
Page 1

Introduction 

In view of the fundamental importance of the light speed invariance postulate, the experimental work of E. 
Aleksandrov et al. [1] and an analysis of its results in [2] are very significant. 

Einstein’s special theory of relativity is based, in particular, on the second postulate that “...light is always 
propagated in empty space with a definite velocity c that is independent of the state of motion of the emitting 
body” [3]. Invariance of the speed of light makes it possible to explain the experiments of D. Arago, A. Fizeau, 
and A. Michelson, who observed the independence of the speed of light from the motion of the Earth. 

However, there is also the W. Ritz ballistic theory [4--5]. According to the theory, light in vacuum propagates 
from the source at a speed c’ equal to the vector sum of the velocities of light c and source v moving relative to 
the measurement system. The Ritz ballistic theory gave a clear and reasonable explanation of the Michelson--
Morley experiment. The ballistic theory also explains other facts that exclude the ether, as well as experiments 
on the relativistic change in mass. W. Ritz was the first to predict gravitational relativistic effects, explained 
the secular displacement of the perihelion of Mercury. He derived the formula describing this displacement. A. 
Einstein came up with his important discoveries much later.

Physicists and astronomers recognize the controversy of previous objections to the Ritz theory, put forward by 
W. de Sitter on the basis of observations of binary stars. At present, there exist many astrophysical and other 
experiments that refute the postulate of the constancy of the speed of light [6--14], in particular the radar 
measurements of Venus and the flight of the Pioneer probes beyond the solar system. From what has been said 
above, it is clear that the conclusions drawn from the experiment described in [1] are of great importance for 
science.

We have shown in our paper [2] that E. Aleksandrov et al. [1] did not take into account a number of factors. 
According to [1], the speed of light calculated by their method gives the value с = (2.85 × 108) m s-1, which differs 
from the reference values of the speed of light in a vacuum by 5%. Such a significant discrepancy between the 
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velocities and a number of interpretations of the experimental data made us perform a careful analysis of the 
results of measurements of the speed of light generated by an extremely bright ultrarelativistic synchrotron 
emitter. 

Analysis of the Results of Measuring the Speed of Light 
To analyze the results we need to present a brief description of the setup and the results of the experiment from 
paper [1]. The radiation source is a bunch of electrons moving at a speed close to the speed of light in the Sibir-1 
storage ring at the Kurchatov Institute (Fig. 1).

Fig1. Scheme of the experiment: (M1--M4) rotary magnets; (1) resonator; (2) accelerating gap; (3) measuring 
loop; (4) output channel; (5) output window; (6) oscilloscope; (7) radiation detector; (8) glass plate input--out-

put device. The distances are given in meters. 

In Fig. 1, electrons move counterclockwise along a circular path. We introduced additional notations: points A, 
B, C, D and E, necessary for further analysis:

Point А shows the location of the accelerating field, which compensates for the radiation losses of the electron 
beam. A high-frequency voltage (HF), which coincides with the rotation frequency of the electron bunch in the 
storage ring, f = 34.53 MHz, is applied to the accelerating gap at point A.

Point B shows the location of the measuring loop. The exact position is not indicated by the authors, since 
it is assumed that this is a standing wave phase of the electric field of the fundamental harmonic of an RF 
cavity operating at a frequency of 34.53 MHz, which is the same for a field in any part of the cavity volume. 
Therefore, there is no delay in the synchronization signal. However, this is not true. To obtain a standing wave, 
the resonator length L must satisfy the condition L ≥ λ/2. At a frequency of the electromagnetic field, f = 34.53 
MHz, the wavelength is λ = 868.8 cm. Therefore, the dimensions of the resonator do not satisfy the condition for 
the formation of a standing wave in it. According to our estimates, the segment length LAB is 32 ÷ 38 cm, which 
at a speed of the electromagnetic wave of 30 cm ns-1 leads to a delay of the synchronization signal by 1.07 ÷ 
1.27 ns. Generally speaking, the term ‘resonator’ in this case is used in the sense that the electrons accelerated 
in this device receive an additional energy due to resonance with the electric HF field in the accelerating gap. 
The described process has nothing to do with the concept of a resonator of a standing wave, as the authors of 
the original article suggest.
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Point C is the starting point for calculating the path length of electrons to point A and calculating the path length 
of light to point E.

Point D is a point to the end of the vacuum tube, near the sapphire window.

Point E shows the location of the optical sensor.

Point C is an ephemeral point of contact of the tangential axis of the synchrotron radiation output to the 
equilibrium electron orbit. The electrons emitted at point C continue to move counterclockwise up to the 
accelerating gap at point A, where they are recorded by a measuring loop (point B) in the second channel of 
the oscilloscope. The synchrotron radiation formed at point C is fed to a silicon PIN-photodiode through the 
rectilinear channel and is registered in the first channel of the oscilloscope. 

To determine the speed of light in the section of the rectilinear channel from point C to the detector, it is enough 
to compare this time with the time spent by an electron on the counterclockwise flight from point C to the initial 
point A. Calculation is carried out using Fig. 1, which presents the necessary geometric dimensions.

The electron emitted at point C passes the path of length L to the accelerating gap of the resonator, and the 
synchrotron radiation formed at the same time in the same point C moves along the straight line to the receiver 
at point E.

The path length L of an electron is calculated from the geometry of the device:

Here, the first term is the length of the trajectory in magnet M3 when turning by 30º and R = 100 cm; the second 
term is a straight line segment between the magnets; the third term is the path length in magnet M4; and the 
fourth term is the rectilinear segment from the magnet to the accelerating gap (point A).

Assuming the velocity of ultrarelativistic electrons to be almost equal to the speed of light, c = 29.98 cm ns-1, for 
the time of flight of an electron along a path of length L, we obtain te = 10.26 ns. (1)

Taking into account the scatter in determining the path length, the error in estimating the time is Δte ≈ ± 0.3 ns.

The time of flight of the signal from the accelerating gap (point A) to the measuring loop (point B), proceeding 
from the earlier estimate of the LAB dimensions, is tАB ~ (1.17 ± 0.1) ns. (2)

Thus, the calculated total signal time of flight in the segment C-A-B from the electron beam is Te = 10.26 ns + 
1.17 ns = (11.43 ± 0.4) ns. (3)

The path length LCE of the light pulse (synchrotron radiation) from point C to point E is LCE = 720 + 13.8 = 733.8 cm. 

An analysis of the results of the passage of a segment LCE containing a glass plate showed (see Appendix 1) that 
the synchrotron radiation velocity does not change when passing through a transparent medium and can be 
either c or 2c. At the same time, a 5% error in the measurement of the speed of light indicates fundamental 
inconsistencies in the estimates of the times of passage of various segments of the experimental setup by 
electrons and radiation.

Let us try a different approach. We assume, in accordance with the Ritz ballistic theory, that the speed of 
synchrotron radiation (SR) relative to the laboratory (fixed) coordinate system is 2c.
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Then the total time for light to travel from the radiation point, point C, to the radiation receiver, point E, is 
determined by the formula:

                             
           

                       (4)

Taking into account the uncertainty of the location of point C, the error in determining TSR is about ±0.2 ns.

Thus, the calculated lag of the signal from the light pulse with respect to the signal from the electron at the 
places of their detection (i.e. points E and B) is determined by the difference between expressions (4) and (3):

                                                                 ΔТ = ТSR – Тe = 12.23 – 11.43 = 0.8 ns.             (5)

The resulting error in determining the time difference is

0.2 + 0.4 = ± 0.6 ns.

We will measure the delay time of the light pulse relative to the phase of flight of the accelerating gap by an 
electron bunch at point B, using the oscillograms presented by the authors in their paper [1]. 

The point of the counting time of the synchronization channel (channel 2) in the given oscillograms is determined 
from the condition of action of the autophasing mechanism in the synchrotron. 

In the original paper [1], the authors calculated the phase ϕ0 based on the condition for replenishing the energy 
losses of an electron in one revolution along an equilibrium orbit. This equilibrium phase corresponds to the 
time t = 1.16 ns up to the sinusoid node, i.e. the intersection point with the abscissa axis. 

Let us now determine whether the calculated delay ΔT = (0.8 ± 0.6) ns corresponds to the measured interval on 
the oscillograms obtained by the authors. We make preliminary the following remarks.

The sinusoidal curve (2) corresponds to the voltage removed from the measuring loop at point B of the resonator 
(Fig. 1).

The loop in the resonator is oriented in such a way that the voltage removed from it is shifted in phase by 180° 
relative to the voltage at the accelerating gap of the resonator. Taking into account the fact that the electron 
charge is negative, the accelerating voltage for it is additionally shifted by 180° relative to the accelerating 
voltage for the positive particle. Thus, the total phase shift for an electron is 2π, i.e. use can be made of the solid 
curve (2).

Note also that the time of flight from the node of the sinusoid to the accelerating gap is calculated by the authors 
for a positively charged particle. This follows from the definition of the concept of voltage, i.e. voltage is the 
work done by an electric field over a positively charged particle. Therefore, the use of the dashed sinusoidal 
curve by the authors in the calculations is not justified. For the electron, an additional phase shift is equal to 
180°, which means that it is necessary to use the solid sinusoidal curve rather than the dashed one. 

The oscillograms presented by the authors of [2] show that the thickness of the curves is ~ 1 ns according to the 
optimistic estimate. In addition, the half-periods of the sinusoid are not equal to each other, which is due either 
to the nonlinearity of the scan or, rather, to the inaccuracy of the ‘0’ insertion, which introduces an additional 
error in measuring the time intervals. 

From all above said, it follows that measuring ΔT = (0.8 ± 0.6) ns on the presented oscillogram is very 
problematic.

We therefore use the oscillogram of Fig. 2, presented by the authors as an illustration of the achievable accuracy 
after digital averaging.
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Fig2. Oscillogram after digital averaging, used by us to measure the delay of the light pulse. 

Notations ‘point A’ correspond to the instants of time when an electron passes through the accelerating gap in 
the resonator. These points, as indicated above, are spaced from the nodes at a distance of 1.16 ns. The time 
interval measured from the given oscillogram from these points to the corresponding maxima of the light signal 
is ~ 0.8 ns. The measurement error for this oscillogram is ~ (± 0.2) ns. Comparing the delay measured by the 
oscillogram, ~ 0.8 ± 0.2 ns, with a delay calculated from the geometrical dimensions, ΔT = 0.8 ± 0.6 ns (equality 
5), we see that they agree well within the measurement error.

Since in our calculations we proceeded from the W. Ritz ballistic theory, assuming the SR velocity equal to ≈2c, 
we conclude that the results of this experiment confirm the ballistic theory, i.e., the speed of light depends on the 
velocity of the source. From what has been said above it becomes clear that the high hopes for an unambiguous 
conclusion drawn from the experiment described in [1] have not been justified. 

Conclusions 
In conclusion, we note that in accordance with our analysis, the results obtained in [1] can confirm the Ritz 
ballistic theory. In the experiment there is an uncertainty in the choice of the phase of the reference signal 
(channel 2) on the oscillograms, because the ordinate axis can be chosen directed downward for this channel. 
To remove this contradiction, it is necessary to conduct an absolutely correct experiment, replacing the 
synchronization signal from the induction loop introducing an uncertainty by the signal from the second light 
detector installed near point C.

Appendix 1. Analysis of the Passage of Radiation Through the Glass Plate 
E. Aleksandrov et al [1] presented an analysis of the experiment demonstrating the passage of light through a 
7.2-m-long control segment with an open diaphragm and with a diaphragm covered with a ~ 1-mm-thick glass 
plate. Because the time required for the light to travel the control segment is the same for the case with the plate 
and without it, the authors concluded that “the speed of light emitted by relativistic electrons in a vacuum is 
equal to the speed of light transmitted through a glass plate in a vacuum, i.e., it does not depend on the velocity 
of the source. Thus, the experiment refutes the Ritz ballistic theory.” However, this consideration does not seem 
convincing. The equality of the speed of light under the conditions of the experiment with and without a plate 
indicates only that the speed of the light pulse did not change, i.e. it could be equal to either c or 2c.

Following Feynman’s ideas [15], we will show how the results of the experiment can be explained. According 
to Feynman et al. [15]:

a) the total electric field under any physical conditions can be represented as a sum of Σ E


 of the fields from all 
the charges in the Universe; and
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b) the radiation field of each individual charge is determined by its acceleration, while the acceleration is set 
taking into account the delay arising due to the finite propagation velocity. Suppose that the W. Ritz ballistic 
theory is correct. Then, by the propagation velocity is meant the velocity equal to 2c. 

We are interested in the field E


 at point D (Fig. 1) at the end of the 7.2-m-long control segment after the light 
passes through a thin glass plate.

At point C there is a source of synchrotron radiation, which produces an electric field Es. This field propagates 
to the right at a speed of 2c. According to the above formulated principles, the electric field far from the plate 
(at point D) is represented by the vector sum of the fields of the external source (at point C) and the fields of all 
charges in the glass plate, each field being taken with the corresponding delay. Thus, the field at point D can be 
written in the form: 

ED = ES +ΣEind.charge,

where ES is the field of an external source (synchrotron radiation); it would coincide with the desired field at 
point D, if there were no plate. 

We recall that the field of each charge does not change in the presence of other charges. Moreover, the field ES 
propagates with a speed 2c, and the vector sum of the fields from the oscillating electrons of the glass plate 
propagates with a speed c. Therefore, the peaks of the registered radiation from ES (synchrotron radiation) and 
from the glass plate should be in different places on the time scale. 

To understand why the peaks from the emission of a glass plate are not observed, let us consider the dynamics 
of the passage of a synchrotron pulse through this plate. 

The field ES of synchrotron radiation, passing through the plate, causes oscillations of charges in the plate. Since 
the speed of propagation of the field ES in the plate, according to the previously stated provision (b), is equal to 
2c, it has with a high degree of accuracy the same phase over the entire depth Δz of the plate. 

This electric field affects each electron in the plate atom and, under the action of the electric force qE they 
oscillate with the same phase, being in turn new sources of elementary fields having one phase in time and 
moving to the right along the z coordinate. However, the speed of these fields will already be c. Let us consider 
the radiation dynamics of the intrinsic field of a glass plate (Fig. 3). 

Fig3. Formation of the skin-layer. 
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Suppose that at a time t = 0 the synchrotron field ES flies through the thickness of the plate, Δz, with a velocity 
2c. At this moment, all the electrons begin to radiate on the segment Δz. At a time t = ρ/c (where ρ is the distance 
from the rear face to the depth of the plate), the phase of the moving intrinsic field of the plate reaching the 
rear face lags behind the radiation phase at a given point by . If ρ = λ/2, the phase difference is 
Δφ = π and the resultant field of the medium is Ea = 0. For any ρ1 ≥ λ/2 there is an appropriate atom having the 
ordinate ρ2 = ρ1 – λ/2. Therefore, the fields from the atoms with the coordinates ρ1 and ρ2 are in anti-phase and 
are mutually destroyed in the interference. Consequently, the contribution to the intrinsic radiation field of the 
plate in this particular case is made only by the ‘skin layer’ with a thickness of λ/2 at the rear face of the plate. 

This situation is analogous to the case of emission of a diffraction grating, the direction to the emission maxima 
for which is given by the formula . For our case, the angle θ is measured from the plane 
coinciding with the rear edge of the plate. At a distance between the atoms, d < λ, there is a unique solution for 
m = 0, i.e. the grating does not radiate in the z direction. 

The maximum value of the intrinsic field of a plate can be estimated from the formula derived by R. Feynman 
for a glass plate [10]:

Assuming below that ω > ω0, since synchrotron radiation lies in the short-wavelength region of the spectrum, 
and that only the ‘skin layer’ contributes to the radiation field of the plate, i.e. ∆z → λ/2, we obtain 

 

Thus, the signal level from the intrinsic field of the plate does not exceed 4% of the synchrotron radiation 
field:

‹Еа
2› = 0.04‹ЕS

2›,

and it is not visible on the oscillogram at a given sensitivity of the instrument. 

Note that the assumption about the equality of the phases of the oscillating electrons does not affect the final 
result of the estimates. If we take into account the speed c of the intrinsic field propagation in the plate, then the 
size of the radiation ‘skin layer’ will not change. 

A similar situation occurs in the segment LDE. Therefore, along the entire segment, from point D to point E, 
the speed of light is also 2c and the refractive index n should not be taken into account, which was done in the 
calculation using formula (4). 
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