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    Over the past half century, space radar and laser ranging sessions conducted 
in the USSR, Russia, and the United States have revealed a number of anomalies in 
the form of systematic deviations of the measured velocities and distances of space 
bodies and vehicles from the calculated ones that exceeded possible errors. Due to the 
growing accuracy of methods and computer calculations, more and more such 
anomalies have been revealed in recent years [1]. 

    The pioneer of space navigation V.P. Seleznev [2], American physicist B. 
Wallace [3, 4] and a number of astronomers [5] named as a possible source of such 
errors - the deviation of the signal speed from the nominal value of the speed of light c 
used in calculations, prescribed by the special theory of relativity (SRT). Whereas, 
according to the Ritz ballistic theory (BTR) in the vacuum of space, the speed of light 
depends on the speed of the source, which is mechanically added to the speed of the 
signal, which is confirmed by astronomical data and explains a number of anomalies 
[6, 7]. So, already in the 1960s. During the radar of Venus, systematic discrepancies 
(exceeding the possible errors by hundreds of kilometers) between the planet's 
positions measured by radars and its pre-calculated positions - ephemeris calculated 
from astronomical data - were revealed. As B. Wallace showed [3, 4], the 
discrepancies will decrease significantly if we take into account the ballistic 
dependence of the speed of light on the speed of a source - a radar on Earth, moving at 
a speed v due to the axial rotation of the Earth, the rotation of the Earth-Moon system 
and revolution around the Sun. The message to the radio beam of speed v changes its 
speed c + v and the time τ of signal movement, along which the distance r Earth-
Venus is sought (Fig. 1). As a result, the calculated distance cτ (or cτ/2, taking into 
account the time of motion of the reflected ray), found from the constant speed of 
light c, differs from the true distance (c + v)τ. 
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Fig. 1. Scheme of motion of the Earth and Venus near the lower conjunction 

    One of the goals of Venus' radar was to refine the astronomical unit (AU) - 
the radius of the earth's orbit R2. Having measured the Earth-Venus distance r by the 
radar, the Earth-Sun distance R2, proportional to r, was calculated from the angles of 
the SVE triangle (Sun-Venus-Earth). But, contrary to the name, the calculated a.u. 
regularly changed [5] with periods equal to days, months and years, with which the 
relative speed of the Earth changes, introducing deviations in the calculated distances 
of Venus and in R2 [3, 4]. AU value measured by the radar. differed from the meaning 
known from astronomy. Moreover, the difference exceeded the error of the methods, 
which was not explained [5], although it was expected according to the ballistic 
theory. 

    Venus also communicates its velocity vr to the reflected signal when 
approaching, and it reaches the Earth in less time τ, underestimating the calculated r. 
Having come closest to the Earth in the lower conjunction, Venus moves away, the 
signal speed becomes lower than c, and it spends more time τ, overestimating r. 
Therefore, before the connection, the calculated value of the Earth-Venus distance 
r' = cτ/2 and a.u. came out lower than real, and after connection - higher [5]. If we 
take into account that the signal only to Venus travels with a speed c relative to the 
Earth, flying the path r in the time τ1 = r/c, and the reflected signal at the radial 
velocity of Venus vr will return with the speed c' = c – vr in the time τ2 = r/c', then the 
total delay τ = τ1 + τ2 = r/c + r/c'. The distance r' = сτ/2 ≈ r + rvr/2c found from the 
nominal speed с will exceed the real r by Δr = rvr/2c. From the SVE triangle (Fig. 1), 
the radial velocity of Venus is vr = (ω1 – ω2)R1R2·sin(α)/r, where ω1, ω2 are the angular 
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heliocentric velocities of Venus and the Earth, R1, R2 are the radii of their orbits, α = 
(ω1 – ω2)t is the VSE angle between them, and t is expressed in days that have elapsed 
since the moment of the lower connection. Then the deviation Δr = r' – r = (ω1 – 
ω2)R1R2·sin[(ω1 – ω2)t]/2c ≈ 3350·sin(0.011t) km, or in light seconds (lagging) 
Δτ = Δr/c ≈ 0.011·sin(0.011t) s. 

    In fact, just such variations of systematic residual errors of distances Δr (Fig. 
2.a) or times Δτ (Fig. 2.b) are observed, i.e. differences of measured τo and calculated 
τc according to Newcomb tables. The introduction of these corrections reduces 
systematic deviations: only random errors remain, which will decrease even more if 
we take into account the influence of the Earth's rotation on the signal velocity [3, 4], 
as well as re-emission by interplanetary plasma. As r grows and the layer of plasma 
passed through, the signal re-emitted by it restores the velocity c, which is why the 
deviations stop growing with departure from the lower connection (Fig. 2). 

    These anomalies could not be explained, and the discrepancies were formally 
eliminated by correcting the ephemeris of the planets, for example, by making 
corrections for Duncombe, who displaced Venus forward in its orbit by 290 km [5]. 
Since even with this discrepancy remained, Venus was displaced by another 270 km 
[8], building a numerical theory of the planet's motion, corresponding to the radar data 
[9]. But the discrepancies in hundreds of kilometers of radar data with the Newcome-
Duncombe tables and with visual data remain and have not yet been explained [10]. 
Although it is believed that deviations were only in the first radar sessions, and as it 
was refined, the errors decreased by orders of magnitude, in fact, the ephemeris was 
gradually corrected according to the radar data, which is why the fresh radar 
measurements were less and less at variance with the ephemeris. 

    These errors also appeared in 2004, 2012. when observing the passage of 
Venus across the solar disk: the moments of contact with the solar disk were one 
minute behind the ephemeris ones, containing radar “corrections” that displaced 
Venus forward in orbit by hundreds of kilometers. This can be verified by accurate 
measurements of the positions of Venus using telescopes and radio telescopes, since 
the radio emission from the hot surface of Venus is clearly recorded. 
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Fig. 2. Deviations of the radar distances of Venus from the ephemeris ones, measured in 

kilometers (a, crosses) [9] and light milliseconds (b, circles) [5, p. 242], in comparison with the 
prediction of the Ritz theory (dotted line). 

    The false "shift" of Venus was first noticed by the space navigator who taught 
the first teams of astronauts - prof. V.P. Seleznev [2], employee S.P. Korolev and the 
author of the monograph “Navigation devices” (Moscow: Oborongiz, 1961), who 
created the navigation systems of the first spaceships. Seleznev showed that without 
taking into account the ballistic theory "on the basis of scientific information about 
light, astronavigation is in principle impossible" [11, p. 308]. He also noted the 
importance of the ballistic theory in the navigation of space probes, a number of 
accidents of which, say, at Phobos, were caused by radar errors [2, 11]. 

    Let us consider in this vein the “Pioneers” effect [12, 13]. The speeds of the 
Pioneer-10 and Pioneer-11 AMS, measured by the radar (by the Doppler shift of the 
AMC signal), differed from the calculated ones [1]. The measured acceleration of the 
“Pioneers” in the gravitational field of the solar mass M exceeded the calculated 
acceleration a' = GM/r2 by the value Δao = (8.74 ± 1.33)·10−10 m/s2 (at a distance r of 
Uranus [13]). If the “Pioneers”, flying away from the Sun and the Earth at a speed of 
v≈10 km/s, emitted a signal with a speed of c - v, increasing its delay τ, then, based on 
the nominal signal speed c, they decided that the AMS speeds and accelerations were 
measured at a distance r' = сτ ≈ r + rv/c, and not on the true r = (c – v)τ, where the 
gravity of the Sun and acceleration a = GM/r2 are higher than the calculated a' = 
GM/r'2 by Δac = a – a' ≈ 2av/c = 2vGM/cr2. At a distance of Uranus r ≈ 3·1012 m at 
v≈10 km/s, this will be the calculated value Δac ≈ 9.9·10–10 m/s2, close to the 
measured value Δao ≈ 9·10–10 m/s2 [13]. Similar anomalies were found in the Ulysses 
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[14] and Cassini spacecraft, for which, at a distance of Saturn (r ≈ 1.5·1012 m), the 
measured excess acceleration Δao ≈ 3·10−9 m/s2 [15] is close to the calculated Δac = 
2vGM/cr2 ≈ 4·10–9 m/s2. This casts doubt on the radiation braking hypothesis [16], 
which explains the Pioneer effect by the specificity of their design. Also, the radiation 
force from the asymmetric heating of the body would create, in addition to the 
acceleration Δa ≈ 10−9 m/s2, also a moment that leads the main lobe (φа ~ 3°) of the 
Pioneers antennas away from the direction to the Earth and leading to the loss of 
communication after a year of free flight AMC, contrary to the facts. 

    The Flyby anomaly was also discovered [13, 14]; the residuals of the expected 
speeds and those measured by the radar at the AMS flying past the planets in a 
hyperbole. So, the AMS "Galileo" and "NEAR", after flying past the Earth, revealed 
an increase in speed by an amount of the order of several mm/s, contrary to the law of 
conservation of energy. The probable cause of errors is the use of the relativistic 
formula of the Doppler effect f ' = f(1 – v2/c2)1/2/(1 ± v/c) in the measurements of the 
speed of the vehicles, according to which, upon approach, the frequency f is increased 
to f1 ≈ f(1 + v/c + v2/2c2), and when removed, it is reduced to f2 ≈ f(1 – v/c + v2/2c2). 
In the classics, f1 = f(1 + V/c) and f2 = f(1 – V/c), and just such symmetrical frequency 
offsets were measured: f1 – f = f – f2. That is, from the classical formulas, the speed of 
the devices is preserved. However, calculating the speed according to SRT, one 
obtains when approaching v ≈ V – V2/2c, and when moving away v ≈ V + V2/2c, 
hence the false conclusion about the increase in speed by the value ∆v ≈ V2/c. At the 
AMS speed V ~ 103 m/s, this will just create the illusion of an increase in the speed 
∆v ~ 1–10 mm/s. 

    Possibly, in the satellites of the Earth, the Moon, motion anomalies are 
associated not only with gravitational field anomalies (mascons), but also with radar 
errors from not taking into account variations in the speed of light and applying SRT 
formulas. Errors are also detected by networks of GPS and GLONASS satellites [17], 
using the method of radar from ground tracking stations and a group of artificial 
satellites. The navigation module in the mobile device catches radio signals sent by 
satellites and containing information about the position of each satellite (found by the 
stations) and the time of signal emission (according to the atomic clock of the 
satellite). Subtracting this time from the time of signal reception, the mobile receiver 
calculates the distance r = cτ from the time τ of the radio pulse movement to the 
satellite. From the distances r1, r2, r3, r4 to three or four satellites and their 
coordinates, the microcomputer calculates the position of the receiver on the earth's 
surface. 

    It is believed that GPS and GLONASS confirm the formula r = cτ and the 
constancy of the speed c of signals from satellites [18]. Let's check it out. The 
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satellites are put into orbits with a radius of about 26,000 km. The speed of the 
satellites V ≈ 4 km/s will reduce the speed of their signal to c' = c – Vr, where Vr is the 
radial velocity of the satellite for the receiver O. Then the distance correction 
Δ = rVr/c, where for the satellite at the zenith Z the speed is Vr = 0, but it increases 
with decreasing satellite altitude h above the horizon: Vr = V·sinα·cosh, where 
sin α = RE/R ≈ 0.25, RE ≈ 6400 km is the Earth's radius (Fig. 3). Then the maximum 
distance error Δ = rVr/c = 67 m near the satellite near the horizon H. Since the 
receiver usually catches satellites with h> 10º - 15º and is located at an angle θ> 0º to 
the satellite orbit plane, then Vr = V·sinα·cosh·cosθ, which for cosh ≤ 1, cosθ ≤ 1 gives 
the average error Δ = rV·sinα·cosh·cosθ/c ~ 20 m. 

 
Fig. 3. Diagram of movement and location of navigation satellites of the Earth. 

    This error is in the distance to one satellite, and the coordinates are calculated 
using 6-10 satellites. All of them give errors of different signs and magnitudes, 
randomly summed in different directions, and their mutual compensation during 
averaging further reduces the error. And this is the total error in height and horizontal, 
and the error in measuring the projection onto the earth is even lower. As a result, the 
correction introduced by the variation in the speed of light to the horizontal 
coordinates of the receiver is about 5 m, which is comparable to the observed errors. 
These errors are mitigated by applying corrective procedures, including differential 
techniques with reference to base stations. In addition, one error is compensated for 
by another, correcting the ephemeris of the satellites, “shifting” them forward in orbit 
by hundreds of meters. 
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    So, if the coordinates and ephemeris of a satellite are found from the 
propagation times of its signals to base stations with known coordinates, then from the 
constant signal speed, the position of the satellite is shifted from the real one, which 
precisely compensates for the error in measuring the distances to mobile receivers. 
That is why they believe that GPS does not contradict SRT [18]. If the positions of the 
satellites are measured by different methods: visually (with telescopes); laser ranging 
(by the time the light travels to the satellite and back); radar (according to the times of 
movement of the radio signal from the ground station to the satellite or from the 
satellite to the station), then in the case of the influence of the source speed on the 
speed of light, these methods will give different results. Errors in the GPS system and 
contradictions with the theory of relativity have been repeatedly stated by R. Hatch, 
the head of NavCom and the Institute of Space Navigation Systems (ION). 

    So, testing the ballistic theory in space is extremely relevant, because radar 
errors from not taking into account variations in the speed of light reduce the accuracy 
of space programs and lead to accidents of spaceships, ordinary ships and cars with 
GPS. However, the constancy of the speed of light in space has not yet been verified 
using satellites, rockets and radars, although the question of verification has been 
raised. Moreover, when in 1961 at the NASA conference in the USA this question 
was raised, such a check was even considered unnecessary [19], although in the same 
year inaccuracies in the speed of light made themselves felt during the radar of Venus 
[3-5]. 

    Inaccuracies were also discovered with the Laser Locating of the Moon (LLL) 
and artificial satellites, with corner reflectors on the surface [20]. At a laser source 
speed of the order of vr ≈ 460 m/s (rotation speed at the Earth's equator), light will 
travel the distance r ≈ 3.84·108 m to the Moon faster by a time 
Δt = r/c – r/(c+vr) = rvr/c2 ≈ 2·10–6 s, which corresponds to a difference of 600 m, 
easily measurable by a laser radar (lidar). Taking into account the reflection from the 
Moon at a speed of c, the error will be Δr ≈ 300 m, with an accuracy of ~ 1 cm [21]. 
Then, with synchronous measurement of the Earth-Moon distance by stations from 
opposite points of the Earth, when one moves to the Moon and the other moves away 
(Fig.4a), the Ritz theory will be confirmed if the difference in distances Δr ~ 300 m is 
detected. For stations of temperate latitudes, the difference is less : Δr ~ 100 m. 
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Fig. 4. Scheme of laser location of the Moon. The unaccounted for variation of the speed of light 
creates the illusion of a shift or rotation of the Moon (a), Earth (b) and variation of the day (c). 

    Laser location can be carried out by one station measuring the Earth-Moon 
distance during the night. Then the residuals would change with a period of a day at a 
speed of about 100 m/24 h ≈ 4 m/h, and the maximum deviation from the true 
distance would be about one hundred meters. And exactly, the discrepancies between 
the LLL and visual data (on the basis of which the ephemeris of the Moon were 
calculated) reach hundreds of meters and change by an amount of about 4 m per hour 
[22, p. 193]. As NASA employee D. Gezari has shown, having studied the data of the 
lunar laser ranging, variations in systematic residuals reject the constancy of the speed 
of light, and taking into account the ballistic principle excludes variations [20]. And in 
SRT, the discrepancy between the LLL data and the ephemeris can be reduced only 
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by correcting the ephemeris based on the laser ranging data. Basically, location data, 
as in the case of Venus, are compared with each other, not with astronomical data. 

    Considering the speed of light to be a constant, the Moon is found to be closer 
at sunrise than at sunset. This inequality will be regarded as the rotation of the Earth 
in the direction of rotation by an extra angle α = Δr/RE = 4.5·10–5 = 9''.4 (Fig. 4.b) or 
as a displacement of the corner reflector with the Moon at a distance rα = 17 km 
(Fig.4a). From the inclination of the lunar orbit to the plane of the Earth's equator, the 
distance r to the Moon changes by the value Δr ~ RE(1 – cos 23.5°) = 530 km with a 
period of half a month (13.7 days). This changes the angle α to Δα = αΔr/r = 0''.013, 
which will be perceived as wobbling of the Earth around the axis with an amplitude of 
Δα/2 = 0''.0066 and a period of T ≈ 14 days according to the law δα = -
0''.0066·cos(2πt/T), where t is counted from the Moon's intersection of the equatorial 
plane of the Earth (from the ascending node). This wobble creates the illusion of 
fluctuations in the Earth's rotation rate (ω = 2π rad/day) by the value δω = d(δα)/dt = 
1,4·10–8·sin(2π/T) rad/day, and the duration of the day p - by the value of δp= -pδω/ω, 
as if the day lengthens and contracts by 0.2 ms every 14 days: δp = -0.2·sin(2πt/T) ms 
(Fig. 4.c). The lunar laser location revealed just such variations (Fig. 4.c, dotted line): 
their period is 14 days, and the amplitude is fractions of a millisecond [23]. It turns 
out that the variations in p are partly illusory and are caused by the unaccounted for 
variation in the speed of light. 

    Regular fluctuations in the distance r and velocity vr will also explain other 
“variations” in the rotation of the Earth and the Moon, identified by lidars and having 
characteristic periods of oscillations r and vr. So, from a flight in an elliptical orbit, the 
distance of the Moon varies from 350 to 400 thousand km (Δr ~ 50 thousand km). 
Accordingly, the angle α (direction to the imaginary moon) fluctuates by Δα = 
αΔr/r ~ 1''. This oscillation, synchronous with the orbital motion, will be perceived as 
a "shift" of the Moon along its orbit (like that of Venus), changing in time with its 
approach and distance. These displacements are not entirely consistent with Kepler's 
laws, since the shape and inclination of the lunar orbit change regularly [22, p. 63], 
introducing an extra variation Δr ~ 20 thousand km and Δα = αΔr/r ~ 0''.5. It is 
interpreted as a regular displacement of the corner reflector by Δαr ~ 1 km during the 
wobble of the Moon (radius RM) at an angle φ = Δαr/RM ~ 2'. Indeed, the lidars 
revealed regular rotations of 2' on the Moon, in contrast to the visible wobble of the 
Moon (optical libration), explained by real wiggle (physical libration). 

    The “wobbles” of the Moon and the Earth due to tidal forces have also been 
discovered in astronomical observations [22], but lidar “wobbles” are partially caused 
by an unaccounted for variation in the speed of light. This can be verified by 
comparing the amplitude of the "wobble" of the Moon or the Earth, measured by 
lidars, telescopes and radio interferometers. If Ritz's theory is correct, their data will 
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diverge by an amount that changes according to the laws found. The data from 
stations of different latitudes will also diverge: near the equator, δp oscillations are 
sinusoidal, and far from it, maxima of different heights, which is open (Fig. 4.c). The 
positions of the Moon measured by the lidar also lead to errors in the coordinates of 
spacecraft on it. Perhaps that is why the laser beam, as it sharpened and illuminated an 
ever smaller area on the Moon, stopped finding the Lunokhod reflectors, which were 
falsely shifted by rα ~ 17 km. 

    So, a new analysis of the entire array of radar and laser ranging data, 
comparing them with each other, with visual data and with the data of the calculated 
positions of planets or AMS will allow checking the constancy of the speed of light in 
space and clarifying the parameters of the axial and orbital rotation of the planets and 
the Moon. And in the current programs, the parallel calculation of coordinates based 
on the ballistic theory and on the basis of the constancy of the speed of light will make 
it possible to compare the accuracy of these calculation procedures and increase the 
reliability of space navigation. The work was carried out within the framework of the 
development program "UNN - NRU". 
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