SPECTRUM TRANSFORMERS IN SPACE AND ON
EARTH
(published in the magazine "Engineer" No. 3, 2011)
Every Hunter Wants To Know Where The Pheasant Sits
Mnemonic rule for rainbow colors

From childhood, this proverb-rule teaches us to think about the unity of all the
colors of the rainbow, about their smooth, consistent change when shifting along the
scale of the light spectrum. At school we learn that not only different colors, but in
general all types of electromagnetic radiation (including radio, terahertz, infrared,
optical, ultraviolet, X-ray and gamma ranges) are all the same light, electromagnetic
waves, differing only in frequency oscillations and wavelength (Fig. 1). But, even
realizing the single nature of these radiations, physicists, not understanding the
mechanics of the movement of light and its structure, have not yet learned how to
effectively transform light from one range to another, smoothly adjusting the radiation
wavelength and frequency of the source in the entire range of electromagnetic waves.
And the need for this is huge, because each range has to make its own, specific
generators, and some ranges, say terahertz, are very poorly mastered.

Fig. 1. Frequency scale of electromagnetic wave transformation of light into other ranges when
the frequency of light vibrations changes, like mechanical transmission that changes the speed.

Already thanks to nonlinear optics, physicists realized that, instead of bulky
generators of each frequency, it is easier to have a compact laser source and a
transformer of its radiation spectrum at hand, similar to using voltage transformers
(instead of a set of different sources) and using gearboxes, variators, speed boxes on a
car (instead of a set of different engines). A smooth or stepwise (at times) change in
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the frequency of light in nonlinear media is carried out through the generation of
optical harmonics, parametric effects, stimulated Raman scattering, self-phase
modulation and other nonlinear effects. With the advent of ultrashort pulse lasers, a
much stronger conversion of optical radiation, say, into X-ray (attosecond pulses) and
terahertz ranges has been carried out [1, 2]. These methods have their own specifics
and limitations, and the conversion is low efficiency. Therefore, we will propose a
new, universal method for transforming the spectrum of optical radiation into any
other range of electromagnetic waves from gamma to radio radiation.
In optics, a method for shifting the spectrum according to the Doppler effect
has long been discovered, which changes the frequency f of light according to the law
f'= f/(1+Vr/C), where Vr is the radial velocity of the source, C is the speed of light. In
theory, the effect is capable of converting visible light to any frequency range: you
just need to give the source or mirror the required speed Vr. So, back in 1900 A.A.
Belopolsky, forcing the light to repeatedly reflect from the rotating mirrors fixed on
the gear wheels, was the first in practice to transform the frequency of light by the
Doppler effect (Fig. 2), and I. Stark caused a shift in the frequency of spectral lines
emitted by a stream of hydrogen atoms [3, 4] ... But in practice, the frequency shift is
usually negligible, due to the low speed of the sources Vr in comparison with the
speed of light C. Only by using powerful accelerators that accelerate electrons to light
speeds, it was possible to transform laser light scattered by electrons (reflected by an
"electron mirror") into X-rays and gamma -beams [1]. But, because of the losses for
acceleration and synchrotron radiation of electrons, the transformation efficiency is
low, and the installations themselves are expensive, complex and cumbersome.

Fig. 2. Doppler light frequency transformers: a) Belopolsky gearbox; b) setting Stark on channel
beams; c) conversion of laser pulses in gamma rays when reflected by an "electronic mirror".
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Fortunately, the Doppler effect is not the only way to shift the spectrum due to
the movement of the source. In 1908, Walter Ritz predicted on the basis of the
ballistic theory of light the so-called Ritz effect, according to which the frequency of
light is influenced, in addition to speed, by the acceleration of the source [5].
According to the ballistic principle, a moving source additionally imparts its speed to
the light emanating from the source in the form of a stream of microparticles (rheons
carrying out the transfer of electrical effects), just as the moving weapon additionally
gives its speed to the fired projectiles. Therefore, if the source is accelerating towards
the receiver, then the light waves and their wave fronts (coming with a stream of
rheons, as if parallel ranks of soldiers in a column) acquire ever greater velocities at
the moments of emission and catch up with each other as they move, reducing the
wavelength and increasing the frequency coming to the observer. If the acceleration of
the source is directed away from the receiver, then the crests of the waves diverge,
increasing the wavelength and decreasing the frequency. The classical kinematics
immediately implies the law of the wavelength λ'=λ(1+Lar/C2) and the light frequency
f'=С/λ'=f/(1+Lar/C2), found by Ritz, which Ritz found, where ar is the radial
acceleration of the source, L is the path traveled by the light. Since the denominator is
the square of the speed of light C2, the effect is usually even less noticeable than the
Doppler one. On the other hand, for a strong frequency transformation in the Ritz
effect, not light speeds are needed, but only large accelerations or distances.
Therefore, sometimes it is he who significantly transforms the frequency and
wavelength.
Ritz's idea of light as a stream of freely flying particles ejected by a source of
light, electrical or magnetic influences has very deep roots, going back to ancient
atomists who skillfully combined this corpuscular model of light with a wave one.
According to the idea of Democritus, luminiferous particles move in periodic, rapidly
replacing film waves, like a chain of bullets in a queue from a machine gun, or
circular waves of drops from a spinning water cannon for watering grass (Fig. 3). It is
not for nothing that the founders of the optical science of the East and West, Alhazen
and Kepler, also considered light to be a stream of particles escaping from a source at
great speed. This ancient idea of the emission of luminiferous particles, revived by
Galileo, Gassendi and Newton, flourished not only during the 17th-18th centuries, but
also in Ancient India, Greece and Rome, where for centuries the luminous principles
of Canada, Democritus, Epicurus and Lucretius, forgotten in dark middle ages. The
mechanics of scattering rays of light by sources, like throwing projectiles-spears, and
the very electrical nature of light was close and understandable to our ancestors, who
considered Indra-Zeus-Perun to be the supreme deity, throwing the light of lightning.
It is no coincidence that on the signs of domestic radio operators and signal troops,
just like on ancient Roman shields, periodically jagged, wavy lightning is knocked
out, emitted by a charge and depicting the rapid flight of radio waves, light (Fig. 3.c,
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d). But, despite such an ancient history of ballistic ideas about light and their
experimental confirmation, scientists do not recognize the elementary carriers of
electromagnetic influences - rheon particles emitted by lamps, magnets and charges.
That is why the Ritz effect is still not used in physics.

Fig. 3. Spiraling spray from the spinning water jet serve as a model of rheons R, flying spheres
light waves from a rotating electron. Reflection of free flight of light waves on emblems.

But back in the 1920s. La Rosa and Zurhellen showed that the Ritz effect
would clearly manifest itself in space in binary stars, whose accelerated orbital motion
would cause periodic shifts in the spectrum due to giant cosmic distances L. Cyclic
changes in the radial acceleration ar of stars should shift the spectrum to red or blue
side (fig. 4). And such a cyclical shift of the spectral maximum λ'max= λmax(1+Lar/C2)
was actually discovered in Cepheids, which, however, was interpreted according to
Wien's law of displacement Тcλ'max=b as fluctuations of their temperature Тc, contrary
to the opinion of A. Belopolsky, who discovered these spectrum variations and saw
their cause in the motion of the components of a binary star in orbit. The Ritz effect
λ'=λ(1+Lar/C2) implied the law of redshift in the spectra of the Sun, stars and galaxies
λ'=λ(1+LH/C) [6, 7]. Spinning galaxies are prime examples of cosmic spectrum
transformers, frequency reducers of light into the red region. We encounter an even
more powerful transformation of the spectrum in the case of radio galaxies, which,
according to the hypothesis of S.P. Maslikov, are simple optical galaxies, but with
radiation shifted to the radio range. For a long time, it was believed that the radio
emission of these objects cannot be explained by the thermal radiation of stars,
because the intensity of the radio emission is much higher than that required by
Planck's law. In addition, Planck's law predicted an increase in the intensity of radio
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emission as its frequency increased (Jeans's law), and observations revealed a
decrease in intensity.

Fig. 4. The movement of a star in orbit around another star leads by the Ritz effect to
fluctuations in the apparent brightness and color of Cepheids, which was misinterpreted by
Wien's Law as variations in their temperature.

Therefore V.L. Ginzburg and others have proposed complex nonthermal
mechanisms for the generation of radio emission by objects such as radio galaxies,
quasars, and pulsars, such as synchrotron. This mechanism, based on the rotation of
relativistic electrons in strong magnetic fields, looks far-fetched and is responsible
only for the weak radio emission from planets and stars. On the other hand, all the
features of powerful radio emission can be easily explained by the Ritz effect, which
shifts the maximum thermal radiation of stars from optics to the radio range (as if near
bodies of low temperature), in which the main energy of the star is perceived (Fig. 5).
Then, the falling branch of the Planck spectrum will also fall into the radio range, and
the radio emission spectrum will have to be described not by Jeans' law, but by Wien's
law, which gives a decrease in radiation intensity with increasing frequency, as in
cosmic radio sources. It is not for nothing that the appearance of the spectrum of
pulsars and other bright radio-emitting objects is very similar to the radiation
spectrum of a body with an extremely low temperature and a maximum that is
strongly shifted to the low-frequency region. Therefore, at frequencies f <100 MHz,
where the "cutoff" of the pulsar spectrum begins, the ascending branch of the Planck
spectrum, described by Jeans's law S~f 2, becomes visible, because pulsars in this
range give a spectrum of the form S~f -α, where the spectral index α=-2 [6].
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Fig. 5. Transformation of the optical spectrum of stars (dashed line) into radio emission by the
Ritz effect explains the spectrum of radio galaxies, quasars, pulsars.

And if the Ritz effect shifts the spectral maximum of the star to the highfrequency region, then the radiation in the X-ray and gamma ranges will greatly
increase, as if a body with a giant color temperature Tc. Thus, the spectrum of X-ray
bursts of bursters is identical to the radiation spectrum of a body with an
inconceivably high equivalent temperature Tc≈7·107 K [6]. Probably, this temperature
Tc, found from Wien's displacement law Tc=b/λmax, is just an illusion from the Ritz
effect λ'=λ(1+Lar/C2), which reduced the wavelength and increased the frequency f of
the thermal radiation of the star by 103–104 times with a temperature T≈104 K. The
effect also converted the radiation from optics (f = 1015 Hz) to X-rays (f = 1018–1019
Hz), proportionally squeezing the wavelength λmax of the spectral maximum and
increasing the calculated temperature Tc thousands of times (Fig. 6) ... However, even
these bursts of bursters are being interpreted as a manifestation of synchrotron and
bremsstrahlung of electrons. But, since the stars flying in orbit themselves generate
such a spectrum, which explains the recurrence of flares and their enormous energy
(this is the energy of the thermal radiation of the star), then why attract superfast
electrons that have come from nowhere, spinning in incomprehensibly how the
superstrong magnetic fields of stars have arisen?

Fig. 6. Transformation of the optical spectrum of stars (dashed line) into X-ray and gamma
radiation by the Ritz effect explains the spectrum of bursters, X-ray pulsars, etc.
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Likewise, X-ray pulsars are, probably, simple stars, transforming light into
other ranges in the course of orbital rotation according to the Ritz effect. That is why
the spectrum of X-ray pulsars is similar to the emission spectrum of a simple star, but
with a maximum shifted to the blue region [6]. Therefore, the peaks (gyrolines) in the
continuous X-ray spectrum of pulsars are caused not by the synchrotron emission of
electrons, but by the Ritz effect, which shifts the optical emission lines of atoms into
the X-ray range. That is, bursters and X-ray pulsars brilliantly confirm Ritz's theory.
And other sources of powerful non-optical radiation, including supernova explosions
and black holes, are apparently ordinary stars with a transformed spectrum. It is not
for nothing that many sources of non-optical ranges (pulsars, busters, supernovae,
"black holes") have long been identified with simple optical stars. It turns out that
nature has long created effective converters of optical radiation into other ranges.
Ritz's theory predicts all these sources, as well as their characteristics, as a direct
consequence of the dependence of the speed of light on the speed of the source, that
is, as a consequence of Galileo's transformations. They transform the frequency and
intensity of light, being applied to orbiting stars and planets, which play the same role
as rotating gear wheels in planetary gears that transform the frequency and force of
rotation. Under terrestrial conditions, because of the small distances L, it is much
more difficult to detect the Ritz effect. But even in this case, the effect was recorded
by the Mössbauer effect, say, in the experiment of Bömmel and in experiments with
rotating discs [4, 7].
So, space and terrestrial observations confirm the Ritz effect. But the
possibilities of using this effect for frequency transformation in terrestrial conditions,
it would seem, are even more limited than that of the Doppler effect. Indeed, for a
noticeable effect in the formula f'=f/(1+Lar/C2), the value of Lar/C2 should be of the
order of ±1, that is, at laboratory distances L≈1 m, acceleration ar=C2/L≈1017 m/s2 is
needed. Light-emitting devices cannot move with such acceleration, but it is easy to
give it to electrons, atoms and other microparticles, which can either be light sources
themselves, or serve as re-emitting centers (as in the case of an "electron mirror", Fig.
2.c). So, in the field E, the acceleration of the electron a=Ee/m (e/m=1.76·1011 C/kg the specific charge of the electron) will reach the required value already at E≈106
V/m. For ions, this value is thousands of times higher: E≈109 V/m. Such field
strengths, and even orders of magnitude greater, are easily achievable [1, 2]. This
means that in terrestrial laboratories it is quite possible to build spectrum transformers
similar to space ones [5, 8].
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Fig. 7. Optical transformer converts laser light of frequency f into light of frequency f', due to
scattering by electrons e, accelerated by the field E.

In fact, such a transformer is a balloon evacuated to an ultrahigh vacuum, into
which the radiation of a pulsed laser is fed, which must be converted (Fig. 7). Through
a transparent electrode (as in liquid crystal screens), radiation enters the capacitor and
exits through a hole in the other electrode. Between the electrodes, a focused laser
beam is re-emitted by a beam of ions or electrons, accelerated by a field E≈106-109
V/m. Further, the optical radiation is converted according to the Ritz effect, freely
flying in a vacuum, the path L≈1 m to the re-emitting plate (it levels the difference in
the speed of light rays, completing its transformation), and leaves the balloon
converted into radio, terahertz, IR, UV, X-ray or gamma range, depending on the
magnitude and direction of the field. The frequency of the output radiation can be
smoothly tuned by changing the value of the field E and the span L, by shifting the
plate with a micrometer feed screw drive. Since the particles do not need to be
accelerated to V≈C, and the field can be applied in a pulsed mode, synchronizing with
laser pulses, it is possible to efficiently convert optical radiation to another range with
high efficiency. Indeed, during the time of the laser pulse, even at ar≈1017 m/s2, the
particles will not have time to accelerate strongly: almost no energy is spent on their
acceleration.
In such an optical analogue of mechanical transmission, which increases or
decreases the frequency, the role of teeth and gears is played by movable
microparticles, electrons or atoms. This universal generator, which resembles a
tunable laser (such as a Raman laser, a parametric laser, or a dye laser [2]), will be
able to produce coherent radiation of any range (Fig. 1). That is, the way has been
opened to create microwave, terahertz, IR, UV, X-ray and gamma lasers needed in
medicine, military equipment, research and diagnostic equipment. For this, the
radiation should no longer be focused, but let it into the balloon with a parallel beam,
possibly even with wavefront correction, and then transform it into the same parallel
beam, but with a different wavelength.
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An electric field in a capacitor that accelerates electrons can be created
without high-voltage generators if voltage is applied to the electrodes in short pulses,
synchronously with laser pulses. Therefore, it is possible to use compact highfrequency voltage transformers, spark gaps, etc. High fields E can also be obtained by
miniaturizing the electrodes. So, near the tip with a radius of curvature r of the order
of a micron (10–6 m), the field strength E~U/r reaches values of E~106 V/m already at
a voltage of U=1 V. That is, the frequency transformer can operate on a simple battery
if focus the laser light exactly in front of the tip surrounded by electrons. The tip itself
can serve as an effective source of electrons due to field and cold emission.
However, the electrical part of the transformer and the cost of its power
supply can be completely eliminated if atoms and other microparticles are accelerated
by the pressure of light from the side of the focused laser beam onto individual
electrons, atoms or nanoparticles suspended in the laser beam (in a light trap). Indeed,
even when focusing continuous laser radiation with a power of 1 W onto a micronsized ball, it will receive an acceleration of about 107 m/s2 [2]. Therefore, if we apply
picosecond laser pulses (with a duration of about 10–12 s), where, due to the
concentration of light in time, peak radiation powers reach up to 1012 W [1], then
radiation directed to smaller particles (electrons, atoms and nanoparticles ), it will be
able to tell them the required acceleration of 1017 m/s2. Then the laser light will
simultaneously generate particles (due to photoelectron or ion emission [1, 2]),
accelerate them, and due to re-emission by them, transform according to the Ritz
effect into other ranges. Interestingly, the effect of concentration in time (temporal
focusing) also works in the Ritz transformer. It further compresses the pulse duration
according to the Ritz effect, due to which low-energy optical radiation is converted
into high-frequency X-rays: the energy in the pulse is conserved, but its duration
decreases, and the power increases.
It is interesting that a similar transformer was developed back in 1950 by
academician S.I. Vavilov (pioneer of nonlinear optics), just having in mind the test of
ballistic theory. He proposed modulating the ion beam velocity by fast recharging
(rapid changes in the accelerating field) and observing whether the nonlinear
transformations of the spectrum and phase of light oscillations predicted by Ritz
would occur [9]. However, Vavilov's sudden death in 1951, shortly before his 60th
birthday, prevented him from building the installation. His student A.M. BonchBruevich, who had to modify the experimental design in such a way that not only
could the effects of the BTR predicted by Vavilov not be observed, but the ballistic
theory itself could not be verified. Now that technology has made great strides
forward, Vavilov's experiment would be highly desirable, especially given the need
for efficient frequency transformers. And it is possible that such radiation
transformers have long been working where electrons and ions move with huge
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accelerations (in lightning discharges, in attosecond pulse generators, synchrotrons),
but the X-ray and gamma radiation generated in this case is interpreted as synchrotron
or bremsstrahlung of electrons.
So, the general mechanical basis of the movements of light and microparticles
opens up tremendous opportunities in terms of the transformation of light energy. It is
not for nothing that the ballistic model of light and the unity of radiation of different
frequencies have been instilled in us from childhood with an allegorical rule for
memorizing the colors of the rainbow spectrum: "Every Hunter Wants to Know
Where the Pheasant Sits". This ballistic analogy goes back many millennia: even in
the ancient Indian epic "Ramayana", the rainbow was called "the seven-colored
thunder bow", that is, Indra's hunting or fighting bow. The bow served him, as well as
the Slavic Gromovnik-Perun and the ancient Zeus, for throwing lightning arrows,
used in the emblems of Roman legionaries and Russian signal troops. Thus, ballistic,
rifle analogy and light arrows link together the past and the future, mechanics and
optics, optical and radio emission. Therefore, the single mechanical basis discovered
by Ritz, the interconnection of all types of energies, all types of interactions and
radiation, will make it possible to advance far in their knowledge and practical
application by converting some energies into others.
S. Semikov
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