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Abstract — The Hydrogen wall found in the Voyager 1 data was modeled as the spherical mirror 
reflecting the Solar gravitational radiation back to the Solar System. A similar proposal appeared 
in the forgotten publication of Jaumann in 1912. The formula describing the anomalous 
acceleration of Pioneer 10 and 11 towards the Sun was derived. The decreasing temperature in 
the Solar System decreases slightly the mass of both Pioneers 10 and 11 as it was predicted by 
Einstein in 1907. The experimental value for both Pioneers was published as ap = (8.74 ± 1.33) * 
10-10 ms-2. This new model predicts the value of the anomalous acceleration towards the Sun as 
ap = (8.50 – 0.0106 * x) * 10-10 ms-2 AU-1 where x is the distance of Pioneers from the Sun in 
astronomical unit AU. The annual amplitude visible in the Pioneer data (~ 1.6 *10-10 ms-2) was 
interpreted as the reflection of the Earth´s gravitational radiation from the surface of the Sun – 
the Earth´s self-gravitational effect with the predicted value 1.49 * 10-10 ms-2. The diurnal 
amplitude visible in the Pioneer anomaly (~ 3 * 10-12 ms-2) was interpreted as the result of 
Newton´s third law – for every action, there is an equal and opposite reaction between the Sun 
and the Earth: the diurnal amplitude was derived as 3.05 * 10-12 ms-2. It will be very helpful to 
get more experimental data from the next missions towards the Termination shock, the Hydrogen 
wall using the spacecraft of the type Voyager and Pioneer. 

 
Keywords — Annual Amplitude, Diurnal Amplitude, Hidden Gravitational Force, Hydrogen Wall, 
Pioneer Anomaly, Solar Gravitational Radiation. 

 

I. INTRODUCTION1 

During the missions of Pioneer 10 and 11 at the heliocentric distances of 20 – 70 AU, a small, anomalous, 
blue-shifted frequency shift was observed. This drift was interpreted as a constant acceleration towards the 
Sun at the level ap = (8.74 ± 1.33) * 10-10 ms-2, e.g. [1]-[12]. There appeared many papers searching for a 
hidden gravitational force in the Solar System, e.g. [13]-[34] but no model could successfully explain the 
experimental data visible in the Pioneer anomaly. Turyshev and Toth (two co-workers of Anderson who 
discovered the Pioneer anomaly around the year 1980) closed this discussion with the interpretation that 
the recoil force associated with an anisotropic emission of thermal radiation of the vehicles caused that 
Pioneer anomaly [12], [35]. On the other side, the discoverer of the Pioneer anomaly Anderson did not 
accept this interpretation and tried to develop some other models [36], [37]. Based on intuition of Anderson, 
we think that the door for further research should be open as stated by Gillies [38]: “The door must always 
be left open to the possibility that new gravitational effects may be discovered by future experiments or 
revealed from re-analysis of old ones”. 

 

II. THE HYDROGEN WALL AS THE SPHERICAL MIRROR FOR THE SOLAR GRAVITATIONAL RADIATION 

Count von Stürgkh (1859-1916) had entangled Einstein (1879-1955) with Jaumann (1863-1924) in 1910 
[39], [40]. In order to explain small deviations from the Newton´s gravitational law Einstein developed his 
model with the curved space-time [41]. On the other side, Jaumann tried to discover a hidden gravitational 
force in the Solar System to explain these small gravitational deviations. We were inspired by this 
Jaumann´s quote; (…) only an aether sphere of such immense radius that when passing through it the Solar 
light is completely absorbed, had the same and opposite gravitational effect towards the outside as the Sun 
[42]. 

The Voyager 1 and 2 missions provided unique information on the heliospheric boundary owing to their 
direct measurements of the Lyman α signal. The main source of the heliospheric Lyman α emission is 
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scattering of solar photons by the interstellar hydrogen atoms. Katushkina et al. [43] published the very 
valuable study “Voyager 1/UVS Lyman α measurements at the distant Heliosphere (90-130 AU): unknown 
source of additional emission” where their model of the Hydrogen wall was presented in Fig. 1. 

 

 
Fig. 1. The model of the Hydrogen wall based on the Lyman α intensity backscattered at a dense layer  

with significantly Doppler-shifted H atoms in Katushkina et al. [43]. 
 

Based on these experimental data we proposed a new model of the spherical Hydrogen wall that might 
serve as the mirror for the Solar gravitational radiation as shown in Fig. 2. Minter, Wegter-McNelly and 
Chiao formulated the question: “Do mirrors for gravitational waves exist?” [44]. 

For the quantitative calculations with this “hidden” gravitational force acting on the Pioneer 10 and 11 
spacecrafts we have to determine the volumes of two spherical caps with the reflected Solar gravitation 
field as shown in Fig. 3. 

 

 
Fig. 2. The Solar gravitational radiation reflected on the 

Hydrogen wall – the model of the “hidden” gravitational force 
in the Solar System. 

 
Fig. 3. Two spherical caps with the reflected Solar gravitational 

radiation, r = 120 AU, h = 120 – x (x is the heliocentric 
distance of the Pioneer spacecrafts in AU) [45]. 

 
 

The contributions of volumes V1 and V2 of two caps with the radius r = 120 AU and the height h = 120 
– x, where x is the heliocentric distance in AU of the Pioneer 10/11 spacecrafts, can be evaluated using (1) 
and (2). 
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III. THE “HIDDEN” SOLAR GRAVITATIONAL FORCE  

The additional acceleration aHW of the Pioneer 10/11 spacecraft towards the Sun influenced by the 
reflected Solar gravitational radiation on the Hydrogen wall (HW) can be calculated from Newton´s famous 
formula: 

 

     (3) 

 
where G is the Newtonian gravitational constant, M⊙ is the mass of the Sun, RAU is the astronomical unit 
in meters, V1 and V2 are the spherical cap contributions, and x is the heliocentric distance in AU. 

From (3) we will get the additional acceleration of the Pioneer 10/11 spacecrafts towards the Sun depicted 
in Figure 4. 
 

 
Fig. 4. The Pioneer anomaly: dashed line calculated from (3) (no heat effect on the mass of Pioneer 10/11),  

full line calculated from (8) with heat effect on the mass of Pioneer 10/11. 
 

There are two new effects: 1) the decreasing temperature in the Solar System decreases the mass of the 
Pioneer 10/11 spacecrafts, 2) the gravitational constant of the reflected Solar gravitation radiation could be 
described as G/x in units m3 kg-1 s-2 AU-1.  
 

IV. THE INFLUENCE OF TEMPERATURE ON THE MASS  

There are two theoretical predictions of the influence of temperature on the mass. Einstein in 1907 based 
on the special relativity predicted for water molecules the value 4.6 * 10-14 kg kg-1 K-1 [46]. Assis and 
Clemente in 1993 based on the Dulong-Petit law and the Weber´s force law predicted the value ≈ 10-14 kg 
kg-1 K-1 [47]. 

Therefore, it is very difficult to experimentally verify those predictions in the Earth´s laboratories. 
Martins [48], [49] surveyed those experimental attempts to get the experimental value for the influence of 
temperature on the mass. These experimental results are summarized in Table I.  

 
TABLE I: THE EXPERIMENTAL DETERMINATION OF THE MASS DEPENDENCE ON TEMPERATURE 

Year Authors |γ| [kg kg-1 K-1] Reference 
1799 Thomson < 10-6 [50] 
1905 Poynting and Phillips < 2*10-10 [51] 
1906 Southerns < 10-8 [52] 
1919 Pettersson < 10-9 [53] 
1923 Shaw and Davy < 2*10-6 [54] 
2010 Tajmar et al. < 2*10-8 [55] 
2020 Tajmar et al. < 1.8*10-8 [56] 

 
We have now a good possibility to extract such tiny values from the Pioneer anomaly. Is there any mass 

dependence of those spacecrafts on the temperature of the Solar System? Stávek modeled the temperature 
in the Solar System using the Stefan-Boltzmann law [57]. In this model the Solar radiant heat was reflected 
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on the Termination shock at the distance RTS = 102.3 AU in order to get at 1 AU the observed temperature 
of the microwave background radiation in thermal telescopes. 

The temperature in the direction towards to the Termination shock TFORWARD might be modeled as (4) 
[57]. 

 

         (4) 

 
The temperature reflected on the Termination shock TBACK might be modeled as (5) [57]. 
 

        (5) 

 
During the long path of Pioneer 10/11 through the Solar System the surrounding space temperature cools 

down both spacecrafts on the dependence of the heliocentric distance from the Sun and we can expect some 
mass decrease of those spacecraft. The proposed model is expressed in (6). 

 

     (6) 

 
This decrease of the spacecraft mass kg/kg should decrease the total value of the Pioneer anomaly and is 

registered as -aHEAT in Fig. 5. 
 

 
Fig. 5. The predicted mass decrease of the Pioneer 10/11 spacecrafts should be visible in the Pioneer anomaly. 

 
 The specific mass decrease of the Pioneer 10/11 spacecrafts in kg/kg/K can be evaluated from (7), at the 

distance 1 AU we will obtain the value -3.03*10-14 kg/kg/K which agrees with both Einstein and Assis-
Clemente predictions: 
 

     (7) 

 
The total value of the Pioneer anomaly aP should be calculated by (8) and is shown in Fig. 4: 
 

         (8) 

  
Fig. 6 depicts the specific mass decrease in kg/kg/K on the dependence of the heliocentric distance from 

the Sun. 
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Fig. 6. The predicted specific mass decrease in kg/kg/K of the Pioneer 10/11 spacecrafts depends on the heliocentric distance. 

V. THE MODEL AND THE REAL PIONEER ANOMALY  

There were published two results of the Pioneer anomaly. The first value ap = (8.74 ± 1.33) * 10-10 ms-2 

became the standard value for all analysis around the year 2004. The second result in 2012 [35] explained 
the Pioneer anomaly as the recoil force associated with an anisotropic emission of thermal radiation of the 
vehicles and closed the further activity of other scholars. We present the model with the expression for the 
Pioneer anomaly as aP = (8.50- 0.0106 * x) * 10-10 m s-2 AU-1 where x is the heliocentric distance in AU 
The comparison of the model with the experimental data is given in Figure 7 and Figure 8. 

 

  
Fig. 7. The experimental data of the Pioneer anomaly in the year 2004 [4],  

the thermally induced force in 2011 [35], the model in 2022. 
 

 
Fig. 8. The experimental data of the Pioneer anomaly in the year 2012 [37] 

 the thermally induced force in 2011 [35], and this model in 2022. 
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VI. THE ANNUAL AND DIURNAL AMPLITUDES IN THE PIONEER ANOMALY  

In addition to the constant anomalous acceleration aP, Anderson and his co-workers observed the annual 
amplitude on the level ~ 1.6 * 10-10 ms-2 and the diurnal amplitude on the level ~ 3 * 10-12 ms-2 [58]. 
Anderson et al. concluded that these annual and diurnal amplitudes are not spacecraft-related phenomena 
nor artifacts of the measuring devices and modeling, but they are some Earth-related phenomena. There 
were published several attempts to explain these observed amplitudes, e.g. [6], [32], [58]-[63]. 

In our model we interpret the observed annual amplitude as the reflection of the Earth´s gravitational 
radiation from the surface of the Sun (e.g. [64]) that leads to a small acceleration amplitude of the Earth on 
the path around the Sun. This scenario is given by (9) and (10): 

 
           (9) 

 
 

      (10) 
 

In (9) and (10), the Earth is influenced by the self-gravitational effect via the reflection of the Earth´s 
gravitational radiation from the surface of the Sun: G is the Newtonian gravitational constant, M⊕ is the 
mass of the Earth, Rperihelion, RAU, and Raphelion are distances between the Earth and the Sun. 

In this model we interpret the observed diurnal amplitude as the result of Newton´s third law – for every 
action, there is an equal and opposite reaction between the Sun and the Earth. The Earth has acts daily with 
a slight change on the Sun with the gravitational force F1 and the Sun is reciprocally acting on the Earth as 
is proposed by (11), (12), and (13): 

 
      (11) 

       (12) 

       (13) 

It will be interesting to re-analyze all data for the Pioneer 10/11 spacecrafts to obtain the annual and 
diurnal amplitudes for the given positions of the Earth around the Sun and to compare these quantities with 
the presented model. 

VII. CONCLUSION 

The deep study of the Pioneer anomaly can significantly contribute to our knowledge about gravitational 
events in the Solar System. 

1. The Pioneer anomaly was interpreted as the action of the reflected Solar gravitational radiation from 
the Hydrogen wall on those spacecrafts. 

2. The annual amplitude was interpreted as the reflection of the Earth´s gravitational radiation from the 
surface of the Sun – the Earth´s self-gravitational effect. 

3. The diurnal amplitude was interpreted as the Third Newton´s law – action and reaction between the 
Earth and the Sun. 

4. The dependence of the mass of the Pioneer 10/11 spacecrafts on temperature in the Solar System 
was derived. This tiny mass – temperature effect cannot be measured in the Earth´s laboratory at this 
epoch. 

5. New missions of the Voyager type expeditions should be realized to get more detailed description 
of the Termination shock and the Hydrogen wall. 

6. New missions of the Pioneer type expeditions should be realized to get more information about the 
Pioneer anomaly in the whole volume of the Solar System. 
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