising the environment
temperature to about 1.7 K (-271° Celsius). This work creates the superconducting
property in lead, and it prevents the penetration of any electromagnetic field, such as
the Earth's magnetic field or the sun's radiation fields into the gyroscope's chamber.
In fact, the magnetic field in the orbit in which this satellite is located is about 0.003
Gauss (at ground level this is 0.5 Gauss), but the effect of this small amount must be
eliminated in order for the results to be completely correct. The extreme cold caused
by liquid helium has another benefit, as it creates a vacuum with the least possible
pressure inside the chamber. After removing the air from the chamber, the number of
gas molecules that remain in the environment, due to the cold (1.7 degree Kelvin), are
difficult to move around and cause no problem for the gyroscopes to rotate. The
chamber's high vacuum equipment is capable of rotating at 10000 rpm for a thousand
years without reducing even one percent of its speed. The next important point is to
measure the rotational axis of the gyroscopes, which should be performed without the
slightest impact. This time the superconducting properties are also used.

Fig 30-9: A telescope is placed inside the satellite.

When a conductor sphere rotates it produces a weak magnetic field. For this
reason, the spheres are covered with a thin layer of niobium Nb metal. At the
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temperature of the chamber, niobium has a conductive property, and as a result of the
rotation, a field is created which is detectable by the SQUIDs used in the body of the
chamber. SQUID is a device for measuring magnetic fields that can detect a small
magnetic field of 50 billionths of a micro-gauss ( 5×10-14 gauss). As a result of the
gyroscope's rotation, the changes in the magnetic field are about the same and are
detectable by SQUIDs. Inside the satellite, a telescope is placed towards a distant,
almost constant star (figure 30-9). Although the star is not completely constant,
cosmologists control all of its motion. This star is used as an external reference point
to measure the deviation of the axis of gyroscopes. Gyroscopes, superconducting lead
chambers, SQUIDs, telescopes and other GP-B equipment have led physicists to
conclude that this satellite is truly a unique human masterpiece.

30-5-4 Results of Probe B
The GP-B probe sent a report after being deployed in space. Initial reports reaffirmed
relativity. But since this research needed more time, the result of the GP-B probe
mission was finally published in 2011.

Fig 30-10: Results Diagram of Gravitational Probe Test B
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After 31 years of research and development, 10 years of flight preparation, a 1.5
year flight mission and 5 years of data analysis, our GP-B team has arrived at the final
experimental results for this landmark test of Einstein’s 1916 general theory of
relativity. Here is the abstract of this experiment. In the figure (30-10), the area inside
each colored ellipse represents a 95% confidence interval for one gyroscope's
measurement of both the N-S (geodetic) and the E-W (frame-dragging)
measurements. In other words, the height of each colored ellipse represents a 95%
confidence interval for the N-S (geodetic) measurement and the width of each ellipse
represents a 95% confidence interval for the W-E (frame-dragging) measurement. The
black ellipse shows the weighted average of these measurements for all four
gyroscopes combined. The black star in the center of the black ellipse is the actual
location of Einstein's predicted geodetic and frame-dragging values 10.

Appendix of Chapter:
Multiverse: The Multiverse: is similar to the Universe to represent this concept,
meaning bubble universes as a result of the inflationary model. Accordingly, we live
in one of these universes, and other universes may have evolved in a different
evolutionary process during the process of creation.
D-Branes: These are mathematical entities of different dimensions and represent
membranes of different dimensions (from zero, namely a point to 9-dimensional
objects and more) that are, in addition to the strings, fundamental in the theory. Their
origin is the study of the dynamics of the strings and the confinement of the motions
of the open strings with two ends attached to the membrane which have a certain
boundary condition. They can emit or absorb the strings.
Holographic Principle: This principle, proposed by Gerard Hooft and Leonard
Susskind for a theory of quantum gravity, states that all information in a range of
space (a volume) can be obtained by a theory is defined on the boundary of that space.

10

- Summary of Final GP-B Experimental Results, GP-B Physical Review Letters (PRL)
Paper, NASA Headquarters Science Update/Press Conference, May 4, 2011
https://einstein.stanford.edu/highlights/status1.html
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String Theory Landscape: This subject points to the existence of very diverse
vacuums in string theory that could build our basic physical theories, the standard
model of fundamental particles and general relativity, the standard theory of gravity.
Vacuum here differs from its industrial and functional definition. It should be noted
that each of these theories introduces a state ground, known as a vacuum, which
represents the state of the system at the lowest energy level. Higher-energy states are
constructed on it, and the definition of basic physical quantities such as mass has a
direct relation to the corresponding vacuum in that theory.
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Chapter 31

Nanotechnology
Nanotechnology is the idea that we can create devices and machines all the way
down to the nanometer scale, which is a billionth of a meter, about half the width of
a human DNA molecule. Paul McEuen

Introduction:
Nanotechnology is one of the last human scientific achievements in history.
According to the British Council for Socio-Economic Research, nanotechnology is
one of the most widespread and socio-economic issues. There are different views on
how to oppose or support this technology. The most common criticism on this is that
the fear of the Earth being overwhelmed by the material that this technology may have
and that is somehow dangerous. But the staunch advocates of nanotechnology are
more aware of its positive impact on promoting life, developing new products and
producing cheaper and more resilient products.
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31-1 Where did nanotechnology come from?
For the first time, Richard Feynman mentioned the potential of nanotechnology in a
shocking lecture entitled “There’s Plenty of Room at the Bottom". Feynman insisted
that scientists should begin to build the tools needed to work on the atomic scale.
During a lecture at the American Society of Physics in 1959 at the California Institute
of Technology, Feynman presented a fundamental theory of the miniaturization of
texts, orbits, and machines. "What I want to talk about is the problem of manipulating
and controlling things on a small scale. As soon as I mention this, people tell me about
miniaturization, and how far it has progressed today. They tell me about electric
motors that are the size of the nail on your small finger. And there is a device on the
market, they tell me, by which you can write the Lord's Prayer on the head of a pin.
But that's nothing; that's the most primitive, halting step in the direction I intend to
discuss. It is a staggeringly small world that is below," he said.
Feynman set 1,000 $ prizes for the first people to achieve specified goals in
miniaturizing books and electric motors to persuade researchers and emphasize his
belief in the physical potential of such a miracle. "I am not inventing anti-gravity,
which is possible someday only if the laws are not what we think. I am telling you
what could be done if the laws are what we think; we are not doing it simply because
we haven't yet gotten around to it," Feynman emphasized. This remained silent until
Eric Drexler, a graduate student at MIT, heard Feynman's call and created a study
template - devices that are capable of moving molecular objects and their locations
with atomic precision (figure 31-1).

Fig 31-1: Eric Drexler, the Fathers of Nanotechnology
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Drexler presented an article in September 1981 entitled "Molecular engineering:
An approach to the development of general capabilities for molecular manipulation".
He followed it with the publication of a book called "Engines of Creation" and
continued to develop the concept of nanotechnology as a scientific endeavor. The first
recorded signs of nanotechnology-related to the displacement of molecular objects
were in 1989, Don Eigler and Erhard Schweizer at IBM's Almaden Research Center
manipulated 35 individual xenon atoms to spell out the IBM logo. It was the first
practical effort to bring nanotechnology to the forefront.
The basic works on nanotechnology were done by K. Eric Drexler. He was born
in Auckland, California in 1955. He graduated from the MIT Institute of Technology
and completed his bachelor's degree in science in 1977 and his master's degree in
engineering in 1979. He then began his Ph.D. under the supervision of Marvin
Minsky 1 at the same research institute and in 1991 succeeded in obtaining a doctorate
in nano-molecular technology. He married Christine Peterson, an engineer, and
graduate from MIT, in 1981. He is the most famous person to have done essential
work in identifying nano-molecular technology capabilities. Drexler was heavily
influenced by the idea of "growth constraints" that was introduced in the early 1970s.
His response during his first year at MIT was to look for someone who worked on
space resources. Eventually, he found Gerard O'Neill 2 in Princeton. He was a wellknown physicist who was highly skilled at particle accelerators and had done
remarkable works in the field of "space migration".
Drexler, in addition to his summer works at the O'Neill Building on laboratory
samples of mass transition, also produced papers for three "space productions"
conferences (first held in Princeton). He also published articles in 1977 and 1979 in
collaboration with Keith Henson, and patented both in the field of vapor phase
production and space heating or cooling radiators. Drexler entered NASA's summer
studies in 1975 and 1976. He was able to produce a thin sheet of metal that had only
10 atoms thick and use it as a plan for the construction of high-efficiency solar boat
sails. In the late 1970s, he expanded his ideas on molecular nanotechnology and was
finally able to put it into practice the subject in the famous Feynman lecture.
Drexler has been keenly anticipating the future of technology since he was
pursuing a master's degree at MIT. Like others who envision the future in the modern
world, he has always strived to create incredible images of modern technology. He
was the first to receive his doctorate in nano-molecular technology. After editing his
doctoral dissertation, he published it in 1992 as "Nanosystems: molecular machinery,
1
2

- Marvin Lee Minsky (1927-2016)
- Gerard Kitchen O'Neill (1927-1992)
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manufacturing, and computation". The publication of the book won him the AAP 3
Award for Best Computer Science Book of the Year. Drexler and Christine Patterson
(his wife) founded the Forsight Institue 4 in 1986 to advance the science and
engineering of molecular products.

31-1-1What is Nanotechnology?
In general, nanotechnology is the application of particles in nanoscales. One
nanometer is one billionth of a meter. These scales can is accessed from two paths.
One is access from up to down and the other is the design and from down to up. In the
first type, nanostructures are obtained by means of precision tools and equipment from
crushing larger particles. In the design and construction from down to up, commonly
referred to as molecular technology, the production of structures is performed atomto-atom or molecule-to-molecule.

Fig 31-2: Nanotechnology is the art and science of the manipulation and
reconfiguration of atoms to build useful materials, tools, and systems on a scale of onebillionth meters.

- AAP, Association of American Publishers
- Foresight Institute is a non-profit organization focused on advancing technologies of
fundamental importance for the future of life.
3
4

31. Nanotechnology

735

In fact, nanotechnology allows us to create materials that have completely new
properties. In other words, this kind of technology gives us things that we have with
new features or creates them in new ways (figure 31-2). Prototypes of nanostructured
products that have a long history, was based on the empirical understanding of artisans
and the manipulation of materials. Using high heat was a common method in their
processes to produce these materials has new properties. So what's new in the
meantime? What's new in nanotechnology, is a deeper understanding of the structure
of matter and the laws governing the behavior and properties of molecules and atoms.
In nanotechnology, the behavior of particles is accurately identified and they
manipulate them with a certain finesse.

31-1-2 Is Nanotechnology Real?
There is a great debate among nanotechnology scientists and researchers. This
discussion is known as the Drexler-Smalley debate and focuses on the issue of
molecular composition. Richard Smalley was a Nobel Prize winner in chemistry and
a nanotechnology researcher and has worked on the functionality of carbon nanotubes.
Interestingly, one of the most prominent theorists of our age and one of the figures in
artificial intelligence, Ray Kurzweil, has carefully addressed the Drexler-Smalley
debate. Kurzweil's article is a technically detailed description of this debate. He
scientifically demonstrates why it is important to support Drexler's view.

Fig 31-3: Tensile strength of carbon nano-tubes is 100 times greater than steel with
identical diameter
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The Drexler-Smalley debate extends beyond their particular research areas, such as
those in the field of artificial intelligence, when on the one hand McCarthy and
Minsky believed that artificial intelligence was possible, on the other hand, such as
Dreyfus and Searle, rejected it, or considered it too weak. But today it is obvious that
artificial intelligence is possible, although not the same as natural intelligence, in
many respects, such as working with large amounts of information, it is more powerful
than natural intelligence. So really this intelligence is "artificial", not a derogatory
term. Similarly, artificial diamonds produced using nanotechnology can be a new
creation, even better than the original, both in terms of beauty, durability, and other
properties (figure 31-3).

31-2 What is molecular assembly?
The first workshop production processes were formed in late medieval Europe of the
1500s, consisting of a system of making objects from raw materials by hand or by
machinery with a division of labor. Then the invention of the steam engine in the
eighteenth century created the movable machinery, driven by the force of engines.
The workshops were expanded to the factory, and thus the landscape of the Earth
changed completely over the next two hundred years. Nowadays, nanotechnology is
about molecular assembly, a miniature type of workshops that can fundamentally recreate the world, with better efficiency, and the result can not only end dependence
on natural raw materials but may also complete industrial development. As Daniel
Bell 5 has well demonstrated, industrial society was basically the age of human
civilization energy, production using moving machinery that harnessed energy. As a
result, nanotechnology can successfully complete the rest of agricultural and
industrial productions, not just by solving the energy problem, but also by adding
intelligence to human civilizations. In short, it can help all manufacturing activities in
pre-industrial production modes achieve post-industrial intelligent manufacturing, as
today's smart computer applications are used in modern technology production. That
is, after the post-industrial development, such intelligent products will be applied to
all manufacturing activities.
As Kurzweil describes the use of intelligence in the post-industrial era, the use of
the term "software" means the broad use of the word. Although many configurations
have been proposed for assemblies, a generic assembler is generally described as a
single unit on the table that can produce any product that is physically possible and
that we have software description for. Products can be computers, clothing, artwork
5

- Daniel Bell ( 1919-2011)
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or cooked food. Larger products such as furniture, cars, and even homes can also be
made by making larger assemblies. Of particular importance is an assembly that can
create its own copy. The added cost of making any physical product, including the
assembly itself, will be very small, which is essentially limited to the cost of raw
materials. Of course, the real cost will be in the value of the information that describes
each product, the software that controls the assembly program. As a result, every
valuable thing in the world, including physical objects themselves, is constituted of
information. Today, we are not far from such situations, because the "information
content" of products is rapidly tangential to their 100% value. The above statements
are the expression of what is important to the world in the post-industrial paradigm.
If Newton described the laws of motion, and then Laplace argued that if we had the
basic conditions of the universe, with the knowledge of Newton's laws, the world
could be predicted at any moment, we also see that in the past 300 years, science has
been describing the structure of objects, which means that, as Kurzweil quotes from
Feynman's famous lecture in 1959, ultimately all nature can be artificially rebuilt "
atom by atom".

31-3 Why is artificial innovation important?
How important is it for us to make water from two Hydrogen atoms and one Oxygen
atom? To make water molecules like this is like a manufacturing assembly and can be
made trillions and trillions of times. That is, as Feynman points out, Atom-to-atom
objects can be "considered", so materials can be more efficient and produced with the
desired properties. More importantly, where there is a shortage of environmental
hazards, such as oil in today's world, where fossil fuel dependency is environmentally
deadly, post-industrialism can provide a clean alternative on an economically efficient
scale. As such, post-industrial artificial programs can prevent many of the errors that
can occur in natural applications. Just as a computer, it is less wrong than a human
being to program large amounts of information. This is important in biological
programs, especially when diseases such as cancer are the result of the wrong function
of cells in normal programs.
Can all of these developments bring new risks and issues? Kurzweil provides a
good example of computer networks and viruses that spread through these networks.
He points out that we are not ready today to remove computers and the internet for
the viruses, and instead of going back, we are creating a defense against virus. Of
course, the main issues of critics such as Smalley are not risks such as the problems
of self-replicating. Because, as we all know, self-replicating systems of nature itself,
such as human cells, illustrate the problem of false copies that are caused by diseases
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such as cancer. Not just cancer, but all the aging programs and diseases like
Alzheimer's are the results of the mistakes made by nature's self-replicating cells.
Controls on artificial self-replicating systems can also be used to solve such problems.
In other words, high risks are not the subject of critics such as Smalley. Their
argument, like Dreyfus and his chess arguments, is at the beginning of the field of
artificial intelligence, that is, they argue that molecular assemblies are impossible by
pointing to obese fingers in post-industrial which basically means that the robot hand
used to connect atoms cannot move freely when approaching quantum sizes because
of the quantum effects of uncertainties. But as Kurzweil rightly demonstrates, postindustrial sizes are larger than quantum sizes in which these uncertainties mean. Even
if such factors do come in and cause problems, they are problems to solve, not to
discourage post-industrial opportunity.
Scientists have basically described the world with different formulas for the past
300 years. If we are able in genetic science to innovate a part of controlled natural
reality, in the post-industrial world we can intelligently recreate the whole world and
we can create an environment for intelligent tools that interact effectively with the
physical world and to make nature a wealthy reality for the human race. In addition,
we can go beyond our biological limits and deal effectively with issues such as cancer.
There are many opportunities for humanity in this field, and leaving this area of
knowledge can hurt the entire world and slow down the development of global postindustrial society. In short, nanotechnology is tied to the impact of intelligent tools on
human life and the world, and they jointly draw enormous capacities before humanity
and the world.

31-4 Nanotechnology applications
Although it is only a short time since the advent of nanotechnology, this new
technology, with its amazing applications, has affected all branches of technology,
some of which are:
1- Materials and products manufacturing: Nanotechnology is fundamentally
changing the way materials and tools are built in the future. The ability to synthesize
nano-concrete blocks carefully controlled in size and composition, and to assemble
them into larger structures with unique properties and functions that researchers have
not yet been able to create. Lighter, stronger, programmable, and cost-cutting
materials are generally the benefits of nanostructures by reducing the number of
technical failures.
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2- Medicine and the human body: Optimal use of drugs and encapsulation of
drugs. Nanotechnology can provide formulas for drug release that will dramatically
increase drug potency.
3- Lightweight and resistant materials: Design and construction of lightweight,
high strength and heat resistant materials that are required by planes, rockets, space
stations, and planetary or solar exploration platforms has a decisive role, and given
that the space environment has the low gravitational force and high vacuum, with
nano, it is possible to create structures in space that are not possible on Earth.
4- Data storage: This technology can increase the storage capacity of information
by 1000 times or more. For example, this technology can store up 50 DVDs on a
single hard disk with the size of a credit card.
5- Other advantages of nanotechnology: it will cause dramatic changes in the
use of natural resources, energy, and water. It will reduce water pollution. It will allow
recycling and reuse of materials, energy, and water. In the field of energy,
nanotechnology can significantly affect energy efficiency, storage, and production
and reduce energy consumption.
Advantages of manufacturing with fine components:
• High accuracy, even at the level of one atom
• Minimum energy loss
• Product optimization
• Maximum use of primary resources
• Production of lightweight and durable materials for conventional or new use
• The bankruptcy of old industries such as steel with the import of new materials
• A sharp decline in demand for fossil fuels
• The epidemic of very powerful, small, and low power supercomputers
• Lighter, smaller, smarter, longer-range, cheaper and invisible radar weapons
• Immediate identification of all genetic and ethical features and potential of the
disease
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• Accurate delivery of the drug to the desired address in the body and increase the
lifespan
• Completely eliminate the risk factors for chemical and microbial warfare
• Completely eliminate the smallest urban and industrial pollutants
• Always clean and smart surfaces and clothing
• Mass production of materials and tools that was not practical before.
And many other unpredictable things (figure 31-4).

Fig 31-4: Applications of nanotechnology

Many experts have called nanotechnology equal to the future. Due to the impact
of this technology on most existing industries and technologies, specialists in various
fields will have no chance of growth in the coming decades without a focus on
nanotechnology. That is why nanotechnology is essential for academics and
researchers in countries. Because for every country, industry and technology have
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priority, so they would have nothing to say in the new world of technology and
industry without the dominance of nanotechnology.
These are just a few of the expected products of nanotechnology. Human beings
are subject to an accelerated and powerful social revolution resulting from
nanotechnology and science. In the near future, a team of scientists will be able to
make the first nanometer-scale iron man capable of assimilation. Within a few years,
with the production of five billion trillion nano-robots, almost all of the current
industrial processes and labor will be eliminated. Consumer goods will be found
abundantly, cheap, fashionable and durable. Drugs will experience a rapid, quantum
mutation forward. Space travel and assimilation will be safe and affordable. For these
reasons and other reasons, everyday lifestyles in the world will be fundamentally
changing, and human behavior patterns will be affected. On the other hand, the
conquerors of future science and technology can be summarized in three groups:
information technology, nanotechnology, and biotech. The placement of large
amounts of information in a small space is one of the dimensions of nanotechnology
and information technology convergence. In the smallest human cell, there is all
information about a living thing such as hair color, bone growth, and nerves. Even in
a very small part of the cell called DNA 6, which contains about fifty atoms, all of this
information is stored (not just the surface or the number of atoms, but the way these
chains are stored in biological information, are important). Perhaps one of the reasons
for the convergence of these technologies is that these three technologies share the
same issues.
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Chapter 32

Incompatible assumptions with the new
experiences in physics
Science is opposed to theological dogmas because science is founded on fact. To me,
the universe is simply a great machine which never came into being and never will end.
Nikola Tesla

32-1 The necessity to review assumptions
In written history, the atomic hypothesis of the matter was put forward by
philosophers of the ancient world such as Greek Democritus and Indian Maharshi
Kanada 1. But this hypothesis did not enter the science of physics until the early
twentieth century as a scientific theory. In the early nineteenth century, John Dalton 2
realized that the atomic theory of matter could explain many phenomena, including
the absorption of carbon dioxide by water, and the theory of matter continuity could
not. Not long after, empirical evidence has shown one after another that the atomic
theory of matter is an undeniable fact of the physical nature of matter. Not only the
atomic theory of matter was accepted, but experimental observations led physicists to
1
2

- Maharshi Kanada (600 BC)
- John Dalton (1766-1844)
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accept the existence of subatomic particles and, in addition, to formulate and present
the standard model of fundamental particles and even to think beyond it.
The standard model of fundamental particles is formulated based on three incorrect
assumptions:
1- Unstructured fundamental particles: In the standard model, the particles are
assumed to be point-like and unstructured. Each particle has at least one field
(gravitational field). This assumption prevents explaining or trying to better
understand the relationship between the particle and its fields.
2- Exchange particles: In quantum mechanics, quantum field theory is
formulated to explain quantum fields. Each field has its own particle, a particle that
carries the properties of the field. Quantum field theory cannot explain the properties
of these particles and the mechanism of particle exchange.
3- Massless photons: By limiting of the speed to the speed of light c and accepting
relativistic mass at the beginning of the 20th century, there was only one way to
assume that the rest mass of photon is zero. If a particle's photon is not completely
massless, it cannot move at exactly the speed of light, c, in a vacuum. A massless
photon is only an assumption and has no empirical support. Laboratory and physical
astronomy observations of the last century in physics are inconsistent with the
assumption of massless photons. For this reason, physics nowadays faces problems
and unanswered questions, these problems can be resolved when we assume photons
have mass and structure.
4- Speed limit c: The theory of relativity is a theory of observation, so the light
speed is the limit of speeds that observers can see in the universe. Einstein even
claimed that moving faster than the speed of light violates the principle of causality.
(1) Another consequence of the observational approach to physical phenomena is that
gravity is ignored as a fundamental force because when we can observe the path of
light in space-time and can explain it with the geometrical properties of space, we no
longer need gravity. This approach to gravity is another of Einstein's contradictions,
as he ignored gravity as a force on the one hand, and on the other hand, in a lecture in
1916, he stressed the need to present a theory of quantum gravity (see chapter 25).
Does it not exist what is not observed? The force is not visible, only its effect is visible.
In general relativity, the effect of gravitational force was accepted as the topological
properties of space-time 3. Where it is not visible to the eye, it must be seen with the
- Spacetime topology, From Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/Spacetime_topology
3
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light of thought, and this is where quantum mechanics cannot explain and it will
justify by the principle of uncertainty. I agree with Einstein that God does not play
dice, but the physical world is not limited to detectable phenomena.
5- Combination of theories: Physicists have been trying to combine quantum
mechanics with general relativity for decades, but have unsuccess. Why didn't they
succeed? Where are the drawbacks? To find the answer to this question, we must note
that classical mechanics works well for large objects. But large objects are also made
of quantum particles. So we can generalize our understanding of large objects to
quantum particles. In other words, ignoring the classical mechanics in the unity of
theories was not right and we should try to combine classical mechanics, general
relativity, and quantum mechanics. And this is far beyond the standard model of
fundamental particles (see chapter 29).

32-2 Energy history
To understand some of today's contradictions and problems, one of the most effective
ways is to study the history of physics and to find the root of some incorrect concepts.
One of these concepts incompatible with today's experiences is energy. Although
energy has different types, including kinetic energy, potential energy, electromagnetic
energy, thermal energy, chemical energy, acoustic energy, etc., they are all convertible
to one another. Convertible property of energy can be used to examine and analyze
energy properties. To understand more, the best type of energy to study is
electromagnetic energy and the equivalent relation of mass-energy𝐸𝐸 = 𝑚𝑚𝑐𝑐 2 .

The word "energy" was first used by Aristotle. Energy is one of the most basic
physical concepts, but its simple and yet precise definition is difficult; energy is
usually defined as the ability or capacity to do work. In the seventeenth century,
Leibniz, in his works, without using the word energy, put forward concepts that led
to our present understanding of kinetic and potential mechanical energy. In 1789,
Antoine Lavoisier discovered the conservation of mass law. He showed that mass
cannot be created or destroyed in chemical or physical reactions. In the Caloric heat
theory, heat was a liquid material called the calorie. Calories were known as the
invisible and weightless fluid that could not be created or destroyed. Benjamin
Thompson, by an experiment in 1798, rejected the theory of calorie and proved that
heat can be produced by friction or mechanical work. Therefore, Thompson rejected
the idea that an object has a certain amount of calories. In the year 1800, Thomas
Young introduced the term "energy" in physics, which was not welcomed. The
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theory of heat presented by Thompson was developed by the French physicist Sadi
Carnot. (2)
Between 1842 and 1847, Julius Robert Mayer, James Joule, and Hermann
Helmholtz developed the principles and concepts we know today as the law of energy
conservation: "Energy cannot be created or destroyed; it can only be converted from
one type to another ". However, instead of the word "energy" they used the terms
"living force", "tension force" or "force of fall". (2) However, instead of the word
"energy", they used the terms "living force", "tension force" or "falling force" (2). In
1881 (when Einstein was two years old), Joseph John Thomson, who later proved the
existence of the electron, was the first to attempt to show that the electromagnetic
field has mass. Thomson's conclusion is a little complicated, but in 1889, Oliver
Heaviside simplified his work and showed that the effective mass must be m = (4/3)
E/𝑐𝑐 2 , where E is the energy of the electric field sphere. German physicists, Wilhelm
Wien and Max Abraham4 obtained similar results, known as the "electromagnetic
mass" of electrons (which was nothing more than a tiny sphere). Although
electromagnetic mass needs to relocate the body and therefore not clearly applied to
all matter, it was the first serious attempt to relate mass to energy. One of the plausible
pioneers for the emergence of the E = m𝑐𝑐 2 relation, Friedrich Hasenohrl 5, professor
of physics at the University of Vienna, who explicitly recorded the E = (3/8) m𝑐𝑐 2
equation in a paper in 1904. (3) Probably the title of the Einstein’s article "Is the inertia
of an object depends on its energy content?" was published in 1905, and talking about
the equivalence of mass and energy, is the best document to admit that Einstein
believed that energy has mass under any conditions. But why he assumed that the rest
mass of photon is zero? (4)

32-2- 1 Contradictions in the photon mass
The founder of relativity, the speed limit for the light, and relativistic mass was
Einstein, and zero rest mass of photons was a direct result of special relativity.
However, Einstein spoke explicitly about energy mass. "The mass of a piece of red
hot iron is greater than when it is cold," Einstein said. (5) How does a piece of iron
get hot and red? The answer is simple and clear; we heat it, that is, due to heat
radiation, some photons are absorbed by the iron, and the mass of photons is added to
the mass of cold iron, causing the mass of hot iron to be greater than its cold once.
Einstein continued in the same paragraph: “Energy, at any rate, kinetic energy, resists
4
5

- Max Abraham (1875-1922)
- Friedrich Hasenöhrl (1874-1915)
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motion in the same way as ponderable masses. Is this also true of all kinds of energy?
The theory of relativity deduces, from its fundamental assumption, a clear and
convincing answer to this question, and answer again of a quantitative character: all
energy resists change of motion; all energy behaves like matter; a piece of iron weighs
more when red-hot than when cool; radiation traveling through space and emitted
from the sun contains energy and therefore has mass; the sun and all radiating stars
lose mass by emitting radiation. This conclusion, quite general in character, is an
important achievement of the theory of relativity and fits all facts upon which it has
been tested”.
If energy has mass, then why did massless photons get into modern physics? The
answer to this question must be sought in the evolutionary process of scientific
theories, not in the equations of relativity or quantum mechanics. At that time there
was no experiment that could accurately explain the properties of photons and show
the difference between energy, matter, and antimatter. At that time, even the theory
of light absorption and emission by charged particles had not been much investigated.
So, in modern physics, the photon was an electrically neutral and unstructured
particle. If photon is electrically neutral, how is it absorbed and radiated by charged
particles? But the unanswered questions that exist today and old theories, such as
relativity and quantum mechanics, which cannot answer these questions, require
thinking about new experiences and applying astronomical observations and
laboratory evidence, to understand the realities of physical phenomena in explaining
physical phenomena. If we assume that photon has mass, then which unanswered
question will be answered? To answer this question, we will explain some of the new
experiences and observations in this chapter, will present the unanswered questions,
and will postpone the answer to these questions in the next chapters.

32-3 What is energy quanta really?
To find the answer to this question we have to look at the background of energy quanta
and on what basis the energy quanta was raised? Since Newton and Huygens, there
have been two theories of wave and particle of light. In 1800, Young's famous doubleslit experiment led to the light particle theory given by Newton has to be abandoned
for a century. For this reason, throughout the nineteenth century, all scientific work
on light was dominated by wave theory (2). Attempts made by Joseph John Thomson,
Oliver Heaviside, Wilhelm Wien, Max Abraham, and Hasenohrl to prove that
electromagnetic waves have mass. At that time there was no discussion of photons (or
light particle). Towards the end of the 19th century, the issue of radiation encountered
problems that the old electromagnetic theory and wave properties of radiation could
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not solve them. In 1900, Max Planck introduced the theory of particle irradiation, in
which radiation is made up of energy packets obtained from relation 𝐸𝐸 = ℎ𝜈𝜈 where
E, is energy, h, is Planck constant and ν is frequency. (6) What was left was to justify
the energy package or the energy quanta with Maxwell's equations. In 1907, Einstein
explained the photoelectric effect using the Planck hypothesis. The Planck radiation
formula was just a new scientific interpretation of the classical electromagnetic
theory. (7) Since classical electromagnetic theory could not explain some recent
experiments such as the photoelectric effect, Planck's theory of energy quanta was
accepted. In fact, Einstein explained, the dual behavior of light as particle and wave,
which has been proposed based on new solutions to Maxwell's equations. It is believed
that the first "classical" model incorporates many accepted quantum features". (8)
This new interpretation did not exclude the wave theory of light, not even claiming
that light is a particle; it was only a new interpretation that physicists eventually
accepted the dual nature of the light particle-wave. Physicists define light as a set of
one or more photons that propagate through space as electromagnetic waves.

Fig 32-1: Mass-energy equivalence relationship and its results for massive particles
and massless photons
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Maxwell's electromagnetic equations show how the electric and magnetic fields
are produced by electric charges and currents, and the interdependence of the two
fields to each other. That is, by changing each of these two fields, the second field
also changes. So that the electric and magnetic waves are not separated from each
other and there is an only electromagnetic wave.

Fig 32-2: An electromagnetic wave packet

Maxwell's equations describe the emission of electromagnetic waves in a vacuum
at the speed of light that was described in chapter 9. Recently, physicists using the
Dirac standard theory of quantum light have obtained the quantum wave function
from the ordinary Maxwell field for a single photon (9), as seen in (figure 32-1).
What is a photon? Is it a particle? Not! Is it a wave? Not! Photon is an
electromagnetic wave packet that has both wave and particle behavior, such as
electrons and other particles, except that we know photon is part of electromagnetic
waves (figure 32-2). In classical mechanics, there is no such thing as a massless
particle, because according to the following relations:

750

Physics from the beginning to now
1

𝑝𝑝 = 𝑚𝑚𝑚𝑚 , 𝑘𝑘 = 2 𝑚𝑚𝑣𝑣 2

(32-1)

If the mass is zero, the momentum and kinetic energy will be zero, because under
Newton's second law F = ma no force can be applied to it. But in relativity, the
momentum and energy are presented as follows (10):
𝐸𝐸 =

𝑚𝑚0 𝑐𝑐 2

2
�1−v2
𝑐𝑐

𝑎𝑎𝑎𝑎𝑎𝑎 𝑃𝑃 =

𝑚𝑚0 v

(32-2)

2

�1−v2
𝑐𝑐

In the above equations, there is an ambiguity, when 𝑚𝑚0 is zero, the numerators will
be zero, but if v = c, the denominators also will be zero, and this equation will be
indefinable (0/0). What determines the momentum and the energy of a massless
particle? Neither mass (which is assumed to be zero) nor speed is always equal to c.
Quantum mechanics accurately answer this question, the following relations
determine the energy and momentum of the massless particle, and the following
relation is valid and applies to all fields of physics:
𝐸𝐸 = ℎ𝑣𝑣

(32-3)

𝐸𝐸 = |𝑷𝑷|𝑐𝑐

(32-4)

𝐸𝐸 2 = 𝑚𝑚02 𝑐𝑐 4 + 𝑝𝑝2 𝑐𝑐 2

(32-5)

So, if particle always moves at the speed of light, the mass of a particle can be zero
𝑚𝑚0 = 0. And the relativistic equation of mass - energy is as;
𝑚𝑚0 = 0 → 𝐸𝐸 = 𝑚𝑚𝑐𝑐 2 = ℎ𝑣𝑣 ⇒ 𝑚𝑚 =

ℎ𝑣𝑣
𝑐𝑐 2

(32-6)

Therefore, only the moving photon has mass obtained of the relation E = m𝑐𝑐 2 .
Theoretically, there is strong evidence that the photon is massless, but there is no
empirical evidence for it (1). It should be noted that scientific theories are formulated
on the basis of a set of principles, and all the arguments and results of that theory rely
on the principles accepted in that theory. Therefore, the strong arguments for massless
photons are based on two assumptions: the first assumption is that the speed of light
is the speed limit, and the second assumption is that photon is an electromagnetic
wave-packet described by Maxwell's electromagnetic equations, and the
electromagnetic waves always move at the speed of light. So it had to be assumed that
the photon is massless. Otherwise, the science of physics in the early twentieth century
could not explain why a photon can move at the speed of light, but other particles,
including electrons, cannot? But given the progress of physics in recent decades and
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laboratory observations, we can provide strong reasons that the speed of light is due
to the symmetrical structure of the photon and it has nothing to do with the mass (see
chapter 34).

32- 4 Why photon mass is important?
After the assumption of massless photon was accepted, all fundamental equations and
concepts of physics were formulated on the basis of massless photon. In general, there
are many ambiguities about photons. For this reason Einstein wrote in 1951: "All these
fifty years of pondering have not brought me any closer to answering the question,
what are light quanta?" In modern physics, the rest mass of the photon is really a
mystery. The fact is that when a particle, such as an electron, acquires energy, its mass
increases, an obvious example of which is the Bucherer experiment. (12) For this
reason Einstein correctly stated that "the mass of a piece of hot iron is greater than
when it is cold". Certainly, the role of photon mass in physics is much more important
than Mercury's orbit. For nearly two hundred years, scientists have been concerned
about the problem of Mercury's orbit, which was not justified by Newton's laws until
it was finally described by general relativity. (13) Why should not we worry about the
reality of photon mass? The question is, which physics problem will be solved with
the photon mass? To answer this question, we first need to see what new experiences
and theories say about photons. Then what physics problems are due to the assumption
of the massless photon. And finally, how massive photons can be defined to be
consistent with empirical observations.
The CPH theory is not the first and only theory to speak of photon mass, the first
person who introduced a coherent massive photon which it's still a topic of discussion,
was Alexander Proca, who in the 1930s introduced the relativistic wave equation for
a particle with spin-1 (the photon spin is also 1). The Proca equation describes the
imaginary mass of photons in electromagnetic waves. (14)
The amount of this mass predicted by the Proca equation, though very low,
nevertheless some physicists, including Dmitry Rayotov, who is famous for
determining the high mass of the photon, try to solve some modern physics problems,
including the dark matter problem with the Proca equation. Although this mass is not
zero, it is so low that it is ignored in nuclear and atomic researches. (15) The joint
work of Liang-Cheng Tu, Chinese physicist Jun Lau, and George T Gillies of the
United States, published as "Photon Mass" in the year 2005, shows that the possibility
of achieving real value for photon mass has never been abandoned. (16) These efforts
show that there is a high limit for photon mass, although small, but not zero. (17) The
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empirical upper limit of the photon mass enables the final states of photon to decay to
the lightest neutrino or other particles and beyond the standard model of fundamental
particles. (18) The drawback of the Proca model is that it is formulated without regard
to the photon structure.
In addition to mass, the photon's electric charge has also been tested. Like mass,
the electric charge of photon also has a high limit obtained in an experiment as the
value of 10−14 e. (19). The value is not the only possible value for the upper limit of
photon's electric charge, in different experiments different quantities of the photon's
electric charge have been obtained, which the above value is only one of them. There
is even talk of photon moment magnet. (20)
Brett Altschul, a physicist at Indiana University in the US, has analyzed radio
waves from distant galaxies to obtain upper limit of photon's electric charge. The
electric charge of a photon is no more than 10−14 e times the electric charge of an
electron. Assuming a positive and negative electric charge of the photon, this value is
13 times better than the previous direct values for the particle electric charge that we
usually assume to be neutral. (21) These differences are due to the limitations of
experimental facilities and the extremely high speed of photons. In any case, with all
the problems that lie in the way of expected test and conclusion, an undeniable fact is
evident. The fact is that the old belief of massless and uncharged photons is incorrect
and needs to be revised. In quantum mechanics, the only thing to talk about is the
absorption and emission of photons by charged particles, without explaining its
mechanism. The best way to understand photon absorption by an atom is that the
experiment must be performed on a single photon and an atom, because knowledge is
in knowing the details.
Such an experiment was conducted in 2016 in Singapore. In the experiment,
conducted at the Quantum Technologies Center (CQT) at the National University of
Singapore, found that the shape of a photon also affects how it is absorbed by an atom,
and photons have two different shapes, four meters long, with an absorption
probability of about four percent. (22) While in the standard model, photon, like other
fundamental particles, is unstructured and point-like.
Christian Kurtsiefer, the research director at CQT, and her team were able to form
light photons very accurately. The research team used rubidium atoms and infrared
photons to advance their experiments.
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Fig 32-3: Scientists at the Quantum Technologies Center at the National University
of Singapore have shown that the shape of photon effects on its absorption by a single
atom. In the experiment, photons are about 4 meters long, while the atom is less than
one nanometer.

Victor Leong, a team researcher says about the experiment: Our experiments are
about the most fundamental interactions between matter and light. A 4-meter photon
travels through an atom within 13 nanoseconds. Each time a photon is sent to an atom,
scientists check whether that photon is absorbed by the atom or not, and if the answer
is yes, they are looking to find out what happens. By finding out the timing of the
atom excitation and gathering information about it, the researchers can predict the
probability of photon absorption by the atom as a function of time (figure 32-3). Two
types of photons were tested in this study: one type of photon its brightness was
increasing and another type of photon its brightness was decreasing. After hundreds
of millions of experiments and measurements that took about 1500 hours, the
researchers finally concluded that the overall probability of each photon being
absorbed by a single rubidium atom was only slightly higher than 4%. However, when
the research team looked at this process on the basis of nanoseconds time intervals,
they found that the probability of a photon being absorbed at any given time also
depends on the type of photon.
Whether photon has a shape? In quantum mechanics, an optical beam consists
of countless photons. But what does a photon look like? Whether it has a shape? Are
these questions even meaningful? In the year 2016, Polish physicists created the first
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hologram of a photon (23), which was created by the intersection of two optical rays
(figure 32-4).

Fig 32-4: Photon shape

So far, various experiments have shown that photon has an electric charge and
different shapes, and the probability of absorption by the atom is slightly more than
4%. The moving electric charge generates a magnetic field, so photons must behave
like a magnet. Interestingly, a quantum simulation in Switzerland showed that photon
behaves like a magnetic dipole. (24) But electricity and magnetism are not separated,
meaning that photon has length and shape and behaves like a very weak
electromagnetic dipole and is very unlikely to be absorbed.
One of the most problems of modern physics is related to anti-matter, and the
question is why the observable universe is made of matter. While according to the
standard model, each particle has its own anti-particle. To find the answer to this
question, physicists made many conjectures, and wherever they saw a little of hope,
they have studied and experiments. One of these options was the neutron structure. If
it will be proven that the neutron has an "electric dipole moment" (EDM), then
physicists could investigate the matter-antimatter problem in the structure of particles.
Research has been done on neutrons for many years. Doing such a project in terms of
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knowledge and equipment was required the extensive collaboration of physicists from
different countries. Such a team was formed which included the Science and
Technology Facilities Council's (STFC) Rutherford Appleton Laboratory in the UK,
the Paul Scherrer Institute (PSI) in Switzerland, and a number of other institutions.
The team of physicists found that the neutron has an "electric dipole moment", but it
is smaller than predicted by various theories. The results of the research were
published in February 2020 (24). The important thing is that a neutron is a very weak
electric dipole, like the photon that was predicated in the CPH theory many years ago,
that is a basic and comprehensive approach.
The CPH theory examined exactly the photon structure and showed the photon is
a very weak electromagnetic dipole. So all particles can be divided into two groups,
the first group is charged particles such as electron and positron, whose electrical
properties are known. The second group is the particles that are electrically neutral,
such as neutrons and photons, which are very weak electromagnetic dipoles. The
concept of unstructured photons cannot describe the different shapes and their lengths.
In addition, with a photon that is electrically neutral can't explain how do charged
particles, such as electron absorbs and emits a photon? Such experiments should be
considered along with other properties of the photon. For example, in the production
and decay of the electron-positron pair, a photon converts to two fermions, both have
electric fields and interact with each other through virtual photon exchange, combine
together and the quantum of energies is produced again. In the CPH theory, the
physical properties of particles and their interactions are transferred from photons to
fermions and vice versa. In the standard model, even bosons can be expressed in terms
of their energy content. So it makes sense to try to know more about the photon and
its structure.
The problem of quantum mechanics is not just about photons. Art Hobson,
professor of physics at the University of Arkansas, published a lengthy paper in 2013
showing that all of our assumptions about particles are wrong, in essence, there is no
particle in the universe and everything is made of field. (25) Professor Robert
Siamanda of the University of Edinburgh in Pennsylvania wrote in response to
Hobson that there is no field and particle, but that there are operators. (26) In other
words, quantum field theory is a mathematical framework consisting of operators. In
physics, an operator is a function that acts on one physical state and another physical
state arises (see chapter 7). Operators are an intrinsic component of quantum
mechanics. But quantum mechanics does not explain the mechanism of changing one
state to another. This is one of the problems of quantum mechanics that prevent
interactions from being explained. In other words, the input (primary state) and output
(secondary state) are known, but we do not know anything about the process of this
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state change. While many years ago the CPH theory had predicted that photon is a
very weak electromagnetic dipole and has mass, and it had also explained the
properties of the particles forming these two fields (see chapter 34).

32-5 Photon mass and cosmological problems
The beginning of cosmological ideas, like other sciences, is not so clear. But the
earliest ideas can be found in religious beliefs. However, philosophers of ancient times
have also commented on the creation or eternity of the universe. But the first
cosmological equations came up after general relativity. Less than a decade after
Einstein and Friedman's formulation of cosmological equations (chapter 21),
cosmological observations announced the expansion of the universe, and attention
was drawn to the importance of these equations and the Big Bang theory was
introduced (chapter 23). In particular, the expansion of the universe could be
explained by Friedman's equation. The cosmological equations have two basic
problems:
1- Singularity problem: These equations cannot explain the gravitational
singularity and the explosion caused by gravitational pressure. Newton's universal
gravitational law considers no limit for the mass of an object and the general relativity
accepts of space-time curvature to an infinite degree.
2- Relativistic jets: Using these equations, we cannot investigate inside of the
black hole and explain the reason for relativistic jets of supermassive black holes.
These drawbacks are due to an inaccurate definition of the photon mass that is
assumed to be a massless photon. To better understand these two problems, we need
to review the Steady-state theory, which was the most important competitor of the Big
Bang theory.

32-5- 1 Gravitational singularity
Before the Newtonian gravitational law was introduced, philosophical and folk ideas
about the genesis and future of the universe had no scientific and empirical basis.
Newton's law of gravitation provided a scientific basis for thinking about the
consequences of the universe. The first ideas and arguments were raised in Newton's
time (chapter 6), the question was that if all bodies are attracted to one another, why
doesn't the universe collapse? After general relativity and attention to black holes were
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raised, the question arose how small the size of a black hole could be? Or in other
words, how much is the curvature of space-time around a black hole? This question
gave rise to the subject of gravitational singularity. While everyone agrees that general
relativity, Einstein's theory of space-time, and gravity allows for singularities, there is
widespread disagreement on what is exactly the definition of singularity. (27)
Hawking's singularity theorem implies the compactness of matter at one point, where
the laws of physics are broken.
Gravitational singularity was first defined by Hawking. In Hawking's view,
gravitational singularity, or gravitational space-time, is a place where the values used
to measure the gravitational field are infinite and do not depend on the coordinate
system. In his view, in gravitational singularity, the volume will decrease and the
density will be infinite in which all the laws of physics will become ineffective. This
means that the state of the universe, after the Big Bang, may be different from what it
was before that. According to general relativity, the initial state of the universe began
with the explosion of a singularity, or the Big Bang. (28) Hawking later revised,
stating that singularity cannot be predicted using general relativity. (29)
When point-like fundamental particles, are considered unstructured and energy is
massless, old theories fail to answer fundamental questions of physics, one of which
is the inability to define gravitational singularity and the answer to cosmological
equations at zero moments (the time of the explosion in the Big Bang theory) and
before that.

32- 6 The contrast of two theories of the steady-state and the big bang
In the year 1948 (before accepting the Big Bang Theory, chapter 23), Hermann
Bondi 6, Thomas Gold 7, and Fred Hoyle, who were dissatisfied with Lemaître’s
hypothesis, proposed a theory of steady universe or steady-state. Proponents of the
steady-state theory accepted the expansion of the universe, claiming that as galaxies
go away from each other because of the expansion of the universe, the new matter
was created in the space between them, and the new matter was formed of hydrogen.
New hydrogen atoms eventually create new galaxies. (30) Although Fred Hoyle
ridiculously called the Lemaître’s hypothesis the Big Bang, after its acceptance, the
title of the Big Bang theory was fixed. Einstein's handwriting and discussions with
other scientists show that he was a supporter of steady-state theory, saying that the
6
7

- Hermann Bondi (1919-2005)
- Thomas Gold (1920-2004)
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average density of matter in an expanding universe with the production of the new
matter remains steadily constant from empty space. (31) Both groups, therefore,
advocates of the Big Bang theory and supporters of the steady-state universe agreed
on the expansion of the universe because it was consistent with astronomical
observations. To adapt Einstein's cosmological equation to steady-state theory, Fred
Hoyle replaced a Scalar field constant with the cosmological constant Ʌ (Lambda) in
Einstein's cosmological equation and provided its mathematical support. In Fred
Hoyle’s equation, the scalar field constant represents the continuous creation of matter
from a vacuum.
1

𝑅𝑅𝜇𝜇𝜇𝜇 − 2 𝑅𝑅𝑔𝑔𝜇𝜇𝜇𝜇 + Ʌ𝑔𝑔𝜇𝜇𝜇𝜇 = 𝑘𝑘𝑇𝑇𝜇𝜇𝜇𝜇
1

(𝑅𝑅𝑖𝑖𝑖𝑖 − 2 𝑅𝑅𝑔𝑔𝑖𝑖𝑖𝑖 ) + 𝐶𝐶𝑖𝑖𝑖𝑖 = 𝑘𝑘𝑇𝑇𝜇𝜇𝜇𝜇

(32-7)
(32-8)

The relation (32-7) was Einstein's cosmological equation and the relation (32-8) was
the steady-state equation presented by Fred Hoyle and his colleagues in which 𝐶𝐶𝑖𝑖𝑖𝑖 is
the scalar field constant.
The Big Bang theory seemed more realistic than the theory of steady-state theory,
especially after the discovery of cosmological background radiation. In the Big Bang
theory, all matter in the universe appeared out of nothing, which later Hawking
claimed that the universe was created by a gravitational singularity. The big bang
happened a very long time ago that it is invisible. However, the creation of new
material could be accompanied by empirical support. The more we observe the depths
of the universe, the deeper we go in the past. We see a star that is 10 light-years away,
just as it was 10 light-years ago. The farthest objects humans can observe with large
astronomical telescopes are quasars. Quasar is a member of various star-like bands
that have exceptional red rays and often emit radio frequencies as well as visible light
waves. Can the creation of new matter be seen in far regions of the universe, including
in the quasar places? Finding such evidence could be a strong reason to discredit the
Big Bang theory. Halton Arp 8 was excluded by many of his colleagues, but not all,
because of its challenges with the Big Bang paradigm. Halton Arp along with
Geoffrey Burbidge 9 and others were in opposition to the standard Big Bang theory.
He published articles and several books on the idea that quasars are born from the
nucleus of active galaxies that are the mother of galaxies. (32) In the standard model
of the Big Bang, the red-shift of gravity is interpreted according to Hubble's law,
meaning that they are the most distant source in the universe. Based on the Halton
8
9

- Halton Christian Arp (1927-2013)
- Geoffrey Ronald Burbidge (1925-2010)
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Arp Alternative model, evidence strongly suggested that they are dependent on active
galaxies that are closely related to the main galaxies (mother galaxies) and which have
fallen out of them.

32- 6- 1 Expanding the universe and the M87 galaxy
During the 1950s, clear radio sources, now known as quasars, were discovered that
did not appear to have optical counterparts and astronomers could not explain them,
because their spectrum was not fitted with any of the atomic and molecular spectra.
In the year 1963, Maarten Schmidt 10 studied one of these powerful radio sources
called 3C 273 (later called 3C 273 Quasar) and discovered that its spectrum belongs
to hydrogen emission lines but its red-shift was very high. The high red-shift indicated
that its source was moving away too fast. Such speed prevented any clear explanation.
Schmidt noted that red-shift, as explained in Hubble's law, is also associated with the
expansion of the universe. If the measured red-shift was due to expansion, then the
source must be very far, so it has an extraordinary luminosity that is seen far beyond
any object. This intense light also explains the large radio signal. Schmidt concluded
that Quasars are very far and very interesting. (34)
In 1966, Halton Arp published a series of images of exotic galaxies containing
pictures of 338 nearby galaxies that did not rank in any of classical galaxies. Arp's
articles and books are important sources of astronomical observations in cosmology.
Halton Arp's basic observations and data on quasars and galaxies were not consistent
with the Big Bang theory. Scientists have rejected Arp's data as inaccurate. In fact,
Arp claimed that the universe is eternal (steady).
Therefore, the steady universe theory needed empirical confirmations and this was
something that could benefit from Halton Arp's observations and data. Analyzing his
observations and data, Halton Arp wrote, "Everything created instantly out of nothing.
It had a point beginning and we were right there! ... Galaxies, like a group of animals,
reveal at a glance all stages of birth, growth and maturity. Take one example. M 87 is
a famous galaxy near the center of our Local Super Cluster. In 1918, even before the
recognition of galaxies, it was observed with a small telescope to have a blue spike
coming out of its center. With the most expensive modern day telescope, the Hubble
Space Telescope. Figure (32-5) shows this spike contains a number of small, compact
objects. These objects are radiating a continuous spectrum of synchrotron (charged
particle) radiation. The conventional view is that they are clouds of hot gas ejected
from the nucleus with about the speed of light (observed from displacement over
time). But how do you accelerate a cloud of hot gas to velocity near c? How do you
10

- Maarten Schmidt (1929- )
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get a hold of it? And why does it not just go POOF and dissipate? Even more
revealing, one sees these objects grow in size and luminosity as they move outward
along the jet". ... He goes on to quote an example of the M84 galaxy: "So we have
spread out before us a more or less complete empirical demonstration of how galaxies
are born and evolve. As the variable mass theory requires, the emergence of new
matter near m = 0 requires speeds of pure energy near c. As the particle masses grow
they slow down in order to conserve momentum in the extragalactic rest frame. That
means the elementary particles cool. Together with the increasing gravity the growing
matter condenses into a proto quasar/galaxy". (35) The observations and data of
Halton Arp are very broad and include cases such as the starburst galaxies of Arp
299, Arp 273, and the impact galaxies of Arp 256 and galaxies swallowed by one
another. (36)

Fig 32-5: The Image of Hubble Space Telescope of the eruption (relativistic jet)
coming out of the M 87 galaxy. Plasmids (a coherent structure of plasma and magnetic
fields) move at a speed close to the speed of light c and become brighter.
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In the few lines above there is an important point about photon mass, Halton Arp
speaks of pure energy and mass m = 0 and relativistic jets. Particles with zero rest
mass travel at the speed of light and subsequently their mass increases and their
velocity decreases. Later, the mass of particles was justified by the Higgs theory, that
is, particles of matter including electrons get mass in interaction with the Higgs field.
Opponents of steady universe theory have their own reasons (37) which are beyond
our discussion. In following, after examining and analyzing the event horizon of the
galaxy M 87 black hole, we return to the two fundamental problems of the
cosmological equations presented in this section.

32-7 Observations of the Event Horizon Telescope and its results
It has been more than two centuries since physicists began discussing black holes.
Until recently, any image of black holes was merely an illustration of the complex
mathematical equations in the mind of physicists. In these visualizations, inside of the
black hole is dark and invisible, but around black hole, there is an event horizon that
forms the boundary between visible and invisible, called the photon sphere. Dutch
astronomer Heino Falcke, an imaging designer of the event horizon of the Milky Way
Center's black hole, predicted in 2000 that measurements could be made near the edge
of a black hole. Four years later, his team did just that. Falcke predicted that near the
edges of a black hole, there was a "black hole shadow" that could be detected by a
radio telescope. The shadow was finally revealed by the event horizon telescope on
10 April 2019, and people around the world watched it on television.
But what is a radio telescope? Each of the electromagnetic waves is propagating
in space has its own source, even radio parasites, such as the noises we hear when
tuning in to radio or television channel. Each of these sounds unpleasant is coming
from a specific source that many of their sources are stars or distant galaxies. Finding
the source of each of these waves is a specialized job. Astronomers to detect the source
of these waves are used radio telescopes. They adjust the receiver plate to the desired
point to be more precise and recorded. After recording the waves, they can be
converted to numerical matrices. Of course, this is a very complicated process that is
beyond the scope of this section. The important thing is to know that in observation
of the event horizon project, the waves were recorded and then visualized.
The telescope is used to observe the sky, the farther distance you want to see or
image, and if you want this image to be accurate, the telescope's diameter should be
larger. To detect and image a black hole event horizon in the heart of the Milky Way,
55 million light-years far away from Earth, the diameter of the telescope must be as
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large as the diameter of the Earth. Clearly, making such a telescope is not feasible,
and astronomers used radio waves interferometer method and a number of radio
waves telescopes to build such a telescope. Telescopes must observe the object exactly
at the same time. So they place an atomic clock inside each telescope and record the
images they receive. The recorded data is transmitted to the data analysis center. At
the data analysis center, the data that is recorded simultaneously is identified and
combined, forming a single image. It is as if a telescope with the diameter of the Earth
has imaged the object. Obviously, the higher the number of telescopes and the more
accurate the devices, the more accurate the image will be.
The angular resolution of radio emission, taken from the black hole at the heart of
the M 87 galaxy, shows very clear images (figure 32-6). One of the features of the
images is an irregular but clear ring whose size and shape closely resemble the photon
orbit around a black hole with a mass of 6.5 billion times the mass of the sun. Soon
after Einstein introduced general relativity, theorists obtained a fully analytical form
of the photon orbit and first simulated its lens shape in the decade of 1970. In the
2000s, designing the shape of the shadow was also possible when light flowed around
the gravity of the black hole. During this time, observational evidence of the existence
of a black hole in the center of the active galaxy in our own Milky Way began. (38)
In particular, to make permanent progress in radio astronomy, they made verylong-baseline interferometry (VLBI) at larger wavelengths and using large black and
white horizons, they showed that M 87 and Sgr A were at the center of the galaxy.
The dense sizes of these two sources were confirmed by optical studies with a
wavelength of 1.3 (one and three tenths) mm, it was first sent from Hawaii to the
United States using the main lines, and then sent to Spain and Chile with greater
resolution.

Fig 32-6: images of the black hole event horizon of the M 87 Galaxy for four
consecutive days
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In the past decade, the Event Horizon Telescope (EHT) has developed the first
measurements to enhance the ambitious campaign of imaging from its shadow.
During the period from April 5 to April 11, 2017, the event horizon telescope observed
the galaxy M 87 and calibrators (calibrator is a reference for controlling and ensuring
the accuracy of the measured values) on four separate days using an array consisting
of eight radio telescopes at 6 geographic locations: Arizona (USA), Chile, Hawaii
(USA), Mexico, Antarctica and Spain (figure 32-7). It took years of preparation (and
with the help of an amazing event, of favorable weather across the planet) with a
superb performance in implementing a few petabytes data (each petabyte is one
million GB). The results are presented from observations, through the interpretation
of images, of a team of tools, algorithms, software, modeling, and theoretical experts,
after a massive effort by a team of scientists, who completed all the career stages from
the graduate student, were given to senior members of the project. More than 200
members from 59 institutions in 20 countries and regions have united and dedicated
their efforts to a common scientific perspective over the years.

Fig 32-7: A collection of 8 telescopes at 6 geographic locations created the virtual
event horizon telescope.
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A series of articles on this topic provided the background to the project's
conclusions to date. Article 1 is a summary of the conclusion. Article 2 describes the
EHT array, the technical advancements that provide auguries detection, the full range
of reported observations using new tools and capabilities, created the collaboration of
a new virtual telescope with unique capabilities for imaging black hole horizon.
Article 3 describes the details of observations, data processing, calibration algorithms,
and accuracy validation protocols for the final data products used for the analysis.
Article 4 presents the full process and approach to image reconstruction. The final
images are presented after careful evaluation of traditional imaging algorithms and
new techniques developed by the EHT tool, along with several months of testing
imaging algorithms through analysis of a set of data combinations. In Article 5, a new
series of books of general relativity, magnetic properties and behavior of electrically
conductive fluids, advanced simulation of beam tracking for analyzing images and
data in the context of black holes and launching jets, is provided. Article 6 describes
the use of a suitable model, comparing simulations with data, extracting features of
images for formal estimation, estimating the size and shape of the emission ring, the
black hole mass, and constraint on the nature of the black hole and the space-time
surrounding it.
The image taken from M 87 puts the shadow of mass inside its photon orbit, which
is the strongest case for the existence of massive black holes. These observations are
consistent with the Doppler illumination with the relative motion of the plasma near
the black hole, which is around the photon orbit. They create a fundamental link
between the active galactic nuclei and the central engine, which are being used with
a new approach by black hole displacement. In the coming years, EHT cooperation
will expand efforts to provide enhanced resolution, mapping of magnetic fields at
horizons scale, examining temporal variability, and increasing resolution through
shorter wavelengths observations. In short, this work represents the development of a
new field of research in astronomy and physics.

32-7- 1 Big questions that the image of black hole event horizon did not
answer
There are several important questions about black holes that have not yet been
answered, said the astrophysicist and black hole researcher, Erin Bonning, who also
answered the following questions. (39)
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Fig 32-8: On the left, an image taken by CHANDRA X-ray Telescope at the same
time with the Event Horizon Telescope and on the right, there is an image taken by
Event Horizon Telescope

Question 1: How do black holes produce large jets of the hot and fast matter?
All supermassive black holes are capable of chewing nearby matter, absorbing
most of them from their event horizon, the remain are thrown out as shining towers at
speeds near the speed of light, which astrophysicists call them "relativistic jets" (figure
32-8). The black hole at the center of the M87 galaxy is famous for its impressive jets
and the brightness of matter and its radiation in space. Its relativistic jets are so large
that they can completely escape the surrounding galaxy. Physicists know that
widespread currents of this event occur: materials accelerate and reach relativistic
speeds (near the speed of light), falling into the gravity of the black hole, then part of
it escapes while maintaining its inertia. But scientists disagree on the details and how
this will happen. This image and related articles have not yet provided details of that.
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The perspective of CPH Theory: The existence of black holes was first predicted
by Newton's laws, then, one of the results of general relativity was the existence of
black holes. Neither of these two theories have anything to say about inside of the
black holes. From the outside of the black hole, its inside cannot be seen or imaged.
So we have to use the knowledge of physics to explain the behavior of matter and
energy under extreme gravitational pressure inside the black hole, which we cannot
because only the standard model of fundamental particles can explain particle
behavior. But it is assumed that particles are unstructured and photon is also massless.
So we have no way of explaining inside the black hole except to better understand the
structure of fundamental particles and to abandon the assumption of the massless
photon, then we can explain the inside of the black hole and the reason for relativistic
jets, which is what is done in CPH theory.

Question 2: How do general relativity and quantum mechanics fit together?
Whenever physicists are talking about a new discovery really exciting, you can
expect to hear someone who might help explain "quantum gravity", because quantum
gravity is unknown. For nearly a century, physicists have been working on two sets
of laws: general relativity involving very large objects describing gravity, and
quantum mechanics covering very small objects. The problem is that these two sacred
books are in direct conflict with each other. Quantum mechanics cannot explain
gravity, and relativity cannot explain quantum behavior.

The perspective of CPH Theory: The problem is precisely that physicists want
to combine quantum mechanics and general relativity and ignore classical mechanics.
In addition, none of the three theories of classical mechanics, quantum mechanics,
and relativity can explain how fundamental particles produce their dependent fields,
but combining all three of them provides a chance for this success (See Chapter 35,
CPH Theory).

Question 3: Were Stephen Hawking's theories as correct as Einstein's?
The great effort of the great physicist Stephen Hawking was to incorporate the idea
of "Hawking radiation" that black holes are not actually black and emit a small amount
of radiation over time. The result was very important because it showed that black
hole was stopping growth, which began with a decrease in energy slowly. The event
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horizon telescope did not approve or reject it. Giant black holes, such as the M 87,
emit only small amounts of Hawking radiation relative to their overall size. While our
most advanced tools can now detect bright lights on the event horizon, it is unlikely
that they not have ever exited the surface of the supermassive black hole yet, with
extraordinary brightness.

The perspective of CPH Theory: Before we can explain Hawking radiation, we
need to explain the production and decay of virtual particles in a quantum vacuum
without using the uncertainty principle, and this is what is done in CPH theory.

Fig 32-9: For decades, the interaction of photons with each other was just a dream.
In a new study, this dream came true.

32-8 Photon-photon interaction
In quantum mechanics, photons are electrically neutral and do not interact with
each other. In 2013, Mikhail Lukin of Harvard University and Vladan Vuletic of the
Massachusetts Institute of Technology were able to couple a photon pair by emitting
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a laser beam to a very low temperature atomic gas. In the year 2018, they showed that
photons can form binary and ternary groups (40), in addition, they can combine
together to form a new type of photon matter. To enter photons in interaction with
each other, researchers radiate a weak laser to an environment of cooled rubidium
atoms. Laser photons trap into ternary groups. This process is also known as photon
entanglement. Along with all the observations, physicists have found that photons
with zero rest masses, under normal conditions, reach a mass of fraction of electron
mass after they are combined (41) and their speeds decreases relative to the speed of
free photons (figure 32-9).
This experiment shows that the simple definition of photons by quantum
mechanics is not only, not able to explain the energy absorption and emission by
charged particles, but also that the combination of photons together cannot be well an
understood without understanding of photon structure. In fact, photon has a very
symmetrical and compact structure of two sets of sub-quantum energies (chapter 34).

32-9 Detection of vacuum fluctuations, sub-cyclic QED
According to the Heisenberg uncertainty principle, the vacuum is not empty. Rather,
it consists of electromagnetic waves and particles that are frequently created and
destroyed, called quantum fluctuations. For decades, there was only indirect evidence
of these oscillations, but in 2015, a team of researchers led by Alfred Leitenstorfer
claimed to have recognized the theoretical quantum fluctuations directly. In 2017, the
same group said that they have gone a step further by manipulating the vacuum itself,
and a phase change in these strange signals in a vacuum.
In the year 2017, Leitenstorfer and his team published an article explaining their
approach. They once again used a very short laser pulse, and sent a pulse about half
the wavelength of light into vacuum to create what is known as "compressed light".
The speed of this light has decreased in a specific segment of space-time. Leitenstorfer
compares this to traffic; it's like a car that creates a node, and from one point to the
next, some cars move slower. (42) As a result, the traffic behind this car increases,
while the traffic congestion in front of this point decreases; that is, when the amplitude
of fluctuations in one location decreases, it increases elsewhere (figure 32-10).
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Fig 32-10: Full view of the components set of the test (43)

Fig 32-11: An overview of fluctuations in vacuum, some oscillations occur below
the ground energy level
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One of the pieces of evidence that the team obtained was an interesting
phenomenon in which some oscillations occurred below a surface with the least
amount of imaginable energy (figure 32-11).
This experiment goes beyond the principle of uncertainty. There are two ways, one
to use this experiment as confirmation of the uncertainty principle, the other is to try
to explain the quantum vacuum fluctuations without using the uncertainty principle
and to explain it theoretically. CPH theory went the second way and explained the
quantum vacuum and virtual particles carrying electromagnetic force (virtual
photons) by generalizing Maxwell's equations from electromagnetism to gravity.

32-10 Physical nature of time
For the first time, Lorentz transformations, transform the passage of time from one
reference frame to another, showed that clocks do not necessarily work synchronously
on different frames, even if they are on a synchronized frame. When relativity came
to be, it became clear that space and time were not separable. The work rate of a clock
varies at different speeds or at different gravitational fields. With the advance of
quantum mechanics, the physical nature of time has become more and more debated.
Some physicists see time as an illusion and claim that everything happens at the same
time. Julian Barbour, an English physicist who has authored several books on the
subject of time, describes everything as a series of "now". (44) He adds that what we
understand in the past is merely an illusion that is formed in our brain. The only
evidence you have from last week is your memory. But now memory stems from the
stable structure of neurons in your brain.
Max Tegmark, a physicist at the Massachusetts Institute of Technology says: "We
can portray our reality as either a three-dimensional place where stuff happens over
time, or as a four-dimensional place where nothing happens [‘block universe’] — and
if it really is the second picture, then change really is an illusion, because there’s
nothing that’s changing; it’s all just there — past, present, future. We have the illusion,
at any given moment, that the past already happened and the future doesn’t yet exist,
and that things are changing. But all I’m ever aware of is my brain state right now.
The only reason I feel like I have a past is that my brain contains memories". (44)
This is the theory of a group of physicists whose goal is to solve one of the
mysteries of the universe. Most people don't even understand the concept of time, but
there is nothing in the laws of physics that says we must move in the forward direction
that we know. Time is not real: physicists show all the same things. Time is not real -
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it's a human structure that helps us differentiate between the past and our perception
of the past. The laws of symmetric physics ultimately mean that time could move
backward as easily as it goes forward.
In chapter 5 discussed space and time with different approaches. Relativity,
thermodynamics and quantum mechanics had not yet been explained in there. When
we say that time does not exist, does it mean that time does not exist for all physical
beings? Man is a physical being, along with all his feelings, loves and desires struggles
and hopes. A man in love, old or young, hopeful or worried ... is exchanging heat with
his surroundings and avoiding the burning fire, that is, he observes the boundaries in
heat exchange with the environment, and the command he receives from his brain is
something that does not happen to solids, so man avoid of the fired flame. In fact, man
is a physical, yet thermodynamic, being, and the direction of time in thermodynamics
is from past to future. At high speeds, his heart rate is slower than when he is at
rest on the ground. That is, man is a clock and there is no time independent of
clock (figure 32-12).

Fig 32-12: Physically (not psychologically and sociologically ...), man is a clock,
just like an hourglass.

772

Physics from the beginning to now

If I were to criticize Barbour and Tegmark and their associates, the question arises:
what do you mean by everything happens at the same time? In my view, as an
observer, things do not happen at the same time, I feel the past not only in the brain
but also with eyes and ears. Looking in the mirror or the skin of my hand or the photo
sticking to my birth certificate, I realize the days have passed. You might say it's all
recorded in the brain and you compare, but I'm a clock that has memory. Now, the
question is: From what observer's point of view, does everything happen at the same
time? The answer is simple and clear, such an observer should not experience the
passage of time, that is, he should not be a clock himself, and this is precisely what
has been introduced and discussed in CPH theory.

32-11 Discovery of Weyl fermions
By presenting the Dirac Sea, Dirac developed the Schrödinger equation and founded
relativistic quantum mechanics. Dirac's paper was published in 1928 under the title
"Electron Quantum Theory". (45) The following year, with the publication of the
paper "Gravitation and Electron", Hermann Weyl predicted the existence of zero rest
mass fermions with spin ½. (46) Since Weyl fermions were predicted in the year 1929,
scientists have long been sought to discover it, as it is one of the most fundamental
constituents of other subatomic particles. The fundamental nature of Weyl fermions
provides a much more stable and efficient transmission than electrons, which are an
essential part of today's electronic tools. Unlike electrons, Weyl fermions are massless
and highly mobile. An international team led by Princeton University was able to see
Weyl fermions. The massless particle predicted theoretically 85 years ago, was
discovered in 2015. (47) This particle will increase the speed and efficiency of
electronic devices because it can behave in a single crystal as both matter and
antimatter. This particle enables the almost free and efficient flow of electricity in
electronic devices, thereby making it more powerful for electronic devices, especially
computers.
To better understand the role of fermions in physics we need to take a brief look
at its history. When Dirac wrote his relativistic equation for fermions, his focus was
on electron which was massive and anti-electron (positrons). The next year, Weyl
showed that for massless fermions, a simpler equation was sufficient to include two
opposing fields with four components obtained by Dirac. Then in the year 1930, Pauli
introduced neutrinos to explain beta decay. To maintain the conservation law of
electric charge in beta decay, neutrinos must be electrically neutral and massless. It
was natural to assume that Weyl fermions would be the same neutrinos.
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Fig 32-13: Observations of Weyl fermions and Fermi Arches in Tantalum Arsenide.
The red and blue points represent the points of Weyl with the opposite structure,
connected by the Fermi arc. (48)

It was also possible that neutrinos were their own antiparticles. Since neutrinos
were uncharged and antiparticles of themselves, were described by Majorana in the
year 1937 and became known as Majorana fermions. But it was not taken seriously,
because at that time everyone thought that Weyl fermions were neutrinos. In the
1960s, the problem of neutrino mass was raised. Physicists have come to the
conclusion that neutrinos cannot be the same Weyl fermions. It was debated whether
neutrinos are Dirac fermions or Majorana fermions. Majorana fermions also became
important in particle physics for other reasons. In super-symmetric theory, Majorana
fermions with zero spin are pairs of fermions in bosonic fields. (49) In general,
fermions are divided into three groups: Weyl, Dirac, and Majorana. Weyl fermions
are massless, and Dirac fermions have mass, and most of the fermions we know
belong to this category.
The perspective of CPH Theory: The Dirac’s Sea and Equation are very
important in modern physics, but the importance of these equations was taken
seriously when in laboratory experiments an energetic photon is converted an
electron-positron pair. So for a deeper understanding of the Dirac and Weyl fermions,
it is best to change our approach to photon and basically study photon and its structure.
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The question is what are the properties of the photon that can be transformed into
Dirac and Weyl fermions? This is what has been done in CPH theory.

32- 12 Complex questions about the interaction of the elementary particles
The origin of the matter still remains a complex and open question. Understanding the
fundamental particles of quarks, bosons, electrons ... and how they interact with one
another is still one of the greatest challenges of modern physics. Solving this huge
problem not only deepens our understanding of the early days of the universe, but it
also makes us deal with some of the weird conditions of matter such as
superconductors. In addition to gases, liquids, and solids, there may be other forms if
they place in the final condition. Such conditions have occurred just after the Big Bang
in the universe and can be remade in a laboratory. While a large number of
fundamental particles have been discovered in high-energy colliders, complex
questions about their interaction and the existence of new states of the matter remain
unanswered. (50)
Regardless of whether the Big Bang theory is correct or not, revising the Big Bang
theory can help us better understand the laws of physics. Let us focus on the
unification of forces, which is the most important part of interaction between the
fermions.
Did the universe really start from the Big Bang and there was nothing before it?
We don't know for sure, but if Big Bang really did happen, we can predict what we
should see today. One prediction is the spontaneously broken symmetry of
fundamental forces after the Big Bang. All forces of nature must be capable of being
described in one theory. But only at high energies, the behavior of forces should be
similar to what is called the unification of forces.
Assuming the Big Bang theory was correct and forces were united in Planck
epoch 11 was it just because of the high energy? Shouldn't the impact of low volume
be taken into account? For example, in neutron stars, what happens to fundamental
particles and the interaction between them by decreasing volume? Another question
is whether forces are independent of matter particles? Or are matter particles producer
the fields (the particles that are carrying forces)? How the electromagnetic force is
generated between electron and positron in pair production? It is impossible to truly
11

- The Planck epoch is the earliest period of time in the history of the universe, from zero to
approximately 10−43 seconds.
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understand interactions unless the field production are described by particles. This is
exactly what has been explained in the CPH theory.

32-12-1 Quantum chromodynamics and the relation of mass–energy
equivalence
In 1905, Einstein presented the relation of mass-energy equivalence E=m𝑐𝑐 2 . In spite
of the popularity of this formula, no one has yet proved or disproved it. Even the
claims of some scientific research centers claiming its approval were rejected. (52)
Various experiments have been proposed or performed, which have been
unsuccessful. (53) A new attempt has recently been made to confirm the mass-energy
relation (54).

Fig 32-14: Artistic model of atom

Proton is made of quarks, and the interactions between quarks are carried out by a
massless particle called the gluon (figure 32-14). But the total mass of quarks in the
proton is about 9%. An article is published recently that links the origin of the rest
mass of the proton to the Einstein relation of mass-energy. Quarks acquire their mass
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from a process related to the Higgs boson, but the quark mass is low and the Higgs
cannot explain the proton mass. 32% of the energy of quarks is obtained inside the
proton, according to the equation, 36% is obtained through the energy of gluons
(gluons are massless) and 23% through the interaction between quarks and gluons.
The massless photon gives mass to the proton. Suppose energy has mass, then all
these problems will be solved. The same thing has been done in CPH theory.

32-12-2 What is the origin of massless fields in physics?
For decades, physicists have been trying to reconcile quantum mechanics, very small
particle physics with gravity, very large object physics. Many academics are working
on quantum gravity; they often use models that do not take into account certain aspects
of our universe, such as the accelerated expansion of the universe. A team of the
University of Science and Technology in Okinawa reports a new approach for
quantum gravity using a model that matches our reality (figure 32-15). The team
reported its progress in the scattering matrix for massless fields or S-matrix. (55)

Fig 32-15: In physics, the S-matrix or scattering matrix relates the initial state and
the last state of a physical system, which is under a scattering process.

Consider the production of electron-positron pair, after production, there are two
charged particles, each with its own electric field. How do these particles produce
their own field? In quantum mechanics, no explanation is given for that. The fact is
that the particle-dependent field cannot be separated. Instead of developing and
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interpreting mathematics, it is better to explain the field production by particles, then,
the problem of massless fields will also be solved.

32-12-3 The standard model and the fifth force
Recently (at the end of 2019) there has been a lot of news about the fifth force. There
is much evidence to accept that the standard model is defective in the best case. There
are some things we cannot explain. There have been many suggestions for modifying
the standard model, from supersymmetry to undiscovered quarks, but one suggestion
is that there is a fifth fundamental force. It could have its own carrier boson and new
particles beyond what we have ever discovered. This fifth force also interacts with the
particles we observed in subtle and inconsistent ways with the standard model. Since
the new boson has a very specific mass (33 times the mass of an electron) and a short
life span (10−14 s), it differs from the four known forces that made the fifth force was
taken very seriously. Scientists estimated that the helium nucleus could produce a
short- life boson and called it X17.
The best way to solve the problem of fundamental forces is to try to understand
and explain how force is generated by particles. Instead of describing fields, CPH
theory has attempted to explain the mechanism of the production of field-dependent
particles.
We need to think and decide what to do to solve complex problems and answer
unanswered physics questions. We have two choices, the first is to try to impose the
wrong assumptions of old theories to experiences by using complex mathematical
equations, this is what we have done for decades, and it didn’t work. Second, try to
use old theories to explain new experiences and, where necessary, modify
assumptions incompatible with experiences. This is exactly what has been done in the
CPH theory.

32- 12- 4 Beyond Einstein: Physicists solve the mystery the photon
momentum
Albert Einstein received the Nobel Prize for explaining the photoelectric effect: in its
most intuitive form, if the light energy is sufficient, it throws the electron out of the
atom. According to Einstein, light consists of particles (photons) that transfer only
quantized energy to the electron of the atom. If the photon's energy is sufficient, it
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knocks the electrons out of the atom. But what happens to the photon momentum in
this process? It has been a question for physicists for more than 30 years. Which
electron or atom nucleus in this action, holds the photon momentum? The simplest
answer is: as long as the electron is attached to the nucleus, the momentum is
transmitted to the heavier particle, the nucleus of the atom, when the electron is
released, the photon momentum is transmitted to the electron. Physicists at Goethe
University are now able to answer this question. To do so, they developed and
constructed a new spectrometer with previously unattainable resolution. (57)
The experiment result showed the electron not only receives the expected
momentum, even but also receives a third of the photon momentum that had to be
transmitted to the nucleus. This result is incompatible with the particle being a photon
and physicists were forced to use the theory of electromagnetic waves to explain it.
How can this phenomenon be explained by CPH theory? In the CPH theory, a
photon is a structured particle, it consists of a set of positive and negative sub-quantum
energies and part of it is transferable (see Chapter 33).
In addition, it should be noted that the photon is not a particle, rather it is a wavepacket of electromagnetic energy. For this reason, it has the property of wave-particle
duality.

Important note:
“The claim "the photon has no mass" or equivalently" the photon has zero (rest) mass"
is just a suggestion without any empirical evidence, and the claimers are, generally,
not familiar with the literature dedicated to the subject. Historically, the introduction
of a non-zero photon mass was extensively discussed by the authors [1-11]”. Dr.
Mohamed Hassani answered to “Does energy have mass?” Research gate:
https://www.researchgate.net/post/Does_energy_have_mass
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2 - A. Einstein, Ann. Phys. (Leipzig) 18, 121 (1917)
3 - A. Proca, J. Phys. (Paris) 8, 23 (1937)
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Chapter 33

Foundations of CPH Theory
There are no particles, there are only fields. Art Hobson

Introduction:
Art Hobson's statement that "there are no particles, there are only fields" was the title
of his article. By appreciating his important work, and by referring to ourselves
intuitive understanding and a glimpse at the history of some scientific events, we can
conclude that there are only two types of dense and extensive fields in nature. In 1864,
Maxwell described electromagnetic waves are propagated in a vacuum at the speed
of light c, by presenting of his equations.
Then, in 1905, the photoelectric phenomenon was justified by Einstein's particle-like
interpretation of an electromagnetic wave-packet. In 1924, de Broglie proposed the
relationship between wave and particle and found that subatomic particles also have
wave behavior. In 1928, Dirac spoke of a sea full of particles with negative energy.
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In 1929, Russian physicist Dmitri Skobeltsyn 1, while using a Wilson cloud chamber 2
to detect gamma rays in cosmic rays, identified particles that behaved like electrons
but were oriented in the magnetic field opposite to the direction of the electron. In
1932, Anderson independent of Skobeltsyn discovered positron in cosmic rays. The
production and decay of the electron-positron pair have been frequently repeated in
laboratory, and today the existence of matter-antimatter is widely accepted by
physicists. The following is a summary of the above: In the production of matterantimatter pairs (wave-packs, electromagnetic waves), the photon is transformed into
a matter having wave properties, and the particles of matter are converted into photons
(wave-packs, electromagnetic waves). In fact, everything (matter and energy) is a
field, some fields are compressed (like fermions) and some fields are wider, such as
gravitational potential energy, thermal energy, etc.
Now that we know everything is field, we need to answer the following three
questions:
1- What are the constituent elements of fields? In other words, what are the
properties of the components of these fields that can expand or condense?
2- How can dense fields produce thinner fields? For example, how do charged
particles produce their own dependent electric fields, and how do all particles
produce their own dependent gravitational field?
3- With this new approach (that only fields exist) how can we explain all the
fundamental forces and mechanisms of their production? In other words, instead of
trying to unify forces, by explaining how forces are produced, can the similarities
and differences of fundamental forces be recognized and explained?
To answer these questions, two things must be kept in mind: first, maintain valid
theories that are compatible with new experiments. Second, the use of laboratory
experiences and their generalization to set aside incorrect assumptions and to arrive
at a new theory that also covers old valid theories. In this regard, the focus is on the
structure of fields and fundamental particles by reviewing the experiments have done.
One of the major events in the history of science is the Dirac equation and Sea, and
the discovery of antimatter. A direct explanation of the structure of matter (structure
of quantum particles), if not impossible, is at least very difficult. But we can also
identify and explain the structure of fermions by identifying and explaining the

- Dmitri Vladimirovich Skobeltsyn (1892-1990)
- Wilson's cloud chamber is the most fundamental device to observe the trajectories of
particles.
1
2
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structure of photon and using mass-energy equivalence in the generation and decay
of the electron-positron pair.

33-1 What is the reality of acceleration?
𝑀𝑀𝑀𝑀

The two equations 𝐹𝐹 = 𝑚𝑚𝑚𝑚 and 𝐹𝐹 = 𝐺𝐺 2 are the most famous physics equations that
𝑟𝑟
we are familiar with in high school. In these two equations, G is a constant number,
and r is the distance and a geometric element. We can define units such that G and r,
are both equal to 1 (for example, the distance between the Earth and the Sun is the
unit of length). These choices have no effect on the meaning and outcome of the
equation F = ma. But this is not the same with the universal gravitational law, because
by choosing G and r equal to 1, we arrive at the relation F = Mm, which makes no
sense regardless of distance changes. You cannot change the mathematical form of
Newton's gravitational law as you define system of units as you like. You can choose
one of the systems of units to be G=1, but you cannot remove the squared distance
from the right-hand denominator of the relation of Newton's gravitational law. In other
words, we have the choice of system of units, but the mathematical form of the
equations governing nature is not at our disposal. However, this question does arise,
𝑀𝑀𝑀𝑀
whether the equation 𝐹𝐹 = 𝐺𝐺 2 is true at very small distances or its identity does
𝑟𝑟
change? See chapter 34 for answers. This includes also Newton's Second Law. In the
equation F =ma, no matter how far and by what means force applies to particle, if the
force is applied, the particle accelerates in proportion to the direction and amount of
force applied, and no constraint is given to increase momentum and energy, in fact,
infinite relativity replaces infinitely classical in that everything seems to be true, but
natural reality can be different from observational reality.
Newton's laws were formulated by the quasi-dot assumption for objects. That is,
the distance within objects such as the Sun is assumed to be zero. From the earliest
days of Newton's laws, the question has been that, if all bodies are attracted to one
another, why does the universe not collapse? The reason is not to be found in Newton's
laws, nor outside of bodies like stars, but within them. Eddington was the first to probe
inside of stars with intuitive insight and bold imagination, and attributed stellar
equilibrium to the gravitational force, gas pressure, and radiation pressure. Eddington
considered a star's main source of energy to be subatomic and said that hydrogen had
an important role in supplying it. Scientists, working on the theory of hydrogen
combination and conversion to helium, clarified the image of energy production in
the center of stars and added to Eddington's ideas (figure 33-1). In fact, Eddington,
with the power of thought, took a closer look at the center of stars. Newton's
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gravitational law says how much force is applying particles to each other (the Sun and
the Earth and ... all were assumed to be particle) but does not say what happens inside
particles (such as the Sun) by gravity. The study within the objects is beyond the law
of gravity and it is up to quantum mechanics to explain it.

Fig 33-1: Eddington was the first to explain the events of the Star’s Center

Even Newton's second law, which was apparently perfect, faced a problem in the
late nineteenth century, and new experiences showed that distance (space) could not
be ignored (remember Minkowski metric). Newton's second law incompatibility with
new experiences was also apparently resolved by special relativity. In relativity,
nothing can move faster than light, and the speed of light in a vacuum is constant for
all inertial observers and equal to c. This statement is a default, a principle. Its reason
cannot be found in relativity, the reason must be found in the structure of matter and
energy (photons), just as the reason for the scattering of stars cannot be found in the
universal law of gravitation or general relativity. And the physical reality of
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acceleration must also be sought in the structure of fundamental particles. Apply a
force on a particle, such as an electron, it accelerates, whatever force you are applying,
as increasing the amount of time, the speed of the electron does not reach the speed
of light. For more than a century that Bucherer and other physicists have done such
experiments, the result of all these experiments was the same, the charge-to-mass ratio
of electron decreases by the speed increases. We can be satisfied and happy with the
results of these experiments and shout aloud the relativistic mass relation which is one
of the important results of special relativity, is correct.
The time for such joy and screaming has passed because nothing adds to our
knowledge and understanding of natural laws. Today in physics, we have the
problems of our time that must solve. If we want to have a better understanding of the
laws governing nature, we must scientifically reconsider all three quantities of
acceleration, mass, and force in the equation F = ma. In other words, we must
explicitly place all three quantities m, a, and F under the magnifying of the statement
"Everything is Field". We need to thought deeper than before on the m, a, and F, and
come up with a new definition of acceleration so that we can answer the questions
that have accumulated over the last century. The problems of physics today do not
come from within nature, but rather come from a deeper look at the physical
phenomena by scientists and the inability of theories to answer the new questions. As
our looking has made deeper on to the phenomena, our thinking must be deeper and
more precisely than before.
For a new definition of acceleration, it is necessary to understand and explain the
structure of fundamental particles. If we follow this route accurately and prudently,
we will reach the end of the route with a new definition of acceleration and its
equation. We will then see how much easier it will be to understand physical
phenomena than ever before, and a series of unanswered questions will disappear one
after another. But this promise should not prevent us from shining a light on the end
of the path and knowing in advance where we are going. At the end of this path, we
will see the basis of the CPH theory that "the speed of light can be generalized from
energy to matter and vice versa". In other words, the external force can only change
the amount of speed from linear speed to non- linear speed and vice versa. Then in
the next chapters we will see the application of this approach in explaining physical
phenomena. Then we will see how much easier and more comprehensible the
understanding of physics of nature than in the past.
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33-2 Difference between Force and Energy
Force and energy are not the same in nature and in physical dimensions. Energy is the
ability to do work, and force, if moved, work is done that is equal to energy according
to the work-energy theorem. In Newton's first law, there is no force, the body is
isolated, has the energy and moves at a constant velocity (in terms of value and
direction). Except for the first law, there is force, in other Newtonian laws, because
objects are not isolated, there are at least two objects (figure 33-2). Force is detected
in interaction, but energy is also apparent without interaction (figure 33-3). In
quantum mechanics, the action is carried out by exchange particles that are not visible,
their effect is visible, so we call them virtual, such as virtual photons that are
exchanged between charged particles.In quantum mechanics, the interactions are done
by exchange particles that are not visible, their effect is visible, so we call them virtual,
such as virtual photons that are exchanged between charged particles. The two
charged particles in the exchange of virtual photons accelerate, energize, repel or
absorb each other, which is visible.
The electric force of an isolated charged particle is not obvious unless another charged
particle appears. For this reason, they say that electromagnetic force is transmitted by
virtual photons. But real photons carry energy and are obvious. Are the virtual photons
of two charged particles with different signs, the same?

Fig 33-2: Some forces are applied by contact and some by non-contact and by
exchange particles.
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In the two equations,𝐹𝐹 = 𝑚𝑚𝑚𝑚, 𝐸𝐸 = 𝑚𝑚𝑐𝑐 2 force and energy are related to each
other, according to the work-energy theorem. In both equations, masses are the same,
independent of their values. Newton defined acceleration without regard to the
structure of matter; in relativity, acceleration has been studied and presented in
relation to geometrical properties of space-time and without regard to the structure of
matter. In relativity, relativistic mass enters physics, and acceleration and mass are
affected by each other; with increasing speed, mass increases until it becomes virtually
impossible to increase, so nothing can move faster than the speed of light. But CPH
theory went a step further and looked for the reason why the speed of light is constant
in the structure of matter. How can acceleration be defined with respect to the structure
of matter, while in the standard model, fundamental particles are point-like and
unstructured? We cannot directly study the structure of particles; can we explain the
photon structure and explain the structure of particles by using pair production of
matter-antimatter? The answer is clear and yes, provided we do not ignore classical
mechanics. The problem with modern physics is to ignore classical physics. Replacing
special relativity instead of Galileo's relativity in quantum mechanics is called
relativistic quantum mechanics. Relativistic quantum mechanics is associated with
problems that cannot be solved within the standard model. On the other hand,
combining general relativity with quantum mechanics or quantum gravity is the
biggest problem of modern physics. Where's the problem? The basic problem is that
operators are the rulers of quantum mechanics, and the laboratory results can lead to
different interpretations. We have no choice but to enter classical mechanics into
modern physics. How can quantum interactions be explained by the laws of classical
mechanics?

Fig 33-3: Some types of energy are directly visible.
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Classical physics is consistent with our intuitive understanding that quantum
mechanics is not. Along with quantum operators, we can model quantum concepts
and apply the laws of classical mechanics with visual assumptions. We have three
valid theories, classical mechanics, quantum mechanics, and relativity, which two
quantities determine the boundary between them, one is speed and the other is the size
(figure 33-4), if we generalize the speed amount from relativity to the structure of
particles, one of the boundaries is removed, and if we explain quantum interactions
using classical rules, then the second boundary is also removed.

Fig 33-4: The boundary between valid theories of physics

We know intuitively that there are fields, including electric and gravitational fields.
In quantum field theory, each field has its own corresponding particle. For example,
the carrier of the electromagnetic force is the virtual photon. If we want to use the
rules of classical mechanics, there are two types of positive and negative virtual
photons that the interaction between charged particles can be reduced to the
interaction between positive and negative virtual photons and explained by Newton's
laws. That is, we should explain the interaction between fields. Can this approach be
justified by empirical observations and validated theories? There is an easier way. We
just need to get our principles and explanations from confirmed phenomena and
experiments. Later, using the results, we answer questions that modern physics cannot
answer. To begin, let's review the equation and the sea of Dirac.
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33-3 Klein-Gordon Equation
The Klein-Gordon equation is the first important step from non-relativistic quantum
mechanics toward relativistic quantum mechanics, and is a relativistic version of the
Schrödinger equation is given as follows:

𝐸𝐸 2 = 𝑝𝑝2 𝑐𝑐 2 + (𝑚𝑚𝑐𝑐 2 )2

(33-1)

In quantum mechanics, the particle momentum P is given to a plane wave to wave
ℎ
vector as P = ℏk, where k is the wave number and ℏ = 2𝜋𝜋 (figure 33-5). Also, a particle
with energy E has a frequency of ω given by the relation E = ℏω. By interpreting
quantum mechanical operators, we can write:
𝜕𝜕

𝑃𝑃 → −𝑖𝑖ℏ∇ , 𝐸𝐸 → 𝑖𝑖ℏ 𝜕𝜕𝜕𝜕

(33-2)

Then the Klein-Gordon relativistic equation will be as follows:
1 𝜕𝜕2

𝑐𝑐 2

𝜕𝜕𝑡𝑡 2

𝜓𝜓 − ∇2 𝜓𝜓 +

𝑚𝑚2 𝑐𝑐 2
ℏ2

𝜓𝜓 = 0

(33-3)

The solutions to this equation are complex values of the wave function ψ (t, x). If
we take root from both sides of the relation (33-1) we will have:

𝐸𝐸 = ±�𝑝𝑝2 𝑐𝑐 2 + (𝑚𝑚𝑐𝑐 2 )2

(33-4)

It is quite normal to try to apply the Klein-Gordon relativistic equation (relation
33-1) using the nature of energy in special relativity, then by combining the relations
(33-1, 2 and 3) and by neglecting the negative part of the relation (33-4), since the
negative energy is meaningless, we will have:

𝐸𝐸 = �𝑝𝑝2 𝑐𝑐2 + �𝑚𝑚𝑐𝑐2 �

2

(33-5)

By placing the quantum mechanical operators for momentum and energy (relations
of 2–33) in equation (33-5) we will arrive at the following equation:
𝜕𝜕

√𝑚𝑚2 𝑐𝑐 4 − ℏ2 ∇2 𝑐𝑐 2 𝜓𝜓 = 𝑖𝑖ℏ 𝜕𝜕𝜕𝜕 𝜓𝜓

(33-6)
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Fig 33-5: Plane wave is a wave with fixed frequency whose fronts consist of parallel
planes and perpendicular to the propagation direction

In relation (33-6) there is differential operator ∇ under radical which is
meaningless. If we extend under the radical (left side of the relation 33-6), we
will have:
2
ℏ
�𝑚𝑚2 𝑐𝑐 4 − ℏ2 ∇2 𝑐𝑐 2 = 𝑚𝑚𝑐𝑐 2 �1 − � ∇�
𝑚𝑚𝑚𝑚

2
4
1 ℏ
1 ℏ
= 𝑚𝑚𝑐𝑐 �1 − � ∇� + �
∇� + ⋯ �
2 𝑚𝑚𝑚𝑚
8 𝑚𝑚𝑚𝑚
2

By discarding third sentence onwards, we will have:
𝜕𝜕

1

ℏ

2

ℏ2

𝑖𝑖ℏ 𝜕𝜕𝜕𝜕 𝜓𝜓 = 𝑚𝑚𝑐𝑐 2 �1 − 2 �𝑚𝑚𝑚𝑚 ∇� � = �𝑚𝑚𝑐𝑐 2 − 2𝑚𝑚 ∇2 � 𝜓𝜓
𝜕𝜕

ℏ2

𝑖𝑖ℏ 𝜕𝜕𝜕𝜕 𝜓𝜓 = �𝑚𝑚𝑐𝑐 2 − 2𝑚𝑚 ∇2 � 𝜓𝜓

(33-7)

(33-8)

Equation (33-8) is the Schrödinger equation in which the first right-hand statement
is the rest energy of the particle. It is clearly seen that this equation is not invariant to
the Lorentz transformations since in this equation, the derivative is first-order relative
to time and second-order relative to location, so it is non-relativistic. In addition, the
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negative part of the relation (33-4) was omitted due to the rejection of negative energy.
But Dirac did not ignore the possibility of negative energy.

33- 4 Dirac Equation
In 1928, Paul Dirac published an article entitled "Electron Quantum Theory" in which
he presented the relativistic wave equation for electrons, which became the main
guideline for the Dirac equation. The Dirac equation is the generalization of the
Schrödinger equation to calculate the particle wave function which is also consistent
with special relativity. Dirac extended this equation based on the Klein-Gordon
equation, which was also useful in interpreting negative energy states, which covered
the negative part of Equation (33-4). Dirac presented his equation as follows:

[𝑝𝑝0 + 𝜌𝜌1 (𝜎𝜎 , 𝑃𝑃) + 𝜌𝜌3 𝑚𝑚𝑚𝑚]𝜓𝜓 = 0

(33-9)

Where 𝜌𝜌1 , 𝜌𝜌3 are derived from the Pauli matrix. The Dirac equation justifies the
wave function of particles with half-integer spin, i.e. fermions (such as electrons),
while the Klein-Gordon equation is considered for zero-spin particles (such as some
mesons). Dirac also predicted the existence of antimatter in this equation, which was
later confirmed by experience. Thirty years later, in 1958, Dirac published a book and
proposed the basic form of his equation as follows:

�𝛽𝛽𝛽𝛽𝑐𝑐 2 + ∑3𝑗𝑗=1 𝛼𝛼𝑗𝑗 𝑐𝑐𝑝𝑝𝑗𝑗 �𝜓𝜓(𝑥𝑥, 𝑡𝑡) = 𝑖𝑖ℏ

𝜕𝜕𝜕𝜕(𝑥𝑥,𝑡𝑡)
𝜕𝜕𝜕𝜕

(33-10)

Where ψ (x, t) is the wave function for an electron with the mass of rest m with
space-time coordinates x, t. The components 𝑝𝑝1 , 𝑝𝑝2 , 𝑝𝑝3 are the momentum
coordinates that are known in the Schrödinger equation as the momentum operators.
In the above equation the basic physical constants reflect the properties of relativity
and quantum mechanics. The smallest representation of 𝑎𝑎𝑖𝑖 and β is as 4×4 matrices,
which can become sub matrix using the Pauli matrices 𝜎𝜎𝑖𝑖 :

1 0
�
0 −1

𝛽𝛽 = �

𝜎𝜎𝑖𝑖 = �

0 𝜎𝜎𝑖𝑖
�
𝜎𝜎𝑖𝑖 0

Each of its elements is a 2 × 2 matrix, written as follows:

(33-11)
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1
0
𝛽𝛽 = �
0
0

0
𝜎𝜎1 = �0
0
1

0
0
1
0

0
1
0
0

0
1
0
0

0
0
−1
0

0
0�
0
−1

1
0�
0
0

(33-12)

0 0
𝜎𝜎2 = � 0 0
0 −𝑖𝑖
𝑖𝑖
0

0
0 1
0
0 0 −1�
𝜎𝜎3 = � 0
1
0 0
0
0 −1 0
0

0 −𝑖𝑖
𝑖𝑖
0�
0 0
0 0

(33-13)

By combining equations (33-1) and (33-10) we can examine the problem of
negative energy with a different approach:

𝐸𝐸 2 = 𝑝𝑝2 𝑐𝑐 2 + (𝑚𝑚𝑐𝑐 2 )2 = �𝛽𝛽𝛽𝛽𝑐𝑐2 + ∑3𝑗𝑗=1 𝛼𝛼𝑗𝑗 𝑐𝑐𝑝𝑝𝑗𝑗 �

For a particle at 𝑝𝑝 = 0 we will have:

𝐸𝐸 2 = (𝑚𝑚𝑐𝑐 2 )2 = (𝛽𝛽𝛽𝛽𝑐𝑐2 )2

2

(33-14)

(33-15)

Considering the β matrix (relation 33-12), we can write:

𝑚𝑚𝑐𝑐 2
𝛽𝛽𝛽𝛽𝑐𝑐 2 → � 0
0
0

0
𝑚𝑚𝑐𝑐 2
0
0

0
0
−𝑚𝑚𝑐𝑐 2
0

0
0
�
0
−𝑚𝑚𝑐𝑐 2

(33-16)

For eigenvalues and with considering 𝑝𝑝 = 0 (in equation 33-4) we will have:

𝐸𝐸+ = 𝑚𝑚𝑐𝑐 2 , 𝐸𝐸− = −𝑚𝑚𝑐𝑐 2

(33-17)

The Dirac equation predicted the existence of particles with negative energy and
faced with the incredulity of physicists. But in 1932, Anderson discovered the particle
in cosmic rays and called it positrons. Later in the lab, the electron-positron pair was
produced by photon decay. A high-energy photon loses all of its energy 𝐸𝐸 = ℎ𝜈𝜈 in
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collision with the nucleus and creates an electron-positron pair. Positron is a particle
whose properties are the same as those of an electron except its electric charge and its
magnetic moment sign because the positron's electric charge is positive. The negative
energy in the Dirac equation was not very pleasing to physicists, yet the negative
energy in the equation led Dirac to discuss the negative energy in general and
published it in a paper in 1930 entitled "Theory of Electrons and Protons" (prior to
Anderson's discovery of positrons, because in 1929, Dmitri Skobeltsyn observed a
particle similar to an electron but with a positive charge in cosmic rays).

33-4-1 Dirac Sea
The Dirac Sea is a theoretical model that introduces vacuum as a sea of infinite
particles with negative energy. Dirac used this model to explain the quantum states of
negative energy in his equation to explain relativistic electrons.
Dirac argued that all negative energy states are occupied by electrons that are not
part of nature. That is, beyond nature, there is a sea of electrons with negative energy.
He argued that with a high-energy photon, we could pull a negative-energy electron
out of the sea and turn it into a normal, positive-energy electron. The absence of
negative energy means there is positive energy, so the cavity behaves as if it is a
particle with positive energy. On the other hand, the absence of a negative charge
means that there is a positive charge, this cavity particle, unlike electron, has a positive
charge called the positron. In CPH theory, by the definition of photon’s structure, the
Dirac Sea is a physical reality that is not only true for positrons but is an inseparable
part of nature and even Weyl fermions can be deduced from it. Unlike electrons, Weyl
fermions with spin 1/2 have zero resting mass (in modern physics). In the production
of electron-positron pair, it was found that the term "negative energy" was not suitable
for such particles, later called antiparticles. The fact is that the different electrical
properties of electrons and positrons have to be explored in their generating structure,
that is, in photon’s structure. On the other hand, if a high-energy photon (gamma) has
such a property that it can be converted into two particles with different electric
charges, and all photons carry electromagnetic energy regardless of their frequency
value, the feature of electromagnetic energy - which can be converted into electrons
and positrons with different electric charges - is searched in electric and magnetic
fields with dependence to photon.
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33-5 Generalization of the Dirac equation to photon’s structure
A photon with spin 1 and minimum energy E = 1.022 MeV collides to a heavy nucleus
is converted to two fermions, electrons and positrons with spin 1/2, each with an
energy content of 0.511 MeV, the following relation:

𝛾𝛾 → 𝑒𝑒 − + 𝑒𝑒 +

(33-18)

Fig 33-6: Production and decay of electron-positron pair

The relation (33-18) can be described by the Dirac equation with the relations (3316 and 17) (figure 33-6 A). In pair decay, an electron combines with a positron and
produces two photons (figure 33-6 B). In pair decay, the inverse of the relation (3318) occurs and we will have:

𝑒𝑒 − + 𝑒𝑒 + → 2𝛾𝛾

(33-19)

In all physical processes, including pair production and decay, the following
conservation laws must be applied:
The conservation law of electric charge, linear momentum, and total energy. The
law bans the production of only one photon. Also, the conservation law of angular
momentum must be applied. In fact, in the decay process of electron-positron, the
following relations are established:

33. Foundations of CPH Theory

799

𝑒𝑒 − + 𝑒𝑒 + → 2𝛾𝛾

𝐸𝐸2𝛾𝛾 = 2𝑚𝑚0 𝑐𝑐 2 + 𝐸𝐸𝑒𝑒 − + 𝐸𝐸𝑒𝑒 +
𝑚𝑚0 𝑐𝑐 2 = 0.511 𝑀𝑀𝑀𝑀𝑀𝑀

Where 𝑚𝑚0 is the rest mass of electron (also positron), 𝐸𝐸𝑒𝑒 − , 𝐸𝐸𝑒𝑒 + are the kinetic
energy of electron and positron which converts to photons energy, 𝐸𝐸2𝛾𝛾 , during pair
annihilation.
So far everything is correct and is consistent with the law of quantum mechanics
(as well as the standard model). But a fundamental question is significant. Before
asking the question, we need to take a closer look at these phenomena with a different
approach. In all these processes, the matter is converted to energy, and vice versa.
Whether the conservation laws referred above are only relevant to matter, and energy
(photon) is only part of these processes, or is one of the two major actors in these
processes? In other words, energy is converted to matter, the matter has properties
such as electric charge, which apparently energy lacks it (because the photon is
electrically neutral in quantum mechanics), or these properties are transferred from
energy to matter? Also in pair annihilation, do these properties of matter, including
electric charge, are transferred to the structure of energy (photon) in other ways or
completely disappear?

33-5-1 Generalization of conservation laws from matter to energy and vice
versa
As stated above, the production and decay of the electron-positron pair do not violate
any of the conservation laws. Is it enough to just not violate the conservation laws?
Or are some of the changes hidden from the perspective of quantum mechanics?
Before production of pair, a high-energy photon, called 𝛾𝛾𝑏𝑏 , moves at speed c, after
production, two particles of electron and positron move at speed v <c. In the
annihilation of pair, a reverse process occurs, two particles electron and positron
moving at speed v <c, collide and are converted to two photons, each of them with 𝛾𝛾𝑎𝑎
energy, moves at speed c. In this process, we have one input photon 𝛾𝛾𝑏𝑏 and two output
photons of 2𝛾𝛾𝑎𝑎 (figure 33-7). The input and output photons always move at c. But the
particle and antiparticle speeds are less than the speed of light v <c.
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When passing through a medium, such as water, the photon speed decreases, but
once it leaves the medium, it follows the refractive index of the new medium and
moves at speed 𝑣𝑣 = 𝑐𝑐 ⁄ 𝑛𝑛 (n is the medium refractive index) and in a vacuum with
speed c. When a photon enters a dense medium from a dilute medium, its speed
decelerates, which is depending on the density of medium. If a photon passes through
dozens of different mediums at different speeds, it moves at the same constant speed
of light c as soon as it enters the vacuum. The reason must be searched in the structure
of the photon. It can be concluded that photon-dependent electric and magnetic waves
have the property that by interacting with fields and particles in diffusion medium,
part of their linear speed convert to non-linear speed, as soon as the interaction is
eliminated, the same amount which was reduced from their linear speed, again is
converted to linear speed. This phenomenon can be called "conservation of speed
amount", which is one of the principles of CPH theory and will be described.

Fig 33-7: In the pair production and decay there is a hidden law that we have to find.

Whether we repeat this experiment or similar with the most advanced laboratory
equipment at the highest possible energies, we cannot detect this feature of photon or
other subatomic particles, such as fundamental particles. What is the characteristic of
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photon that can maintain its speed amount, and particles such as electrons cannot
move at the speed of light? This is where the thought comes into play to pass the
quantum boundary and extract the structure of quantum particles from the results of
experiments. As the properties and causes of atom’s behavior cannot be explained
solely by the study of atoms, and physicists have explained atoms and their
constituents by understanding and explaining their structure, there is no other way
than to know and explain the structure of fundamental particles. For this reason, to
explain the photon structure, photon behavior in various environments, including the
gravitational field, the production and decay of electron and positron pair, and the
Dirac equation and the properties of photon components, we must start with Sub
Quantum Energy.

33-6 Sub Quantum Energy
To explain and define the sub-quantum energy, we need to analyze two relations (3315 and 16). Taking root from the relation (33-15) we will have:

𝐸𝐸 2 = (𝑚𝑚𝑐𝑐 2 )2 → 𝐸𝐸 = ±𝑚𝑚𝑐𝑐 2

(33-20)

In general, the equation (33-20) does not restrict mass and energy in terms of
quantity. In addition, for zero rest mass of particles, the Dirac equation was reduced
to the Weyl equation. Weyl equation predicted the existence of zero resting mass
fermions with spin 1/2. The reason for the existence of Weyl fermions is to be found
in the structure of photon. Since the purpose here is to study the photon structure, we
reduce the β matrix (relation 33-12) as follows and for now we call it matrix A until
after the necessary calculations and conclusions, choose a specific name for it:

1 0
𝐴𝐴 = �
�
0 −1

(33-21)

So the relation (33-16) becomes as follows:
2
𝐴𝐴𝐴𝐴𝑐𝑐 2 → �𝑚𝑚𝑐𝑐
0

0 �
−𝑚𝑚𝑐𝑐 2

(33-22)

Considering the relations (33-16 and 17) and in a particular situation, a photon
with a minimum energy of E = 1.022 MeV, collides a heavy nucleus, it can be written
as:

𝐸𝐸+ = 𝑚𝑚𝑐𝑐 2 , 𝐸𝐸− = −𝑚𝑚𝑐𝑐 2
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That is the process of pair production of electron and positron. Thus in the general
case, the relation (33-22) represents the energy of two fermions with spin of 1/2 which
describes one of the possible states, producing the electron-positron pair, but other
states may occur. Including that photons with energies less than E = 1.022 MeV decay
into two fermions with the spin-1/2 that travel at the speed of light that characterize
Weyl fermions and call them massless fermions (or particles with zero rest mass) or
Weyl fermions.
Due to the Compton effect and the gravitational blue-shift, the energy of a photon
can be reduced or increased without changing in its physical properties (except energy
and frequency values). That is, whatever is added to the photon energy, and it has the
same general properties of the photon (electromagnetic properties). In other words,
all photons, except for the amount of energy, have common physical properties that
the relation (33-22) can still be applied for them. Therefore the minimum
electromagnetic energy can be defined as follows:

𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 𝜆𝜆

ℎ𝑐𝑐

𝑚𝑚𝑚𝑚𝑚𝑚

, 𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑢𝑢𝑚𝑚 𝑖𝑖𝑖𝑖 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

(33-23)

Regarding the equation (33-20), E minimum also contains two parts that can be
written as:

𝐴𝐴𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 → �

+

𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
2

0

−

0

𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 �

(33-24)

2

In relation (33-24), the negative sign is not the reason that energy (or mass) is
negative (as in the pair production, positron has no negative energy or mass). The
signs +, - in relation (33-24) indicate two quantities of electromagnetic energy in the
photon structure that can be converted into two fermions with different electric
charges. So photon is composed of two types of positive and negative sub quantum
energy that represent them with the right wedge ⊳ and the left wedge ⊲, which are
defined as follows:

Positive Sub Quantum Energy; 𝑆𝑆𝑆𝑆𝑆𝑆 + : ⊳= +

𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

Negative Sub Quantum Energy; 𝑆𝑆𝑆𝑆𝑆𝑆 − : ⊲= −

2

𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

2

(33-25)
(33-26)

It is obvious that the spin of sub quantum energy SQE is 1/2. In general, the relation
(33-22) can be written as follows by defining positive and negative energy sub
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quantum, where k is a natural number and we use γ instead of A to denote the photon
sign or electromagnetic energy:

𝛾𝛾 = �

𝛾𝛾𝛾𝛾𝑐𝑐 2 → �

1 0
�
0 −1

(33-27)

𝑘𝑘 ⊳
0
�
0
𝑘𝑘 ⊲

(33-28)

In relation (33-28) k⊳ is positive virtual photon of 𝛾𝛾 + that carries positive electric
force and forms positive electric field, and so k⊲ is negative virtual photon of 𝛾𝛾 −
which carries negative electric force and forms negative electric field. Each real
photon consists of two virtual photons. Then we will have:

𝛾𝛾 + = 𝑘𝑘 ⊳, 𝛾𝛾 − = 𝑘𝑘 ⊲ → 𝛾𝛾 = 𝛾𝛾 + + 𝛾𝛾 −

(33-29)

As charged particles absorb or repel each other and are ineffective to neutral
particles, the same sign virtual photons repel each other and different sign virtual
photons absorb each other, and form quantum energies and accelerate them to each
other. So force does not exist in its classical meaning, and Newton's laws do not say
anything about its nature. Therefore, only in the interaction between particles, energy
and momentum are transmitted. So force is a mathematical tool for simplifying
computation. So far, it has been found that a photon consists of two positive and
negative virtual photons. Virtual photons, in turn, are composed of positive and
negative energy sub quantum. Therefore, it can be concluded that the minimum
amount of electromagnetic energy is generated by combining a positive sub quantum
energy and a negative sub quantum energy:
A photon with minimum energy: 𝛾𝛾𝑚𝑚𝑚𝑚𝑚𝑚 =⊳ +⊲

(33-30)

But how and what is sub quantum energy made of? In this case, the Dirac equation
cannot help, but if we generalize the Dirac Sea, we can also explain the structure of
the sub-quantum energy. Here we need to explain the mechanism of conversion of
gravitational potential energy into photon kinetic energy (electromagnetic energy) and
vice versa. The gravitational blue-shift (and red-shift) is the result of general relativity,
later applied to quantum mechanics by Mössbauer 3, and Pound 4 and Rebka 5 proved
it in an empirical experiment at Harvard University.
- Rudolf Mössbauer (1929-2011)
- Robert Vivian Pound (1919-2010)
5
- Glen Rebka (1931-2015)
3
4
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33-6-1 The Structure of Sub Quantum Energy
We are now in a position to take a new look at the photon structure and define the
properties of graviton in experimental conditions to be consistent with the properties
of photon. In CPH theory (Creative particles of Higgs Theory or CPH Theory), after
reviewing and analyzing the behavior of photon in the gravitational field, a new
definition of the graviton is given and by using it, it has been attempted to study the
universal phenomena and the relation between classical mechanics, relativity, and
quantum mechanics, to provide a universal principle that can be accepted in all three
theories.
Suppose a photon with mass and energy 𝑚𝑚 = ℎ𝑣𝑣/𝑐𝑐 2 and 𝐸𝐸 = ℎ𝜈𝜈 at the height of
h is falling toward the earth to an inertial frame (located on the ground). Its frequency
increases from ν to ν'. In fact, some gravitons enter the photon structure, causing a
frequency change equal to𝛥𝛥𝛥𝛥 = 𝜈𝜈′ − 𝜈𝜈. The question is how many gravitons enter the
photon, which increases the minimum energy of photon? That is, if 𝛥𝛥𝛥𝛥 is minimum,
then how many gravitons have entered the photon structure and what are their
properties? In other words, we want to calculate the number and properties of
gravitons equal to ℎ𝛥𝛥𝛥𝛥 = 𝛾𝛾min=⊳+⊲ electromagnetic energy.

A photon with minimum possible energy also carries electric and magnetic fields.
Therefore the properties of the gravitons inserted into the photon structure must be
such that it can explain the increase in photon energy as well as the increase in the
intensity of its electric and magnetic fields. In other words, some of these gravitons
increase the intensity of the photon's electric field and some of the other gravitons
increase its magnetic field intensity. Also, a photon at its minimum energy level, while
consisting of a number of gravitons, its constituents have their own electrical and
magnetic properties which in CPH theory are called charge-color and magnetic-color.
The next step is to determine the charge-colors and magnetic-colors, which are also
determined by minimum amount of photon energy change in a gravitational field as a
gravitational blue-shift. Suppose photon with frequency 𝜈𝜈 and energy ℎ𝜈𝜈 consists of
𝑛𝑛1 members such that:

𝑛𝑛1 = 𝑛𝑛11 + 𝑛𝑛12 + 𝑛𝑛13 + 𝑛𝑛14

And photon by increasing minimum possible amount of energy, with frequency 𝜈𝜈'
and energy ℎ𝜈𝜈′ containing 𝑛𝑛2 members, such that:

𝑛𝑛2 = 𝑛𝑛21 + 𝑛𝑛22 + 𝑛𝑛23 + 𝑛𝑛24

For the two energies ℎ𝜈𝜈′, ℎ𝜈𝜈 we form the following matrices:
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𝑛𝑛11 𝑛𝑛12
ℎ𝜈𝜈 = � 𝑛𝑛 𝑛𝑛 �
13
14

(33-31)

𝑛𝑛21 𝑛𝑛22
ℎ𝜈𝜈 ′ = � 𝑛𝑛
�
23 𝑛𝑛24

(33-32)

Now consider the matrix of photon energy change 𝛥𝛥𝛥𝛥 = ℎ𝜈𝜈 ′ − ℎ𝜈𝜈 as follows:

∆𝐸𝐸 = �

𝐴𝐴 𝐵𝐵
�
𝐶𝐶 𝐷𝐷

(33-33)

The matrices (33-31, 32 and 33) must consistent with the following relation:

𝑛𝑛11 𝑛𝑛12
𝑛𝑛21 𝑛𝑛22
𝐴𝐴 𝐵𝐵
ℎ𝜈𝜈 ′ = �
� + � 𝑛𝑛
�
=
�
𝑛𝑛23 𝑛𝑛24 �
𝐶𝐶 𝐷𝐷
13 𝑛𝑛14

(33-34)

We need to calculate the elements A, B, C, D so that they are consistent with the
physical properties of photon. Consider the first row of the matrix (33-33), that is, the
elements A, B for charge-colors. Element A represents the positive charge-colors and
element B represents the negative charge-colors. In graviton-photon interaction,
photon falls as 𝑑𝑑𝑑𝑑 and its energy increases. Thus, the nature of some gravitons is
shifted from gravitational force carrier to charge-color and enters the photon structure.
We use G as the graviton symbol and denote the positive and negative charge-colors
with 𝐺𝐺 − , 𝐺𝐺 + , respectively, so we can write:

𝐴𝐴 = к 𝐺𝐺 + ,

𝐵𝐵 = к 𝐺𝐺 −

In which, к is a natural number. But photon is electrically neutral. Therefore A and
B must carry the effect of electric field and their number must be equal. Given the rate
of electric and magnetic fields intensity in electromagnetic waves, that is:

|𝐄𝐄|
= 𝑐𝑐
|𝐁𝐁|

Because in here, the carriers of magnetic and electric fields are charge-color and
magnetic-color particles and are physically countable, so the ratio between the
intensity of electric and magnetic fields can be considered a natural number к, so we
have 𝐸𝐸 = к𝐵𝐵. When some 𝐺𝐺 + enters the photon structure, the intensity of the positive
electric field of photon increases. According to Maxwell's electromagnetic equations,
the intensity of magnetic field also increases, so element C (relation 33-33) should
increase the magnetic field intensity around positive charge-colors, so element D must
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also increase the magnetic field intensity around negative charge-colors. The two
elements are similar in impact, but they differ in the direction of rotation (which is
proportional to the corresponding electric field). Therefore, according to the ratio of
the intensity of electric and magnetic fields, it can be written:
+
𝐶𝐶 = 𝐺𝐺𝑚𝑚
,

−
𝐷𝐷 = 𝐺𝐺𝑚𝑚

The positive and negative sign in the above relation only indicates the different
rotation of magnetic-colors that rotate around the negative and positive charge-colors.
The matrix (33-33), then called CPH matrix, will be as follows:

к 𝐺𝐺 + к 𝐺𝐺 −
𝐶𝐶𝐶𝐶𝐶𝐶 = � +
�
−
𝐺𝐺𝑚𝑚
𝐺𝐺𝑚𝑚

(33-35)

Given the above descriptions, we can define the minimum amount of photon
energy. A photon with minimum energy (the lowest possible energy) contains a
number of positive charge-color 𝐺𝐺 + , the same number of negative charge-color 𝐺𝐺 − , a
+
−
, and a left round magnetic-color 𝐺𝐺𝑚𝑚
is shown in the
right round magnetic-color 𝐺𝐺𝑚𝑚
CPH matrix. This amount of energy is defined as:
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒: 𝐸𝐸𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = (2к + 2)𝐸𝐸𝐺𝐺

(33-36)

Given the definition of 𝐸𝐸minimum (relation 33-23) and 𝐸𝐸𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑡𝑡𝑡𝑡 , it is clear that:

𝐸𝐸𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

So every photon is made up of n of 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 (n is a natural number) and we will
have:

𝐸𝐸 = 𝑛𝑛(2к + 2)𝐸𝐸𝐺𝐺 , or

к 𝐺𝐺 + к 𝐺𝐺 −
𝐸𝐸 = 𝑛𝑛 � +
� = 𝑛𝑛(⊳ +⊲)
−
𝐺𝐺𝑚𝑚
𝐺𝐺𝑚𝑚

(33-37)

33-7 Sub-quantum energies and Maxwell's Equations
When photon falls in a gravitational field as 𝛥𝛥𝛥𝛥, the density of graviton in the vicinity
of the electric field of photon changes to 𝜕𝜕𝐺𝐺𝐸𝐸 , because the charge-colors of 𝐺𝐺 − , 𝐺𝐺 +
enters the photon structure and the intensity of the electric field of photon increases.
Due to the different signs of the charge-colors, the electrical effect of photon does not
change and photon remains electrically neutral. The photon motion is in the same
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direction as the gravitational field intensity increases, but the electric field of photon
is perpendicular to the direction of the photon motion, which is consistent with the
following equation:

∇ × 𝐸𝐸𝐺𝐺 = −

𝜕𝜕𝐺𝐺𝐸𝐸
𝜕𝜕𝜕𝜕

⇔ 𝑖𝑖(𝐺𝐺 + , 𝐺𝐺 − )

(33-38)

As the photon's electric field intensity increases, its magnetic field also increases.
In this case, the gravitons around photon become magnetic-colors and enter the photon
structure, which can be explained by the following equation:

∇ × 𝐵𝐵𝐺𝐺 = 𝜇𝜇0 𝜀𝜀0

𝜕𝜕𝐸𝐸𝐺𝐺
𝜕𝜕𝜕𝜕

+
− )
⇔ 𝑗𝑗(𝐺𝐺𝑚𝑚
, 𝐺𝐺𝑚𝑚

(33-39)

In which 𝑖𝑖, 𝑗𝑗 are natural numbers, and the ratio of these numbers must be consistent
with equation (33-35). Given the above equations, the energy and mass of graviton
and photon can be defined in relation to each other.

33-7-1 The Graviton Principle
Graviton is the smallest unit of energy in nature, with a constant mass of 𝑚𝑚𝐺𝐺 in, which
always moves at a constant amount of speed in all inertial reference of the frame, and
in any interaction with other gravitons and other particles, its amount speed remains
constant. So that:

∇𝑉𝑉𝐺𝐺 = 0 , in all inertial reference frame and any space

(33-40)

According to the Graviton principle, graviton carries two types of transmission
energy 𝐸𝐸𝐺𝐺𝐺𝐺 and non-transmission energy 𝐸𝐸𝐺𝐺𝐺𝐺 relative to inertial frame, and the energy
of graviton 𝐸𝐸𝐺𝐺 is always constant, such that:

𝐸𝐸𝐺𝐺 = 𝐸𝐸𝐺𝐺𝐺𝐺 + 𝐸𝐸𝐺𝐺𝐺𝐺 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

(33-41)

As the speed and mass of graviton are constant, its energy is always constant and
can only be transformed from transmission to non-transmission and vice versa. In fact,
gravitons are converted to electromagnetic energy and energy is converted to matter,
meaning everything is made of graviton, and graviton is the only fundamental particle
in nature. In the case of graviton speed, charge-colors and magnetic-colors are the
components of electric and magnetic fields of sub quantum energy, and in addition to
linear speed c which have with photons (e.g. on the x-axis), they also have nonlinear
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speed on the y and z axes that the sum of sppeds on the three axes (x, y, z) are greater
than c (figure 33-8).

Fig 33-8: Charge-colors and Magnetic-colors in the photon structure

33-7-2 The Principle of Sub Quantum Energy
A sub quantum energy is a part of photon’s energy that has the properties of electric
and magnetic field, with constant mass 𝑚𝑚𝑆𝑆𝑆𝑆𝑆𝑆 , which always moves at the speed of
�𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 � > |𝑐𝑐| relative to all inertial frames such that:

∇𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 = 0 , in all inertial reference frames and any space

(33-42)

The principle of sub quantum energy shows that in any interaction between SQEs
with other particles and fields, the mass, speed, and energy of the SQE do not change,
and only transmission speed and energy of the SQE changes to non-transmission
speed and energy, and vice versa, so if we take the value of SQE transmission speed
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and energy as 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 and 𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 respectively, and its non-transmission speed and
energy as 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 and, 𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 , respectively, we always have:

�𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 � = �𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 � + �𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 � = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

�𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆 � = �𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 � + �𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 � = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

(33-43)

(33-44)

33-7-3 The speed of light
According to the principle of special relativity, the speed of light in a vacuum is
constant for all inertial observers and equal to c and is independent of the motion of
the light source. This principle can be proved using the SQE principle. If the photon
speed is generally equal to v𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡 , its linear speed v𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡𝑡𝑡 varies from one medium to
another and in a vacuum equal to the speed of light v𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡𝑡𝑡 = 𝑐𝑐, so we will have
according to the SQE principle:

∇v𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡 = 0

(33-45)

Thus the value of linear speed of photon, such as graviton and sub quantum energy,
is a function of the conditions of propagation medium, but the total value of
transmission speed v𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡𝑡𝑡 and non-transmission speed v𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡𝑡𝑡 of photon is always
constant and equal �v𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡 � , such that:

�v𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡 � = �v𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡𝑡𝑡 � + �v𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡𝑡𝑡 � = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

(33-46)

A real photon consists of two positive and negative virtual photons. Although
apparently according to quantum mechanics, photon seems to be electrically neutral,
in fact with regard to the properties of positive and negative virtual photons, the
photon is a very weak electromagnetic dipole (figure 33-9). As explained in Chapter
32, new experiments are not compatible with the theory of quantum mechanics about
photons. These experiments showed that photon has shape and length, behaves like a
magnetic dipole, and has a high limit of electric charge that is exactly consistent with
the CPH theory model. Two important points to note here are: first, the photon is a
weak electromagnetic dipole, which can justify the reason for the absorption of a
photon by charged particles. And that, with high speeds of photons and charged
particles such as electrons, the photon is absorbed by electron if the photon is
approached from its positive part (from positive virtual photon side) and greatly
increases the probability of absorption of a photon, that's why photon combinations
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are possible but very difficult. The second point is that virtual photons as well as sub
quantum energy, within the structure of the photon, in addition to linear speed c along
with photon, has a nonlinear speed which the sum of their linear and nonlinear speeds
will be greater than c. So in general, we can write:
|𝑉𝑉𝐺𝐺 | > �𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 � > �𝑉𝑉𝛾𝛾+ � = �𝑉𝑉𝛾𝛾− � > 𝑐𝑐 > |𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚−𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 |

(33-47)

Fig 33-9: Photon is a very weak electromagnetic dipole.

It should be noted that the magnitude of the charge-color speed and the magneticcolor speed are equal to the value of graviton speed. That's mean:

|𝑉𝑉𝐺𝐺 | = |𝑉𝑉𝐺𝐺+ | = |𝑉𝑉𝐺𝐺− | = �𝑉𝑉𝐺𝐺𝑚𝑚
+ � = �𝑉𝑉𝐺𝐺 − �
𝑚𝑚
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Given the relation (33-47), the weakest field is gravitational field. The constituents
of gravitational field are gravitons that are the fastest. When gravitons become chargecolor and magnetic-color, the gravitational force actually becomes the gravitational
energy. Gravitational energy is also converted to electromagnetic energy. In
gravitational energy, a set of positive and negative sub-quantum energies,
respectively, form positive and negative virtual photons. As such, electromagnetic
energy is more concentrated than gravitational energy, and the electromagnetic field
is more concentrated than the gravitational field. In other words, there is a direct
relationship between transmission speed and density, and when electromagnetic
energy is converted to matter-antimatter, the density increases and the transmission
speed decreases. The speed of light is the boundary between the visible universe and
the hidden universe (figure 33-10). Quantum vacuum, vacuum oscillations (the
production and decay of virtual pair) and the Casimir effect all occur in the hidden
universe. Even gravitational and electrical interactions between charged particles
occur in the hidden universe, and we observe their effect in the visible universe.

Fig 33-33: In production and decay of matter-antimatter pair, sub quanta energy
plays an essential role, moving in the structure of photon at a linear speed of light c but
moving in matter and antimatter at a speed less than the speed of light v <c.
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33-8 Sub quantum fields
According to the discussions, electric and magnetic fields, including photons, are
composed of particles. Therefore, the energy and momentum of the photon are equal
to the sum of energy and momentum of its components. If we denote the sum of
transmission and non-transmission energies of particles with H, then:
For Graviton, charge-color and magnetic-color, we will have:

𝐻𝐻𝐺𝐺 = 𝐸𝐸𝐺𝐺 = 𝐸𝐸𝐺𝐺𝐺𝐺 + 𝐸𝐸𝐺𝐺𝐺𝐺 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

(33-48)

+ = 𝐸𝐸𝐺𝐺 − = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝐸𝐸𝐺𝐺 = 𝐸𝐸𝐺𝐺+ = 𝐸𝐸𝐺𝐺 − = 𝐸𝐸𝐺𝐺𝑚𝑚
𝑚𝑚

For sub quantum energy:

𝐻𝐻𝑆𝑆𝑆𝑆𝑆𝑆 = 𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

(33-49)

For photon: According to the relation (33-37) we can write:

𝐻𝐻𝑃𝑃ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = 2𝑛𝑛𝐻𝐻𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑛𝑛(𝐻𝐻𝑆𝑆𝑆𝑆𝑆𝑆+ 𝐻𝐻𝑆𝑆𝑆𝑆𝑆𝑆− )

(33-50)

Electric and magnetic energy of photon can also be obtained from the following
relation:
+
−
𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = 𝑛𝑛�к 𝐺𝐺 + + к 𝐺𝐺 − �, 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑛𝑛(𝐺𝐺𝑚𝑚
+ 𝐺𝐺𝑚𝑚
)

𝐻𝐻𝑝𝑝ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = 2𝑛𝑛�к + 1�𝐸𝐸𝐺𝐺 = 2𝑛𝑛�к + 1�𝐻𝐻𝐺𝐺

(33-51)

(33-52)

Due to the principles of Graviton and Sub Quantum Energy and above relations,
the smallest physical particles of charge-colors, magnetic-colors, and sub quanta
energy never would stick together and their amount of speeds are always constant
relative to all inertial frames and in different physical conditions, only their linear
speeds change to non-linear speeds and vice versa. The fact that particles never would
stick together is a very important feature that demonstrates the ability of CPH theory
to explain physical phenomena under various conditions, including gravitational
singularity, and relativistic jet of supermassive black holes, which other theories
lack it.
In the standard model of fundamental particles, the bosons carried fundamental
forces, are discrete amounts of energies that are exchanged between fermions. As
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explained above, a quantum of energy consists of an equal number of positive and
negative sub-quantum energies. So the following four items must be explained:
1- How do particles of matter (fermions) produce discrete amounts of energies
that are exchanging between themselves are known as gravitational,
electromagnetic, weak, and strong nuclear forces?
2- What is the reason for their power difference?
3- Why the ranges of two weak and strong nuclear interactions are short?
4- Why do electromagnetic, strong nuclei, and weak nuclei forces are unified at
high energies?
To answer these questions which are answered in the next chapter, it has to explain
the relation between three quantities of force, energy, and matter (also antimatter)
with sub-quantum energy. Therefore, we need to generalize the Dirac Sea.

33-9 Sub quantum energy and Dirac Sea
If we use negative charge-color instead of negative energy in the Dirac Sea, then the
Dirac Sea can be generalized to all physical phenomena including quantum vacuum,
the structure of quantum particles, objects, and even stars and galaxies, because
energy is made up of charge-colors and magnetic-colors. With graviton density
(increasing graviton density in space), charge-colors and magnetic-colors are
produced, then sub quanta energies are produced, sub quanta energy form virtual
photons, and then the real photons are created. Using the relations (33-38 and 39) we
will have:
+
−
∇ × 𝐸𝐸 + ∇ × 𝐵𝐵 ⇔ 𝑖𝑖(𝑮𝑮+ , 𝑮𝑮− ) + 𝑗𝑗(𝐺𝐺𝑚𝑚
, 𝐺𝐺𝑚𝑚
)

(33-53)

By increasing i, j, it can be written for zero point energy in a vacuum:
+
−)
+
−
�𝑛𝑛к𝐺𝐺 + , 𝑛𝑛к𝐺𝐺 − � + (𝑛𝑛𝐺𝐺𝑚𝑚
, 𝑛𝑛𝐺𝐺𝑚𝑚
⇔ �𝑛𝑛к𝐺𝐺 + , 𝑛𝑛𝐺𝐺𝑚𝑚
� + �𝑛𝑛к𝐺𝐺 + , 𝑛𝑛𝐺𝐺𝑚𝑚
�

⇔ (𝑛𝑛 ⊳, 𝑛𝑛 ⊲) ⇔ (𝛾𝛾 + , 𝛾𝛾 − ) ⇔ 𝛾𝛾

The above equations show that by combining electric and magnetic fields (even in
a vacuum), real photons are produced, and in addition, even gravity in a vacuum
produces electromagnetic energy. Likewise, the Dirac Sea can be extended into
fundamental particles. The number of positive charge-colors and magnetic-colors
dependent on that in positive sub-quantum energy ⊳ is equal to the number of negative
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charge-colors and its dependent magnetic-colors in negative sub-quantum energy ⊲.
Therefore, if the number of positive and negative sub-quanta energies is equal before
the physical process, then the number of negative and positive sub quanta energies is
also equal after the process, it is enough and is compatible with the conservation laws
in physics.
Example 1- Production and decay of electron-positron pairs:

𝐸𝐸 = 𝑘𝑘(⊳ +⊲) → 𝑒𝑒 + + 𝑒𝑒 − = (𝑒𝑒 + = 𝑘𝑘 ⊳) + (𝑒𝑒 − = 𝑘𝑘 ⊲)

𝑘𝑘
𝑘𝑘
𝑘𝑘
𝑘𝑘
𝑒𝑒 + + 𝑒𝑒 − → 2𝛾𝛾 = � ⊳ + ⊲� + � ⊳ + ⊲� = 𝑘𝑘(⊳ +⊲)
2
2
2
2
𝑘𝑘
𝑘𝑘
𝑒𝑒 + + 𝑒𝑒 − → 3𝛾𝛾 = 3 � ⊳ + ⊲� = 𝑘𝑘(⊳ +⊲)
3
3

Example 2- Protons and antiprotons: Such an approach to photons is a useful step
in explaining the real processes of photon and quantum chromodynamics QCD.
Consider the proton-antiproton annihilation process:
𝑝𝑝𝑝𝑝̅ → 𝛾𝛾 + 𝛾𝛾

The electric charges of proton and antiproton are equal to the electric charges of
positron and electron, respectively. Independent of the mass of proton and antiproton,
we have about the conservation of charge-colors in this process:
𝑘𝑘 ⊳= 𝑒𝑒 + ,

𝑘𝑘 ⊲= 𝑒𝑒 −

2
𝑢𝑢� = 𝑘𝑘 ⊲ ,
3

1
𝑑𝑑̅ = 𝑘𝑘 ⊳
3

2
𝑢𝑢 = 𝑘𝑘 ⊳ ,
3

1
𝑑𝑑 = 𝑘𝑘 ⊲
3

� � → 𝛾𝛾 + 𝛾𝛾
𝑝𝑝𝑝𝑝̅ = (𝑢𝑢𝑢𝑢𝑢𝑢)�u� u� d
2
2
1
2
2
1
= � 𝑘𝑘 ⊳ + 𝑘𝑘 ⊳ + 𝑘𝑘 ⊲� + � 𝑘𝑘 ⊲ + 𝑘𝑘 ⊲ + 𝑘𝑘 ⊳�
3
3
3
3
3
3
5
5
= � 𝑘𝑘 ⊳ + 𝑘𝑘 ⊲� = 𝑛𝑛(⊳ +⊲)
3
3
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Likewise, all physical interactions can be described. In addition, the external force
applied to a particle/object does not change its amount of speed, it can only change its
linear speed to non-linear speed, and vice versa. It is the "conservation law of speeds"
that introduces a new concept of acceleration, by which all physical processes and
interactions can be explained simpler and deeper than ever used to be, that is the
subject of the next chapter.

Chapter references
Physics Today 45, 5, 74 (1992); doi: 10.1063/1.2809672
https://physicstoday.scitation.org/doi/pdf/10.1063/1.2809672
Ulla Blumenschein, Schrodinger, Klein-Gordon and Dirac equations, antiparticles,
School of Physics and Astrophysics Queen Mary University of London
https://qmplus.qmul.ac.uk/pluginfile.php/1498918/mod_resource/content/16/DiracEquati
on.pdf
Explorer of stars and souls: Arthur Stanley Eddington, Physics World, 01 Sep 2005
https://physicsworld.com/a/explorer-of-stars-and-souls-arthur-stanley-eddington/
Thomas Lewis, The interpretation of the results of Bucherer's experiments on e/m, royal
society, 2 March 1925
https://royalsocietypublishing.org/doi/10.1098/rspa.1925.0040
Schrödinger's equation — what is it?

816

Physics from the beginning to now

https://plus.maths.org/content/schrodinger-1
Relativistic Quantum Mechanics, http://hitoshi.berkeley.edu/221B-S02/Dirac.pdf
The Klein-Gordon Equation,
http://www.mysearch.org.uk/website1/html/538.Klein-Gordon.html
،۱۳۹۴ "وﺣﯿﺪ ﮐﺮﯾﻤﯽ ﭘﻮر"ﻣﮑﺎﻧﯿﮏ ﮐﻮاﻧﺘﻮﻣﯽ ﻧﺴﺒﯿﺘﯽ
http://physics.sharif.edu/~vahid/teaching/QFT2015/Relativistic%20QM.pdf
Tobias Gleim, "Klein-Gordon and square-root operator equations for two-spinors and
scalars: perturbation calculations for hydrogen-like systems"
https://arxiv.org/ftp/quant-ph/papers/0602/0602047.pdf
The Klein-Gordon equation,
https://www.eng.fsu.edu/~dommelen/quantum/style_a/kg.html
Dirac P. A. M., "The Quantum Theory of the Electron", Proceedings of the Royal Society
of London. Series A, Containing Papers of a Mathematical and Physical Character 117
(778): 610–24. , Published 1 February 1928
http://rspa.royalsocietypublishing.org/content/royprsa/117/778/610.full.pdf
Mario Bacelar Valente, "The Dirac equation, the concept of quanta, and the description
of interactions in quantum electrodynamics", http://philsciarchive.pitt.edu/8366/1/The_Dirac_equation,_the_concept_of_quanta,_and_the_description_
of_interactions_in_quantum_electrodynamics.pdf
Dirac, P.A.M. "Principles of Quantum Mechanics. International Series of Monographs on
Physics" (4th ed.). Oxford University Press. p. 255. ISBN 978-0-19-852011-5. 1958
Quantum Theory 2015/16 , http://www2.ph.ed.ac.uk/~bjp/qt/rqt.pdf
ANDREW ERIC BRAINERD, "SELF-ADJOINT EXTENSIONS TO THE DIRAC
COULOMB HAMILTONIAN" MASSACHUSETTS INSTITUTE OF TECHNOLOGY,
2010, https://dspace.mit.edu/bitstream/handle/1721.1/61203/701106459MIT.pdf;sequence=2
Chapter 15, pages 696-716, Bransden & Joachain, Quantum Mechanics,
http://www.physics.udel.edu/~msafrono/PDF/L23.pdf
Carl David Anderson (1905 – 991), Discovery of the Positron,
https://www.aps.org/programs/outreach/history/historicsites/anderson.cfm
Dirac P. A. M. "A Theory of Electrons and Protons" ROYAL SOCIETY PUBLISHING,
1930, doi: 10.1098/rspa.1930.0013
Hamish Johnston, "Weyl fermions are spotted at long last"

33. Foundations of CPH Theory

817

http://physicsworld.com/cws/article/news/2015/jul/23/weyl-fermions-are-spotted-at-longlast
William O. Straub, "WEYL SPINORS AND DIRACíS ELECTRON EQUATION" 2005,
http://www.weylmann.com/weyldirac.pdf
Hermann Weyl, "GRAVITATION AND THE ELECTRON", PALMUR PHYSICAL
LABORATORY, PRINCETON UNIVSRSITY, Communicated March 7, 1929
Su-Yang Xu, et, at. "Discovery of a Weyl fermion state with Fermi arcs in niobium
arsenide", Nature Physics 11, 748–754 (2015) doi:10.1038/nphys3437
Steven R. Elliott, "Colloquium: Majorana Fermions in Nuclear, Particle and Solid-state
Physics", 2014, arXiv:1403.4976v2
The Lagrangian formulation of classical mechanics
http://www.nyu.edu/classes/tuckerman/mol.dyn/lectures/lecture_2/node2.html
Introduction to Mössbauer Spectroscopy, Royal Society of Chemistry
https://www.rsc.org/membership/networking/interestgroups/mossbauerspect/intropart1.as
p
Pound, R. V.; Rebka Jr. G. A. "Apparent weight of photons". Physical Review
Letters 4 (7), 1960
In 1905, Albert Einstein suggested that electromagnetic waves could only exist as
discrete wave-packets. German article "Über einen die Erzeugung und Verwandlung des
Lichtes betreffenden heuristischen Gesichtspunkt" http://myweb.rz.uniaugsburg.de/~eckern/adp/history/einstein-papers/1905_17_132-148.pdf
Freund A., "Exclusive annihilation p pbar to gamma gamma in a generalized parton
picture" arXiv: 0208061v1, hep-ph, 2002

818

Physics from the beginning to now

Chapter 34

Sub Quantum Electrodynamics and
Chromodynamics
It seems clear that the present quantum mechanics is not in its final form.
Paul Dirac

Introduction:
Newton's laws were formulated based on scientists' intuitive understanding of the
behavior of large objects, their interactions and even their collisions, the concepts that
have been maintained in quantum mechanics as well, with the exception that the
effective cross-section, in collision or force, is so small that there is no other way than
to use the rules of probability. However, the physical nature of the phenomena has not
changed. Among the billions of energetic photons in an X-ray, Compton Effect, or
photoelectric effect... happens, by colliding of each with an electron, that the reality
of event can be explained by the laws of classical mechanics. In CHP theory, various
physical phenomena can be visualized and described using sub quantum energy and
virtual photons. For example, charged particles produce and emit virtual photons that
the combination of two, unlike virtual photons, cause two, unlike charged particles,
to attract each other. And two like virtual photons repel each other, the same as two
like-charged particles. Virtual photons can move on all possible paths, and if they
reach each other, the interaction is done. But because charged particles are constantly
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producing virtual photons at high speeds, if two charged particles fall into each other's
field, the interaction is certain. In other words, using sub quantum energy and positive
and negative virtual photons, the interaction between charged particles can be
explained by physical analysis and mathematical calculations. In CPH theory, the
mechanism of the production of exchange particles and their production location
(relative to the mass center of fundamental particles) can be explained.
The birthplace of exchange particles determines the range, the properties, and the
strength of interaction, and delineates the boundaries between quantum
electrodynamics and quantum chromodynamics, but it is ultimately concluded that
the mechanism of production for all fundamental forces is the same (gravitation,
electromagnetic, weak and strong nuclear forces), and the difference between them is
due to their birthplace.

34-1 Sub quantum electrodynamics
In quantum electrodynamics, electromagnetic interactions are caused by the exchange
of photons between charged particles. In this exchange, the substituted photon for
Maxwell electromagnetic field is considered to be the source of electromagnetic
interaction, and the image, resulting from the exchange of exchange particles, has
been successfully extended to describe weak and strong interactions. Today's view of
how these interactions take place is based on this. Consider a charged particle (such
as an electron) that creates an electric field around itself and is constantly emitting
virtual photon whose range is infinite. With the emission of the virtual photon carrying
electric force (plus electric energy), there is no change in the amount of electric charge
and the mass of the charged particles. So we have a permanent machine that we know
about its production, but we don't know the mechanism of its production process and
its consumables, and no explanation is given. It is only said that there is an electric
field around each charged particle. How is this field created, and how does it interact
with other non-electric fields including the gravitational field? Here, the dynamics of
attraction and repulsion between charged particles are analyzed with respect to sub
quantum energy. Electron is a set of negative charge-colors that are protected by the
magnetic field caused by the magnetic- colors surrounding it (figure 34-1). This
spinning sphere (electron with spin) is floated in a sea of gravitons, and as previously
described, gravitons become positive and negative charge-colors adjacent with
electrons. There is also such an explanation for positron. An electron with two
properties affects the charge-colors around itself. The electron has a continuous spin
state, it can create an electric field composed of moving charge-colors, so magneticcolor is produced and conditions are provided for generating sub-quantum energies.
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The positive charge-colors are attracted to electron, but the magnetic field around it
repels the positive charge-colors.

Fig 34-1: Electrons and positrons absorb each other with negative and positive
virtual photons.

By the electron spinning motion, a number of positive charge-colors are
compressed and converted to a positive virtual photon 𝛾𝛾 + and are repelled by its
magnetic field. Likewise, positron absorbs the negative charge-colors, and the
magnetic field around it compresses the negative charge-colors and emits them as a
negative virtual photon 𝛾𝛾 − . An operator can be defined that describes the process of
producing positive virtual photons by electron:
𝑑𝑑

𝑑𝑑𝑑𝑑

⊲ 𝑠𝑠(𝐺𝐺 + ) = 𝑎𝑎 ⊳= 𝛾𝛾 +

(34-1)

In which, (a) is a natural number. Likewise, positron, like an electron, acts like a
generator and generates and emits negative virtual photons (figure 34-1), and we will
have:
𝑑𝑑

𝑑𝑑𝑑𝑑

⊳ 𝑠𝑠(𝐺𝐺 − ) = 𝑎𝑎 ⊲= 𝛾𝛾 −

(34-2)

Fig 34-2: Positron acceleration toward electron according to Newton's second law
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When 𝑎𝑎 ⊳= 𝛾𝛾 + from electron arrives at region 2 around positron, it is combined
with 𝑎𝑎 ⊲= 𝛾𝛾 − to form a real photon. According to Newton's second law, what
happens when 𝛾𝛾 + reaches positron?

1- Two different virtual photons 𝛾𝛾 + , 𝛾𝛾 − absorb each other, and gradually the
magnetic field effect on 𝛾𝛾 − is neutralized.
2- Positron and 𝛾𝛾 + (which comes from electron) repel each other by the
force𝐹𝐹1𝑒𝑒 . Two opposite virtual photons 𝛾𝛾 + , 𝛾𝛾 − are combined with each
other and the positron accelerates toward the electron.

Positron and 𝛾𝛾 − (produced by positron itself) absorb each other, because as 𝛾𝛾 +
approaches region 2 around positron, the repulsion effect of positron's magnetic field
is gradually neutralized, and cannot repel 𝛾𝛾 − . According to figure (34-2) and
Newton's second law, we have:
𝐹𝐹1𝑒𝑒 =

𝐸𝐸(𝛾𝛾 + )𝑒𝑒 +
,
𝑟𝑟12

𝐹𝐹2𝑒𝑒 =

𝐸𝐸(𝛾𝛾 − )𝑒𝑒 +
𝑟𝑟22

𝑟𝑟1 > 𝑟𝑟2 ⇒ 𝐹𝐹2𝑒𝑒 > 𝐹𝐹1𝑒𝑒

𝐹𝐹𝑒𝑒= 𝐹𝐹2𝑒𝑒 − 𝐹𝐹1𝑒𝑒 = 𝑚𝑚𝑒𝑒 + 𝑎𝑎

Thus positron accelerates towards electron with the force: 𝐹𝐹𝑒𝑒= 𝐹𝐹2𝑒𝑒 − 𝐹𝐹1𝑒𝑒 . A similar
mechanism occurs for electron. When 𝑎𝑎 ⊲= 𝛾𝛾 − reaches from positron to region 2
around electron, combines with 𝑎𝑎 ⊳= 𝛾𝛾 + and forms a real photon and the two
particles accelerate towards each other (figure 34-3).

Fig 34-3: Generation and combination of virtual photons by electron and positron
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Note that electric force is approximately 1040 times stronger than the gravitational
force, so the effect of charge-colors on virtual photons is not significant. Electrons
and positrons, respectively, generate positive electric field and negative electric field
around themselves and spread in space. When charged particles were discovered, it
was thought that the electric charge and its related field have the same sign. Now, if
we accept that the charged particle and its field have not the same sign, it does not
make any difference to electromagnetic theory, because in each case, they repel each
other’s like charges and absorb each other’s, unlike charges. Thus, our observations
show that the field around electron repels the negatively charged particle. Thus around
electron, positive virtual photons, and around positron, negative virtual photons are
produced.
Now consider the positron which is in the electric field of an electron. The positron
produces 𝛾𝛾 − , and at the moment 𝛾𝛾 + reaches the positron, 𝛾𝛾 − and 𝛾𝛾 + are combined
and quantum of electromagnetic energy is generated and is absorbed by the positron.
The direction of the energy absorbed by the positron is precisely towards electron and
the positron accelerates toward electron. A similar process occurs for electron and it
accelerates to the positron. This process is repeated over and over again (figure 34-3).
Here, only one path was considered, that is, it was assumed that the positive virtual
photon would travel on a specific path and would pass through electron toward
positron and would emerge with the negative virtual photon produced by positron,
and accelerates positron. Apparently, it is not compatible with quantum mechanics.
But is not, the positive virtual photon can travel all the possible paths and reach
positron, or not, if it does, interaction is performed, as described above, and it
generates necessary energy and accelerates positron toward electron.
The difference between classical mechanics and quantum mechanics is that in
classical mechanics, it is possible to adapt observations to equations for two objects,
but in quantum mechanics, the interaction of two particles is not directly visible. For
this reason, even with the amazing advent of quantum mechanics, classical design
patterns are still used for the design of quantum computers. Because our minds can
analyze classical phenomena very well, but classical and quantum phenomena follow
the same rules. In addition, the classification of physical phenomena to quantum and
classical is a humanistic approach. The important thing is that electron does not
produce and emit only one positive virtual photon; there are many positive virtual
photons in the electric field of electron, each of which reaches the 2 region of the
positron, performing the same function which was described above. It is important
that we could understand the mechanism of interaction and explain it in a way that is
consistent with the basic laws of physics.
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For this reason, we neither know nor can observe or calculate which positive
virtual photon moves to the positron, but by the laws of physics we know that any
positive virtual photon that approaches positron, combines with negative photon
produced by positron and accelerates positron toward electron. Understanding and
explaining this subject is important to us, not a large number of virtual photons and
the different paths they are likely to take. Even in Feynman’s diagrams, it is important
to note what the result of particles’ interaction are, not the paths have been taken.
Consider, for example, the formation of snowflakes. Water droplets due to
different conditions during freezing become snowflakes with very complex shapes in
great detail and hence, due to a large number of states, the probability of finding two
snowflakes with exactly the same structure is very low. Researches, by Kenneth G.
Libbrecht, a professor of physics at the University of California, on snowflakes at
different temperatures, reveal the complexity of the geometric shapes of snowflakes.
These different conditions can be categorized as the number of different water
molecules in crystals, the difference in the gravitational force applied to snowflakes,
and the forces that the snowflakes around a crystal apply to it before freezing, effects
on the geometric shape of snowflakes. Therefore, it is almost impossible to predict or
calculate what geometrical shape the water drop will have when it becomes a snow
crystal.
Given 𝛾𝛾 + + 𝛾𝛾 − = 𝛾𝛾 it can be well explained why the photons carrying
electromagnetic force are not visible. The process of producing virtual photons can be
explained by the use of sub quantum energy. This explanation is based on the physical
fact that a photon consists of two sets positive and negative charge-colors, each with
its own dependent magnetic field. The production of virtual photons, like the radiation
of charged particles, occurs at a certain frequency. This means that each charged
particle produces and emits a virtual photon with a spin motion. That is, each spin
motion of a charged particle can be regarded as the oscillations that cause radiation to
produce a virtual photon. The generated virtual photons emit with linear speed c and
form the electric field around the charged particle. Each charged particle in this field
will interact with the virtual photons in the field.
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Fig 34-4: The factor of the repulsive force between two positrons is the same
(positive) charge-colors.

For two like charged particles, such as positrons, which repel each other with
positive charge-colors, their production powers are the same (figure 34-4 A). When
many 𝐺𝐺 + s, from P2 (positron 2) near region 2, approach P1 (positron 1) around 𝛾𝛾 −
(figure 34-4 B), a positive 𝛾𝛾 + virtual photon is formed (figure 34-4 C). Then 𝛾𝛾 + and
𝛾𝛾 − are combined together and a real photon appears. P1 gains energy and quickly
moves away from P2. The same thing happens for P2. Further research is needed to
better describe this process and develop this attitude towards positive charged
particles. However, any acceptable mechanism must be able to characterize the energy
and momentum transfer for charged particles.
Note: It is observed carefully to the contents above that energy is produced by field,
the matter is also produced by energy, so it can be said that in CPH theory, energy is
a compressed field and matter is dense energy.
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34-2 Sub quantum energy and Feynman diagrams
In quantum electrodynamics, charged particles interact with each other through the
emission and absorption of photons, and these actions are justified by the uncertainty
principle. Even Feynman diagrams are a representation of the description of physical
processes. While using sub quantum energy and positive and negative virtual photons,
the interaction between charged particles can be explained as physical analysis and
mathematical calculations. Consider, for example, the repulsion of two electrons
(figure 34-5) and the absorption of electron and positron (figure 34-6).

Fig 34-5: (A) Feynman diagram and B virtual photons for repulsion of two electrons

Fig 34-6: Feynman diagram and electron and positron absorptions by positive
virtual photons
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34-2-1 Absorption and emission of photon by electron
What we know about quantum mechanics is this: An electron will jump to a higher
energy level when it gets energy. An electron falls to a lower level in excited state
with energy radiation. But experiments show that energy is not easy to obtain, and the
photon has shape and length that is incompatible with the concept of a photon without
structure (chapter 32). In addition, the probability that a single rubidium atom absorbs
only one single photon is just a few over 4%. Using quantum mechanics, which state
that photon and electron are without structure, we cannot describe the mechanism of
photon absorption and emission by the electron. As explained earlier, photons are a
combination of positive and negative virtual photons (chapter 33). Photon, a very
weak electromagnetic dipole that is consistent with experience, can well explain the
absorption and emission of photons by electrons. Photons have electric and magnetic
fields, and the main factor of photon interaction with electron is these fields.

Fig 34-7: Photon absorption by electron, this feature of a photon (very weak electric
dipole) can describe the energy absorption and emission by charged particles.

But the electric field effect is more important. As photon approaches electron, the
positive side of photon changes the shape of the electron, as does the shape of photon,
and, like an electric dipole, the positive side of photon directs toward electron, and
electron absorbs it (figure 34-7). But electron (as well as a photon) is moving at high
speeds, so the probability of absorption is very low. After photon is absorbed by an
electron, the electron is not stable in the previous path due to the effect of the nucleus
and increasing energy (due to photon absorption), either exiting from atom’s structure
(such as photoelectric effect) or ascending to a higher level, but cannot hold photon,
and emits the photon in a fraction of a nanosecond.
It should be noted that the electron is not a spherical rigid particle and rotates
around the nucleus, the distance between electron and nucleus changes, and electron
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is unable to hold and radiate photon. Now according to the above explanation,
consider one photon instead of electron approaching another photon, the two particles
being very weak electromagnetic dipole and moving at the speed of light, how likely
are they to combine with each other? See chapter 32 on the combination of photons.
The probability of combining photons is very low, but not zero. Even recently
(November 2019), physicists have been able to successfully perform interference
experiment of waves for photons. New experiments show that old and inefficient
concepts and assumptions of the past do not answer today's need for physics.

34-3 Sub Quantum QCD
Basically, the unification of forces is not a new subject. Since the nineteenth century,
some physicists have attempted to create a unified theoretical framework that could
unite the essential forces of nature. The unified theories of the classical field are an
attempt to create a unified field theory based on classical physics. In particular, several
physicists, such as Faraday and Einstein, seriously pursued the unification of gravity
and electromagnetism. Einstein believed that there was a connection between the need
for a solution for the apparent paradoxes of quantum mechanics and the need for a
combination of electromagnetism and gravity. Classical theories of unification of
forces were unsuccessful. Weinberg, Glashow, and Abdul Salam showed that the
weak and electromagnetic forces at high energies unified into a single force, which
they called it electroweak force. But any attempt to the unified electroweak with
strong nuclear force was unsuccessful, which is discussed in detail in chapter 25. Here,
the focus is on the approach of CPH theory on the birthplace and mechanism of the
fundamental forces generation. In the preceding section, sub-quantum
electrodynamics is explained, here sub-quantum chromodynamics will be explained,
and both weak nuclear and gravitational forces will be explained too.
There is strong interaction in the nucleus of the atom and its range is shorter than
the radius of the nucleus, and essentially drops to zero just beyond the edge of the
nucleus. The carrier of a strong interaction is called gluon, which is a particle with
spin one (the spin of a photon is also one). The strong interaction is the cause for
binding together positively charged particles at the nucleus of the atom (inside
nucleons). It is, therefore, stronger than the electrical repulsive force between
positively charged particles in the nucleus. For example, a proton is composed of three
quarks, two up quarks (u) with +2/3 electric charge and one down quark (d) with -1/3
electric charge, p (udu). That a down quark is attracted to up quark is justified by
electromagnetic theory because they have, unlike electric charges. But how two
quarks, with the same electric charge, come together is another issue that in modern

34. Sub Quantum Electrodynamics and Chromodynamics

829

physics still lacks the theoretical and intuitive justification that be consistent with
experience. The only explanation given in modern physics is that boson (gluon) with
spin 1 carries a charge-color force between quarks and is stronger than electric force.
But with the use of sub-quantum energy, the reason and mechanism of strong
interaction can be easily explained.
Suppose, in general, the two electrically charged particles 𝐴𝐴+ , 𝐵𝐵+ (both with a
positive charge), are at a distance greater than the radius of the proton. As we have
seen from sub quantum electrodynamics, when the distance between the two particles
is large (greater than the radius of the nucleus of an atom), before the negative virtual
photon 𝛾𝛾 − emitted by 𝐴𝐴+ particle, reaches 𝐵𝐵+ particle, the positive charge-colors
repelled by 𝐵𝐵+ particle have left the environment (moving away from charge). The
interaction occurs between two 𝛾𝛾 − virtual photons and the two particles 𝐴𝐴+ 𝑎𝑎𝑎𝑎𝑎𝑎 𝐵𝐵+
repel each other, which is the electrodynamics interaction described in the preceding
section (figure 34-8). Our problem in chromodynamics is to explain a process in
which the distance of two positive charged particles decreases relative to each other.
This is not a hypothetical or fictional event, it is a natural fact that two positive electric
charges attract each other in short distances, and what we need to do is to explain it.
Here two gravity law and the Coulomb law:

𝐹𝐹𝐺𝐺 =

𝐺𝐺𝑚𝑚1 𝑚𝑚2
𝑟𝑟 2

, 𝐹𝐹𝑒𝑒 = 𝑘𝑘

𝑞𝑞1 𝑞𝑞2
𝑟𝑟 2

Their identity change, combine together and produce strong and weak nuclear
interaction. In other words, the equations that work well at long distances, at short
distances, they become inefficient. They need to be reviewed that have done in the
CPH Theory.

Fig 34-8: Two positive charged particles at a long-distance relative to the radius of
the atom’s nucleus
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Suppose 𝐴𝐴+ particle at any time interval 𝑑𝑑𝑑𝑑 produces a negative 𝛾𝛾 − virtual photon,
while also repelling a number of positive charge-colors that can form a positive 𝛾𝛾 +
virtual photon. If we consider the distance between the center of mass of two positive
charged particles as d, such that region 2 of the two particles is contiguous (figure 349), given the speed of 𝛾𝛾 − which is at least equal to the speed of light c, both strong
and weak nuclear interactions can be explained by their distance from one another.
Note that region 2 is the area of production of virtual photons or the birthplace of
electromagnetic interaction.

Fig 34-9: The distance of the mass center of two positively charged particles while
their region 2 is closed together. Region 3 has been discarded here.

In general, we consider the distance between the center of mass of two particles
with positive electric charge as L. If 𝐿𝐿 ≫ 𝑑𝑑, the charge-colors repelled by each
particle, it has no effect on the charge-colors surrounding the second particle, in this
case, particles produce only gravitational and electromagnetic interaction. Now we do
a thought test, assume two positive charged particles are isolated in space (no force is
applied to the system consisting of two positive particles), we want to reduce the
distance between these two particles, so we have to apply a force more than electric
repulsive force and push the two particles together. But the force we need is not
constant because the closer the two particles are, the electrical repulsive force between
them increases, and we also need to increase the amount of input force (figure 34-10).
According to Coulomb's law, the shorter the distance between two charged particles,
the greater the repulsive force between them. At distance close to zero, the repulsive
force tends to infinity. In stars, the gravitational pressure force for two positive
charged particles is greater than the electric repulsive force, and the distance between
them is probably reduced to the amount of Planck's length 10−35 m. At this distance,
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as the distance decreases, the force of gravity becomes the nuclear force that is the
strongest of all forces. But how?

Fig 34-10: By what force would the distance of two positive electric charges reach
zero? The letters e and G of the arrows represent electrical and gravitational force,
respectively.

When the distance of two positive electric charges has reduced, two states can be
considered, the first, regions 2 of two positive electric charges have interference with
each other (figure 34-11 A), the second, regions 2, have a common border (figure 3411 B). It is important to note that region 2 is the place where virtual photons are
produced or the birthplace of electromagnetic interaction.

Fig 34-11: The distance between two positive charged particles,
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Consider a positively charged particle immersed in a gravitational field. In fact, all
charged particles are immersed in the gravitational field. The gravitational field
consists of infinite numbers of gravitons traveling at a speed higher than the speed of
light c. Gravitons in the vicinity of charged particle or its magnetic field exhibit
charge-color properties. Positively charged particle absorbs negative charge-colors
and repels positive charge-colors. Thus, in an area around a positively charged
particle, a charge-color field is created, and from a certain distance, positive chargecolors cannot approach to the charged particle. Positive charge-colors cannot enter
region 2 and are repelled, but negative charge-colors can enter region 2 and are
compressed under the influence of the magnetic field, emitted as 𝛾𝛾 − negative virtual
photon and produce electric field. This explanation relates to one of the two positive
electric charges when two positive electric charges share in region 2 (figure 34-11 A),
𝐺𝐺 + positive charge-colors of each of the two electric charges provide the needed
material to form a positive virtual photon for each other. In other words, when two
positive electric charges share in region 2, the region is no longer only the birthplace
of the negative virtual photon, but also produces both positive and negative virtual
photons. That is, for the two positive electric charges, the place of sharing their region
2 is the birthplace of strong interaction or gluons, which is why strong interaction is
much stronger than electromagnetic interaction.
Nuclear fusion at the center of stars is a repeat of this process. When two like
charges are sufficiently closed together, their region 2 interfere together, providing
the necessary bonding energy and holding them together. In the center of stars, the
nuclei of atoms are closed enough together because of their high speeds (transitional
energy) and protons (actually quarks) place in each other’s charge-colors region,
providing the necessary binding energy, and nuclei fuse together to form a heavier
nucleus. In a heavy nucleus with a large number of protons (quarks), several quarks
can share a charge-color region and absorb one another. Looking inside the structure
of the photon is crucial to better understand QCD and QED. When regions 2 belong
to two positive electric charges which have a common border (figure 34-11B), the
strong and electromagnetic interactions are at opposition with each other, and the
conditions for producing weak interactions are provided.

34-4 Weak nuclear interaction and gravity
The distance d, that is, the distance of the mass center of two positive charged particles
when their regions 2 a common border, plays an important role in the production and
decay of vector bosons. When L, the distance of the mass center of two positive
electric charges, is much greater than d (𝐿𝐿 >> 𝑑𝑑), particles produce only gravitational
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and electromagnetic interactions (figure 34-10). When, 𝐿𝐿 < 𝑑𝑑, electromagnetic force
is converted to strong nuclear force and the repulsion of positive charge particles is
converted to attraction. That is, virtual photons are converted to gluons and particles
absorb each other. The question is, what happens when L = d? The nucleus is stable,
but intra-nuclear interactions should not be ignored. The intra-nuclear and
electromagnetic interactions between nucleus and electrons can cause the nucleus to
become unstable and the atom becomes radioactive. At a distance with radius ε, there
is a probability of a radioactive event that changes the distance of the mass center of
two particles L, at distance, 𝑑𝑑 − 𝜀𝜀 < 𝐿𝐿 < 𝑑𝑑 + 𝜀𝜀, this distance can be called the
birthplace of the weak interaction. In other words, due to the interaction between
electromagnetic and strong nuclear forces, vector bosons are produced. In fact, weak
nuclear interaction is not a fundamental force, but is the result of the interaction of
two electromagnetic and strong nuclear forces. For this reason, weak nuclear
interaction is the factor of decay.
In the standard model, three vector bosons Z, W + , W − carry weak nuclear force. In
interpreting the standard model of vector bosons, whenever weak action affects a
particle, it emits one of the three weak vector bosons Z, W + , W − which with a
short half-life of approximately 3 × 10−25 s is converted into another particle
(figure 34-12).

Fig 34-12: The interaction of vector bosons and their decay
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But in CPH theory, if distance L = d is constant or the amount of change is not
effective, nucleus is stable, it will not happen and we will not see a decay. If distance
L decreases and L<d-ε, that means the influence of the weak-interaction birthplace on
the strong-interaction birthplace (figure 34-13), atomic number increases, the electric
charge of nucleus increases, nucleus will be electrically stronger, and beta decay will
be negative (relation 34-3). If distance L is greater than d, that is L> d + ε, it means
that the birthplace of electromagnetic action penetrates into the weak nuclear
birthplace, atomic number will decrease (relation 34-4), and beta decay will be
positive (figure 34-13). The electric charge of nucleus is reduced. In general, the
unification theory of forces is not compatible with the nature of fundamental forces,
because these forces are function of the interaction of particles and the distance
between them, which creates the birthplace of forces. In other words, the electric
and magnetic forces are not unified, but their nature is unified and none exists
without the other.

Fig 34-13: Penetration of Birthplace of Forces on Each Other
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Beta minus decay (𝜷𝜷− ) : A neutron is converted to a proton and the process
creates an electron and an electron antineutrino:
14
6𝐶𝐶

→

14
7𝑁𝑁

+ −10𝑒𝑒 − + 𝜈𝜈̅𝑒𝑒

(34-3)

𝐴𝐴
𝑍𝑍−1𝑌𝑌

+ +10𝑒𝑒 + + 𝜈𝜈𝑒𝑒

(34-4)

Beta plus decay (𝜷𝜷+ ) : A proton is converted to a neutron and the process creates
a positron and an electron neutrino
𝐴𝐴
𝑍𝑍𝑋𝑋

→

In 𝑊𝑊 − , 𝑊𝑊 + interactions, particle is converted to other oppositely charged particle.
For example, in beta decay, one of the down quarks in neutron converts to an up quark
and releases a W boson. This change in the quark type causes neutron (including two
down quarks and one up quark) to become proton (one down quark and two up
quarks). The released W boson by neutron can decay into an electron and an electron
anti-neutrino. In Z interactions, particle is converted to a particle with the same charge
(figure 34-12). Understanding and explaining the mechanism of the production of
fundamental forces is one of the essentials of today's knowledge of physics. When it
comes to decay, we need to know its mechanism of the interaction. In recent years,
for example, experiments have shown that the helium nucleus can produce a shortlived boson, called X17 or the fifth fundamental force (see chapter 32).

Fig 34-13: Birthplace of the fundamental interactions
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If we look at the contents of this section, we can see that strong and weak nuclear
forces are not separate from the electromagnetic force, their only difference with the
electromagnetic force is their strength which are due to the production birthplace of
these forces. In modern physics, there is no way to explain the mechanism of how
particles produce exchange particles. We can certainly say that the best way to
understand and explain the interaction between particles is to know the structure of
the photon. This approach shows how two like-charged particles repel each other at a
long distance and absorb each other at very small distance, which is due to the
birthplace of the fundamental forces (figure 34-14).
In the structure of the atom, each particle is associated with its adjacent particles
by gravitational binding energy. In addition, it relates to releasing charge-colors by
objects in space. Each atom is associated with its adjacent atoms by gravitational
bonding energy and shows its presence by releasing charge-colors (figure 34-15). This
creates large objects such as stars and galaxies. The region 3 around each charged
particle is the birthplace of sub quantum energy that carries gravitational force. The
positive and negative sub quantum energy combine together to form gravitational
potential energy (figure 34-15). By comparing the ratio of electromagnetic and
gravitational forces between two electrons, we can compare well the amount of energy
of sub quantum energies ⊳, ⊲ and virtual photons, 𝛾𝛾 + , 𝛾𝛾 − .

We throw a rock with certain kinetic energy upwards, as its velocity decreases, its
kinetic energy also decreases. Upon ascending, the kinetic energy of the rock is
converted to sub quantum energy, and they are converted to charge-colors and
magnetic-colors and ordinary graviton 𝐺𝐺 − , 𝐺𝐺 + , 𝐺𝐺𝑚𝑚+ , 𝐺𝐺𝑚𝑚− , 𝐺𝐺 (such as gravitational redshift), until the rock stops at peak and falls to the ground. In the fall, first gravitons
become charge-colors and magnetic-colors 𝐺𝐺 − , 𝐺𝐺 + , 𝐺𝐺𝑚𝑚+ , 𝐺𝐺𝑚𝑚− forming sub quantum
energy. Sub quantum energy are combined to form the kinetic energy of the rock.
Eventually the rock hits the ground and gradually, loses its kinetic energy.

According to CPH theory, gravity is a flow between objects. Notice the interaction
between the earth and the moon: When a set of graviton reaches the ground, they
become 𝐺𝐺 − , 𝐺𝐺 + , 𝐺𝐺𝑚𝑚+ , 𝐺𝐺𝑚𝑚− and combine with a set of 𝐺𝐺 − , 𝐺𝐺 + , 𝐺𝐺𝑚𝑚+ , 𝐺𝐺𝑚𝑚− of the Earth to form
the binding energy between the earth and the moon. The same process happens in the
moon. This binding energy pulls the Earth and the moon together because to maintain
the equality of the number of positive and negative charge-colors, there is a constant
ratio between the mass and the number of gravitons around it. When a set of gravitons
reaches the moon, another set moves toward the Earth and pulls the moon toward the
Earth. So the Earth (in fact everything) is constantly bombarded by gravitons. Given
the fact that everything is made up of sub quantum energy, the classical notion of
acceleration and relativistic Newton's second law must be reviewed. Production and
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exchanging of gravitational energy are between two objects, are done by their
gravitational fields. Therefore, if we describe the gravitational interaction between two
or more particles, we can extend these explanations to large objects such as stars and
even galaxies.

Fig 34-15: Atom has gravitational binding energy with its surrounding atoms and is
related to space with releasing charge-color.

All of these results are due to a new approach to the concept of acceleration and
attention to the structure of fundamental particles. If we accept that photon has mass
and structure, then we don't need Higgs field anymore. Once we accept that photon
has mass, we have to redefine the acceleration, then, we can better understand and
explain the field production by particles, we can also explain the inside of black holes
and the reason for relativistic jets of supermassive black holes. The question is, how
can we explain the acceleration of the universe when we do not have a proper
understanding of acceleration? And many unanswered questions that modern physics
cannot answer....
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Chapter 35

Answering to the most complex mysteries of
physics
You cannot teach a man anything; you can only help him discover it in himself. Galileo

Introduction:
In the two previous chapters, by revising the Dirac equation and the behavior of light
in the gravitational field, it was concluded that photon is composed of positive and
negative sub quantum energy. Then the Dirac Sea was generalized to the whole
universe, everywhere in the quantum vacuum, the structure of the photon, matter,
antimatter and even quantum fields of all physical phenomena can be explained by
the properties of sub quantum energy. The first place where we can see the effect of
sub quantum energy is the structure of photon. In CPH theory, the energy of the
photon is a function of the number of sub quantum energy within it, the simple and
clear concept is that the frequency of the photon is due to the action of sub quantum
energy inside the photon. Even the strength of quantum fields depends on the number
of sub quantum energy that exists in the structure of the force carrier. If field, energy,
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and matter are made up of sub quantum energy, so, using the properties of sub
quantum energy, it should be possible to describe inside the black holes. In other
words, by using properties of ⊳, ⊲, not only can the relativistic jets of supermassive
black holes be explained, but the gravitational singularity can also be identified and
explained. It is possible to introduce a new concept of the clock and to recognize the
physical reality of time and to compare the orientation of the time arrow in different
theories. In addition, how is information exchanged between particles and what is the
physical carrier of information and how fast are they transmitted? To answer this and
many unanswered questions of physics, we must identify sub quantum energy and
analyze their individual and collective behavior in different physical conditions as
witnesses of physical events to predict the behavior of complex physical systems,
including black holes.

35-1 Gravitational singularity
Subatomic particles form atoms, and atoms form physical systems, including
molecules, small objects, stars, black holes, and galaxies. Every physical system,
including a black hole, is made up of countless sub quantum energy. The individual
properties of sub quantum energy determine the properties of the system and the
system properties, control and used the properties of sub quantum energy and perform
any possible conversion on them, but in the intrinsic properties of energy subquantum, no changes can be made. For example, the sum of the transitional and nontransitional speeds of sub quantum energy is always constant; System can only
convert transitional speed to non- transitional, but cannot increase or decrease the
amount of speed.
The system may convert energy into matter-antimatter and vice versa, but it cannot
generate energy or matter. The question is how far can black hole control the behavior
of sub quantum energy? If we separate an iron atom from the iron ore and release it
and no external force is applied to it, it moves according to Newton's first law, but the
Earth's gravitational force accelerates it, the acceleration of atom can be explained by
Newton's second law. The path of atom is controlled by gravity to fall to the ground.
Earth's gravity is caused by the gravity of the countless number of atoms accumulated
on Earth. Each of these atoms also consists of a number of sub quantum energy. The
most important difference between the Earth and black hole is in their gravitational
field intensity. A parachutist who is falling free, he feels less gravitational force on
his head than his legs. Now consider a person who is falling into a black hole (figure
35-1). The difference between the force applied to his legs and the head is very large,
the difference in gravitational force applied to his body is considerable, his height

35. Answering to the most complex mysteries of physics

841

being stretched, which to describe it, they call "spaghettification", from the word of
spaghetti.

Fig 35-1: The height of a person falling in the black hole is drawn.

The question is what happens to atoms and subatomic particles of a falling object
inside the black hole? Modern physics has no precise explanation for this, since
fundamental particles are point-like and without structure, while experiments have
shown a photon to be 4 meters long (chapter 32). Even the papers published recently,
show that while general relativity is still maintained its validity, some physicists are
looking for a more comprehensive theory that can explain inside the black hole. Since
general relativity, like Newtonian gravity, has an out-of-structure attitude toward
matter, we need a theory to explain inside the structure of matter. CPH theory has an
accurate and reasoned answer, given the structure of fundamental particles and sub
quantum energy. When an object is falling into a black hole, first the object is
stretched and then atoms are separated and decayed, because the gravitational force
applied electrons is much more than the electromagnetic force between nucleus and
electron. Subatomic particles then disintegrate and decay into sub-quantum energies,
and eventually, all non-linear speeds of sub quantum energy become linear, which we
know�𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 � > 𝑐𝑐. Any object that falls inside a supermassive black hole, its
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components decay into sub quantum energies, and they hit the surface of the black
hole with linear speed�𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 �, but what about the objects inside the supermassive black
hole?
We can't see inside the black hole, but we can examine the properties of sub
quantum energy inside the black hole and identify the properties of a large system
such as black hole and predict its future. As previously described, all particles,
including photons, are composed of a set of positive and negative sub quantum
energies. As light enters a denser medium from a dilute medium, part of the linear
speed of its sub-quantum energies becomes non-linear. Inside the black hole, the
medium is very dense, the linear speed of sub quantum energies convert to non-linear
speed, including rotating speed. Even the material inside the supermassive black hole
may become so densely that sub quantum energies only rotate around their own axis.
The two states above can be defined as two forms of sub quantum convergence and
divergence. The amount speed of SQE, 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 , is always constant, but the amount of its
transmission speed 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 and non- transmission speed 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 are not constant, and as
the SQE transmission speed decreases, its non-transmission speed increases. The
maximum of each of these values is when another value becomes zero (figure 35-2),
namely:
𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 → 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 ⇔ 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 → 0
𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 → 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 ⇔ 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 → 0

(35-1)
(35-2)

Therefore, due to the direction of the external force applies on a particle/object,
the entire non-transmission speed of its sub quantum energies (SQEs) become
transmission speed or vice versa. Now we need to define two terms sub quantum
divergence and convergence:
1- Sub Quantum Divergence: Whenever an object/particle is falling to a black
hole, and before reaching the black hole, all of the non- transmission speeds of its
constituent sub quantum energies become transmission speeds, that is, 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 → 0
means that the object/particle has involved with sub quantum divergence, meaning
that in sub quantum divergence, we will have:
Sub quantum Divergence; 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 → 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 ⇔ 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 → 0

(35-3)

2- Sub Quantum Convergence: If all transmission speeds of the SQEs of an
object/particle tend to zero, that is, 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 → 0 , we say that object/particle has
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involved with sub quantum convergence, meaning that in sub quantum convergence,
we will have:
Sub quantum Convergence: 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 → 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 ⇔ 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 → 0

(35-4)

Fig 35-2: Sub-quantum Convergence and Divergence

The cases described above are the generalization of observable experiences to
unobservable phenomena. What happens inside a black hole is not visible to an
observer on the ground. But it is up to theories to explain what laws govern inside a
black hole. In Newton's time, there was no discussion of black holes, but there was a
question that remained unanswered that day, and even today's theories cannot answer.
The question was, if all bodies attract each other, why would the universe not
collapse? If celestial bodies are confined to the stars, we can answer the above
question, because by forming a star, the radiation pressure counteracts the
gravitational pressure. The contrast between the two gravitational forces and the
internal radiation pressure is consistent with Newton's universal gravitational law and
shows that the accumulation of matter in space is limited and is determined by the
internal radiation pressure of stars. With the advancement of physics and astronomical
observations, it became clear that celestial bodies are not limited to stars, neutron stars
and black holes are also part of celestial bodies.
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Therefore, the question raised in Newton's time remains unanswered. Today the
question can be raised in a new way: Assuming the observable universe is collapsing,
is there a force of law in physics to prevent the universe from collapsing? Or is there
a force to rebuild the universe after collapsing? In modern physics, the only argument
raised in this field is the gravitational singularity. According to general relativity at
the center of black-hole, there is a singularity with zero volume and infinite density.
In other words, the curvature of space-time at this point is infinite. These infinite
quantities cause physical equations, including not only general relativity equations,
but even quantum mechanics laws have also broken down. In fact, old physics theories
are incomplete. It has long been known that Newton's law of gravity is also incapable
of explaining inside objects, meaning that Newton's laws cannot explain nuclear
fusion at the center of stars, while quantum mechanics can. The inability of general
relativity also results from explaining the effect of matter on space-time and the
behavior of matter in space-time and says nothing about the structure of matter. The
inability of quantum mechanics to explain inside the black hole is due to the
assumption that fundamental particles are point-like and without structure, and
photons are massless.
But CPH theory is based on the structure of fundamental particles and the massive
photon. Therefore, gravitational singularity can be defined in CPH theory. There are
three types of singularities in black holes:
1- Normal singularity: All black holes have singularities, in low-mass black
holes, which are commonly called normal, bodies that fall into the black hole are
pulled and then decayed, but do not undergo sub-quantum divergence. The only
common feature of a normal black hole with other black holes is that the escape
velocity in all black holes is more than the speed of light.
2- Sub-quantum divergent singularity: In supermassive black holes, any object
that falls into it undergoes the sub quantum divergence called black hole with subquantum divergent singularity. Or, briefly, divergent black holes.
3- Absolute singularity: Black holes in which there are two sub quantum
divergence and convergence properties have absolute singularities, which we call
them absolute black holes. In the absolute black hole, the falling objects undergo sub
quantum divergence; there is also sub quantum convergence in the core of black hole.
In absolute singularity, the volume is not zero and density is very high, but limited.
The density of these black holes is not infinite and their volume is not zero. In other
words, the singularity of all black holes is limited in volume and density. All sub
quantum energy in a black hole with absolute singularity undergo sub quantum
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convergence, which means that for all SQEs, the equation 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 → 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 is valid. A
black hole with absolute singularity is called an absolute black hole.
In the absolute black hole, two conditions, 1- the sub quantum divergence for
falling objects in the black hole, 2- the sub quantum convergence is established for
matter inside the black hole, and the SQEs transient velocity is close to zero, and the
absolute black hole is in critical condition. This absolute black hole feature allows us
to review the cosmological equations.

35-2 Review of Friedmann's cosmological equation
In 1917, Einstein formulated his cosmological equation assuming the radius of the
universe to be constant (chapter 21). But in 1922, Friedmann ignored the assumption
that the radius magnitude of space was constant and gave a differential equation as
follows:
��

1 𝑑𝑑𝑑𝑑 2

𝑅𝑅 𝑑𝑑𝑑𝑑
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� − 𝜋𝜋𝜋𝜋𝜋𝜋� 𝑅𝑅2 = −𝑘𝑘𝑐𝑐 2
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(35-5)

In this equation R is the radius of the universe, ρ is the density of the universe and
k is the parameter of the universe curvature, for k = 0 the universe is flat (Euclidean
geometry), k = -1 the curvature of the universe is negative (hyperbolic geometry) and
for k = +1 the curvature of the universe is positive (elliptic geometry). If we want to
examine the cosmological equations with the same old principles, assumptions, and
concepts, nothing new can be said and problems will remain. But if we pass the
quantum boundary, in sub quantum space, due to the structure of fundamental
particles, we can achieve brilliant results. In equation (35-5) the time 𝑑𝑑𝑑𝑑 is a thoughtful
quantity. This equation was written by an observer after passing the time of t and for
the observable universe. In other words, there is a presupposition, this is that the
universe started at moment t = 0.
If we go back to the beginning of the universe, we should consider time as zero in
relation to the present arrow of time. What was at the moment t = 0 after which it
reached the present observable universe? And in this observable universe c is the
speed of light (in a vacuum) and the upper limit speed in the universe. If the answer
to this question is to be obtained from general relativity, precisely the volume must
have been zero and the density infinite, but how much the speed of light was there?
Here's the problem, because, we should say, we don't know how fast the speed was at
zero moment and before, or we should impose our modern knowledge at that time and
say that at that time the speed was just the speed of light c. The fact is that through
this equation we cannot come to any shreds of evidences that can explain the universe
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before the Big Bang. But there is another way. We should try to answer the question
that remained of Newton's time with today's knowledge. If bodies are attracted to each
other, is there a limit to this attraction?
In other words, is the density of matter in a large celestial body limited? If it's not,
there is no reason for so many stars and galaxies and so on, and long ago they were
all compressed together. So we have to accept that it is limited, this limitation cannot
be determined by our imaginations, but physical laws must determine and do so.
Existing theories and astronomical observations show that the most massive celestial
bodies are black holes, and by definition, we had above, the most massive of them is
also the absolute black hole.
It has already been explained that in the absolute black hole there are two
conditions of sub quantum convergence and divergence. The interpretation of these
two conditions is that: Any object falls in the absolute black hole reaches to subquantum divergence and falls into the absolute singularity. In absolute singularity all
of sub quantum energies (in fact all of the matter) are becoming to sub-quantum
convergence condition (relation 35-4):
Sub quantum Convergence: 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 → 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 ⇔ 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 → 0

That is, the transmission speed within and at the surface of the absolute black hole
tends to zero. As the mass of absolute black hole increases, the distance between the
SQEs decreases. There are three limitations here: transmission speed, nontransmission speed, and density. Whenever the transmission speed within and at the
surface of the absolute black hole reaches zero, it means that SQEs have only nontransmission speeds.
As a result of collision, they are scattered like rotating bullets. The gravitational
law compresses SQEs and changes their direction from transmission to nontransmission and impedes their transmission motion. It has been said before that sub
quantum energies do not stick together (the principle of sub quantum energy). This is
exactly like the pressure of a gas in a capsule that causes the capsule to explode. The
gas molecules collide on one side and pressurize on the wall of the capsule on the
other. The gas molecules cannot destroy each other to make space for their movement,
but they can blow up the capsule and move in space. This is precisely the limitation
that can help us better understand the physics of black holes and the explosion of the
absolute black hole and the relativistic jets of supermassive black holes. We need to
rewrite the Friedmann equation (relation 35-5) for the moment t = 0. Given the above
explanations for t = 0, the moment of explosion is when the SQEs scatter as they
collide with each other and a chain event occurs and the absolute black hole explodes.
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At zero moment, when the SQEs are scattered by collision, the transmission speed
(and in particular the linear speed) is also zero. At such a moment there is no light as
earthly meaning, however, there are SQEs whose linear sppeds are zero. In equation
(35-5) we put zero instead of c (speed of light), because at that moment the
transmission speed is zero, so we will have:
1 𝑑𝑑𝑑𝑑 2 8
� − 𝜋𝜋𝜋𝜋𝜋𝜋� 𝑅𝑅2 = 0
𝑅𝑅 𝑑𝑑𝑑𝑑
3
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R ≠ 0 is a reasonable assumption because the assumption that the volume of matter
falling into the absolute black hole is far from reality. Then we will have:
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We take root from the above equation:
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(35-6)
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We take integrals from both sides of the above relation:
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(35-7)

For t=0 the initial radius of the universe (at the moment of explosion) is obtained
and we will have:

For the negative mode, we have:
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Equation (35-7) means that the radius of the universe was decreasing to time, given
that the distance between SQEs tended to zero and it couldn't be smaller than that, so
the absolute black hole exploded. So for positive mode, we'll have:
𝑅𝑅 = 𝑅𝑅0 𝑒𝑒

8
3

� 𝜋𝜋𝜋𝜋𝜋𝜋 𝑡𝑡

(35-8)

Equation (35-8) is an exponential function. If we apply this equation to the Big
Bang, it shows that in the early moments of the explosion, the expansion of the
universe was very fast. In addition, the cause of the Big Bang was the conflict of
Newton's second law with gravitation law, in which Newton's second law abolished
the gravitation law. The collision of SQEs to each other and the pressure on space
cannot be explained by the law of gravity, but it can by Newton's second law. Also,
the limit speed was not the speed of light in the early moments after the big bang,
because with the collision of SQEs, everything was scattered and the initial speed
could be either one of two graviton or SQE speeds.
After the critical conditions of the explosion were resolved, at first the initial speed
was, 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 , because some sub-quantum energies were still present, and the first
particles to form were SQEs, and later photons formed and the cosmological equation
shortly after the Big Bang was as follows:
1 𝑑𝑑𝑑𝑑 2

8

2
��𝑅𝑅 𝑑𝑑𝑑𝑑 � − 3 𝜋𝜋𝜋𝜋𝜋𝜋� 𝑅𝑅 2 = −𝑘𝑘𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆

(35-9)

According to CPH theory at the sub quantum level, the amount of speed is
constant; in any situation, in every space, and in every interaction, the change of nontransmission movement to transmission movement and vice versa is interpreted as
linear acceleration (positive and negative). Even the linear acceleration of the universe
(which is attributed to dark energy) is also the acceleration due to the change in nonlinear movement of particles to linear movement. Maybe the universe is still in the
aftershocks of the big bangs. In addition, there is no reason why the universe confined
to the observable universe, or the observable universe, not owe its existence to the
previous collapse. In addition, CPH theory does not say that the whole observable
universe is clearly due to the explosion of the absolute black hole, but it does indicate
that the accumulation of matter in space is limited. In recent decades, in some
published physical research, many unsolved problems arise that will remain
unanswered regardless of the internal structure of particles. Understanding the
structure of photon enables us to examine and analyze all physical phenomena from
subatomic particles to the universe in a new approach. If we accept that the universe
is made of particles seen on the Earth, then the explanation for the cause of inflation
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becomes simple. In this case, the initial speed must be the speed of graviton and the
equation (35-9) changes as follows;
1 𝑑𝑑𝑑𝑑 2
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(35-10)

It is important to note that the speed of graviton is more than the speed of light and
speed of SQE, and is fully consistent with the theory of inflation.

Fig 35-3: Relativistic jets from a supermassive black hole

35-3 Relativistic jets of super-massive black holes
Relativistic jets are beams of ionized matter that erupt at speed near the speed of light
through black holes. All supermassive black holes have the ability to swallow close
matter. Physicists know that there are massive currents of this happening: matters
accelerate and reach relativistic speeds, fall into black hole’s gravity, then part of it
escapes, while maintaining its inertia what they call "relativistic eruptions or
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relativistic jets". There are supermassive black holes in the center of most galaxies,
which are almost invisible. To show that they are in there at all, astronomers typically
have to measure the speed of gas clouds in those areas. But these objects can
sometimes exhibit their presence by producing powerful eruptions that are highly
energetic and can transcend all light emitted by the stars of the host galaxy. Scientists
know that "relativistic jets" are made up of two plasma currents that move in two
opposite directions at speeds very close to the speed of light (figure 35-3).
For the first time, the relativistic jet was discovered in the year 1918 in the M87
elliptical galaxy (the same galaxy that physicists for the first time imaged of its event
horizon in April 2019). In the 1970s, two astronomers at the University of Cambridge,
Bernie Fanaroff and Julia Riley, studied a large group of jets. They found that
relativistic jets can be divided into two categories: jets whose brightness decreases
with distance from the source, and jets whose edges become brighter. The laws
governing these cosmic jets have long been a mystery, and scientists disagree on the
details and how this event happens.
Our intuitive understanding and perception of speed, even in large laboratories, are
limited to quantum particles. There are two fundamental questions to ask: do all
particles inside the black hole (including in singularity) under extreme gravitational
pressure become so tightly compressed that they stick together? This is incompatible
with the old definition of singularity (zero volume and infinite density). Two: In
relativity, the speed of light is the maximum speed. Is the pressure of force in
singularity so that particles do not move at all? In CPH theory, the answer to both
questions is no. If adhesion existed, all matter in the universe would become a rigid
body. Then there was no movement inside it. For this reason, relativistic jet in CPH
theory can be explained. There are two things to consider when explaining it: first,
consider the stretching (remember the spaghettification) of objects when falling in the
singularity (not a singularity in general relativity, but singularity in CPH theory). The
falling object is so pulled that it becomes even thinner than hair, and the closer it gets
to the divergent sub quantum singularity, the thinner it gets. Particles within the
falling beam reach the sub quantum divergence state. Under such conditions, SQEs
move much faster than light, secondly, within the singularity of a supermassive black
hole there is sub quantum quasi-convergence; density is high and SQEs are rotating
at very low distances from each other. They are behaving like compressed gas. The
descending beam will encounter little resistance in the early moments of arrival but
gradually become more resistant. It is like inserting a needle into a thick cloth, and
the more the needle goes into cloth, the resistance of cloth becomes stronger. On the
other side of the cloth, a bulge is created, if the cloth is sufficiently thick, there will
be a situation where the cloth’s resistance impedes the needle’s movement, but the
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bulge is on the other side of the cloth. The same is true for the descending beam in
divergent sub quantum singularity which is in the supermassive black hole. In the first
moments of the beam descend, the resistance is less and gradually increases until it
rejects the beam and throws it out, even a part of the matter inside singularity is thrown
along with the descending beam. But on the other side of the divergent sub quantum
singularity, just opposite the descending site, part of the matter within singularity is
separated and thrown out (consider the bulge of the other side of the thick cloth).
Launched SQEs on both sides move faster than light and gradually combine under
gravitational forces (gravitational and electromagnetic) to form massive photons and
even fundamental particles and atoms. Some of descending SQEs and inside
singularity may even be combined when collided, and become photon or atom and
molecule and exit the black hole with relativistic jets. In this case, the outer observer
(for example, the earth observer) sees two light towers that move in the opposite
direction of each other. In this process, as part of matter inside singularity is thrown
out, part of the descending matter as the matter inside singularity is also dissipated
and absorbed into a singularity. The next case is that the descending beam may not be
so large (in terms of the amount of matter) that it can throw a relativistic jet from the
opposite side of the impact site, but part of matter, erupt only from one side.
What is important here is to put aside the old definition and incorrect assumptions
and accept that matter and energy (photon) have intrinsic motions in addition to their
motion in space. In addition to external interaction, they also have intra-structural
interaction. The singularity of black holes cannot alter the properties of particles, they
can only impose the collective behavior of particles to some extent on the individual
behavior of particles, so as not to conflict with the conservation laws, in particular the
conservation law of velocity value, by which the velocity of the particles forming the
universe is constant and can only be transformed from transient to non-transient and
vice versa. The singularity of black holes cannot alter the properties of particles, they
can only impose the collective behavior of particles to some extent on the individual
behavior of particles, so as not to conflict with the conservation laws, in particular the
conservation law of the amount speed, by which the amount speed of the particles
forming the universe is constant and can only be converted from transmission to nontransmission and vice versa. The second law is the conservation law of mass-energy,
which is not violated under any circumstances. The only thing to keep in mind is that
the conservation law of mass-energy is derived from the conservation law of amount
speed. Matter and energy are formed of the same particles, but with different linear
amount speed, and the rest of the amount speed is reserved within particles.
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35-4 Sub quantum thermodynamics
Quantum thermodynamics is the study of the relationship between two independent
physical theories, thermodynamics, and quantum mechanics. The uncertainty relation
between energy and temperature was first proposed by Bohr. But due to sub quantum
energy, it is possible to revise the laws of thermodynamics and entropy without using
the uncertainty principle. In the definition of sub quantum energy, we see that energy
and matter are made up of sub quantum energy, and the most important difference
between matter and energy is in the difference of their transmission speed. Also, the
sum of the amounts transmission and non-transmission speed of sub quantum energy
is constant.
It can be shown that the temperature T of a system is a function of the transmission
speed of its constituent SQEs. That is, with the conversion of the SQEs' nontransmission speed of a system to transmission speed, the temperature of system
increases, and vice versa, with the conversion of the SQEs' transmission speed of
system to non-transmission speed, the temperature of the system decreases.
Considering the flames of flaring gas, the exothermic process can easily be explained
by converting the SQEs' non-transmission speed to the transmission speed. Because
of the ignition of the gas, a number of SQEs of gas molecules are released -converted
to energy- and move at the speed of light.
That is, the quantity we introduce as energy or heat is the same matter that moves
at the transmission speed c in inertial frame, and matter is nothing but energy that
always moves at speed v <c. The amount of v can be changed relative to an inertial
frame between zero and c, that is 𝑜𝑜 ≤ 𝑣𝑣 ≤ 𝑐𝑐, and for v = c, matter is converted to
energy.
The atoms of a system are not static and particles are constantly affected by each other.
As the molecules move or oscillate around each other, the electromagnetic fields
around particles do work on each other and affect the direction of each other's motion.
Therefore, the subatomic particles of the system are continuously accelerated by each
other, returning to the previous state and emitting electromagnetic waves. The amount
and intensity of radiation in objects is a function of the speed or oscillation of charged
particles in the system. Thermal energy radiation causes the system to lose its internal
energy and the system gradually cools down because some of linear momentum of
particles by the SQEs leaving the system causes to reduce the transmission speed of
molecules.
Therefore, each thermodynamic system radiates thermal energy and the intensity of
radiation depends on its temperature. But from the perspective of CPH theory, the
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SQEs' transmission speed of atoms and molecules of a gas is higher than that of cold
gas. In the 20th century, scientists realized that released energy from nuclear fusion
reactions is the source of light and heat. That is the most important process that causes
heat radiation in nature is nuclear fusion in stars. The star can be considered as a
thermodynamic system of gas that gravity holds its components together. The
gravitational pressure on the one hand, and the gas pressure and radiation caused by
nuclear fusion inside the stars, on the other hand, always act in opposition to each
other. Radiation can be considered as a negative work that a system does on itself.
The Earth's cooling at night is due to the negative work the Earth does on itself. When
the mass of a celestial body is increased sufficiently, the atoms reach high velocities
and combine with each other by collision, nuclear fusion is beginning, releasing large
amounts of energy and making the system hotter and hotter. Here, too, the system
does a negative work on itself, which is done by converting matter to energy.

35-4-1 Inherent power of a physical systems
Given that each system radiates heat continuously, an internal work function can be
defined as W=W (T) for any physical system which is a function of system’s
temperature (SQEs' transmission speed of particles within the system). The higher the
temperature of the system, the more negative work it does on itself and the more the
system release heat and its temperature constantly decrease. The work is done by the
system on itself is called the inherent power of the system and is represented by P.
The inherent power of any physical system is always negative on itself, but it is
positive to the environment. That is, any system radiates to the environment and
transmits heat, even if the system is colder than the environment. It is better to define
the inherent power of the system in relation to the environment to simplify the
description and explanation of thermodynamic systems. For the environment, each
system has an inherent or positive thermodynamic power, P > 0, which is defined as
follows:
𝑃𝑃 =

𝑑𝑑𝑑𝑑(𝑇𝑇)
𝑑𝑑𝑑𝑑

= 𝑘𝑘𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆

(35-11)

In which 𝑃𝑃 > 0 is the inherent power of the system and k is a natural number
indicating how many SQEs leave the system relative to time. According to the workenergy theorem, each system loses energy in the ratio, 𝑑𝑑𝑑𝑑/𝑑𝑑𝑑𝑑, and the kinetic energy
of molecules of the system is reduced, according to that. So wherever we talk about
the system's inherent power, it means the ability to transfer heat from system to
environment. Real systems are not isolated and exchange SQEs with other systems,
the inherent power of real systems never reaches zero.
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If we denote the number of input SQEs of system, with k1 and the number of
output with k 2 , k = k 2 − k1 is the algebraic sum of the input and output SQEs to the
system. If k> 0, the system's inherent power is reduced and the system is cooling, such
as a pan removed from oven. If k <0, the power of the system is increasing, such as a
heating pan on oven. When k = 0, the two systems are in thermal equilibrium. For an
isolated system always: p1 > p2 where p1 is the primary power of system and p2 is
its secondary power, each isolated system only radiates and its power decreases. If the
observable universe is not in equilibrium with another universe, it is an isolated
system. But other systems, such as Earth's bodies, the Earth itself, and even the stars
of the system, are not really isolated because the universe itself has a radiation called
Cosmic Background Radiation. It has a temperature of about 2.725 ° K. Even the
scattered atoms and molecules in the universe get energy from space, and their
inherent power does not reach zero.

35-4-2 System thermodynamic ground state
Whenever the inherent power of a system reaches zero, that system is in a
thermodynamic ground state. In other words, any system that cannot radiate into the
environment is in the thermodynamic ground state. Using sub quantum energy, the
thermodynamic ground state can be defined.

Fig 35-4: Speed and temperature of the systems
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Consider a container containing gas at temperature, 𝑇𝑇1 , and the gas molecules
moving at average velocityv1 . Now we heat the gas to its temperature reach, 𝑇𝑇2 . In
this case, the average speed of the molecules reaches, v2 . The kinetic energy of each
gas molecules is equal to the sum of the energy of its constituent particles. That is,
electrons, protons, etc., become more energetic with increasing temperature. Now
instead of heating the gas, we somehow take its heat, that is, we cool the gas. The key
question is how much can we cool the gas so that the system's inherent power (gas
here) reaches zero, that is, it does not radiate at all? If the system does not radiate at
all, we say that the system is in the thermodynamic ground state. In the
thermodynamic ground state, the inherent power of the system is zero 𝑃𝑃 = 0 (figure
35-4).

35-4-3 The laws of thermodynamics and sub quantum energy
Here the laws of thermodynamics are defined by the use of sub quantum energy.

The first law of sub quantum thermodynamics
Any system with inherent power 𝑃𝑃 > 0 performs a positive work on the environment.
To maintain or increase the internal energy of system, the system must be energized
by power P', such that 𝑃𝑃′ ≥ 𝑃𝑃.
The second law of sub quantum thermodynamics
There is no real process that can isolate a certain number of systems in nature. Just as
a real system cannot be isolated, two (or more) systems cannot be isolated, so as to
maintain constant the inherent power of the sum of these systems. In other words,
there is no real physical process that causes the inherent power P of one (or more)
physical system to be one-sided.

The third law of sub quantum thermodynamics
There is no physical process that can take a system to the thermodynamic ground state
in a real environment.
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Sub quantum entropy
The entropy of a system is equal to the positive work the system performs on the
environment and causes energy radiates with power P> 0 from system to environment.
The higher the inherent power of the system, the greater its entropy. So if we denote
the entropy of the system with ΔS, we will have:
ΔS = P

(35-12)

If we accept the positive work of a system on the environment as a principle that
is fully consistent with experience, then all the laws of thermodynamics can be easily
obtained using it, and it will be easier to explain and interpret thermodynamic events.

35-5 Physical nature of time
Time is one of the most complex concepts that have always occupied the human mind.
Many scientists and philosophers have tried to identify and explain its nature. But no
definition even physical definition has been given of time, and it is still one of the
undefined scientific quantities. With simple thinking of the time, it is an arrow from
past to future that goes on from eternity to perpetuity. This is precisely the simplified
form of absolute time in Newtonian physics. In equations and calculations of classical
physics, time was an absolute quantity. Whether or not time is really absolute, was
not much of consideration. There were also debates at that time that is not very
significant today. Since there was no physical experience incompatible with the
absolute time. But after the Michelson-Morley experiment and formulation of
Lorentz's transformations, and especially with the emergence of relativity, the
synchronization of two identical clocks was challenged at different speeds and the
physical nature of time was questioned more than ever.
Although relativity has spoken of the time dilation and proper time, in relativity
also, only the rate of a clock is the subject of interest. Consider, for example, the
definition of proper time in general relativity: "Proper time is the time is measured by
an observer moving in space-time by his clock. Proper time is very important in
general relativity, because it allows the observer to measure the effects of time
expansion in different situations and in different paths it takes in space-time".
Basically, in relativity, there is no discussion of the physical nature of time. The
discussion of the nature of time, after philosophy, was raised in quantum mechanics,
because quantum mechanics drives laboratory experiences from surface to depth. In
quantum mechanics, both empirically and conceptually, time is explored. Quantum
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mechanics claims that photons do not experience the passing time. The photon travels
through space billions of light-years and when it enters optical instruments on Earth,
it behaves like photons that were produced momentarily on Earth and in the
laboratory. In other words, is photon, which in the sense of quantum mechanics does
not experience time, moves in space but is motionless on the time axis?
"It would be nice if we could find a good definition of time", says Feynman.
Although, essentially the nature of time has been and is debated, do we really have
anything else for the time than the clock and its tick? "Time is what happens, when
nothing else happens", says Feynman. If it doesn't happen, then it's not something that
makes it happen. When it's not, what's the time that happens? So it seems that
Feynman's recent statement is a philosophical explanation (not a definition) of time,
not even a physical explanation. Although Feynman was one of the greatest physicists
of the 20th century, these Feynman's quotes about time cannot be physically debated,
since physics is an empirical science. So we have to see what theories and experiments
say about time. In chapters 5 and 32, different approaches to time were discussed. The
emphasis here is on theories and experiments to better understand the physical nature
of time.
To better understanding, the physical nature of time -review of the physical
properties of particles and the interactions between them - may be helpful. The
question is, what is the physical nature of time? Which particles do not experience
time? Are there such particles? If so, what are their features?
We only see the clock in physics, and what was most desired was beyond the clock.
Is there time in physics, independent of the clock? Is it possible to describe time
without a clock? Often used to introducing clock as a tool that shows the passage of
time, is there anything else beyond this simple definition of the clock? This ambiguity
stems from the idea that all clocks are not synchronized and their lifespan is
remarkably different, and it is probably this ambiguity that has caused the man to seek
an eternal clock, a clock that works regularly and independently of all physical events,
and will work regularly forever.

35-5-1 Common definition of clock
A clock is a tool in which the repetition of a specific event is observed or revealed.
Earth is a clock because it constantly shows the sunrise and sunset. The human heart
is also a clock because its beat is a repetitive event. But some clocks are more regular
than others. In comparison, the earth is more regular clock than the heart, because,
with running or illness, your heartbeat changes. So the Earth and the heart cannot be
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considered as two harmonic clocks, because sometimes two sunrises happen with x
numbers and sometimes with y numbers of the heartbeat. Of course, it may be said
that this defect is not from the heart, it is from the earth which is irregular to the heart,
but we have other clocks to compare with, for example, the hourglass. We can make
an hourglass and show that it is in harmony with the earth’ clock, but it is not in
harmony with the heart, and again make a mechanical clock and compare it with the
heart and the earth and show that the drawback is in the heart clock. So some clocks
are more regular than others, and the most known regular clock is the atomic clock.
Is there a particular physical relationship between time and its repetitive event,
which reflects the passage of time? Since in physics we cannot look for non-physical
communication, then this relationship should be identified if it exists by examining
physical phenomena. In general, matter (or energy) is intertwined with space, motion,
and time, and cannot be separated from one another, making a physical being visible
to us. Our visualization or mental image of a physical being is one thing and its
physical reality is another. If the two (visualization and physical reality) were the
same, we wouldn't need to research and think, and everything about the reality of a
physical being would be clear to us, but it's not. Our knowledge of physical creatures
that have been the result of centuries of continuous effort has brought us to modern
physics. In modern physics, we have three attitudes about time. One is based on
relativity, the other is based on the development of quantum mechanics and the third
is on the thermodynamic. In all three attitudes, space, matter (or energy), and motion
are inherent properties of a physical being, but this is not the same for time with
meaningful differences.
Can time be separated from physical being? To answer this question let us compare
time dilation in special and general relativity. In special relativity, the moving clock
works slower than the stationary clock. What does moving clock in special relativity
mean? It means that the clock that moves in inertial frame A at constant speed v is
slower than when it was stationary in the same frame. We conclude from this
argument that if the transmission speed of the clock increases, it will work slower.
This experience can also be compared with photons, photon moves at a transmission
speed equal to the speed of light c, and due to the emphasis of quantum mechanics, it
does not experience time. According to general relativity, the clock that is in stronger
gravitational field works slower than the clock that is in the weaker gravitational field.
So far, we have two theories that can set time in relation to the physical conditions of
a system (or body). But we have another theory that relies on experience rather than
theoretical, and its laws are empirically based, and that is thermodynamics. In
thermodynamics, entropy is also known as the time arrow. If the obvious universe is
considered to be an isolated system, from the moment of the Big Bang up to now its
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disorder has been increasing. For this reason, the entropy of the universe can be used
as a time arrow. So far, we have four empirical examples of physical time; in special
relativity, the time has relation with speed, in general relativity, time affected by the
intensity of gravity, in quantum mechanics it is claimed that time does not exist in
quantum scale and in thermodynamics entropy is measurable with the time arrow.
Now let's see how we can describe these four physical realities using sub quantum
energies SQEs. In quantum mechanics, we are faced with other amazing realities. For
example, quantum entanglement is an old and mysterious phenomenon. In the
phenomenon of quantum entanglement, some particles, such as photons and electrons,
can interact "once" with each other, but even after separation, this effect is present,
and by changing one's quantum state, quantum state of the other also changes. This is
what led Einstein to call it "spooky behavior of distance", as changes in one place
immediately occurred in another. How can this event be explained? This event, unlike
the thermodynamic time axis, happens from the perspective of CPH theory outside
the dimension of time, and it is something beyond time dilation. Now the question is,
where does the problem arise from these different perceptions of physical events and
the incompatibility of theories together?
Is nature mysterious and unrecognizable? The reality is elsewhere, the fact is that
the laws of nature and the physical behavior of physical beings have always been as
they are now. Only our knowledge and understanding have developed and our gaze
has penetrated from the surface to the deep. To better understand and explain these
different events and opinions, we must penetrate deeper into nature and distance from
the appearance of events. That is, we have to pass the boundary of the observable
universe (the speed of light), and as we pass, we also have to go beyond quantum
scales to study and analyze processes at sub quantum scales which relativity and
quantum mechanics is incapable of describing them.
Relativity and quantum mechanics work well at quantum scales and at high velocities
close to the speed of light, but fail to explain beyond that. The problems of modern
physics are also due to the fact that these theories have stopped at the boundary
between the speed of light and faster than light and on quantum scales. But physical
realities such as vacuum energy and virtual photons showed that the speed of light
and visible particles is not the end of physical spaces.

35-5-2 Fields Entanglement
Let's take a look at the gravitational blue-shift; when photon falls in a gravitational
field, its energy and frequency increase. Regardless of atmosphere and due to the
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structure of the photon, at the gravitational blue-shift, three fields are intertwined
together; the gravitational field made of the graviton, the virtual field comprising
virtual photons and the electromagnetic field that contain real photons. Each of these
fields has its own space that can be described as follows:
1- Real space-time; in real space-time, everything moves at speed v ≤ 𝑐𝑐 . In real
space-time, the speed of light is the highest speed.

2- Virtual or SQE space-time; Virtual particles and their physical properties in
virtual space-time can be explained without using the uncertainty principle. In virtual
space-time, the limit speed is the speed of SQE such that: 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 ≥ 𝑐𝑐 . Virtual spacetime products are virtual photons. By combining two positive and negative virtual
photons, a real photon is produced that is visible in real space-time.
3- Non-Obvious space (NOS); in non-obvious space, anything including graviton
is not directly detectable and visible, but it can only be explained through the effects
of graviton including the gravitational effect and conversion of gravitational potential
energy to electromagnetic energy. The products of this space are sub quantum energy,
in fact, the graviton is converted to sub quantum energy, and the virtual photon is
made up of sub quantum energy, and by the combination of positive and negative
virtual photons, the real photon is created, such that:

|𝑉𝑉𝐺𝐺 | > �𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 � > |𝛾𝛾𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 | > |𝑐𝑐 |

Our physical observations, imaginations, and experiences are limited to the
observable universe or real space-time because we and our instruments belong to the
real space-time and obey its rules. For this reason, we cannot observe or detect virtual
beings, but we can see their effects. World-lines of real photon and virtual photon in
Minkowski space-time, in the boundaries of real space-time in which photon moves
at the speed of light c in vacuum, intersect with each other, and it is the boundary
where the vacuum energy is produced and revealed.
Also in the boundary of Minkowski space-time, electromagnetism and gravity are
unified together. We consider a tiny slice in the structure of the photon and its
surroundings in a vacuum and examine its mechanism in the boundary of Minkowski
space-time. In this tiny slice, real and virtual space-times and non-obvious space are
involved (figure 35-5).
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Fig 35-5: In a tiny slice of space, photon, virtual photon and graviton are intertwined
with each other.

It is noteworthy that these spaces are indistinguishable from one another, they are
intertwined. Every little piece of space is a combination of these three. The interaction
between these spaces causes the production and annihilation of detectable particles.

35-6 Minkowski formula and SQE
Here we focus on the speed and momentum of real and virtual photons. So we use
lightlike distances given by the equation 𝑐𝑐 2 𝑡𝑡 2 = 𝑟𝑟 2 𝑜𝑜𝑜𝑜 𝑆𝑆 2 = 0. The world-line of
particles in real and virtual space-time and non-obvious space relative to the inertial
frame (x, y, z, t) in Minkowski space-time can be written as follows (figure 35-6):
Euclidean space: r 2 = x 2 + y 2 + z 2

(35-13)

Space-time in SR or Minkowski: 𝑆𝑆 2 = r 2 − (x 2 + y 2 + z 2 )
S: distance that light travels

S 2 > 0 , timelike

(35-15)

S 2 < 0, spacelike

(35-17)

S 2 = 0, lightlike

(35-16)

In CPH theory, graviton moves faster than anything and we have:
|𝑉𝑉𝐺𝐺 | > �𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 � > |𝛾𝛾𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 | > |𝑐𝑐|

(35-18)

(35-14)
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But in special relativity, the speed of light c is limit speed, and nothing can move
faster than light. For this reason, relativity is limited to observations. When Einstein
used "spooky action" to misrepresent quantum mechanics, he argued that moving
faster than light was not possible, which was later called quantum entanglement, and
Einstein's idea was rejected in experiment. But in CPH theory, limit speed is the speed
of graviton (relation 35-18), so we must define space-time (S, t) in order to explain
virtual space-time and non-obvious space (figure 35-7). Therefore, Minkowski spacetime equation can be generalized as follows:

𝑆𝑆 2 = 𝑉𝑉𝐺𝐺2 𝑡𝑡 2 − (x2 + y2 + z2 )

(35-19)

Fig 35-6: Minkowski space-time

1- Real space-time: The boundary of real space-time is the speed of light c and
the linear speed in the observable universe or real space-time is limited to the amounts
obtained from the relation 0 ≤ 𝑣𝑣 ≤ 𝑐𝑐. In real space-time, limit speed is also the speed
of light. A photon does not experience time until it has not involved the interaction
and moves in a vacuum at the speed of light because its energy is constant, but as it
involves interaction, its energy changes. For example, photon loses energy in either
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Compton Effect or gravitational red-shift. Photon cannot escape from black hole,
because they lose all their energy and end their lives. For photon we have:
(x 2 + y 2 + z 2 ) = 𝑐𝑐 2 𝑡𝑡 2

(35-20)

For other particles/objects moving in real space-time with velocity v <c, time
exists, it may be slow for some particles (for example, the proton half-life is 1032
years), but all experience time. In real space-time, all physical systems including
humans, molecules, stars ... are a thermodynamic system, and for them the time
direction is from past to future, for real space-time we have:
(x 2 + y 2 + z 2 ) = v 2 𝑡𝑡 2 , v ≤ c

(35-21)

Fig 35-7: The world-line of particles in Minkowski diagram

2- Virtual space-time: The speed of light c is the boundary of real and virtual
space-time. The limit speed in virtual space-time is the speed of sub quantum energy
𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 . Virtual particles and sub quantum energy like real photon experience time. Sub
quantum energy are born of a combination of charge-colors and magnetic-colors, and
when they decay into charge-colors and magnetic-colors end their lives. For virtual
space-time, we have:
2
𝑥𝑥 2 + 𝑦𝑦 2 + 𝑧𝑧 2 = 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆
𝑡𝑡 2

(35-22)
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�𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 � > �𝑉𝑉𝛾𝛾+ � = �𝑉𝑉𝛾𝛾− � > �𝑉𝑉𝛾𝛾 �

(35-23)

In Equation (35-22) when the linear speed of SQE is equal 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑐𝑐, virtual
particle (sub quantum energy) appears in real space-time that is indirectly detectable
(in the structure of photon) because it increases the frequency of photon. A virtual
photon is created and born from the combination of a number of positive or negative
sub quantum energy and when it decays into SQEs, it reaches its end of life. When
𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 < 𝑐𝑐 , SQE is part of quantum particles such as electrons.

3- Non-obvious space (NOS); There is only graviton in non-obvious space.
Charge-colors and magnetic-colors are the same in terms of speed and energy. That's
mean:

|𝑉𝑉𝐺𝐺 | = |𝑉𝑉𝐺𝐺+ | = |𝑉𝑉𝐺𝐺− | = �𝑉𝑉𝐺𝐺𝑚𝑚
+ � = �𝑉𝑉𝐺𝐺 − �
𝑚𝑚

(35-24)

Graviton never decays, neither create, nor destroys, so it does not experience time.
In fact, time does not exist in the non-obvious universe. It also has no thermodynamic
properties, meaning it lacks the arrow of time and everything happens at the same
time from the point of view of the gravitons.
After graviton, sub quantum energy has an important and unique role in nature,
because, virtual photons, photons, fermions, and bosons are all made of a number of
sub quantum energy. Understanding the physical properties of sub quantum energy
enables us to understand and explain all physical phenomena. Without the knowledge
of sub quantum energy, vacuum fluctuations, the structure of fundamental particles,
the generation mechanism of quantum fields, the interaction of fundamental forces
and so on, and the singularity of black holes cannot be explained.

35-7 Quantum information and quantum entanglement
In physics, information is transmitted by physical beings. There are two helium atoms
in a box, one is ionized and the other is neutral. A free electron enters the box. It
interacts with both atoms through gravitational force. But it absorbs a virtual photon
from the ionized atom and accelerates toward it. The direction of the virtual photon
determines the direction of electron acceleration. In general, each particle/body
releases its own information in space. One of these methods is quantum fields such as
gravitational field and electric field caused by particle or body. Another method is
system entropy. You enter a hall on a cold winter's day, there is a heater on the left
and a window on the right. This is the information you decide to go on which side.
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One of the tools we use to understand the atomic structure of elements is the Pauli
Exclusion Principle. Before the atomic structure of matter was accepted, even before
Pauli presented his principle of exclusion, there were not, nowhere in the universe,
two electrons with four identical quantum numbers n, l, 𝑚𝑚𝑙𝑙 , 𝑚𝑚𝑠𝑠 in one atom. We still
do not know precisely when an ionized atom is ready to absorb an electron, how the
electron is absorbed so as not to violate the Pauli Exclusion Principle. In other words,
we do not know how information is transmitted between atoms and electrons in the
environment so that precisely the electron moves to the ionized atom that is absorbable
and that the Pauli Exclusion Principle is not violated. Man is not the creator of
information and its role in nature, but discoverer is the one who is still incomplete and
in need of development. Information is intertwined with all the components of nature.
One of these transmitters of information is gravity, or more precisely, gravitons. In
quantum mechanics, we are facing with other amazing realities. For example,
quantum entanglement is an old and mysterious phenomenon. In the phenomenon of
quantum entanglement some particles, such as photons and electrons, can interact
"once" with each other, but even after separation, this effect is maintained and by
changing the quantum state of one, the quantum state of the other also changes
(figure 35-8).

Fig 35-8: Quantum Entanglement

According to quantum mechanics, this question arises: is quantum entanglement
caused by a physical being between particles? Or non-physical? If it is non-physical
then it is out of place in physics and many phenomena can be attributed to nonphysical factors. If it is physical, what is this physical being? We know that all
particles participate in gravitational interaction. Thus, the only universal connection
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between everything is gravity (in fact graviton). Relativity and quantum mechanics
are usually tested separately, their basic principles rarely been examined together. For
this reason, there is suspicion that quantum entanglement is a strange quantum nature
or geometrical nature of space-time. In fact, gravitons, as well as charge-colors and
magnetic-colors, carry information, which for an actual observer moves at infinite
speed.
All particles exchange gravitons (and charge-color) that move faster than light.
When the two particles A and B are in a quantum entanglement state, by separation,
a current of graviton or charge-color exchange occurs between them. When a chargecolor reaches particle A from particle B, particle A reacts, the same reaction does from
particle B, so that they maintain their entanglement. Also, entropy is a system of
information expansion. A star radiates because of its inherent power, allowing us to
see its physical existence and properties. Information about stars can also be
transmitted through photons. Thus, we can understand, or directly observe its
existence and properties by the photon. Or we can detect the existence and its electric
charge, by the virtual photon emitted by an electron. These revelations are related to
the obvious universe, but information about the existence and properties of
fundamental particles is also released by gravitons at a speed higher than the speed of
light. As we know, the following elements are not visible to us:
+
−
𝑉𝑉𝐺𝐺 , 𝑉𝑉𝐺𝐺+ , 𝑉𝑉𝐺𝐺− , 𝐺𝐺𝑚𝑚
, 𝐺𝐺𝑚𝑚
> 𝑐𝑐

(35-25)

Therefore, quantum entanglement can be explained in non-obvious space and not
limited to two particles, but it can be generalized to a large number of particles.
Because gravity is a flow of exchange of gravitons or charge-colors, charge-colors
carry all the necessary information from the source. In fact, gravity is not just a force,
but a network and a flow between particles to keep them together, even though they
were very far apart.

35-8 The last word
More than a century has passed since Einstein first spoke in a lecture on the
importance of quantum gravity (chapter 25). In the lecture in 1916, he stated:
"Because of the intra-atomic movement of electrons, the atom must radiate not only
electromagnetic but also gravitational energy, if only in minute amounts. Since, in
reality, this cannot be the case in nature, then it appears that the quantum theory must
modify not only Maxwell's electrodynamics but also the new theory of gravitation”.
Since then, all attempts to formulate quantum gravity have failed. What is the reason
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for this unsuccessful widespread worldwide effort? The fact is that physics has not
been able to refine its basic concepts with all its remarkable advances. The founders
of the standard model of fundamental particles, such as Sheldon Glashow and Abdul
Salam, did not consider gravity to be part of three electromagnetic, weak and strong
nuclear forces, so gravity did not fit into the standard model. Because they did not
believe (or did not have empirical evidence) that the fourth and weakest force in nature
had any effect on subatomic interactions.
The weakness and universal nature of gravitational force have made gravitational
effects manifest on a large scale and be the most important and influential force on
the cosmic scale. Throughout history, no force as large as gravity has been the subject
of scientific research and understanding. Einstein was the first to take a different
approach to gravity and in general relativity, he proposed gravitational effects as the
geometrical properties of space-time. However, while not long before general
relativity was presented, he tried to draw the attention of scientists to the fact that
"atom also radiates gravitational energy at the moment of electromagnetic radiation".
Einstein was right and perhaps this Einstein’ statement should be stated more
precisely; in CPH theory, a fundamental particle responds to gravitational interaction
sooner than electromagnetic interaction. This characteristic of gravitational
interaction is due to the fact that a fundamental particle must do more work to respond
to electromagnetic interaction than to respond to gravitational interaction. And that
depends on the birthplace of fundamental forces, the closer the birthplace of action to
mother particle, the greater the power of action. To formulate quantum gravity,
research into distant spaces and even into space-time, would not obtain the expected
result, as yet it has not resulted. It is best to consider Einstein's suggestion and analyze
the gravitational interaction in a relationship with electromagnetic radiation. This is
exactly what has been done in CPH theory.
To explore quantum gravity, we have several ways, to explain vacuum fluctuations
directly without using the Heisenberg uncertainty principle and define the properties
of gravitons that are compatible with the production of virtual particles. Another way
is to explain the gravitational blue-shift of a photon so that the work is done by gravity
on photon can explain the properties of graviton. Another way is to extend the Dirac
equation and the sea from electromagnetism to gravity. The other is to define the
mechanism of graviton exchange between particles so that it could explain the
conversion of gravitational potential energy into the kinetic energy of objects. All of
these ways will yield the same result and reveal the real properties of graviton.
In order to prove that quantum mechanics is incomplete, Einstein extracted and
proposed a problem from the physical concept of uncertainty principle which was
later called quantum entanglement. Although Einstein did not achieve his expected
result, he did uncover a hidden physical reality which today can be thought of for its
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universal application. If we extend the quantum entanglement to the universe, there is
a massive flow of information transfer and global temperature regulation at the lowest
energy levels in space. There is a connection beyond the speed of light through the
exchange of graviton between distant points of the universe, which makes the
temperature of the universe even. If we go beyond the speed of light, in virtual spacetime, where relativity does not work, then we can identify and explain the origin of
inflation.
Understanding the reality of virtual space-time and accepting the fact that photons
have mass and structure, can be a wonderful way to solve the problems of physics.
We can explain the mechanism of field production by particles and, instead of
unification of forces, pursue a more detailed understanding of the strong interaction
and the relationship between fundamental forces with each other. Another problem
with modern physics is dark energy that existing theories, classical mechanics,
relativity and quantum mechanics cannot explain why the universe is accelerating and
therefore, use the term dark for it. When in physics, the physical nature of acceleration
is not defined with respect to the structure of fundamental particles, and yet the same
classical concept of acceleration, which belongs to Newton's time, is used, how do we
expect to explain new and macro cosmological phenomena? In order to solve the
problems of modern physics, new and innovative ways must be sought. The new
definition of acceleration, derived from combining the three theories of classical
mechanics, quantum mechanics, and relativity, in addition to helping us understand
the acceleration of the universe, opens a new window to our thought to a deeper
understanding of physical world.
One of the cosmological questions is, do black holes explode? The answer to this
question cannot be found outside the black hole, it must found from inside the black
holes. The proposition that super-massive black holes have relativistic jets and
existing theories cannot respond to it, carries two messages; first, that our old
conception and cosmological equations are incomplete and cannot explain the
structure of black hole.
Second, if supermassive black hole has a relativistic jet, that is, the relativistic jet
is a kind of explosion. So we need to develop our knowledge toward matter and the
structure of matter, so that we can better understand inside the black holes, then we
can both explain the reason for relativistic jet and we can also explain that a black
hole in what conditions will explode. And many more... .
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ﻋﻠﻤﯽ

ﻫﺎﻧﺲ راﯾﺸﻨﺒﺎخ

ﻣﻮﺳﯽ اﮐﺮﻣﯽ

ﺳﺮﮔﺬﺷﺖ ﻋﻠﻢ

ﺟﻮرج ﺳﺎرﺗﻦ

اﺣﻤﺪ ﺑﯿﺮﺷﮏ

ﻋﻠﻤﯽ و
ﻓﺮﻫﻨﮕﯽ

35

ﭘﻮزﯾﺘﯿﻮﯾﺴﻢ
ﻣﻨﻄﻘﯽ

ﻋﻠﻤﯽ و
ﻓﺮﻫﻨﮕﯽ

اﺧﺘﺮ رﺟﺒﯽ

37

ﻧﮕﺎﻫﯽ ﺑﻪ ﻓﯿﺰﯾﮏ

ل .ﺗﺎراﺳﻮ -آ .ﺗﺎراﺳﻮا

ﻣﺮﮐﺰ ﻧﺸﺮ
داﻧﺸﮕﺎﻫﯽ

39

آﺷﻨﺎﯾﯽ ﺑﺎ ﻧﺴﺒﯿﺖ
ﺧﺎص

راﺑﺮت رزﻧﯿﮏ

41

ﻣﻨﻄﻖ اﮐﺘﺸﺎﻓﺎت
ﻋﻠﻤﯽ

36

38

40

ﺗﺮﻣﻮدﯾﻨﺎﻣﯿﮏ و
ﻋﺎﻟﻢ
ﮐﻮاﻧﺘﻮم و
ﭼﺎﻟﺸﻬﺎي آن

ﻣﺎﺗﺮﯾﺴﻬﺎ و
ﺗﺎﻧﺴﻮرﻫﺎ در
ﻓﯿﺰﯾﮏ

ﺑﻬﺎءاﻟﺪﯾﻦ ﺧﺮﻣﺸﺎﻫﯽ
ﻣﺎرﺗﯿﻦ ﮔﻠﺪﺷﺘﺎﯾﻦ ،اﯾﻨﮕﻪ
ﮔﻠﺪﺷﺘﺎﯾﻦ
ﺟﻮرج ﮔﺮﯾﻨﺸﺘﺎﯾﻦ ،آرﺗﻮر ﺟﯽ.
اﯾﻮﻧﮏ

ﻋﻠﻤﯽ و
ﻓﺮﻫﻨﮕﯽ

ﻋﻠﯽ ﻣﻌﺼﻮﻣﯽ

ﻧﺸﺮ ﮔﺴﺘﺮه

دﮐﺘﺮ اﮐﺒﺮ ﺗﻘﯽ ﭘﻮر

ﻣﺮﮐﺰ ﻧﺸﺮ
داﻧﺸﮕﺎﻫﯽ

ا .و .ﺟﻮﺷﯽ

ﺳﺎﻻر ﺑﺎﻫﺮ
ﻋﻠﯽ ﺛﺎﻣﺮي ﭘﻮر

ﻣﺮﮐﺰ ﻧﺸﺮ
داﻧﺸﮕﺎﻫﯽ

ﮐﺎرل رﯾﻤﻮﻧﺪ ﭘﻮﭘﺮ

ﺳﯿﺪ ﺣﺴﯿﻦ ﮐﻤﺎﻟﯽ

اﻧﺘﺸﺎرات ﻋﻠﻤﯽ
و ﻓﺮﻫﻨﮕﯽ

ﺟﻌﻔﺮ ﮔﻮدرزي

ﻣﺮﮐﺰ ﻧﺸﺮ
داﻧﺸﮕﺎﻫﯽ
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