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Abstract: The velocity of balls with mass depends on the velocity of their source. The
kinematics of balls with mass is the same in the inertial and fixed frames. Practical
examples indicate that the kinematics of massless balls is the same in the inertial and fixed
frames like that of balls with mass. Comparing photons or wavefronts of light to massless
balls, it was concluded that the kinematics of the light is the same in the inertial and fixed
frames like that of massless balls and balls with mass. Experiments aimed to prove the
motion of Earth and the observation of stars have to be and are consistent with the result
of this study that the velocity of light depends on the velocity of its source.
Keywords: kinematic of balls with mass, massless balls, and photons; elastic collision
wall-ball; emission, propagation, and reflection of light; the velocity of light; MichelsonMorley experiment; observation of stars

1. Introduction
Section 2 presents the resemblance of the emission, propagation, and reflection of
photons or wavefronts of light in an inertial frame with that of massless balls and balls
with mass. Section 3 addresses the reflection of light when the source is at rest in a fixed
frame with the mirror in motion. Section 4 approaches the observation of stars when the
observer is at rest in a fixed frame.
As per the notations used in this study, points marked by a letter without an index
correspond to the points as seen by an observer in the inertial frame. Points marked by a
letter with an index are instances of inertial frame points in the fixed frame. Points with
the same index belong to the same instance, not necessarily in time-sequential order.
This study considers that all physical phenomena take place in a vacuum.

2. Emission, propagation, and reflection of light in inertial frames
This section discusses four quantities with their SI base units followed by the
emission, propagation, and reflection of balls with mass and massless balls for different
examples. Then, the kinematics of massless balls is applied to light.
Page 1 of 15

The phenomenon of emission, propagation, and reflection of the balls and light are
described in the fixed frame and then how they are observed in the inertial frame.
Force
Force(𝐹) = mass(𝑀) × acceleration(𝑎),
Force is defined as a vector quantity.
Work or Energy
Work(𝑊) ≡ Energy(𝐸) = 𝐹 × distance(𝑑),
Work is defined as a scalar quantity.

[Kg m/s 2 ].

[(Kg m/s2 ) m = Kg m2 /s2 ].

Momentum
Momentum(𝑃) = 𝑀 × velocity(𝑣),
[Kg m/s].
Momentum is defined as a vector quantity.
The energy 𝐸 consumed to bring an object with a mass 𝑀 from rest to a velocity 𝑣 is
transferred to the moving object in form of momentum 𝑃 = 𝑀 × 𝑣. Momentum can be
defined as energy 𝐸𝑃 consumed to bring the object with mass 𝑀 from rest to the unit of
speed of 1 m/s.
𝑃 = 𝐸𝑃 = 𝐸/𝑣,
[(Kg m2 /s 2 )/(m/s) = Kg m/s].
The momentum 𝑃 = 𝑀 × 𝑣 is the equation of a line with the slope 𝑀 and the speed
1
variable 𝑣. The integral of 𝑃 from zero to 𝑣 yields the energy 𝐸 = 2 𝑀𝑣 2 .
Inertia
Inertia is the resistance of an object to any change in its state. Inertia is defined as the
resistance force or inertial force 𝐹i that opposes the force 𝐹 that changes the state of the
object. Therefore,
Inertia(𝐼) ≡ 𝐹i = 𝐹 = 𝑀 × 𝑎,
[Kg m/s 2 ].
Inertia 𝐼 or the inertial force 𝐹i is a vector quantity like the force 𝐹, but in the opposite
direction.

2.1. Example 1 - Ball brought from rest to a velocity 𝒗 by applying a force
The state of a ball can be changed by applying a force (Example 1) or by applying a
momentum (Example 2).
A force 𝐹 is applied to an object (in mechanics the objects have mass) by a vehicle that
is the carrier of the force. The carrier of the force 𝐹 has to consume an energy 𝐸 to move
the object and energy for its motion that is ignored here.
A force 𝐹 applied to a ball with a mass 𝑀 moves the ball from rest to a constant
speed 𝑣. The force 𝐹 creates mechanical work or energy 𝐸 consumed for this motion
which is stored in the ball in the form of momentum 𝑃 = 𝑀 × 𝑣.
While the speed of the ball with mass 𝑀 increases from zero at speed 𝑣, the inertial
force 𝐹i acts with the same magnitude in the opposite direction to the force 𝐹; the energy 𝐸
is consumed to overcome the force 𝐹i . It appears that forces 𝐹 and 𝐹i neutralize each other
and the carrier pushes the ball of mass 𝑀 like a massless ball with no force other than 𝐹,
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therefore, without any other energy consumption than 𝐸. At speed 𝑣, the force 𝐹 stops
and the ball continues to travel with the speed 𝑣.
If the mass of the ball decreases towards zero, when the force 𝐹 is no longer applied,
the ball continues to travels at speed 𝑣. At the limit, when the mass of the ball is zero or
massless, the carrier pushes the massless ball from rest to the speed 𝑣 without any force,
therefore without any energy consumption. When the carrier stops, the massless ball
travels at velocity 𝑣 as the ball with mass, but with no momentum.

2.2. Example 2 - Ball brought from rest to a velocity 𝒗𝒆 by applying a momentum
A wall travels perpendicular to its motion with the velocity 𝑣𝑤 and hits a ball with
mass. The wall has a mass greater than the mass of the ball. At the instance of the elastic
collision, the wall transfers energy to the ball in the form of momentum. The wall travels
in the same direction with a speed less than 𝑣𝑤 and the ball gets an instant emitted
speed 𝑣𝑒 < 𝑣𝑤 in the same direction with the wall movement. The speed 𝑣𝑒 increases
toward 𝑣𝑤 as the mass of the ball decreases. At the limit, when the mass of the ball is zero,
the massless ball gets, at the instance of the collision, the instant speed 𝑣𝑤 . The massless
ball has no inertia and the wall continues to travel undisturbed after collision with
velocity 𝑣𝑤 . There is no energy transfer from the wall to the massless ball. The wall and
ball may travel touching each other, but independently of each other; if the wall stops,
the ball continues to travels with velocity 𝑣𝑒 .

2.3. Example 3 - Emission, propagation, and reflection of a ball
This example combines examples 1 and 2 to fully describe the emission of a ball from
a moving source and then proceeds with the kinematics of ball propagation and reflection
either with mass or massless.
A structure, with a balls source S and a rigid wall W, at rest in a fixed frame, but which
can move with velocity 𝑣, is illustrated in Figure 1.
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Figure 1. The ball observed in the fixed frame with the structure at rest.
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When the structure is at rest, the source emits a ball, by applying a momentum to it,
with the emitted velocity 𝑣𝑒 , from point 𝐴 of the source toward point 𝐵 of the rigid wall.
After the elastic collision at 𝐵, the ball travels to point 𝐶 with the reflected velocity 𝑣𝑟 ; the
speed 𝑣𝑟 = 𝑣𝑒 .
Now, the structure, with the source and rigid wall, is brought from rest to velocity 𝑣.
The propagation velocity of the ball 𝑣𝑝𝑠 has two components: the emitted velocity 𝑣𝑒
and the source velocity 𝑣 as illustrated in Figure 2.
The time in which the ball travels from 𝐴1 to 𝐵2 with the velocity 𝑣𝑝𝑠 , the source travels
from 𝐴1 to 𝐴2 and the wall from 𝐵1 to 𝐵2 with the velocity 𝑣.
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Figure 2. The ball observed in the fixed frame with the structure at velocity 𝑣.
Velocity 𝑣𝑒 has the same direction 𝐴𝐵 in the fixed frame as in the inertial frame of the
structure. Velocity 𝑣𝑒 has the direction 𝐴𝐵 at any instance between 𝐴1 and 𝐴2 .
At the same time, the ball travels the path 𝐴1 𝐵2 with the velocity 𝑣𝑝𝑠 with respect to 𝐴1
and the path 𝐴2 𝐵2 with the velocity 𝑣𝑒 with respect to the source. An observer sees the
ball traveling two paths with different speeds. The path 𝐴2 𝐵2 is seen in the inertial frame.
At 𝐵2, the point of collision, the wall and the ball have the same velocity 𝑣 so they are
at relative rest to each other. The velocity 𝑣 of the ball is undisturbed and continues to
drag the ball in the same direction. The wall reacts only to the velocity 𝑣𝑒 of the ball and
reflects the ball in the direction 𝐵2 𝐶2 with the speed 𝑣𝑟 = 𝑣𝑒 .
The time in which the ball travels from 𝐵2 to 𝐶3 with the velocity 𝑣𝑝𝑟 , the wall travels
from 𝐵2 to 𝐵3 and 𝐶 from 𝐶2 to 𝐶3 with the velocity 𝑣.
Velocity 𝑣𝑟 has the same direction 𝐵𝐶 in the fixed frame as in the inertial frame of the
structure. Velocity 𝑣𝑟 has the direction 𝐵𝐶 at any instance between 𝐵2 and 𝐵3.
At the same time, the ball travels the path 𝐵2 𝐶3 with the velocity 𝑣𝑝𝑟 with respect to 𝐵2
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and the path 𝐵3 𝐶3 with the velocity 𝑣𝑟 with respect to the mirror. An observer sees the
ball traveling two paths with different speeds. The path 𝐵3 𝐶3 is seen in the inertial frame.
The emission, propagation, and reflection of the ball, massless or with mass, are
observed in the inertial frame of the structure as in the fixed frame of Figure 1.

2.4. Example 4 - Emission, reflection, and propagation of light
In Figure 1, when the structure is at rest, the massless ball is replaced with a photon
or a wavefront of light, the ball source with a source of light 𝑆, the wall with a mirror 𝑀,
and the velocities 𝑣𝑒 and 𝑣𝑟 with 𝑐𝑒 and 𝑐𝑟 , respectively. The speed 𝑐𝑒 = 𝑐𝑟 = 𝑐, where 𝑐 is
the speed of light from a source at rest in the fixed frame; the light has the wavelength 𝜆.
The illustration of Figure 1 can be substituted with that of Figure 3.
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Figure 3. The ray observed in the fixed frame with the structure at rest.
In Figure 2 when the structure is moving with velocity 𝑣, velocities 𝑣𝑝𝑠 and 𝑣𝑝𝑟 are
replaced with velocities 𝑐𝑝𝑠 and 𝑐𝑝𝑟 , respectively. The illustration of Figure 2 can be
replaced with that of Figure 4.
The motion of a photon or a wavefront of light is similar to the ball presented in Figure
2. Differently from a ball or a photon or a wavefront of light, the light is emitted
continuously, therefore it is observed as a ray.
The velocity 𝑣 changes the path of a photon or a wavefront from 𝐴1 𝐵1 to 𝐴1 𝐵2 and
from 𝐵2 𝐶2 to 𝐵2 𝐶3, but does not change its emitted direction 𝐴𝐵 or its reflected
direction 𝐵𝐶.
Velocities 𝑐𝑝𝑠 and 𝑐𝑝𝑟 increase/decrease the speed and wavelength of light, but the
velocity 𝑣 decrease/increase the speed and wavelength of light with the same ratio.
In the fixed frame, the emitted ray travels in the direction 𝐴𝐵 with the velocity 𝑐 and
wavelength 𝜆, at any instance between 𝐴1 and 𝐴2 , while the velocity 𝑣 drags the ray. In
the inertial frame of the structure, an observer sees the ray traveling in the direction 𝐴𝐵,
with the velocity 𝑐 and wavelength 𝜆.
In the fixed frame, the reflected ray travels in the direction 𝐵𝐶 with the velocity 𝑐 and
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wavelength 𝜆, at any instance between 𝐵2 and 𝐵3, while the velocity 𝑣 drags the ray. In
the inertial frame, an observer sees the ray traveling in the direction 𝐵𝐶, with the
velocity 𝑐 and wavelength 𝜆.
In conclusion, the emission, propagation, and reflection of the light are observed in
the inertial frame of the structure as in the fixed frame of Figure 3.
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Figure 4. The ray observed in the fixed frame with the structure at velocity 𝑣.
A local observer at 𝐵2 sees the ray traveling in the direction of 𝑐𝑒 = 𝑐, not 𝑐𝑝𝑠 , with
wavelength 𝜆. If the observer knows the time 𝑡𝑒 the wavefront of light travels from 𝐴1
to 𝐵2, the observer can locate point 𝐴2 at its actual position. A local observer at 𝐶3 sees the
ray traveling in the direction of 𝑐𝑟 = 𝑐, not 𝑐𝑝𝑟 , with wavelength 𝜆. If the observer knows
the time 𝑡𝑟 the wavefront of light travels from 𝐵2 to 𝐶3 , the observer can locate point 𝐵3 at
its actual position. These observations help in Section 4.
A particular case is when the light travels in the same direction with velocity 𝑣 as
depicted in Figure 5.
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Figure 5. The ray observed in the fixed and inertial frame for a particular case.
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In the fixed frame of Figure 5(a), the velocity 𝑐𝑝𝑠 = 𝑐 + 𝑣 has the tendency to increase
the speed of light and its wavelength, but the velocity 𝑣 has the opposite tendency with
the same ratio. The ray travels the distance 𝐴2 𝐵2 with the speed 𝑐 and wavelength 𝜆, not
with 𝑐𝑝𝑠 = 𝑐 + 𝑣 as the wavefront reflected at 𝐴1 , and variable wavelength, while the
source travels the distance 𝐴1 𝐴2 with the speed 𝑣.
In the inertial frame as in Figure 5(b), the ray of light travels the distance 𝐴𝐵 with the
speed 𝑐 and wavelength 𝜆.

2.5. Discussions
Examples 1 and 2 conclude that the kinematics of massless balls is the same in the
inertial and fixed frames like that of balls with mass. Dynamically, the kinematics of balls
with mass is caused by the action of a force or a momentum, while the kinematics of
massless balls occurs by no force or momentum.
Kinematically, a photon behaves like a massless ball with respect to the velocity of its
source. The propagation velocity of a photon has the electromagnetic velocity
component 𝑐𝑒 = 𝑐 and when its source moves it also has the mechanical velocity
component 𝑣 of its source.
When the source of light and the mirror are at rest in an inertial frame, the emission,
propagation, and reflection of light behave as when the source of light and the mirror are
at rest in a fixed frame.
The light has the speed 𝑐 and wavelength 𝜆 in any fixed and inertial frame in which
its source and the mirror are at rest in that frame. Because of this, the experiments with
terrestrial sources have to have the same result as in a fixed frame. The result of the
experiments that look for speeds of 𝑐 ± 𝑣 and/or variable wavelength in an inertial frame,
and in particular the Michelson-Morley experiment [1, 2], are consistent with this study.

3. Reflection of the light when a source is at rest and a mirror in motion
3.1. Reflection of light when its velocity has an opposite direction to the velocity of
the mirror
Figure 6 depicts the initial position of a mirror 𝑀 at rest in an inertial frame that is
moving with velocity 𝑣. A coherent source 𝑆 at rest in a fixed frame emits parallel rays of
light with velocity 𝑐 perpendicular to the mirror, in the opposite direction of velocity 𝑣 of
the inertial frame. This section derives the speed of a reflected wavefront of light in a
fixed frame, not the speed of light as a ray in a fixed or inertial frame.
A wavefront of light from the source collides with the mirror at point 𝐴1 . The relative
speed of the wavefront with respect to the mirror is also the speed of the incident
wavefront to the mirror in the inertial frame 𝑐ii = 𝑐 + 𝑣mi = 𝑐 + 𝑣 where 𝑣mi = 𝑣 is the
speed of the mirror in the opposite direction of the incident rays.
The speed of the reflected wavefront of light in the inertial frame 𝑐ri as a kinematic
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phenomenon is equal to the speed of the incident wavefront of light 𝑐ii , 𝑐ri = 𝑐ii = 𝑐 +
𝑣mi = 𝑐 + 𝑣.
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Figure 6. Reflection of light when the velocity of light from the source has an
opposite direction to the velocity of the inertial frame.
Figure 6 shows the velocity vectors 𝑣, 𝑐, 𝑐𝑟𝑖 , and 𝑐𝑟𝑓 existing at the point of
collision 𝐴1 . The velocity 𝑣 and the velocity of the reflected wavefront in the fixed
frame 𝑐𝑟𝑓 are also represented by vectors 𝐴1 𝐵1 and 𝐴1 𝐶1 , respectively.
In time 𝑡 = 1𝑠 from the instance of the collision, in the fixed frame, the wavefront of
light travels the path 𝐴1 𝐶1 with velocity 𝑐𝑟𝑓 and the mirror the distance 𝐴1 𝐴2 with
speed 𝑣mr = 𝑣; point 𝐴2 coincides with 𝐵1 and 𝑣mr = 𝑣 is the speed of the mirror along
the direction of the reflected wavefront. In the inertial frame, the reflected wavefront
travels the distance 𝐴2 𝐶1 with speed 𝑐𝑟𝑖 = 𝑐 + 𝑣mi = 𝑐 + 𝑣.
The distance 𝐴1 𝐶1 = 𝐴1 𝐴2 + 𝐴2 𝐶1 ⇒ 𝑐𝑟𝑓 𝑡 = 𝑣mr 𝑡 + 𝑐𝑟𝑖 𝑡 ⇒ 𝑐𝑟𝑓 = 𝑐𝑟𝑖 + 𝑣mr = 𝑐 +
𝑣mi + 𝑣mr = 𝑐 + 𝑣 + 𝑣 = 𝑐 + 2𝑣.

3.2. Reflection of light for the general case
Figure 7 shows the general case when the direction of velocities 𝑣mi and 𝑣mr make
angles 𝑎 and 𝑏, respectively, with the direction of velocity 𝑣. Points 𝐴1 , 𝐴2 , 𝐵1 , 𝐶1 , 𝐷1 ,
and 𝐷2 are instances in the fixed frame of points 𝐴, 𝐵, 𝐶, and 𝐷 from the inertial frame of
the mirror; 𝑇, 𝑈, and 𝑉 are points belonging to the source in the fixed frame.
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Figure 7. Reflection of light for the general case.

Figure 7 displays all velocity vectors present at the instant point of collision 𝐴1 ; the
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velocities 𝑣 and 𝑐𝑟𝑓 are also illustrated by vectors 𝐴1 𝐵1 and 𝐴1 𝐶1, respectively. The
speed 𝑣mi = 𝑣 cos 𝑎 , 𝑣mr = 𝑣 cos 𝑏, and formula 𝑐𝑟𝑓 = 𝑐 + 𝑣mi + 𝑣mr = 𝑐 + 𝑣 cos 𝑎 +
𝑣 cos 𝑏 that is applicable for any angle 𝑎 and 𝑏.
After one second from the instance of the collision, the wavefront of light travels the
path 𝐴1 𝐶1 with velocity 𝑐𝑟𝑓 and the mirror the distance 𝐴1 𝐴2 ; point 𝐴2 coincides with 𝐵1.
The instances of 𝐴 from 𝐴1 to 𝐴2 reflect only one wavefront of the light from each ray
sent from points 𝑇 through 𝑈 of the source. The velocity 𝑐𝑟𝑓 has the same magnitude and
direction 𝐴1 𝐶1, not 𝐴2 𝐶1 , for this multitude of wavefronts that generate a new ray seen in
the inertial frame along the line 𝐴2 𝐶1 , with the propagation velocity vector 𝐴2 𝐶1 .
The instances of points on the mirror from 𝐴1 to 𝐷1 reflect only one wavefront of the
light from each ray sent from points 𝑇 through 𝑉 of the source. The velocity 𝑐𝑟𝑓 has the
same magnitude and direction 𝐴1 𝐶1 for this multitude of wavefronts that generate a new
ray seen in the fixed frame along the line 𝐷2 𝐶1, with the propagation velocity vector 𝐷2 𝐶1.

3.3. Discussions
The reflected wavefront may become the incident wavefront for another mirror. Thus,
the formula 𝑐rf becomes 𝑐rf = 𝑐s + 𝑣mi + 𝑣mr = 𝑐s + 𝑣 cos 𝑎 + 𝑣 cos 𝑏, where the speed 𝑐s
is the speed of light from a source or a mirror.
In 1924 Rudolf Tomaschek [3] using starlight and in 1925 Dayton Miller [4] using
sunlight performed experiments with a modified Michelson interferometer. Starlight and
sunlight are considered sources at rest in a fixed frame for terrestrial observations.
The formula for 𝑐rf derived here is identical to that derived in reference [5] in which
the velocity of the light would be independent of its source velocity and the source is at
rest in the inertial frame of the interferometer. The derivation of the fringe shift with
formula 𝑐rf = 𝑐s + 𝑣 cos 𝑎 + 𝑣 cos 𝑏 was applied to two Michelson interferometers with
the same arms’ length of 11 𝑚 as in the Michelson-Morley experiment, in the following
two papers:
“Reflection of light as a mechanical phenomenon applied to a particular Michelson
interferometer” [5] that predicts zero fringe shift. For this particular interferometer, the
classical derivation predicts a fringe shift of 4.00E–01.
“Reflection of light as a mechanical phenomenon applied to the Michelson
interferometer” [6] predicts a fringe shift of 2.00E–05. Michelson and Morley predicted a
fringe shift of 4.00E–01 for their experiment [1]. For high precision experiments, the
geometry of this interferometer tends towards the geometry of the particular Michelson
interferometer and the fringe shift tends towards zero.
The result of the experiments with the modified Michelson interferometer is
consistent with this study.
The study of this section can be applied to other terrestrial experiments that employ
a source in motion in Earth’s inertial frame.
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4. Observation of a star within the plane of its orbit
4.1. Derivation of the time in which the light travels from star to observer
Figure 8(a) depicts an observer and a star in a fixed frame. The observer is at rest and
the star revolves with a speed 𝑣, counterclockwise, on a circular orbit with a radius 𝑅 and
center at 𝑂𝑠 . The observer at point 𝑂 is in the plane of the star’s orbit. The observation line
from 𝑂 to 𝑂𝑠 , 𝑂𝑂𝑠 = 𝑑, is perpendicular to the line 𝐴𝐵. Point 𝐴 is at the initial position of
the star at zero radians. The observer at point 𝑂 sees the star moving back and forth on
the line 𝐴𝐵. The radius 𝑅 to the star located at point 𝐸 makes an angle 𝑎 with the
coordinate 𝑂𝑠 𝑥.
At point 𝐸, there is a wavefront of light sent towards point 𝐸′ with velocity 𝑐 that is
dragged with velocity 𝑣 from point 𝐴 and, as a result of the two velocities, the wavefront
travels along the path 𝐸𝑂 with the velocity 𝑐𝐸𝑂 , in time 𝑡𝑠𝑎 calculated as follows:
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Figure 8. Observation of a star within the plane of its orbit. 8(a). Star on its orbit at
an angle 𝑎 from the initial position. 8(b). Actual and observed orbit of a star.
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From Figure 8(a), 𝑥𝑎 = 𝑅 cos 𝑎 , 𝑦𝑎 = 𝑅 sin 𝑎 , 𝑣𝑥𝑎 = 𝑣 sin 𝑎, and 𝑣𝑦𝑎 = 𝑣 cos 𝑎.
𝐸𝐸′2 = 𝐼𝐸′2 + 𝐼𝐸 2 = ( 𝑂𝑠 𝑂 + 𝐸𝐹 + 𝐺𝐸′)2 + (𝑂𝐺 − 𝑂𝑠 𝐹)2 ⇒
2
2
𝑐 2 𝑡𝑠𝑎
= (𝑑 + 𝑦𝑎 + 𝑣𝑦𝑎 𝑡𝑠𝑎 ) + (𝑣𝑥𝑎 𝑡𝑠𝑎 − 𝑥𝑎 )2 ⇒
2
𝑐 2 𝑡𝑠𝑎
= (𝑑 + 𝑅 sin 𝑎 + 𝑣𝑡𝑠𝑎 cos 𝑎)2 + (𝑣𝑡𝑠𝑎 sin 𝑎 − 𝑅 cos 𝑎)2 ⇒
2
2
𝑐 2 𝑡𝑠𝑎
= 𝑑2 + 𝑅 2 sin2 𝑎 + 𝑣 2 𝑡𝑠𝑎
cos2 𝑎 + 2𝑑𝑅 sin 𝑎 + 2𝑑𝑣𝑡𝑠𝑎 cos 𝑎 + 2𝑅𝑣𝑡𝑠𝑎 sin 𝑎 cos 𝑎
2 2
2
+ 𝑣 𝑡𝑠𝑎 sin 𝑎 − 2𝑅𝑣𝑡𝑠𝑎 sin 𝑎 cos 𝑎 + 𝑅 2 cos 2 𝑎 ⇒
2
(𝑐 2 − 𝑣 2 )𝑡𝑠𝑎
− 2𝑑𝑣𝑡𝑠𝑎 cos 𝑎 − (𝑑 2 + 2𝑑𝑅 sin 𝑎 + 𝑅 2 ) = 0, with the convenient solution
𝑡𝑠𝑎

√𝑑2 𝑣 2 cos2 𝑎 + (𝑑2 + 2𝑑𝑅 sin 𝑎 + 𝑅 2 )(𝑐 2 − 𝑣 2 ) + 𝑑𝑣 cos 𝑎
=
.
𝑐2 − 𝑣2

The star travels its orbit in period 𝑃 = 2𝜋𝑅/𝑣. The time in which the star travels from 𝐴
to 𝐸 is 𝑡𝑟𝑎 = 𝑎𝑅/𝑣. The time in which the light from 𝐸 arrives at the observer measured
from the initial position is 𝑡𝑎 = 𝑡𝑟𝑎 + 𝑡𝑠𝑎 , applicable for any other point of the orbit.
The velocity 𝑣 changes the path of the wavefront from 𝐸𝐸′ to 𝐸𝑂, but not its emitted
direction 𝐸𝐸′. The light from 𝐸 travels to observer 𝑂 with velocity c𝐸𝑂 , in time 𝑡𝑠𝑎 , but the
observer 𝑂 sees this light traveling with the velocity c, from point 𝐸 ′ ′, and knowing the
time 𝑡𝑠𝑎 the observer can calculate the distance 𝑂𝐸 ′ ′. The figure 𝑂𝐸 ′′ 𝐸𝐸 ′ is a
parallelogram with 𝐸𝐸 ′′ = 𝐸 ′ 𝑂 = 𝑣𝑡𝑠𝑎 that is called here the deviation of the orbital
point 𝐷𝑂𝑃𝑎 = 𝑣𝑡𝑠𝑎 . This means that the observed orbit of the star is different from its
actual orbit.
The observed orbit of the star can be plotted by the calculation of the deviation of the
orbital points for different angles 𝑎. The drawing of Figure 8(b) is at a scale for radius 𝑅 =
4 𝑚, 𝐷 = 12 𝑚, 𝑣 = 1 𝑚/𝑠 and 𝑐 = √10 𝑚/𝑠. The data are calculated in steps of 45°
starting from the initial position of point 𝐴 and presented in Table 1.

𝑎 [deg.]
0°
𝑡𝑠𝑎 [s]
5.776
𝐷𝑂𝑃𝑎 [m] 5.776

Table 1. Deviation of the orbital points.
45°
90°
135°
180°
225°

270°

315°

6.062
6.062

2.667
2.667

4.278
4.278

5.333
5.333

4.177
4.177

3.089
3.089

2.392
2.392

The observed orbit is a circle, or close to a circle, with its center at 𝑂𝑜 achieved
graphically with the deviation points from Table 1, as shown in Figure 8(b). The speed of
light from any point of the observed orbit to the observer is the constant 𝑐.
From Figure 8(b), points 𝐴′′ and 𝐸 ′′ belong the same diameter.
From triangle 𝐴′′ 𝐸 ′′ 𝐼 ′′ , 𝐴′′ 𝐼 ′′ = 𝐷𝑂𝑃𝑎=0° + 𝐷𝑂𝑃𝑎=180° , and 𝐸 ′′ 𝐼 ′′ = 2𝑅. The diameter of
the observed star 𝐴′′ 𝐸 ′′ = √(𝐷𝑂𝑃𝑎=0° + 𝐷𝑂𝑃𝑎=180° )2 + 4𝑅 2 , and the radius 𝑅𝑜 = 𝐴′′ 𝐸 ′′ /2.
The
distance 𝐴′′ K = 𝐼 ′′ K ⇒ 𝐷𝑂𝑃𝑎=0° − 𝑂𝑠 𝑂𝑜 = 𝐷𝑂𝑃𝑎=180° + 𝑂𝑠 𝑂𝑜 .
The
center
deviation of the observed orbit 𝑂𝑠 𝑂𝑜 = (𝐷𝑂𝑃𝑎=0° − 𝐷𝑂𝑃𝑎=180° )/2. The distance from
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observer to the center of the observed orbit 𝑑𝑜 = 𝑑 + 𝑂𝑠 𝑂𝑜 .
The star is moving on the actual orbit with a constant angular velocity 𝜔 and the
constant circular speed 𝑣, but the circular speed 𝑣𝑜 on the observed orbit is variable. From
the drawing of Figure 8(b), it can be found out that 𝑣𝑜 is maximum, 𝑣𝑜𝑚𝑎𝑥 , at point 𝑀′′
and that 𝑣𝑜 is minimum, 𝑣𝑜𝑚𝑖𝑛 , at point 𝑁 ′′ . At points 𝑆 ′′ and 𝑇 ′′ , 𝑣𝑜 is 𝑣𝑜𝑚 = (𝑣𝑜𝑚𝑎𝑥 +
𝑣𝑜𝑚𝑖𝑛 )/2.
When the distance 𝑑 increases after a specific magnitude, the star on the observed
orbit should display time irregularities as presented by W. De Sitter [7, 8], and F. Dambi
[9, 10].

4.2. Derivation of the time in which the light travels from star to observer if the
velocity of light would be independent of the velocity of its source
In Figure 8(a), if the velocity of light would be independent of the velocity of its
source, the light from point 𝐸 travels to point 𝑂 the same distance 𝐸𝑂 as in Subsection 4.1,
′
but with the speed 𝑐 instead of 𝑐𝑠𝑎 , in time 𝑡𝑠𝑎
:
2
2
√(𝑑 + 𝑅 sin 𝑎)2 + (𝑅 cos 𝑎)2
𝑂𝐸 √(𝑂𝑂𝑠 + 𝐸𝐹) + 𝑂𝑠 𝐹
′
𝑡𝑠𝑎
=
=
=
⇒
𝑐
𝑐
𝑐
′
𝑡𝑠𝑎
=

√𝑑2 + 2𝑑𝑅 sin 𝑎 + 𝑅 2
.
𝑐

′
The time in which the star travels from 𝐴 to 𝐸 is 𝑡𝑟𝑎 , and time 𝑡𝑎′ = 𝑡𝑟𝑎 + 𝑡𝑠𝑎
.

4.3. Exemplification
The data of the Earth used in the calculations for times 𝑡𝑎 and 𝑡𝑎′ are:
- The period of one year on the Earth in seconds 𝑃E = 365 𝑑 × 24 ℎ × 60 𝑚 ×
60 𝑠 = 3.153600E + 07 𝑠.
- The speed of light from a source at rest in a fixed frame 𝑐 = 3.00E + 08 𝑚/𝑠, and
then one light year in meters 1𝑙𝑦 = 𝑐 × 𝑃E = 9.460800𝐸 + 15 𝑚.
The exemplification is an approximation of Algol or Beta Persei Aa2 star cited by De
Sitter. The star is observed in the orbit plane, paper plane, and traveling counterclockwise
as in Figure 8(a); the data of the star is as follows:
- The distance 𝑑𝑜 = 90 𝑙𝑦 × 1𝑙𝑦 𝑚 = 8.514720E + 17 𝑚.
- The period is the same for actual and observed orbit, 𝑃 = 𝑃𝑜 = 2.867328 𝑑 ×
24 ℎ × 60 𝑚𝑖𝑛 × 60 𝑠𝑒𝑐 = 2.477371𝐸 + 05 𝑠.
- The semi-major axis, noted here with 𝑓𝑜 , 𝑓𝑜 = (0.00215"/3600")° × π 𝑟𝑎𝑑/180° =
1.042349E − 08 𝑟𝑎𝑑.
- The eccentricity 𝑒𝑜 = 0. Thus the observed orbit is a circle with the radius 𝑅𝑜 =
𝑑𝑜 × sin 𝑓𝑜 ≅ 𝑑𝑜 × 𝑓𝑜 = 8.875313E + 09 𝑚.
- The circular orbit speed 𝑣𝑜 = 2 × 𝜋 × 𝑅𝑜 /𝑃 = 2.250984E + 05 𝑚/𝑠.
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If 𝑅 is known, then 𝑣 = 2𝜋𝑅/𝑃 and approximating the distance 𝑑 ≅ 𝑑𝑜 , the time 𝑡𝑠𝑎
can be calculated for 𝑎 = 0° and 𝑎 = 180°. The distances 𝐷𝑂𝑃𝑎=0° = 𝑣𝑡𝑠𝑎=0°
and 𝐷𝑂𝑃𝑎=180° = 𝑣𝑡𝑠𝑎=180° can also be calculated, then 𝐴′′ 𝐸 ′′ , 𝑅𝑜 , and 𝑂𝑠 𝑂𝑜 . For 𝑅 =
1.232951040𝐸 + 05 𝑚, calculated by trial and error, the radius of the observed orbit 𝑅𝑜 =
8.875313E + 09 𝑚 was obtained. The calculations were performed in a spreadsheet.
As a result of the above calculation, the actual orbit, which yields the observed orbit
of the Beta Persei Aa2 star, has the following data:
- The radius 𝑅 = 1.232951040𝐸 + 05 𝑚.
- The circular orbital speed 𝑣 = 2𝜋𝑅/𝑃 = 3.12705𝐸 + 00 𝑚/𝑠.
The radiuses and velocities ratio is equal to 𝑅𝑜 /𝑅 = 7.19843𝐸 + 04.
- The center deviation of the observed orbit 𝑂𝑠 𝑂𝑜 = 9.25118𝐸 + 01 𝑚 is so small
compare to 𝑑𝑜 = 8.514720E + 17 𝑚 that the distance 𝑑 = 𝑑𝑜 − 𝑂𝑠 𝑂𝑜 ≅ 𝑑𝑜 .
Table 2 gives the data for angles 𝑎 from 0° to 360° in steps of 45°. The differences of
′
time 𝑡𝑎 − 𝑡𝑎=0 and 𝑡𝑎′ − 𝑡𝑎=0
are the steps of time in days corresponding to the steps of
′
angles 𝑎 = 45° seen at 𝑂. The differences of time 𝑡𝑎=𝑛45° − 𝑡𝑎=(𝑛−1)45° and 𝑡𝑎=𝑛45°
−
′
𝑡𝑎=(𝑛−1)45° , for 𝑛 ∈ [1, 8] indicate that observation of the orbit display variations of the
velocity 𝑣 that has a lower rate if the velocity of light would be independent of the
velocity of its source.
Table 2. Data for angles 𝑎 from 0° to 360° in steps of 45° for the actual orbit.
𝑎 [°]
𝑡𝑎 [𝑑]
𝑡𝑎′ [𝑑]
𝑡𝑎 − 𝑡𝑎=0 [𝑑]
′
𝑡𝑎′ − 𝑡𝑎=0
[𝑑]
𝑡𝑎𝑛 − 𝑡𝑎𝑛−1 [ℎ]
′
′
𝑡𝑎𝑛
− 𝑡𝑎𝑛−1
[ℎ]
𝐷𝑂𝑃𝑎 [𝑚]

0

45

90

135

3.285000034E+04

3.285035866E+04

3.285071683E+04

3.285107501E+04

3.285000000E+04

3.285035842E+04

3.285071683E+04

3.285107525E+04

0.000000000E+00

3.583157133E-01

7.164895930E-01

1.074663470E+00

0.000000000E+00

3.584160034E-01

7.168320048E-01

1.075248003E+00

0.000000000E+00

3.583157133E-01

3.581738797E-01

3.581738769E-01

0.000000000E+00

3.584160034E-01

3.584160014E-01

3.584159986E-01

8.875313497E+09

8.875313470E+09

8.875313405E+09

8.875313340E+09

180

225

270

315

360

3.285143332E+04

3.285179184E+04

3.285215050E+04

3.285250915E+04

3.285286767E+04

3.285143366E+04

3.285179208E+04

3.285215050E+04

3.285250891E+04

3.285286733E+04

1.432979176E+00

1.791495463E+00

2.150153583E+00

2.508811707E+00

2.867328000E+00

1.433664000E+00

1.792079997E+00

2.150495995E+00

2.508911997E+00

2.867328000E+00

3.583157066E-01

3.585162867E-01

3.586581203E-01

3.586581231E-01

3.585162935E-01

3.584159966E-01

3.584159966E-01

3.584159986E-01

3.584160014E-01

3.584160034E-01

8.875313312E+09

8.875313340E+09

8.875313405E+09

8.875313470E+09

8.875313497E+09

The observer sees the real time 𝑡𝑎 according to the actual star orbit with the data of Table
2, even if the observed star orbit is different.
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The data calculated for the observed star orbit is given in Table 3 that indicates the
time irregularities that do not exist.
Table 3. Data for angles 𝑎 from 0° to 360° in steps of 45° for the observed orbit.
𝑎 [°]
𝑡𝑎 − 𝑡𝑎=0 [𝑑]

0

45

90

135

0.000000E+00

-6.865283E+00

-2.394036E+01

-4.100640E+01

180

225

270

315

360

-4.786291789E+01

-4.029005032E+01

-2.250738451E+01

-4.715270971E+00

2.867328000E+00

If only the distance 𝑑 would increase beyond for about 𝑑 × 1.3𝐸 + 03 then the star
Beta Persei Aa2 would show real time irregularities. Table 4 presents data for distance 𝑑 ×
1.00𝐸 + 04.
Table 4. Data for angles 𝑎 from 0° to 360° in steps of 45° and distance of
observation of 𝑑 × 1.00𝐸 + 04.
𝑎 [°]
𝑡𝑎 − 𝑡𝑎=0 [𝑑]

0

45

90

135

0.000000E+00

-6.444849E-01

-2.707286E+00

-4.770087E+00

180

225

270

315

360

-5.414572E+00

-4.053255E+00

-1.273622E+00

1.506011E+00

2.867328E+00

4.4. Discussions
Each star must be treated individually to find out its actual orbit and then perform the
numerical calculation for the times 𝑡𝑎 for the evaluation of time irregularities.
The orbit of any star is observed larger than its actual one. This phenomenon is more
evident when the observation is perpendicular to the star orbit. Thus, astronomers may
detect differences presented here between the velocity of light depending on the velocity
of its source and whether the velocity of light would be independent of the velocity of its
source.
This study indicates that the diameter of a star is observed larger than its actual one.
Nevertheless, the time irregularities, predicted by the actual orbit of a star, are real
and observable; an example may be the Beta Aurigae binary star system, according to
visual observations.

5. Discussions
Other studies make the hypothesis that the velocity of light depends on the velocity
of its source that then has to be verified by experiments and observations. Here, this
hypothesis is a conclusion with which the experiments and observation have to be
consistent.
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The electromagnetic waves are entities with no mass created by objects which have
mass. Thus, it is expected the waves to inherit some mechanical properties.
Maxwell’s equations give the emitted velocity of the electromagnetic waves through
a vacuum 𝑐 when the source is at rest in a fixed frame and the electromagnetic energy
stored in waves in the form of continuous variation of the electric and magnetic field.
Maxwell’s equations cannot say anything about the velocity of the source of the waves
that changes by the interaction of the waves with objects, for each particular case, similar
to a ball. Thus, electromagnetism may be considered a branch of mechanics that has the
common kinematics, but with its specific dynamical characteristics.
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