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Abstract 
An analysis is performed on what is known as the anomaly of NASA’s probe 
spacecraft. It explains why this additional acceleration can hardly be caused 
by the heat emitted by the electronic equipment of the spacecraft or by the 
dark matter that the Solar System could contain. Additionally, the correct 
stellar dynamics are mathematically demonstrated to explain the high speed 
of stellar rotation directly in galaxies and to show that this dynamics govern-
ing galaxies is very different from the dynamics of the Solar System. This also 
demonstrates the superfluity of postulating the existence of Dark Matter at 
the galactic level. It is concluded that the anomaly of the Pioneer spacecraft is 
relatively feasible as a product of an explainable difference between the mod-
eling of the 70s and the real sources of the gravitational field of the Solar Sys-
tem. Therefore, it is claimed that there were sources of gravitational field that 
were not included in the original modeling because they were unknown at the 
time. Finally, a particular distribution of the disperse Solar System mass is 
proposed that could represent the sources of the field that give a plausible ex-
planation for the NASA spacecraft anomaly. 
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1. Introduction 

In the early 1970s, NASA sent Pioneer 10 and 11 spacecraft beyond the Solar 
System, becoming the first probes to leave it. However, during their flight in the 
vicinity of Jupiter and Saturn, an irregularity was detected in the position 
reached by both probes. The spacecraft appeared to have been subject to an ad-
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ditional deceleration of the order of 10−10 m/s2 that was not taken into account in 
the flight path calculations, causing them to fall behind by a few meters each day 
[1]-[9]. By 2003, after approximately 30 years of flight, Pioneer 10 was delayed 
by thousands of kilometers and was not in the expected location. Various causes 
have been suggested to explain this anomaly, including the radiation pressure of 
the spacecraft’s own heat, the expansion of the universe, and the presence of 
Dark Matter in the Solar System [10]-[20]. The latter explanation postulates the 
existence of Dark Matter at the galactic level to justify the excessive speeds of 
stars rotating in galaxies [10]-[23]. However, Dark Matter has not been detected 
inside or outside the Solar System [24]. The concept of Dark Matter was intro-
duced by Fritz Zwicky in the early 1930s and later reincorporated by Vera Rubin 
in the 60s and 70s to explain the stability of galactic systems and galaxy clusters. 
Dark Matter is strange because it supposedly interacts only gravitationally and 
its composition remains unknown after almost 90 years since its postulation 
[24]-[29]. 

On the other hand, regarding the possible explanation of the anomaly related 
to radiation pressure, which is also referred to as the heat model, it is a popular 
explanation in the scientific community, although not everyone agrees with it 
[5]. The explanation involving the expansion of the universe has little acceptance 
and will not be discussed in this study. In this paper, we will elaborate on the 
heat model explanation [1]-[9]. Even though we accept, without conceding, that 
there could be an effect caused by the heat dissipation of the spacecraft itself, we 
will demonstrate that it is unlikely that the anomaly is caused by this, mainly due 
to the geometry of the heat sources and the ship itself. We will also explain how 
the postulate of the existence of Dark Matter can be eliminated, and using the 
appropriate galactic stellar dynamics, this postulate becomes unnecessary. We 
will show mathematically that the stability of galactic and galaxy clusters is a di-
rect and explainable result when using the correct gravitational dynamics. Addi-
tionally, when applying this galactic gravitational dynamics to the Solar System, 
we find that it is very likely that the Pioneer Spacecraft Anomaly can be ex-
plained using purely Newtonian gravitational dynamics with an innovative ap-
proach. Finally, this paper aims to clarify that at least an important part of the 
effect of mass, both at the galactic and Solar System level, is due to the volume-
tric distribution of field sources. We demonstrate that the distribution of mass it-
self is a potential factor for modifying the values of the field. In particular, in the 
Solar System, taking into consideration a possible distribution of masses, the ano-
maly of NASA’s spacecraft can be accounted for with a good margin of reliability. 

2. A Description of the Ship Anomaly 

The Pioneer Anomaly is a small additional acceleration (8.74 ± 1.33) × 10−10 m/s2 
experienced by the Pioneer spacecraft that deviates from the initially modeled 
gravitational field. The anomaly is directed towards the Sun and Earth and in-
troduces a difference in the trajectory of the spacecraft. The magnitude of the 
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anomaly can be placed between two gravitational field values 7.410 × 10−10 - 
1.007 × 10−9 m/s2, and it has only been detected in some spacecraft like Pioneer, 
Ulysses, and Galileo. The fact that this acceleration has not been detected in the 
movement of planets, satellites or comets, suggests that this phenomenon is not 
universal but circumstantial. 

It is possible that the difference between what is calculated and what is meas-
ured experimentally has its cause in the original calculation problem. In the 60s 
and 70s, computers existed but access was limited and difficult, so NASA hired 
people with mathematical and physics abilities to perform the calculations. Ka-
therine Coleman G. Johnson was one of the Human Calculators who worked for 
NASA and was known for her ability to check the calculations of satellite trajec-
tories and space flights. 

There may be inaccuracies in the calculations of the trajectories of the space-
craft, as well as in the experimental data and its management. The Doppler effect 
is one way to measure the speed of the spacecraft, but it may not be accurate in 
some cases. The Pioneer Anomaly does not exist for comets or any massive ob-
ject that revolves around the Sun because their speed reduces when approaching 
aphelion and accelerates when approaching perihelion, which is not the case for 
spacecraft. 

3. Radiation Pressure, Heat Theory 

The theory that the spacecraft’s electronic equipment can accelerate the space-
craft itself through heat dissipation is based on the concept of momentum or 
amount of motion [6] [7]. At first, the idea that a spacecraft could accelerate it-
self using its own heat seemed improbable, like trying to lift oneself by pulling 
on one’s own shoelaces. This concept of momentum was not always clear, and in 
the 17th century, Gottfried Leibniz (1646-1716) introduced the concept of “vis 
viva,” which was a product of mass times velocity squared (mv2). In contrast, 
René Descartes (1596-1650) proposed the concept of “amount of movement” 
(mv), which was a vector quantity. It was not until the 18th century that Jean Le 
Rond d’Alembert (1717-1783) clarified the distinction between these two concepts. 

21 d
2

mv F l= ⋅∫                         (1) 

Kinetic or potential energy is the effect of an integrated force in space. 

dmv F t= ⋅∫                          (2) 

The moment or amount of movement is the effect of a force integrated in 
time. 

In other words, a change in the amount of motion can produce a force or 
pressure, such as radiation pressure. In this case, the heat waves of the spacecraft 
and the infrared rays reflecting off a surface change their amount of motion and 
can produce a force or pressure. 

Assuming that the radiation pressure of the heat dissipated by the electronic 
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equipment of the spacecraft itself can accelerate it when reflected on the surface 
of the parabolic antenna, there are three factors that must be taken into account 
to analyze this possibility: 

1) If the volume of the electronic equipment container were a cube, only about 
one-sixth of the heat dissipated by the equipment could contribute to anomalous 
acceleration (See Figure 1). 

2) Of that sixth part, an important portion of that heat power, emitted by the 
part closest to the antenna, close to the horizontal axis, does not contribute due 
to self-reflection between the equipment and the antena (See Figure 2). 

3) The signal that starts from the antenna dish and travels towards the Earth 
would accelerate in the opposite direction, away from the Sun and the Earth, in-
stead of towards them (See Figure 3). 

 

 
Figure 1. If the shape of the container of the electronics of the spacecraft were a cube, the 
radiation that could, in any case, accelerate the spacecraft itself would be one-sixth of the 
heat produced by the operation of the equipment. 

 

 
Figure 2. A portion of the heat generated by the spacecraft’s instrumentation has the po-
tential to accelerate it. However, as shown in the figure, heat radiation directed towards 
the antenna near the horizontal axis is trapped by multiple reflections on the antenna and 
the electronic equipment, resulting in no actual acceleration. This reflected radiation is 
estimated to be approximately 10 W. 
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Figure 3. In the figure, the arrows represent the energy consumed by the electronic 
equipment, which transmits the information sent by the probe to Earth. This energy not 
only does not accelerate the spacecraft towards the anomaly but actually has an antago-
nistic effect. It accelerates in the opposite direction to the Sun and the Earth. 

 
A schematic representation helps to illustrate each of these contributions 

more clearly. 
a) The receptacle containing the spacecraft’s electronic equipment is not a cu-

bic box; rather, it is similar to a low-height hexagonal parallelepiped. Therefore, 
the radiation power emitted by the electronic equipment towards the antenna is 
likely greater than the aforementioned one-sixth portion. At the very least, this 
possibility should be taken into consideration. 

The electric power generators in the spacecraft, which are based on pluto-
nium, generate approximately 2000 W and are located 3 meters away from the 
center of the ship. Of that energy, about 120 W are used for instrumentation [5] 
[6] [7] [8] [9]. If it is considered that this thermal power is radiated isotropically, 
in the best-case scenario, only about 20 W, or one-sixth of the heat produced by 
the equipment, would affect the antenna dish due to the geometry of the instru-
mentation receptacle. However, for simplicity, it can be assumed that this power 
is even greater than one-sixth of the heat dissipated, and is approximately 30 W. 

b) A significant portion of the radiation that falls on the antenna, with the 
possibility of accelerating near and around the horizontal axis in Figure 2, is re-
flected and then reflected again indefinitely between the equipment compart-
ment and the antenna. Therefore, this portion of the infrared rays, which is close 
to the center of the antenna and almost parallel to the horizontal axis, does not 
cause significant acceleration on the spacecraft. Of the 30 watts, it can be as-
sumed that 10 watts are reflected indefinitely from this central part of the an-
tenna, as shown in Figure 2. 

The rays that strike the peripheral part of the antenna, at large angles of inci-
dence, bounce off and away from the spacecraft. This part of the radiation is 
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what could potentially cause some acceleration, as shown in Figure 2. 
c) Assuming that 20 W of the dissipation by the equipment could cause acce-

leration, we need to consider the radiation emitted by the antenna dish itself 
when sending the radio signal towards Earth. This signal consumes approx-
imately 8 to 10 W of power. Although this radio signal emitted from the antenna 
could cause acceleration, it would be in the opposite direction, pushing the 
spacecraft away from Earth and the Sun. 

The schematic analysis presented here shows that any potential acceleration 
caused by the heat dissipation of the spacecraft’s instrumentation would be too 
small to explain the anomaly. This raises the question: if the heat dissipation is 
not the cause of the anomaly, then what could be producing the unaccounted 
acceleration? 

4. Dark Matter in Gravitational Systems 

In the field of scientific research, there are various unexplained phenomena, 
such as the Pioneer anomaly. These anomalies are irregularities that have not yet 
been conclusively explained and widely accepted. One such example that has 
persisted for several decades without a definitive understanding is the existence 
of Dark Matter, which has been the subject of research and discussion in nu-
merous studies [11] [12] [13] [24] [25]. 

Zwicky’s discovery was later revisited in the 1970s, when astronomers Vera 
Rubin and Kent Ford studied the rotation curves of galaxies. They found that the 
outer parts of galaxies were rotating at speeds that could not be explained by the 
visible matter alone, suggesting the presence of invisible matter or “Dark Mat-
ter” [10] [11]. Since then, various experiments and observations have been car-
ried out to try to detect and understand Dark Matter, but its exact nature and 
properties remain unknown to this day. It is believed that Dark Matter makes up 
about 25% of the matter in the universe, and its gravitational effects are crucial 
in shaping the large-scale structure of the universe [12] [13]. 

Vera Rubin, an astronomer of American origin, among other things, repli-
cated much of Zwicky’s results and found no alternative but to associate with the 
postulate of the existence of some type of strange matter that caused galactic sta-
bility [12] [16]. They named it Dark Matter. It was something peculiar because it 
only manifested its presence through gravitational force. It cannot be seen, emit 
or reflect light, and cannot be detected by any means other than gravitational 
interaction. These results of Zwicky and Vera Rubin were given a particular in-
terpretation of Newtonian mechanics [10] [16]. In an article published in 2006 
[12], Vera Rubin expressed, “High school students learn that in a gravitationally 
bound system like our solar system, a planet moves in a closed orbit, such that 

2MG v r=  where M is the mass of the sun, G is the gravitational constant, and v 
and r are the speed of a planet and its distance from the sun. In M31 (Andro-
meda), the same relationship between mass, velocity, and distance holds” [12]. 

Here in this paper, we will demonstrate that Vera Rubin’s thesis is not accu-
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rate. Our argument is that high rotational speeds of stars in galaxies can be ex-
plained by employing the correct galactic dynamics. 

In summary, the mathematical expression that Vera Rubin claims must hold 
at the galactic level is derived from the Newtonian potential that describes the 
speed of planets in the Solar System as 

1v r∝                            (3) 

The planets in the Solar System have rotational speeds that vary according to 
Equation (3). Saturn rotates around the sun at a slower speed than Jupiter, and 
Neptune rotates even slower than Saturn. However, Rubin determined experi-
mentally that at the galactic and galaxy cluster levels, bodies manifest a constant 
velocity v. 

v cte=                             (4) 

That is, a significant number of stars in galaxies exhibit a velocity that does 
not decrease with distance from the galactic center, but remains approximately 
constant as expressed in Equation (4) [26] [27]. In addition to mathematically 
deriving this constancy in stellar rotation speed, we will attempt to explain two 
crucial observations: 

1) The absence of Dark Matter in the Solar System [24]. 
2) The discovery of galaxies that purportedly lack Dark Matter [29]. 
To begin developing the appropriate stellar dynamics at the galactic level, we 

need to refer to the fields and sources that produce them. Similar to classical 
electrodynamics, it is commonly stated that problems of sources and fields are 
limited to potential problems [30] [31]. Similarly, in gravitational dynamics, a 
large number of problems of sources and fields can be limited to potential prob-
lems, specifically gravitational potential. Gravitational systems use the same eq-
uations as electrodynamics with appropriate changes for the problem, in this 
case, the gravitational potential. To clarify, in electrodynamics, the electric field 
is determined by calculating the gradient of the potential. Similarly, in gravita-
tional systems, the gravitational field is determined by calculating the gradient of 
the Newtonian potential [30] [31] [32]. 

All mechanics related to the potential problem are encompassed in one of 
Maxwell’s laws, which is known as Gauss’s Law for the flux of a field through an 
arbitrary surface. In the case of the electric field, as shown in Figure 4, Gauss’s 
Law is written [30] [31] 

0 dE s q⋅ =∫                          (5) 

To obtain Gauss’s Law for the gravitational field, we simply substitute GM for 
4q π  in Equation (5). The resulting expression is 

d 4g s GM⋅ = π∫                         (6) 

Here G is the gravitational constant, M the mass within the Gaussian surface 
and g  is the gravitational field. 

Gauss’s Law has a wide range of applications when there is symmetry in the 
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problem. For example, in a spherically symmetric problem, the gravitational 
field can be obtained by extracting it from the integral and integrating the sur-
face to obtain the value of the field multiplied by the area of a sphere. 

2d 4 4g s g r GM= π = π∫                      (7) 

To apply Gauss’s Law in galactic stellar dynamics, some considerations must 
be taken into account. An important point to note about this expression is that 
the value of M represents the mass contained within the Gaussian surface. To 
simplify the mathematical calculations, a galaxy with spherical symmetry will be 
assumed, and the variables will depend only on the distance to the galactic cen-
ter, as shown in Figure 5. 

Therefore the mass within the Gaussian Surface is obtained from the follow-
ing expression 

2d d sin d dM V r rρ ρ θ θ ϕ= =∫ ∫ 

                 (8) 

 

 
Figure 4. In this figure, an arbitrarily shaped Gaussian surface is shown enclosing a 
charge q. The field lines leaving the surface are considered positive and are proportional 
to the electric charge inside. When the field sources are outside the surface, such as those 
that produce E0, the net flux across the surface is zero. 

 

 
Figure 5. A spherical Gaussian surface representing a galaxy is shown. Inside, a mass M 
acts as the source of the gravitational field, with a distribution ρ(r). With this symmetry, 
for a given value of r, the gravitational field remains constant on the surface. 
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Here dV is the differential volume element, expressed in spherical coordi-
nates. From this expression, it can be seen that if the mass density ( )rρ  of a 
spherical galaxy is 

21 rρ ∝                            (9) 

With this expression in Equation (8), the mass within the Gaussian surface is 
proportional to r, so Equation (7) becomes: 

1g r∝                            (10) 

To obtain the dynamics of a star revolving around the galactic center at a dis-
tance r, the gravitational force acting on the star must be equated with the cen-
trifugal force. 

2gm rmv=                          (11) 

By virtue of Equation (10), Equation (11) implies that 

v cte=                            (12) 

Which is the speed that Vera Rubin obtained experimentally. 
The conclusion is that by using the correct galactic stellar dynamics, the post-

ulate of the existence of Dark Matter is superfluous or unnecessary. Newton’s 
Law of Universal Gravitation, which varies as 1/r2 is not valid at the galactic lev-
el. In fact, it can have a different mathematical expression that depends on the 
way in which the mass is distributed within the galaxy. This explains the high 
rotation speeds observed, as mentioned earlier. 

Points 1) and 2) above can be explained by the fact that if a galaxy has a mass 
distribution similar to that of the Solar System, where the majority of the mass is 
concentrated at the center, then that galaxy will not contain what has been re-
ferred to as Dark Matter [10] [26] [29]. 

Dark Matter is not required in the Solar System since experimental observa-
tions indicate that the planets rotate at a speed that aligns with the predictions of 
Newton’s potential, as given by Equation (3). Therefore, in the Solar System, 
where Vera Rubin’s expression holds, there is no need to introduce Dark Matter. 

In a galaxy, the most important part of this description is the way in which the 
mass of the stars is distributed. That will determine how the gravitational field 
varies. As will be shown, for the anomaly of the spacecraft, the distribution of 
the sources of the gravitational field will also be important. 

5. The Proposed Genesis of the Irregularity 

As stated by Vera Rubin in her 2006 paper, is that a planet in the Solar System 
follows the relationship [12] 

2GM v r=                          (13) 

where M represents the mass of the Sun. Therefore, the force acting on a planet 
of mass m is the force described by Newton’s Law of Universal Gravitation. 

2 ˆrF GMm r u=                        (14) 
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where ˆru  r is a unit vector in the radial direction. 
When a spacecraft travels through the Solar System, the force acting on it is 

expected to have the shape described by Newton’s Law of Universal Gravitation, 
with a certain value for the source of the field, M. However, a rigorous calcula-
tion must take into account the distribution and influence of all bodies in the 
Solar System, so M may have several contributions and vary in a particular way. 
The discovery of the planet Neptune serves as an example of the influence of 
planetary and satellite mass distribution on gravitational force in the Solar Sys-
tem. Several researchers had noticed irregularities in the orbit of Uranus [33] 
[34] [35] at the time, leading some to suspect that Newton’s theory could be 
false. Urbain Le Verrier, however, was able to predict the position of Neptune 
[33] [34] [35] through two years of intense work, and German astronomer Jo-
hann Gottfried Galle observed the new planet on the night of September 23-24, 
1846. The presence of another mass that modifies the distribution of field sources 
indicated that the gravitational field on Uranus should be different from the one 
already calculated and would account for the anomalies of its orbit. 

It is reasonable to assume that during the late 1960s, when calculating the tra-
jectory of the Pioneer spacecraft, Vera Rubin’s Equation (13) was utilized. How-
ever, since this equation is not valid at the galactic level, there could be varia-
tions in the gravitational field within the Solar System. In other words, the cal-
culated gravitational field that was included in the modeling for NASA space-
craft hypothetically only accounted for the known sources of gravitational field 
at that time, in the early 70s. For instance, by that time, the four moons of Jupi-
ter discovered by Galileo Galilei in 1610 were already known, along with nine 
more moons. As of current knowledge, Jupiter has 92 moons, some of which are 
very small. The same is true for Saturn, suspected to have more than 100 moons 
in addition to its rings, and other planets. It is apparent that NASA’s calculators 
could not account for all existing gravitational field sources, indicating that there 
may be an additional field that was not included in the modeling. 

From all of this, it can be concluded that the original model of the gravitation-
al field in the Solar System did not take into account many sources that could 
have contributed to the Spacecraft Anomaly. The mass of satellites, asteroids, 
and dwarf planets in the Solar System adds up to a few hundred terrestrial 
masses. These sources, along with other wandering bodies, dwarf planets such as 
Ceres, Eris, Sedna, Makemake, Haumea, and other scattered celestial object, if 
distributed in a certain way, can explain the anomaly. In addition to the dis-
persed mass that was not taken into account in the original modeling, the gene-
sis of the anomaly depends on the distribution of mass itself, which strongly in-
fluences the values of the gravitational field. This has been demonstrated in the 
case of galactic stellar dynamics. If we go beyond what is currently known about 
the Solar System and include the Kuiper belt and the Oort cloud, supposedly a 
spherical structure enclosing everything known about the Solar System up to a 
distance of more than one light-year, we can consider the Solar System as a “na-
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no galaxy”. Therefore, the same gravitational dynamics described above can be 
applied with some additional considerations to calculate the anomaly. The par-
ticular distribution of mass in both the Galaxy and the Solar System is funda-
mental to obtaining the true mathematical expression for the gravitational field, 
which determines the stellar dynamics in the galaxy and also the trajectories of 
spacecraft traveling through the Solar System. 

6. Numerical Calculation of an Approximation to the Anomaly 

For this study, several configurations were tested, including planetary mass dis-
tributions and additional dispersed masses. For planetary mass, their positions 
evolved according to their rotation periods around the Sun. A portion of the 
dispersed mass was randomly placed in spatial coordinates. In general, there 
were three main cases considered: 
• In the first case, we attempted to include as many sources of gravitational 

field as our knowledge allowed, including the satellite mass that was not con-
sidered in the original modeling. We then compared this field with that of 
the original model, which could be inferred. The trajectory of the spacecraft 
was simulated using a parabolic path, and the positions of the planets were 
evolved based on their rotation period around the Sun during the spacecraft’s 
journey to outer space. Please see Figure 6 for more details. 

• In a second case, we focused on assuming a specific distribution that exclu-
sively included sources of the gravitational field found in the scattered mass 
of secondary sources such as satellite mass, dwarf planets, and the asteroid 
and Kuiper belts. We proposed a distribution of dispersed mass with ran-
domly generated positions that varied during the trajectories of the sounding 
spacecraft. This was an attempt to create a gravitational field that could be 
considered a significant contributor to the genesis of the anomaly, as shown 
in Figure 7. 

• In the third case, we calculated a gravitational field similar to that of the 
anomaly determined by the sounding ships by considering only a dispersed 
mass in a random distribution, with a total mass slightly exceeding 100 Earth 
masses, and varying its positions in time based on geometric and density 
considerations. The asteroid and Kuiper belts were excluded in this calcula-
tion. Figure 8 illustrates this case. 

The first case was helpful in providing insights that there are enough addi-
tional sources in the Solar System that can contribute to the gravitational field 
determined as an anomaly, which means that there were field sources that were 
not included in the original modeling. Figure 6 illustrates this. 

With the second case, we excluded the sources of the original modeling of 
spacecraft trajectories that NASA calculators could consider, and instead, we in-
cluded only the scattered mass and the asteroid and Kuiper belts, which were not 
originally considered. We were able to obtain a gravitational field that matched 
the experimental results of the probe ships with good precision. Figure 7 shows  
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Figure 6. The figure presents a 3D view (a) of the initial configuration of the Solar Sys-
tem, which includes the Sun at the origin, the surrounding planets, the asteroid belt, the 
Kuiper belt, and the scattered mass in the volume occupied by the Solar System. The tra-
jectory that the observation point follows is also shown. Panel (b) displays the variation of 
the radial component Gr of the gravitational field in m/s2 for this configuration along the 
observation path in astronomical units. 

 
this result. 

Finally, Figure 8 shows the results of the third case, where a random distribu-
tion of dispersed mass was considered, excluding the asteroid and Kuiper belts.  
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Figure 7. In (a) a distribution of the scattered mass, the asteroid belt and the Kuiper belt, 
is represented at a moment in the temporal evolution, 10 28.86679 10 m sG −= × . (b) Radial 
gravitational field Gr (m/s2) along the observation path. It is important to note the varia-
tion of the field with a frequency similar to the measurement of the pioneer ships re-
ported. 

 
The figure includes a 3D view (a) of the initial configuration of the Solar System 
with the dispersed mass in the volume occupied by the Solar System. The variation 
of the radial component of the gravitational field Gr (m/s2) along the observation  
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Figure 8. (a) Shows a moment in the evolution of the dispersed mass with a gravitational 
field strength of 10 24.66319 10 m sG −= × . (b) Shows the radial component Gr of the gra-
vitational field (in m/s2) along the observation path. The curve represents a good ap-
proximation of the gravitational field of the anomaly. 

 
path is shown in (b). It is important to note that this calculation provides a good 
approximation to the genesis of the gravitational field that is considered an 
anomaly. 
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7. Comments and Conclusions 

Indeed, anomalies or unexpected phenomena are often the source of scientific 
progress as they force scientists to question their assumptions and seek new ex-
planations. However, it is important to approach these anomalies with a critical 
and rational mindset, using all available data and scientific methods to try to 
understand and explain them. It is also important to recognize that scientific 
understanding is always subject to revision and refinement as new evidence is 
discovered. By openly discussing and analyzing anomalies, we can continue to 
deepen our understanding of the natural world and expand the boundaries of 
scientific knowledge. 

Yes, that is a possible explanation for the genesis of the Anomaly. The original 
modeling of the gravitational field may have neglected or underestimated certain 
sources of mass and gravitational effects, leading to a mismatch between the 
predicted and actual gravitational field experienced by the probes. This differ-
ence could manifest as an anomaly in the probe trajectories, which is what has 
been observed and studied in this work. By considering additional sources of 
mass and refining the modeling of the gravitational field, the calculated field can 
better match the observed field and provide a more accurate description of the 
gravitational environment of the Solar System. 

Here we aim to clarify some ideas: The Solar System has been found to be a 
place where Dark Matter does not exist. This is because planetary dynamics fol-
low Newton’s gravitational potential with acceptable accuracy. Therefore, this 
hypothetical foreign matter cannot be responsible for the spacecraft anomaly. In 
this work, it has been mathematically demonstrated that high speeds of stellar 
rotation can be explained with the appropriate galactic stellar dynamics. This 
makes it clear that postulating the existence of Dark Matter is unnecessary. Fur-
thermore, within the structure of the scientific method, it is advisable not to 
propose the existence of something inexplicable to explain a phenomenon. This 
would only create an additional problem of explaining the unexplainable on top 
of the original problem. 

The theory of heat, based on the geometry of the spacecraft itself, is not suffi-
cient to explain the radiation pressure that could be affecting the antenna dish of 
the spacecraft. Three sections of the antenna require analysis: the section closest 
to the main axis of the antenna, which appears horizontal in Figure 2 and expe-
riences multiple reflection radiation; the section where heat rays reflect at large 
angles, which could lead to acceleration; and finally, the section of the antenna 
that emits the signal that communicates with Earth. This section not only does 
not accelerate but, on the contrary, produces an effect in the opposite direction 
to the acceleration of the anomaly. 

The NASA computers that were used for modeling in the 1960s and early 
1970s were not capable of incorporating unknown sources of gravitational fields 
into their calculations. Therefore, it is now known that there is enough addition-
al matter to construct a model that approximates the “anomalous” field meas-
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ured by the spacecraft. This also largely explains why this problem is not ob-
served in the orbits of planets, comets, and other bodies in the Solar System. 
This is because these bodies do not have an original model that does not coin-
cide with what has been observed. 

In the numerical simulation, the field values obtained with the dispersed, dis-
tributed mass in a particular way proposed by us are very close to those of the 
gravitational field interval that defines the anomaly of the NASA spacecraft, 
7.410 × 10−10 - 1.007 × 10−10 m/s2. 

Acknowledgements 

We thank CONACyT, National System of researchers, for the partial support 
received with the recognition with file 10793. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Anderson, J.D., et al. (1998) Indication from Pioneer 10/11, Galileo, and Ulysses 

Data, of an Apparent Anomalous, Weak, Long-Range Acceleration. Physical Review 
Letters, 81, 2858-2861. https://doi.org/10.1103/PhysRevLett.81.2858 

[2] Anderson, J.D., et al. (2002) Study of the Anomalous Acceleration of Pioneer 10 and 
11. Physical Review D, 65, Article ID: 082004.  
https://doi.org/10.1103/PhysRevD.65.082004 

[3] Turyshev, S.G., et al. (2006) The Study of the Pioneer Anomaly: New Data and Ob-
jectives for New Investigation. International Journal of Modern Physics D, 15, 1-55.  
https://doi.org/10.1142/S0218271806008218 

[4] Turyshev, S.G. and Toth, T. (2010) The Pioneer Anomaly. Living Reviews in Rela-
tivity, 13, Article No. 4. https://doi.org/10.12942/lrr-2010-4 

[5] Kerr, R.A. (2011) Mystery Pioneer Anomaly Is Real but Still a Mystery. Science, 
333, 1208. https://doi.org/10.1126/science.333.6047.1208 

[6] Francisco, F., Bertolami, O., Gil, P.J.S. and Paramos, J. (2012) Modelling the Reflec-
tive Thermal Contribution to the Acceleration of the Pioneer Spacecraft. Physics 
Letters B, 711, 337-346. https://doi.org/10.1016/j.physletb.2012.04.034 

[7] Toth, V.T. (2009) Thermal Recoil, Telemetry, and the Pionner Anomaly. 

[8] Anderson, J.D., Turyshev, S.G. and Nieto, M.M. (2002) A Mission to Test the Pio-
neer Anomaly. International Journal of Modern Physics D, 11, 1545-1551.  
https://doi.org/10.1142/S0218271802002876 

[9] Turyshev, S.G., et al. (2011) Support for Temporally Varying Behavior of the 
Pionner Anomaly from the Extended Pionner 10 and 11 Doppler Data Sets.  
https://doi.org/10.1103/PhysRevLett.107.081103 

[10] Zwicky, F. (1933) Die Rotverschiebung von extragalaktischen Nebeln. Helvetica 
Physica Acta, 6, 110-127. 

[11] Zwicky, F. (1937) On the Masses of Nebulae and Clusters of Nebulae. The Astro-
physical Journal, 86, 217-246. https://doi.org/10.1086/143864 

https://doi.org/10.4236/jhepgc.2023.94091
https://doi.org/10.1103/PhysRevLett.81.2858
https://doi.org/10.1103/PhysRevD.65.082004
https://doi.org/10.1142/S0218271806008218
https://doi.org/10.12942/lrr-2010-4
https://doi.org/10.1126/science.333.6047.1208
https://doi.org/10.1016/j.physletb.2012.04.034
https://doi.org/10.1142/S0218271802002876
https://doi.org/10.1103/PhysRevLett.107.081103
https://doi.org/10.1086/143864


L. M. Lugo, E. C. Alarcón 
 

 

DOI: 10.4236/jhepgc.2023.94091 1372 Journal of High Energy Physics, Gravitation and Cosmology 
 

[12] Rubin, V. (2006) Seeing Dark Matter in the Andromeda Galaxy. Physics Today, 59, 
8-9. https://doi.org/10.1063/1.2435662 

[13] Rubin, V.C. (1983) Dark Matter in Spiral Galaxies. Scientific American, 248, 96-108. 
https://doi.org/10.1038/scientificamerican0683-96 

[14] Rubin, V.C. and Ford, W.K. (1970) Rotation of the Andromeda Nebula from a Spec-
troscopic Survey of Emission Regions. The Astrophysical Journal, 159, 379-403.  
https://doi.org/10.1086/150317 

[15] Rubin, V.C., Ford, W.K. and Norbert, T. (1978) Extended Rotation Curves of 
High-Luminosity Spiral Galaxies. IV. Systematic Dynamical Properties, SA through 
SC. Astrophysical Journal, 225, L107-L111. https://doi.org/10.1086/182804 

[16] Garret, K. and Düda, G. (2011) Dark Matter: A Primer. Advances in Astronomy, 
2011, Article ID: 968283. https://doi.org/10.1155/2011/968283 

[17] Guzmán, O. (2015) Del movimiento circular a la materia oscura, Contactos, Depar-
tamento de. Física, UAM-I, 98, 60-66. 

[18] Einasto, J., Kaasik, A. and Saar, E. (1974) Dynamic Evidence on Massive Coronas of 
Galaxies. Nature, 250, 309-310. https://doi.org/10.1038/250309a0 

[19] Einasto, J., Saar, E., Kaasik, A. and Chernin, A.D. (1974) Missing Mass around Ga-
laxies: Morphological Evidence. Nature, 252, 111-113.  
https://doi.org/10.1038/252111a0 

[20] Clowe, D., Bradac, M., Gonzalez, A.H., Markevitch, M., Randall, S.W., Jones, C. and 
Zaritsky, D. (2006) A Direct Empirical Proof of the Existence of Dark Matter. The 
Astrophysical Journal, 648, L109-L113. https://doi.org/10.1086/508162 

[21] Faber, S.M. and Gallagher, J.S. (1979) Masses and Mass to Light Ratios of Galaxies. 
Annual Review of Astronomy and Astrophysics, 17, 135-187.  
https://doi.org/10.1146/annurev.aa.17.090179.001031 

[22] Servant, G. and Tait, T.M.P. (2003) Is the Lightest Kaluza-Klein Particle a Viable 
Dark Matter Candidate. Nuclear Physics B, 650, 391-419.  
https://doi.org/10.1016/S0550-3213(02)01012-X 

[23] Masi, N. (2013) The AMS-02 Experiment and the Dark Matter Search. Dottorato di 
ricerca in Fisica, Alma Mater Studiorum-Università di Bologna, Bologna. 

[24] Adler, L. (2009) Solar System Dark Matter. Physics Letters B, 671, 203-206.  
https://doi.org/10.1016/j.physletb.2008.12.023 

[25] Arun, K., Gudennavar, S.B. and Sivaram, C. (2017) Dark Matter, Dark Energy, and 
Alternate Models: A Review, General Physics. Advances in Space Research, 60, 166-186.  
https://doi.org/10.1016/j.asr.2017.03.043 

[26] Pretzl, K. (2001) In Search of the Dark Matter in the Universe. Spatium, Interna-
tional Space Science Institute, Bern, No. 7. 

[27] Giudice, G.F., McCullough, M. and Urbano, A. (2016) Hunting for Dark Particles 
with Gravitational Waves. Journal of Cosmology and Astroparticle Physics, 10, Ar-
ticle No. 001. https://doi.org/10.1088/1475-7516/2016/10/001 

[28] Weinberg, D.H., et al. (2015) Cold Dark Matter: Controversies on Small Scales. 
Proceedings of the National Academy of Sciences of the United States of America, 
112, 12249-12255. https://doi.org/10.1073/pnas.1308716112 

[29] Van Dokkum, P., et al. (2018) A Galaxy Lacking Dark Matter. Nature, 555, 629-632.  
https://doi.org/10.1038/nature25767 

[30] Jackson, J.D. (1975) Classical Electrodynamics. 2nd Edition, John Willey & Sons, 
New York. 

https://doi.org/10.4236/jhepgc.2023.94091
https://doi.org/10.1063/1.2435662
https://doi.org/10.1038/scientificamerican0683-96
https://doi.org/10.1086/150317
https://doi.org/10.1086/182804
https://doi.org/10.1155/2011/968283
https://doi.org/10.1038/250309a0
https://doi.org/10.1038/252111a0
https://doi.org/10.1086/508162
https://doi.org/10.1146/annurev.aa.17.090179.001031
https://doi.org/10.1016/S0550-3213(02)01012-X
https://doi.org/10.1016/j.physletb.2008.12.023
https://doi.org/10.1016/j.asr.2017.03.043
https://doi.org/10.1088/1475-7516/2016/10/001
https://doi.org/10.1073/pnas.1308716112
https://doi.org/10.1038/nature25767


L. M. Lugo, E. C. Alarcón 
 

 

DOI: 10.4236/jhepgc.2023.94091 1373 Journal of High Energy Physics, Gravitation and Cosmology 
 

[31] Scott, W.T. (1962) The Physics of Electricity and Magnetism. 3rd Printing, John 
Willey & Sons, Inc., New York. 

[32] Weinberg, S. (1972) Gravitation and Cosmology: Principles and Applications of the 
General Theory of Relativity. John Wiley & Sons Inc., New York. 

[33] BBC Mundo, planeta Mercurio de Le Verrier, Vulcano, el planeta fantasma buscado 
por más de medio siglo que Einstein expulsó del cielo (2017, septiembre 17). 

[34] De Régules, S. (2012) La Mama de Kepler y otros asuntos científicos igual de apre-
miantes. Ediciones B México, S. A. de C. V., México. 

[35] Launay, M. (2019) La Gran Novela de las Matematicas (De la Prehistoria a la Actua-
lidad). Ediciones Culturales Paidos S. A. de C. V., Reimpresion febrero.  

 
 

https://doi.org/10.4236/jhepgc.2023.94091

	NASA’s Pioneer Spacecraft Anomaly, Heat, Dark Matter and a Probable Persuasive Genesis
	Abstract
	Keywords
	1. Introduction
	2. A Description of the Ship Anomaly
	3. Radiation Pressure, Heat Theory
	4. Dark Matter in Gravitational Systems
	5. The Proposed Genesis of the Irregularity
	6. Numerical Calculation of an Approximation to the Anomaly
	7. Comments and Conclusions
	Acknowledgements
	Conflicts of Interest
	References

