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Abstract 
This paper calculates the redshift of the 2292 MHz radio photon emitted by 
the Pioneer-6 space probe. The signal crossed the solar corona on the days 
close to the solar occultation between November and December 1968, the 
only ones for which scientific data are available, until it reached a terrestrial 
radio receiver. The specific study is based on a calculated orbital model of the 
Earth and Pioneer-6 system made on a scale of 1:100,000 by a CAD, on the 
New Tired Light theory adapted to the geometric and physical configuration 
of the topic and on a computational method. Removing the Doppler shift 
contributions of proper and rotational motions, due to the set-up of the 
receiver, and excluding the recombination factor of neutral hydrogen, which 
is irrelevant for distances within 1 AU, the calculation of the redshift can be 
traced back to the interactions between the radio signal and the electrons of 
the solar corona alone. The latter are contained in a Stroemgren sphere and 
photo-ionized by solar radiation in the UV and X-ray range. Furthermore, in 
order to have an interactional redshift contribution, the electrons have to 
satisfy the Wigner-Crystal Precondition for which their unitary potential 
energy is greater than their kinetic energy. Otherwise, a Thomson scattering 
process takes place in which the energy of the radio photon remains un-
changed. The comparison between the gravitational redshift together with the 
interactional redshift detected from this study methodology and the total 
redshift obtained from other scientific studies shows a similarity between the 
curves, including the observational data, both in terms of values, trend of the 
graphs and single punctual variations. 
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New Tired Light 

 

1. Introduction 

The phenomenon of the redshift of photons of light is measured not only at ga-
lactic level but also at extragalactic and cosmological levels. However, it is possi-
ble to measure also a local redshift component thanks to the close presence of a 
Star to the Earth: the Sun. This component seems to be proportional to the scale 
of study in the exam and the space between Sun and Earth is not experiencing 
any phenomenon of distancing associated with recession velocities. Once the 
Doppler components of orbital velocity, of proper rotation, and those relating to 
the gravitational field have been removed, there is always a residual redshift 
component. The radio signal of the Pioneer-6 space probe reaches the Earth with 
a characteristic peculiarity, namely its wavelength appears longer than the origi-
nal one: the signal has undergone a redshift. The shift is as imperceptible as cru-
cial in order to draw conclusions not only on the true nature of the redshift but 
also on its cosmological implications. 

The study is based on the thesis for which the passage of the radio signal 
through the electron-dense solar corona causes the redshift. The theory is a de-
velopment of the physics and mathematics of the New Tired Light (NTL) of the 
physicist L.E. Ashmore [1] [2] [3] [4] [5] who proved F. Zwicky’s predictions [6] 
on the extragalactic redshift theorized a century ago. The study of the Pioneer-6 
space probe, its orbit, and its signal, meets the physics of the English physicist 
adapting his mathematics to the specific problem concerning the redshift of a 
radio photon inside a stellar atmosphere. 

Any signal that travels in the Cosmos, in the galaxy, or in the solar system 
undoubtedly remains unchanged under the hypothesis that space is empty. In 
reality, space is composed of charged particles. As we will see in detail, photo- 
ionized electrons assume crucial importance for the redshift. The Sun is a young 
star that photo-ionizes hydrogen atoms due to the radiation emitted in the UV 
and X-ray field, thus surrounding itself with plasma, or rather unpaired elec-
trons and protons that permeate the stellar atmosphere and constitute the me-
dium through which photons of light travel. Due to this fact, the electrons form 
the fundamental part of the Interstellar Medium (ISM). According to the me-
chanism that we will introduce, they first absorb the photons and then re-emit 
them. In this process, the re-emitted photons have lower energy as they have 
spent a small amount of energy to move the electrons from their equilibrium 
configuration. Accordingly, they show a longer wavelength or namely a redshift. 
On a galactic and extragalactic scale, there happens exactly the same. We can 
imagine areas with high density of stars that, being observed from far away, 
appear as astronomical objects of a punctual nature that emit radiation in 
the X-ray and UV fields surrounded by an atmosphere of electrons. A part is 
photo-ionized thus generating negative ions that permeate the galactic atmos-
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pheres. Even on an extragalactic scale, the individual galaxies, made of stars, ap-
pear in turn as punctual objects that emit the same type of radiation and are 
surrounded by photo-ionized electrons that permeate the Intergalactic Medium 
(IGM). 

1.1. Observational Data 

The results and measurements from official scientific studies lead to further 
investigations. We could mention the redshift anomaly on the solar disk, made 
public by the study of M.G. Adam [7] and recently investigated by the author of 
this article [8]. The study shows that photons of light undergo a greater redshift 
at the limb rather than at the center of the solar disk as at the limb they travel a 
greater distance, valid for each orbital position, interacting with more electrons 
along the path. The electron density distribution has been identified in the Mex 
October 2006 distribution [9]. The object of study of this article is the Pioneer-6 
space probe designed to orbit the Sun and to constantly emit a radio signal at a 
specific wavelength that passes through the solar corona and is then captured by 
a terrestrial receiver. Despite that, almost all Doppler tracking data, as well as all 
further data related to the heliocentric measurements of the space probe, are not 
publicly available. The Doppler data are still contained and stored on a physical 
device such as a magnetic coil whereas the heliocentric measurements are 
accessible on an online database that starts from the 80s. The latter is not very 
useful for calculations on the orbital mechanics of 1968, the year of our partic-
ular interest for the analysis. The only useful data available of the Pioneer-6 sig-
nal are contained in R.M. Goldstein’s publication from 1969 [10]. Its purpose 
was to analyse the radio signal over a month in the year 1968. It was the year 
of the conjunction between the space probe, Sun, and Earth which in fact ob-
scured both the space probe and the signal from a terrestrial perspective for 
some days. Without this very important publication, we would never have known 
anything about the redshift anomaly of the radio signal. Furthermore, it is 
important to point out that the redshift of the radio signal, originally, was not 
R.M. Goldstein’s goal as, in reality, he wanted to study the effect of solar events 
on the spectral broadening of the signal. However, his study became the subject 
of research by a few but important subsequent studies that took place a few years 
later with the publications of P. Merat et al. [11] in 1974 and A. Accardi et al. [12] 
in 1995. 

1.2. Pioneer-6 Space Probe 

The Pioneer-6 space probe was launched on 1965 December 16 along an inner 
orbit with respect to the orbit of the Earth around the Sun. It moves in a pro-
grade motion compared to the Earth itself. Furthermore, the orbit of the space 
probe is inclined by 0.1695˚ along the ecliptic plane. As its value is very small, it 
allows to perform the calculations of distances and orbital velocities directly as 
projections on the ecliptic plane with a very low margin of error. The radio fre-
quency transmitted by Pioneer-6 is: 
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6 2292 MHzPν =                      (1.1) 

which, with c the speed of light, due to the known relation 

6 6P Pc λ ν=                         (1.2) 

results in a radio signal length equal to  

6 0.13079 mPλ =                       (1.3) 

corresponding to signal energy, knowing that 1 J = 6.241509 × 1018 eV, calcu-
lated as  

6 6 9.478 eVP PE hν= = µ                    (1.4) 

The radio signal emitted by Pioneer-6 is captured by a terrestrial receiver 
which in orbital terms, being located on the surface of Earth, follows the orbit of 
the space probe in a Keplerian motion. The signal passes through the elec-
tron-dense solar corona at different distances from the Sun, farther and closer to 
the fictitious solar edge defined by the solar photosphere. From observational 
data, the measurements of the received signal, relating to the days under exami-
nation, are variably shifted towards longer wavelengths. In energy terms, we can 
observe how the energy of the radio signal is negligible compared to the rest 
mass energy of the electron: 

6 9.478 eV 511 keVP e
E E −= µ =

               (1.5) 

thus, excluding the Compton scattering as the process responsible for the inte-
raction between the radio signal and electrons. Moreover, this consequently ex-
cludes the blurring of the image along the trajectory. In terms of Doppler shift, 
the contributions connected to the radio signal emitted by the space probe differ 
as follows: 
- Firstly, there is the contribution of the rotation of the Earth to the signal of 

15 kHz/day. Secondly, there is the contribution of the difference between the 
orbital velocity of Earth and Pioneer-6. We can exclude these two contribu-
tions from the calculations as the receiver has been tuned continuously ac-
cording to an ephemeris in order to compensate for these effects; 

- Another known contribution is the increase in temperature especially when 
the space probe travels close to the Sun which causes a decrease in the signal 
frequency of about 14 Hz/day to which we have to add a measured erratic 
drift equal to 1.5 Hz/15min or rather 0.1 Hz/min which multiplied by 1440 
min (24 h) results in 144 Hz/day. The values are variable on a daily scale. The 
total of the values considered coincides with a reduction of the frequency 
from the original signal equal to 158 Hz/day; 

- Considering the only time interval under study equal to one month, corres-
ponding only to the measurements received from R.M. Goldstein’s publica-
tion, we can calculate an overall signal reduction equivalent to 4.74 kHz/ 
month whose order of magnitude is much smaller than the nominal 2292 
MHz radio signal emitted by the space probe. 

As before mentioned, the only measurements received refer exactly to the 
time frame from 1968 November 6 to 1968 November 17 (pre-occultation phase) 
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and from 1968 November 29 to 1968 December 7 (post-occultation phase). 
Consequently, as the probe was launched in 1965, we would face, already from 
the first day of measurements, 1968 November 6, a reduced nominal signal of 
2292 MHz-Δx kHz. It is possible to ignore this factor Δx as, first of all, the order 
of magnitude is negligible and furthermore the 4.74 kHz/month can be consi-
dered a worst case relative to the passage of the space probe close to the Sun in 
which the temperatures are at their maximum. We have not received all the 
other Doppler tracking data of Pioneer-6 along orbits far from the Sun in the 
months prior and subsequent to November and December 1968. However, we 
can conclude that in these time frames, where the space probe is far from the 
Sun, the solar temperature has a minimal impact on Pioneer-6. Additionally, the 
electron density of the solar corona is very low for having an impact to the inte-
ractional redshift under study. 

2. Orbital Mechanics 

Both Earth and Pioneer-6, having a significant difference in mass, are two as-
tronomical objects that orbit the Sun and are therefore ruled by Keplerian laws. 
We restrict the observation field of the orbits to a time frame corresponding only 
to the values of the measurements available, or rather from 1968 November 6 to 
1968 December 7. Between 1968 November 18 and 1968 November 28 there are 
no detections as the signal is hidden by the Sun. The most important aspect for 
the purposes of orbital and redshift calculations is that the measurements prior 
and subsequent to the solar occultation are available to us for a detailed analysis. 
We will use two different approaches to calculate the corresponding orbits based 
on the available values: 
- For Earth: Kepler’s orbital mechanics; 
- For Pioneer-6: projection of the Sun and Pioneer-6 distances, from a terre-

strial perspective, on the orbital ecliptic plane deduced from existing graphs 
of the heliocentric orbit. 

A schematization of the two orbital models is represented in Figure 1. 
 

 
Figure 1. Schematization not on scale of the geometrical orbital model of Earth and Pio-
neer-6 with their orbital planes and of the radio signal on a random measurement day 
during pre-occultation phase. 
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2.1. Orbital Motion of Earth around the Sun 

Kepler’s equations allow us to calculate the mean anomaly which is the base val-
ue to find iteratively the eccentric anomaly E. We will indicate the days of mea-
surement through the index 1,2, , 21x =   which can assume only twenty-one 
possible values (from 1968 November 6 to 1968 December 7). 

( )2
x xM T t

P
π

= −                        (2.1) 

Regarding the orbital calculations, we can point out that 1968 was a leap year. 
All values of the formula refer to this year: T is the reference time of the mea-
surements expressed in days from January 1, t is the perihelion passage, P is the 
period between two perihelion passages, Rp is the perihelion distance, Ra is the 
aphelion distance, e is the eccentricity:  

a p

a p

R R
e

R R
−

=
+

                        (2.2) 

and the semi-major axis is given by the formula 

1
pR

a
e

=
−

                          (2.3) 

Iteratively, we can calculate the eccentric anomaly E as:  

( )sinx x xE e E M− =                      (2.4) 

Once the equality has been verified by iterations, we can determine the exact 
linear and angular position of the Earth in the orbit respectively as: 

( )1 cosx xd a e E= −                      (2.5) 

and 

1 12 tan tan
1 2

x
x

Ee
e

φ −  +
= ⋅  − 

                  (2.6) 

The orbital velocity expressed in Km/sec is 

( ) 2 1
xorb s E

x

v G M M
d a

 
= + − 

 
                 (2.7) 

All given and calculated start parameters are enclosed in Table 1 whereas the 
calculated orbital parameter of Earth during pre-occultation and post-occultation 
phase in the year 1968 are shown in Table 2.  

 
Table 1. Given and calculated start orbital parameter of Earth in the year 1968. 

P t Rp Rp Ra Ra e a MS ME 

[days] [days] [AU] [m] [AU] [m] [-] [m] [kg] [Kg] 

367.51 4 0.98329 1.47098E+11 0.01673 1.521E+11 0.0167 1.49599E+11 1.989E+30 5.972E+24 
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Table 2. Orbital parameter of Earth during pre-occultation and post-occultation phase in the year 1968. 
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da
te

 

[c
al

en
de

r 
da

y]
 

N
ov

 0
6,

 1
96

8 

N
ov

 0
7,

 1
96

8 

N
ov

 0
8,

 1
96

8 

N
ov

 0
9,

 1
96

8 

N
ov

 1
0,

 1
96

8 

N
ov

 1
1,

 1
96

8 

N
ov

 1
2,

 1
96

8 

N
ov

 1
3,

 1
96

8 

N
ov

 1
4,

 1
96

8 

N
ov

 1
5,

 1
96

8 

N
ov

 1
6,

 1
96

8 

N
ov

 1
7,

 1
96

8 

N
ov

 2
9,

 1
96

8 

N
ov

 3
0,

 1
96

8 

D
ec

 0
1,

 1
96

8 

D
ec

 0
2,

 1
96

8 

D
ec

 0
3,

 1
96

8 

D
ec

 0
4,

 1
96

8 

D
ec

 0
5,

 1
96

8 

D
ec

 0
6,

 1
96

8 

D
ec

 0
7,

 1
96

8 

x 

[in
de

xe
d 

da
y]

 

1 2 3 4 5 6 7 8 9 10
 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

20
 

21
 

T x
 

[d
ay

] 

31
1 

31
2 

31
3 

31
4 

31
5 

31
6 

31
7 

31
8 

31
9 

32
0 

32
1 

32
2 

33
4 

33
5 

33
6 

33
7 

33
8 

33
9 

34
0 

34
1 

34
2 

M
x 

[r
ad

] 

5.
25

 

5.
27

 

5.
28

 

5.
30

 

5.
32

 

5.
33

 

5.
35

 

5.
37

 

5.
39

 

5.
40

 

5.
42

 

5.
44

 

5.
64

 

5.
66

 

5.
68

 

5.
69

 

5.
71

 

5.
73

 

5.
74

 

5.
76

 

5.
78

 

E x
 

[r
ad

] 

5.
23

 

5.
25

 

5.
27

 

5.
29

 

5.
30

 

5.
32

 

5.
34

 

5.
36

 

5.
37

 

5.
39

 

5.
41

 

5.
42

 

5.
63

 

5.
65

 

5.
67

 

5.
68

 

5.
70

 

5.
72

 

5.
74

 

5.
75

 

5.
77

 

E x
 

[d
eg

] 

29
9.

89
 

30
0.

88
 

30
1.

87
 

30
2.

86
 

30
3.

85
 

30
4.

80
 

30
5.

83
 

30
6.

82
 

30
7.

81
 

30
8.

80
 

30
9.

80
 

31
0.

78
 

32
2.

67
 

32
3.

66
 

32
4.

70
 

32
5.

67
 

32
6.

65
 

32
7.

64
 

32
8.

65
 

32
9.

63
 

33
0.

62
 

d x
 

[m
] 

1.
48

35
3E

+1
1 

1.
48

31
5E

+1
1 

1.
48

27
9E

+1
1 

1.
48

24
2E

+1
1 

1.
48

20
6E

+1
1 

1.
48

17
2E

+1
1 

1.
48

13
5E

+1
1 

1.
48

1E
+1

1 

1.
48

06
6E

+1
1 

1.
48

03
2E

+1
1 

1.
47

99
8E

+1
1 

1.
47

96
6E

+1
1 

1.
47

61
E+

11
 

1.
47

58
4E

+1
1 

1.
47

55
8E

+1
1 

1.
47

53
4E

+1
1 

1.
47

51
E+

11
 

1.
47

48
6E

+1
1 

1.
47

46
3E

+1
1 

1.
47

44
1E

+1
1 

1.
47

42
E+

11
 

Ф
x 

[d
eg

] 

−6
0.

94
 

−5
9.

94
 

−5
8.

95
 

−5
7.

95
 

−5
6.

95
 

−5
6.

00
 

−5
4.

95
 

−5
3.

95
 

−5
2.

95
 

−5
1.

95
 

−5
0.

94
 

−4
9.

95
 

−3
7.

91
 

−3
6.

91
 

−3
5.

86
 

−3
4.

87
 

−3
3.

88
 

−3
2.

88
 

−3
1.

85
 

−3
0.

86
 

−2
9.

85
 

v o
rb

x 

[K
m

/s
] 

30
.0

4 

30
.0

5 

30
.0

5 

30
.0

6 

30
.0

7 

30
.0

7 

30
.0

8 

30
.0

9 

30
.1

0 

30
.1

0 

30
.1

1 

30
.1

2 

30
.1

9 

30
.1

9 

30
.2

0 

30
.2

0 

30
.2

1 

30
.2

1 

30
.2

2 

30
.2

2 

30
.2

3 

 
Following the calculations, we can trace the exact position of Earth during the 

phases prior and subsequent to the solar occultation as shown in Figure 2. The 
orbital schematization is deliberately exaggerated towards an elliptical shape to 
bring out the orbital parameters more prominently. 

2.2. Orbital Motion of Pioneer-6 around the Sun 

The orbit tracking the Pioneer-6 space probe is very complex as there are no or-
bital data in the year of analysis 1968 in the official databases. There are uncer-
tainties related to the exact orbital period, which, as known, is not constant over 
the years, but characterized by a change in the passage to the perihelion from 
year to year. However, it was possible to determine the exact position of the pe-
rihelion by referring to the image of the heliocentric orbit projected on the eclip-
tic plane [13]. The pixel value corresponding to 1 AU was determined on scale. 
By definition of perihelion, as the point of passage of the space probe closest to 
the Sun, it is located exactly on the semi-major axis of the Earth orbit but on the 
opposite side. As a matter of fact, the position of perihelion and aphelion in the 
orbit of Pioneer-6 is reversed to their position in the orbit of the Earth. Obviously,  
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Figure 2. Schematization of Earth orbital position around the Sun during pre-occultation 
and post-occultation phase based on the calculations. 

 
the corresponding values differ. The orbital rotation of the space probe and Earth 
are in agreement in an anti-clockwise direction due to the shape of the heliocen-
tric orbits projected on the ecliptic plane.  

The reasons stated at the beginning of the paragraph are sufficient elements 
for not proceeding with the direct calculation of the Pioneer-6 orbit. However, 
by knowing both the orbital position of Earth on each measurement day and the 
distance of the space probe from the Sun, observed from a terrestrial perspective 
[14], we are able to trace the exact position of the space probe through projec-
tions in the ecliptic plane. By observing the edge-on orbits at the ecliptic plane 
level, the orbit of Pioneer-6 is inclined by 0.1695˚ with respect to the orbit of 
Earth. Therefore, knowing the distance between Sun and Earth from Kepler’s 
equations, we can determine graphically the distance between Sun and Pioneer-6 
for each orbital position. In turn, we can calculate the angles and by the same 
Keplerian approach, we can thus obtain the orbital velocities of the space probe. 
It is important to point out that the latter, particularly the difference in orbital 
speeds between Earth and Pioneer-6, do not provide any useful contribution to 
the interactional redshift as they have already been neglected previously due to 
the fact that the receiver has been tuned according to an ephemeris in order to 
compensate for these redshift components. The values of the orbital velocities 
have been left in the tables in order to allow other researchers to verify the cal-
culations in further studies. We have to distinguish between: 
- Pre-occultation phase: in which, from the point of view of a terrestrial ob-

server, the signal of the Pioneer-6 space probe appears to the right-hand side 
of the Sun until the last day of signal reception (1968 November 17) before 
disappearing in the occultation phase; 

- Post-occultation phase: in which, from the point of view of a terrestrial ob-
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server, the signal of the Pioneer-6 space probe appears to the left-hand side of 
the Sun starting from the first post-occultation day (1968 November 29). 

In Figure 3 and Figure 4, it is possible to visualize the orbital models of the 
Earth-Pioneer-6 system in the pre-occultation and post-occultation phase. As 
one can observe, the orbits tend exaggeratedly towards an elliptical shape in or-
der to highlight all the orbital parameters in a better way. In reality, as the ec-
centricity is a small value, the orbits are almost circular. 

 

 
(a) 

 
(b) 

Figure 3. Schematization not on scale (a) and a real representation on scale (b) of 
the orbital model Earth-Pioneer-6 on a generic day x in pre-occultation phase 
(from 1968 November 6 to 1968 November 17). 
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(a) 

 
(b) 

Figure 4. Schematization not on scale (a) and a real representation on scale 
(b) of the orbital model Earth-Pioneer-6 on a generic day x in post- 
occultation phase (from 1968 November 29 to 1968 December 7). 

 
Once the orbital model has been set up in the Computer Aided Design (CAD) 

and scaled to 1:100,000 (which is the reason why the distances differ in order of 
magnitude, whereas the angles are unchanged), we can set the following calcula-
tion procedure in the spreadsheet: 1) set Фx(E); 2) set the radius Rx; 3) measure 
all the orbital parameters of the Pioneer-6 space probe; 4) calculate the parame-
ters qx (corresponding to the dx(E)) and mx (angular coefficient of the straight 
line travelled by the radio signal). All given and calculated start parameters are 
enclosed in Table 3 whereas the orbital parameter of Pioneer-6 during pre- 
occultation and post-occultation phase are shown in Table 4 (in the table the 
suffix E stands for Earth and P for Pioneer-6). 
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Table 3. Given and deduced orbital parameter of Pioneer-6 in the year 1968. 

P t Rp Rp Ra Ra e a MS MP6 

[days] [days] [AU] [m] [AU] [m] [-] [m] [kg] [Kg] 

310.3 49.4 0.814 1.21772E+11 0.985 1.47353E+11 0.0951 1.34563E+11 1.989E+30 64 

 
Table 4. Orbital parameter of Pioneer-6 during pre-occultation and post-occultation phase deduced from orbital parameter of 
Earth in the year 1968. E: Earth, P: Pioneer-6. 

Parameters Pre-occultation phase Post-occultation phase 
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From the geometry of the orbits, we can calculate the total distance between 
Earth and Pioneer-6, either in the pre-occultation or in the post-occultation 
phase, as shown in the following formula: 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )2 2
sin sin cos cos

totx x x x x x x x xd EP d P P d E E d P P d E Eφ φ φ φ= ⋅ + ⋅ + ⋅ + ⋅        (2.8) 

The trend of the total distance over the measurement days is shown in Figure 5. 
From the values determined in the tables, we can draw important considera-

tions: 
- The total distance between Earth and Pioneer-6, dx,tot(EP), decreases passing 

from the pre-occultation to the post-occultation phase, in accordance with 
the heliocentric orbit projected on the ecliptic plane in 1968. By measuring 
the distances from the heliocentric orbit (which has fixed the position of 
Earth and Sun in the diagram), it is possible to calculate small deviations in 
the values of the distances. The latter has to be attributed to the fact that this 
last graph [13], differently to our analytical calculations conducted, is a 
graphical approximation. The Earth is actually in motion and varies the or-
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bital distances not remaining fixed on a constant distant orbit equal to 1 AU; 
- The difference between the orbital velocity components of Pioneer-6 and Earth 

gives an approaching contribution along the terrestrial observation line in the 
pre-occultation phase, whereas the orbital velocity components of the Earth 
in the post-occultation phase change sign, from negative to positive, giving a 
receding contribution.  

The orbital models on the scale of Earth and Pioneer-6 during pre-occultation 
and post-occultation phase, extracted from the CAD, are listed in Table 5.  

Similarly, as previously shown with the orbit of the Earth, we can trace the 
exact position of the Pioneer-6 space probe during the pre-occultation and post- 
occultation phase according to Figure 6. In this figure, the excessive elliptical 
form is as well a schematization. 

 

 
Figure 5. Total distance between Earth and Pioneer-6 over all measurement days. 

 

 
Figure 6. Schematization of the Pioneer-6 orbital position around 
the Sun during pre-occultation and post-occultation phase. 
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Table 5. Orbital parameter of Earth and Pioneer-6 from Nov 6, 1968 to Nov 17, 1968 and from Nov 19, 1968 to Dec 6, 1968 ex-
tracted from the orbital geometrical model on scale. 

Nov 6, 1968 (pre-occultation) 

 

Nov 7, 1968 (pre-occultation) 

 

Nov 8, 1968 (pre-occultation) 

 

Nov 9, 1968 (pre-occultation) 

 

Nov 10, 1968 (pre-occultation) 

 

Nov 11, 1968 (pre-occultation) 

 

Nov 12, 1968 (pre-occultation) 

 

Nov 13, 1968 (pre-occultation) 

 

Nov 14, 1968 (pre-occultation) 

 

Nov 15, 1968 (pre-occultation) 

 

Nov 16, 1968 (pre-occultation) 

 

Nov 17, 1968 (pre-occultation) 
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Continued 

Nov 29, 1968 (post-occultation) 

 

Nov 30, 1968 (post-occultation) 

 

Dec 1, 1968 (post-occultation) 

 
Dec 2, 1968 (post-occultation) 

 

Dec 3, 1968 (post-occultation) 

 

Dec 4, 1968 (post-occultation) 

 
Dec 5, 1968 (post-occultation) 

 

Dec 6, 1968 (post-occultation) 

 

Dec 7, 1968 (post-occultation) 

 
 

The distance Rx from the Sun expressed in meters, or rt,x expressed in solar 
radii, observationally measured, is orthogonal to the direction of a terrestrial 
observer’s view. Due to this fact, starting from the known values Rx and qx 
(where qx corresponds to the distance between Sun and Earth or rather dx(E)) of 
a generic day of measurement x, we are able to determine, alternatively to the 
direct measurements on the CAD, all the angles αx, βx and γx of the triangles in 
the pre-occultation and post-occultation phase. With these angles, we can draw 
the straight line on the graph representing the path crossed by the radio signal. 
In Figure 7, we can visualize the path of the radio signal with respect to the ref-
erence system centered into the Sun and rotated, for simplicity, so that the dis-
tance qx is vertical. 
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(a)                                       (b) 

Figure 7. Schematization of the radio signal path on a generic measurement day in pre- 
occultation phase (a) and in post-occultation phase (b). 

 
From the first triangle, 

90 180x xδ α+ + =                      (2.9) 

90x xδ α= −                       (2.10) 

Moreover, we can calculate that: 

90x xδ δ ′+ =                       (2.11) 

90 90x xα δ ′− + =                     (2.12) 

x xδ α′ =                         (2.13) 

From the smallest triangle, we can write the following expression 

sinx x xR Rβ′ =                      (2.14) 

From the larger triangle, we can prove that: 
180 90x xβ α= + +                     (2.15) 

90x xβ α= −                        (2.16) 

and 

tanx
x

x

R
q

α
′
=                        (2.17) 

tan
sin

x
x

x x

R
q

α
β

=                      (2.18) 

( )
tan

sin 90
x

x
x x

R
q

α
α

=
−

                   (2.19) 

tan
cos

x
x

x x

R
q

α
α

=                      (2.20) 

sin
cos cos

x x

x x x

R
q

α
α α

=                      (2.21) 
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1sin x
x

x

R
q

α −  
=  

 
                       (2.22) 

Taking into consideration the smallest triangle again, we can also calculate 
that 

180 90x xβ δ ′= + +                       (2.23) 

180 90x xβ α= + +                       (2.24) 

90x xβ α= −                         (2.25) 

from which, in the pre-occultation phase, the angular coefficient can be calcu-
lated as: 

tan 0x xm β= >                        (2.26) 

In the post-occult phase, we determine that: 

180 x xβ γ= +                         (2.27) 

180x xγ β= −                         (2.28) 

180 90x xγ α= − +                        (2.29) 

90x xγ α= +                          (2.30) 

It allows us to determine the angular coefficient of the line as: 
tan 0x xm γ= <                         (2.31) 

All previously determined values correspond exactly to those measured by the 
CAD. 

3. Electron Distribution in the Solar Corona 

As observed in a previous study [8], the electron density in the solar corona that 
better approximates the real trend expressed in el/m3 is the following: 

, ,

0 for 1

for 1 and 1x E E x Pe

s s

r
d R dn t r r

R Rrε

<
 −=  ≤ ≤ ≤ ≤


         (3.1) 

where 
1210t p= ⋅                          (3.2) 

is a numerical coefficient and 1012 is the conversion factor to express the electron 
density in el/m3. The coefficient 

1.90p =                           (3.3) 

is a dimensionless numerical parameter of the solar corona. In the initial formu-
la, r is the solar radius expressed in solar radii and ε is the numerical dimen-
sionless fall-off parameter of the curve as result of the same experimental obser-
vations, equal to  

1.54ε =                           (3.4) 

Figure 8 schematizes the electron distribution with respect to the Sun and two 
generic radio signals emitted during two generic measurement days in the pre- 
occultation phase. 
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Figure 8. Schematization not on scale of the variable electron densities (concentric cir-
cles) decreasing from the photosphere of the Sun to higher radii during two generic mea-
surement days in the pre-occultation phase. 

 
The electron density extends up to Earth and Pioneer-6 varying from a very 

high value close to the photosphere to lower values close to, respectively, Earth 
and Pioneer-6. For simplicity, we have chosen the mathematical distribution 
which has only one contribution of decreasing power as fall-off parameter that 
well approximates the real trend of the electrons in the solar corona. This allows 
us to avoid equations with big orders which might complicate the calculations 
and making its computing time quite longer. The curve of the electron density, 
cut for high radii in order to be able to focus on the curve variation, is summa-
rized in Figure 9.  

The re-combination factor, which moves the electrons back into the neutral 
hydrogen atom, is not taken into account as it is negligible, equal to 0.95, within 
1 AU [15]. So, considering all the involved astrophysical parameters and once 
understood the geometric configuration of the problem, we can proceed with the 
first steps which will lead us to calculate the redshift in the next paragraphs. 
Firstly, it is necessary to calculate the electron density for each radius of the solar 
corona along the path which terminates at the orbital position of Earth and Pio-
neer-6. We set an increment in the radii equal to the increment factor χ in order 
to study the signal and, accordingly, the redshift at its best resolution. The aver-
age value of electrons expressed in el/m3 in a generic interval in the upper part of 
the orbital model, in which we have a decreasing exponential trend, is calculated 
as follows: 

( )
1

1

di

i

r

r
e

i i

t r
rn

r r

χ

ε

χ

−

−

− −

=
−

∫
                      (3.5) 
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Figure 9. Distribution of electrons in the solar corona according to Mex October 2006. 

 

( ) 1
1

di

i

r
e r

i i

tn r r
r r

χ ε

χ

−

−

−

− −

=
− ∫                     (3.6) 

( )
1

1

1 1

i

i

r

e
i i r

t rn
r r

χε

χ ε

−

−

−

− −

 
=  −−  

                    (3.7) 

( )( ) ( )1 1
1

11e i i
i i

tn r r
r r

ε ε
χ

χε
− −
− −

− −

= −
− −

                 (3.8) 

Only at the very first calculation step, at the emission of the radio signal, the 
following condition has to be valid as there has not yet been assigned any in-
crease 

i ir rχ− =                              (3.9) 

The average value of electrons expressed in el/m3 in a generic interval in the 
lower part of the orbital model, in which we have decreasing exponential trend, 
is calculated as follows: 

( )

1

1

di

i

r

r
e

i i

t r
rn

r r
χ ε

χ

+

+

+ +

=
−

∫
                        (3.10) 

( )
1

1

di

i

r
e r

i i

tn r r
r r χ

χ

ε+

+

−

+ +

=
− ∫                     (3.11) 

( )
11

1 1

i

i

r

e
i i r

t rn
r r

χχ

ε

ε

+

+

−

+ +

 
=  −−  

                    (3.12) 

( )( ) ( )1 1
1

11e i i
i i

tn r r
r r χ

χ

ε ε

ε
− −
+ +

+ +

= −
− −

                (3.13) 

Similarly to the previous remark, the following condition has to be valid at the 
very first calculation step 
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i ir rχ+ =                           (3.14) 

In Figure 10, it is possible to visualize the trend of the average density along 
different solar radii. 

An essential condition necessary for the success of the calculation is that the 
physical interval, expressed in solar radii, has to be greater than or equal to the 
mean free path Λ, taking into account an average-electron density. In this way, 
we can calculate how long a physical interval has to be in order to detect, on av-
erage, at least one interaction between the radio signal and an electron. For the 
upper part of the orbital model, we can calculate the next interval as: 

physicI = Λ                          (3.15) 

( )1
1

2i i s
e e

r r R
r nχ λ− −− =                    (3.16) 

( )
( )( ) ( )

1
1 1

1
1

1

2
1

i i s

e i i
i i

r r R
tr r r

r r

χ
ε ε
χ

χ

λ
ε

− −
− −
− −

− −

− =
−

− −

        (3.17) 

 

 
(a) 

 
(b) 

Figure 10. Average value of a physical interval in the upper 
part (a) and in the lower part (b) of the orbital model. 
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( ) ( )( )
( )

1
1 1 1

1

1 i i
i i s

i i

r r
r r R

k r r
χ

χ ε ε
χ

ε − −
− − − −

− −

− −
− =

−
              (3.18) 

( )1 1
1 1i i sk r r Rε ε

χ ε− −
− −− = −                   (3.19) 

1 1
1 1s i s ikR r kR rε ε

χ ε− −
− −− = −                   (3.20) 

1
1

11
1

i i
s

r r
kR

ε
ε χ

ε−
−− −

−
= −                    (3.21) 

whereas for the lower part of the orbital model, we can instead calculate the next 
interval as: 

ΛphysicI =                        (3.22) 

( )1
1

2i i s
e e

r r R
r nχ λ+ +− =                   (3.23) 
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r r R
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      (3.24) 
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ε ε
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( )1 1
1 1i i sk r r Rε ε

χ ε− −
+ +− = −                    (3.26) 

1 1
1 1s i s ikR r kR rε ε

χ ε− −
+ +− = −                    (3.27) 

1
1

11
1

i i
s

r r
kR

ε
ε χ

ε−
−+ +

−
= +                      (3.28) 

After Equation (3.17) and Equation (3.24), we have defined the factor k as the 
product of twice the classic electron radius with the radio wavelength under 
examination, multiplied by the experimental numerical coefficient of the elec-
tron distribution, or rather, we can write 

2 ek r tλ=                          (3.29) 

4. Geometrical and Physical Parameters 

In the study, it is necessary to distinguish two different intervals. On the one 
hand, we introduce the geometric interval as the distance travelled by the Pio-
neer-6 signal. It is placed between two points that we define along the path tra-
velled by the radio signal. On the other hand, we define the physical interval as 
the distance travelled by the Pionerer-6 signal up to the next point where at least 
one interaction between the radio photon and the electrons of the solar corona 
takes place. Therefore, we can measure it between the values ri±χ and ri±1. The 
sign changes depending on whether we are considering the upper part or the 
lower part of the orbital model as shown in the next equations. By increasing the 
initial radius with a value of 

310 sRχ −=                          (4.1) 
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defined as increment factor, we will obtain different physical intervals which, 
added together and imported into the NTL equations, give rise to a series of 
consecutive values of the interactional redshift. We will later clarify the reason 
why this exact value has been chosen for the increments. In the procedure of the 
calculation of the interactional redshift, we can distinguish the following circles, 
projected on the ecliptic plane, characterized by the following radii: 
- ri: initial geometric radius starting from the position of Earth which initially 

decreases in the upper part and then increases again in the lower part of the 
orbital model along the direction of the radio signal; 

- ri±χ: subsequent initial geometric radius, imposed on the value ri, having a 
negative sign in the upper part of the orbital model, since the radii decrease 
as the signal advances, and having a positive sign in the lower part of the or-
bital model, due to opposite reasons; 

- ri±1: calculated physical radius in which we find at least one interaction be-
tween a photon and an electron having a negative sign in the upper part and 
a positive sign in the lower part of the orbital model depending on whether 
the distance, expressed in solar radii, respectively, decreases or increases. 

For each above-mentioned radius, there is a corresponding circle. For sim-
plicity of reading, we define the circles with the following indices: i, in the upper 
part of the orbital model, corresponds to A; i − χ corresponds to B; i − 1 corres-
ponds to C; i, in the lower part of the orbital model, corresponds to D; i + χ cor-
responds to E and i + 1 corresponds to F. Each path travelled by the signal, both 
in the pre-occultation and post-occultation phase, calculated on each measure-
ment day, intersects all three circles into six points in the Cartesian plane result-
ing from solutions of the quadratic equations shown later. The intersection 
points are PA,up(xA,up, yA,up); PB,up(xB,up, yB,up); PC,up(xC,up, yC,up); PD,down(xD,down, yD,down); 
PE,down(xE,down, yE,down); PF,down(xF,down, yF,down).  

The y axis is superimposed on the direction between Sun and Earth whereas 
the x axis is orthogonal to it. We also rotate the ecliptic plane centered in the Sun 
and place the y axis in a vertical position for improving the visualization. The 
direction of the x and y axes varies according to the day of measurement, how-
ever, as the electron distribution is circular in the plane (as well as spherical in 
space) the Cartesian axes centered in the Sun will always have the same relative 
position. As shown in Figure 11 and Figure 12, it will be the path of the radio 
signal, in the various pre-occultation and post-occultation phases, which crosses 
the electron corona differently day by day, giving rise to the interactional red-
shift. 

Starting from the points of intersection on the Cartesian plane for each day of 
measurement, both in the pre-occultation and post-occultation phase, the geo-
metric intervals are equal to: 

( ) ( )2 2
,

up
geom x B A A BI x x y y= − + −                (4.2) 

( ) ( )2 2
,

down
geom x E D D EI x x y y= − + −                (4.3) 
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We aim to the calculation of the physical intervals, useful for the calculation of 
the redshift, as follows: 

( ) ( )2 2
,

up
phys x B C B CI x x y y= − + −                (4.4) 

( ) ( )2 2
,

down
phys x F E E FI x x y y= − + −                (4.5) 

 

 
(a) 

 
(b) 

Figure 11. Schematization not on scale of the reference axes and of the geometrical and 
physical Intervals on a generic measurement day in the pre-occultation phase. 
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(a) 

 
(b) 

Figure 12. Schematization not on scale of the reference axes and of the geometrical and 
physical Intervals on a generic measurement day in the post-occultation phase. 

 
For the determination of the physical intervals we calculate the points of in-

tersection between the path of the radio signal, represented by the segment 
dx,tot(PE), and each reference circle corresponding to a given electron distribu-
tion. From these points, we are able to determine the amplitudes travelled by the 

https://doi.org/10.4236/jhepgc.2021.73066


A. Trinchera 
 

 

DOI: 10.4236/jhepgc.2021.73066 1131 Journal of High Energy Physics, Gravitation and Cosmology 
 

radio signal in each circular sector.  
In the pre-occultation phase, on a generic day of measurement x, we have the 

following system characterized by the equation of a circle (intersection of an 
electron distribution sphere with the ecliptic plane), whose radius increases in 
the algorithm and meets the segment (path of the radio signal) on the right-hand 
side of the Sun described by its corresponding line, 

2 2 2
, ,

, ,

x j x j x

x j x x j x

x y R

y m x q

 + =


= + −
                    (4.6) 

x and y are the Cartesian coordinates of the radio signal, subscript x indicates 
the day of measurement considered, , , ,j i i tχ= −   is the index representing 
the increments and R is the radius calculated from the center of the Sun corres-
ponding to the position of the signal. Moreover, m is the angular coefficient of 
the line describing the path of the radio signal and q is the intersection of this 
line with the y axis. From the previous equation, we obtain that: 

( )22 2
, ,x j x x j x xx m x q R+ − =                    (4.7) 

2 2 2 2 2
, , ,2x j x x j x x x j x xx m x m q x q R+ − + =                 (4.8) 

( ) ( ) ( )2 2 2 2
, ,1 2 0x x j x x x j x xm x m q x q R+ + − + − =             (4.9) 

It is a quadratic equation that admits the following solutions: 

( ) ( )( )
( )

2 2 2 2

, , 2

2 2 4 1

2 1
x x x x x x xpre occ

x j up
x

m q m q m q R
x

m
−

+ − − + −
=

+
        (4.10) 

and 

( ) ( )( )
( )

2 2 2 2

, , 2

2 2 4 1

2 1
x x x x x x xpre occ

x j down
x

m q m q m q R
x

m
−

− − − + −
=

+
        (4.11) 

from which we obtain the corresponding values of y, respectively, as 

, , , ,
pre occ pre occ
x j up x x j up xy m x q− −= ⋅ −                      (4.12) 

and 

, , , ,
pre occ pre occ
x j down x x j down xy m x q− −= ⋅ −                    (4.13) 

Similarly, in the post-occultation phase on a generic day of measurement x, this 
time with , , ,j i i tχ= +  , we have other equations and intersection points de-
scribed by the following system:  

2 2 2
, ,

, ,

x j x j x

x j x x j x

x y R

y m x q

 + =


= − −
                     (4.14) 

from which 

( )22 2
, ,x j x x j x xx m x q R+ − − =                   (4.15) 

2 2 2 2 2
, , ,2x j x x j x x x j x xx m x m q x q R+ + + =                (4.16) 
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( ) ( ) ( )2 2 2 2
, ,1 2 0x x j x x x j x xm x m q x q R+ + + − =             (4.17) 

It is a quadratic equation that admits the following solutions: 

( ) ( )( )
( )

2 2 2 2

, , 2

2 2 4 1

2 1
x x x x x x xpost occ

x j up
x

m q m q m q R
x

m
−

− + − + −
=

+
       (4.18) 

and 

( ) ( )( )
( )

2 2 2 2

, , 2

2 2 4 1

2 1
x x x x x x xpost occ

x j down
x

m q m q m q R
x

m
−

− − − + −
=

+
       (4.19) 

from which we obtain the corresponding values of y, respectively, as 

, , , ,
post occ post occ
x j up x x j up xy m x q− −= − ⋅ −                    (4.20) 

and 

, , , ,
post occ post occ
x j down x x j down xy m x q− −= − ⋅ −                    (4.21) 

5. Interactional Redshift Contribution 

The interactional redshift is the increase in wavelength of photons re-emitted by 
the photo-ionized electrons of the solar corona. The latter act as a medium for 
the incident photons causing a recoil of the electrons. The incident photons are 
absorbed and then re-emitted with a small loss of energy. Taking the radio signal 
as a reference, it has an initial value at the time of emission and then decreases 
step by step after each interaction. Afterwards, it gets measured by a terrestrial 
radio receiver. It is possible to identify the interactional redshift from the re-
ceived signal by removing only the intrinsic gravitational redshift. 

5.1. New Tired Light  

Referring to the NTL theory of L.E. Ashmore [4] represented in Figure 13 and 
customizing the involved factors and equations, according to the radio-anomaly 
under consideration, we can first of all write the cross-section formula in the 
absorption and re-emission process equal to 

2 erσ λ=                           (5.1) 

where re is the classic radius of the electron and λ is the wavelength of the inci-
dent photon. The cross-section is not constant but varies along the path travelled 
by the radio photon as, after each interaction, the wavelength will increase. It 
represents the probability of the radio signal to encounter an electron along the 
path from Pioneer-6 to the radio receiver on Earth. This fact implies a mean free 
path, defined as the length within which we can statistically find at least one in-
teraction between photon and electron, decreasing during the journey of the 
photon, equal to 

1

enσ
Λ =

⋅
                         (5.2) 
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Figure 13. L.E. Ashmore’s redshift mechanism proposed in the NTL. 

 
The density of the electrons ne in this study is an average value within a de-

termined sector covered by the radio signal as described with Equation (3.8) and 
Equation (3.13). It depends on the zone of the orbital model considered. The 
single interaction of a photon with an electron determines a constant variation 
in the wavelength of the photon equal to the Compton length 

122.426 10 m
e

h
c m

δλ −= = ×
⋅

                  (5.3) 

where h is the Planck constant, me is the mass of the electron and c is the speed 
of light. We can point out that the interactional redshift has nothing to do with 
Compton scattering although the smallest variation in wavelength takes its name. 
Considering the multiple interactions between the radio photon and the elec-
trons, which the radio photon statistically encounters along its journey to the 
terrestrial receiver, the total variation of the photon wavelength results as follows: 

Nλ δλ∆ = ⋅                           (5.4) 

phys

e

I h
c m

λ
⋅

∆ =
Λ ⋅ ⋅

                        (5.5) 

where N is the number of total interactions in the physical interval Iphys de-
scribed in the previous paragraph and Λ is the mean free path. The redshift at 
the end of the interactions will therefore be calculated as the variation in the 
wavelength of the signal with respect to its initial length: 

z λ
λ
∆

=                            (5.6) 

phys

e

I h
z

c m λ
=
Λ ⋅

                         (5.7) 

2 e e phys

e

r n I h
z

c m
λ

λ
=

⋅
                        (5.8) 

2 e e phys

e

r n I h
z

c m
=

⋅
                         (5.9) 

The Hubble constant represents, for the first time in history, a loss of energy 
as a function of fundamental parameters as shown in the following formula 

2 e
e

e

h r
H n

m
⋅

=                        (5.10) 
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Depending on the density of the electrons through which the photons travel, 
the Hubble constant will assume different values. 

Furthermore, according to the interactional process in NTL, a secondary pho-
ton is also expected as a result of the transfer of energy to the surrounding envi-
ronment following the recoil of the electron, once it is at rest. The value obtained, 
considering the radio signal emitted by the Pioneer-6 space probe, is too huge to 
argue about a real secondary photon. It is likely valid for photons having shorter 
wavelengths in other fields of the light spectrum. The formula that expresses the 
secondary photon, which we will not deal in detail and which is beyond the 
scope of this study, is the following 

22 em c
h
λ

λ′′ =                        (5.11) 

Returning to the basics of the theory, the first fundamental condition for an 
electron in the plasma of the solar corona in order to re-emit a photon is the 
following: 

6 ,P res e
ν ν −>                        (5.12) 

2

6 0

1
2

e

P e

n ec
mλ ε

>
π

                     (5.13) 

The frequency of the incident radio photon is greater than the resonance fre-
quency of the electron in the plasma in the area of the solar corona under ex-
amination. Regarding the coefficients: e is the electric charge of the electron and 
ε0 is the permittivity in free space. All the values of the constants are contained 
in Appendix A. The previous condition is always verified in all areas of interest 
of the solar corona as shown later in Table 6. Moving forward towards the re-
cent developments of the NTL theory [5] by the English physicist, a further es-
sential condition for the interactions between photons and electrons, based on 
the concepts in the field of solid-state physics of E.P. Wigner [16] [17], has to be 
verified in order to observe an NTL process taking place: 

PE KEe e≥                         (5.14) 

The potential energy of the electron has to be greater than its kinetic energy so 
that the electrons of the solar corona can form the Wigner Crystal as schema-
tized in Figure 14. Although the theory is particularly suitable for low tempera-
tures, especially for L.E. Ashmore’s field of study in the IGM with electron den-
sity of 0.5 el/m3 and temperature of T = 2.73 K, this cannot exclude the fact that 
we can theorize a similar mechanism of TL at much higher density and temper-
atures in the solar corona. The physical characteristics of the crystal allow the 
photons to pass through it without deviating from the original direction. They 
travel accordingly along a straight trajectory and without image blurring: fun-
damental characteristics distinguishing NTL from other scattering processes. 

By explicitly developing the relative expressions of potential and kinetic 
energy, we can calculate the radius of the sphere surrounding the electron that 
verifies the previous condition where kB is the Boltzmann constant and Te is the 
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Figure 14. Schematization of a Wigner crystal 
centered in an electron. 

 
Table 6. Generic instance of NTL parameters in function of the physical characteristics of 
radio signal and solar corona. y: verified, n: not verified. 

6 ,P res e
ν ν −>  

PE KEu >  

0spR r>  

ne [el/m3] 

1E+11 1E+10 1E+09 1E+08 

Te [K] 

1.5E+06 1E+06 8E+05 5E+05 

6Pν  [Hz] 2.292E+09 2.292E+09 2.292E+09 2.292E+09 

,res e
ν −  [Hz] 2.839E+06 8.979E+05 2.839E+05 8.979E+04 

6 ,P res e
ν ν −>  [Hz] y y y y 

2PE spR  [J/m2] 1.449E-16 1.449E-17 1.449E-18 1.449E-19 

KE [J] 3.105E-17 2.07E-17 1.656E-17 1.04E-17 

Rsp [m] 0.463 1.195 3.380 8.450 

PEu [J] 6.709E-17 1.732E-17 4.899E-18 1.225E-18 

r0 [m] 0.000134 0.000288 0.000620 0.001337 

PE KEu >  [J] y n n n 

0spR r>  [m] y y y y 

 
2

2

0

3
2 2

e
sp B e

e
T

n
R k

ε
≥                     (5.15) 

031 B e
sp

e

k T
R

ne
ε

≥                     (5.16) 

temperature of the electrons in the considered area of the solar corona [18] at 
average density ne. We can extract the graph of the temperature trend as the dis-
tance from the Sun changes as shown in Figure 15. 

The radius R of the sphere has to be, in turn, greater than the minimum ra-
dius of the Wigner-Seitz sphere around which the Body Centered Cubic (BCC) 
lattice is established. 
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Figure 15. Transcription from R.L. Alexander et al. of the approximated electron tem-
perature trend for different solar radii. 

 
0spR r>                           (5.17) 

3031 3
4

B e

e en
k

n
T

e
ε

>
π

                    (5.18) 

The condition is largely verified for all areas of the solar corona taken into 
consideration as shown in Table 6. In this way, the radio photon can pass from 
one electron to the next one, both embedded into a crystal. Thanks to sufficient 
space, this allows the recoil of the electron described by a Simple Harmonic Mo-
tion (SMH). Moreover, we can calculate the corresponding velocity of the elec-
tron through the following two expressions of the kinetic energy. 

, ,KE KEe T e v=                       (5.19) 

23 1
2 2B e e ek T m v=                      (5.20) 

3 B e
e

e

k T
v

m
=                       (5.21) 

We can trace the radius of the sphere in correspondence to this direction of 
motion, and according to this study, we consequently place a further restrictive 
condition that we define as Wigner-Crystal Precondition: 

, ,PE KEe u e v≥                       (5.22) 

or namely the unitary potential energy (per unit radius of the sphere) of the 
electron has to dominate its kinetic energy along the same direction. In the pre-
vious equation, by explaining explicitly the involved terms, we obtain: 

2
2

202 1
2

e
sp

e e
sp

e R
m v

R

n
ε

≥                     (5.23) 
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2
2

0

1
2 2

e
sp e e

e
R m

n
v

ε
≥                       (5.24) 

It is an admissible condition due to the fact that we have reduced the spatial 
interactions between radio photon and electrons to a one-dimensional problem 
along a specific trajectory in the solar corona. If this restrictive condition is also 
verified, then the crystallization of the electron, according to Wigner in the NTL 
process, can take place. In the summary of Table 6, we can list all the parameters 
introduced so far to verify the conditions for NTL. 

The calculations demonstrate that NTL is only valid where there is a simulta-
neous specific combination of the densities and temperatures shown in the first 
column on the left. This allows us to exclude the remaining columns corres-
ponding to lower redshift contributions from the calculations. The verification 
of the Wigner-Crystal precondition for all admissible combinations between ne 
and Te is shown in detail in Table 7.  

 
Table 7. Verification of Wigner-Crystal precondition for all possible admissible combinations between ne and Te. y: verified, n: 
not verified. 

PEu > KE 
Te [K] 

9.00E+06 8.00E+06 7.00E+06 6.00E+06 5.00E+06 4.00E+06 3.00E+06 2.00E+06 1.00E+06 

ne [el/m3] 

1E+12 y y y y y y y y y 

1E+11 n n y y y y y y y 

1E+10 n n n n n n n n n 

1E+09 n n n n n n n n n 

1E+08 n n n n n n n n n 

1E+07 n n n n n n n n n 

1E+06 n n n n n n n n n 

 9.00E+05 8.00E+05 7.00E+05 6.00E+05 5.00E+05 4.00E+05 3.00E+05 2.00E+05 1.00E+05 

1E+12 y y y y y y y y y 

1E+11 y y y y y y y y y 

1E+10 n n y y y y y y y 

1E+09 n n n n n n n n n 

1E+08 n n n n n n n n n 

1E+07 n n n n n n n n n 

1E+06 n n n n n n n n n 

 9.00E+04 8.00E+04 7.00E+04 6.00E+04 5.00E+04 4.00E+04 3.00E+04 2.00E+04 1.00E+04 

1E+12 y y y y y y y y y 

1E+11 y y y y y y y y y 

1E+10 y y y y y y y y y 

1E+09 n n y y y y y y y 

1E+08 n n n n n n n n n 

1E+07 n n n n n n n n n 

1E+06 n n n n n n n n n 
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In the opposite case, in which the kinetic energy dominates the potential energy 
of the crystal, we can write that 

, ,PE KEe u e v<                         (5.25) 

We can therefore define the difference between the two energies as the kinetic 
energy in excess described in the following formula: 

, , ,KE KE PEe exc e v e u∆ = −                    (5.26) 

2
2

,
0

1KE
2 2

e
e exc e e sp

e
m v

n
R

ε
∆ = −                  (5.27) 

Once calculated this value, we can determine the velocity in excess, in m/sec, 
associated to it from the expression 

2
, ,

1KE
2e exc e e excm v∆ =                      (5.28) 

,
,

2 KEe exc
e exc

e

v
m

⋅ ∆
=                      (5.29) 

25
, 10 0e excv −≅ ≅                        (5.30) 

Thus, in the temperature range where the Wigner-Crystal Precondition is not 
satisfied, this excludes the transfer of energy from the electrons to the radio 
photons which would have probably resulted in a blueshift of the radio signal. In 
these zones, the energy of the incident photon is equal to the energy of the 
re-emitted photon. Therefore, the radio photons undergo a Thomson scattering 
process with the electrons in the solar corona before approaching NTL areas. 
Depending on the combination of temperature and electron density, where the 
Wigner-Crystal Precondition is satisfied, Wigner crystals get formed. Through 
them, photons can travel on a straight line. A single radio photon is absorbed 
and re-emitted by electrons surrounded by crystals. In the process, a loss of 
energy takes place and gives rise to an interactional redshift after multiple inte-
ractions between the radio photon and electrons. It is what the radio receiver 
detects on Earth together with the gravitational redshift. 

5.2. Computational Method Applied 

The calculation of redshift is not linear but turns out to be the sum of different 
contributions. The redshift trend is therefore a function of many parameters 
such as the length of the signal path, function of the elliptical orbital dynamics 
between Earth and Pioneer-6, the exponential-variable density of electrons in the 
solar corona and the wavelength of the signal. The latter increases interaction by 
interaction. Generally, we detect thousands of redshift values of the order of 
1E-11 starting from the position of the Pioneer-6 space probe, where there is a 
low electron density. Moving towards the Sun, we encounter dozens of redshift 
orders equal to 1E-10 and only one value of the order equal to 1E-09 precisely as 
the electron density is greater in the vicinity of the Sun. Furthermore, we can ex-
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clude all redshift contributions, generally those of the order of 1E-11 and some 
of the order 1E-10 that do not satisfy the Wigner-Crystal Precondition of Equa-
tion (5.22) for the calculation of the total interactional redshift. It means that the 
calculation of the total redshift is not reduced to a simple algebraic sum but has 
to be weighed carefully according to a very specific criterion. Firstly, we exclude 
the values that do not satisfy the Wigner-Crystal Precondition and then we apply 
a criterion lent to us by another scientific field. The principle is similar to the 
one used in mechanical engineering in the Finite Element Method (FEM) for 
which, in order to calculate more specific and punctual stress-deformation val-
ues of the material, it is necessary to increase the mesh. In fact, it happens that 
previous to the first round of calculation high stress-deformations are expected 
in some points of the material subject to very high loads or where the geometry, 
in turn, induces very high stresses. These values are, however, too small at the 
beginning. The operator acts by thickening the mesh in the critical areas of the 
component, thus achieving the expected result. It is possible to make very pre-
cise parallelism with this study of the interactions between the radio signal and 
the photo-ionized electrons in the solar corona for the calculation of the redshift. 
As the electron density is higher in the vicinity of the Sun and as the corres-
ponding redshift values are consequently higher, it means that we have to focus 
our calculation window in this area, reducing it to a few calculation cells and 
then extract the key redshift values that provide a greater weight to the total 
redshift. On the contrary, we extend the calculation window away from the Sun, 
including many calculation cells, where the redshift values are two orders of 
magnitude smaller and therefore provide a minor impact to the total redshift. 
We define this method as Mesh Approach which is possible to apply as we im-
plement the redshift calculation according to χ increments. Before proceeding 
with the calculation of the redshift, however, it is necessary to make some ob-
servations on the increment factor set in Equation (4.1) and on the reason why 
this value has been chosen. This value allows us to make increases in the inter-
vals, aiming at redshift calculations, with a lower expenditure of energy for the 
operator and the calculator. Going further towards increment values equal to 
1E-04 or 1E-05 solar radii, the computing time takes too long. A workstation 
dedicated only to this type of calculation would serve this purpose. In any case, 
the redshift values obtained with increments of the order of 1E-03 solar radii are 
sufficient enough to allow its use in this study. In fact, we can state that 

0
limlim z z

χ
λ

→
= ∀                    (5.31) 

For lower values of the increase, the redshift tends to a limit value for every 
specific reference wavelength. It is valid only in one direction of calculation and 
not, for instance, along two calculation directions (e.g., upper and lower part of 
the orbital model simultaneously). 

We can start with the calibration of the redshift calculation method on each 
measurement day starting from 1968 November 6, first day of measurements, 
and extracting the redshift values at close distances from the Sun. In these areas, 
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the redshift provides the dominant contributions for the total calculation. In 
practice, we define two columns next to the redshift in which we number respec-
tively, on the left, the row index ro of the calculation in the spreadsheet and, on 
the right, the cell index ce. The latter starts from 0 and not from 1 as we will sum 
up the redshift exponentially starting from the first cell (exp(0) = 1). Further-
more, this last column, in the upper part of the orbital model, has an inverted 
number order with respect to the computation row indices. 

Observing Table 8, for the upper part of the orbital model on 1968 November 
6, considering the redshift according to the cell indices, we can calculate that: 

lim
0 1 120 ce

ce
ce e e e e

z z z z
=

= + + +∑                   (5.32) 

12
1 2.72 162754.790 cee

z z z z= + + +∑                  (5.33) 

From Table 9, as the total cells cetot extracted by the Wigner-Crystal Precon-
dition is 1838 and by taking into account the real celim being the max integer ex-
ponential is 1097 from cell number 7, the formula becomes: 

7
1 3 10970 cee

z z z z≈ + + +∑                     (5.34) 

7 9
0 3.36 10cee
z −≈ ×∑                       (5.35) 

Also, by identifying the redshift through the row indices, we can write that: 
( )lim

lim

1
174798 174797 174796

ro n
roro z z z z− − = + +∑               (5.36) 

174796 9
174798 3.29 10roz −= ×∑                     (5.37) 

 
Table 8. Interactional redshift extract from 1968 November 6, upper part (left side) and 
lower part (right side) of the orbital model. 

1 1.857887004E-11 174,797  ro [row] z [-] ce [cell] 

2 1.857887034E-11 174,796  1 9.88941786E-10 0 

3 1.857887063E-11 174,795  2 7.88947519E-10 1 

4 1.857887092E-11 174,794  3 6.75736588E-10 2 

5 1.857887122E-11 174,793  4 6.00509611E-10 3 

….. …... …....  5 5.45881001E-10 4 

174,791 4.703378535E-10 7  6 5.03892891E-10 5 

174,792 5.039129882E-10 6  7 4.70318793E-10 6 

174,793 5.459022989E-10 5  8 4.42678470E-10 7 

174,794 6.005323020E-10 4  ….. …... ….... 

174,795 6.757608462E-10 3  202,421 1.88379256E-11 202,420 

174,796 7.889732743E-10 2  202,422 1.88379256E-11 202,421 

174,797 9.889671942E-10 1  202,423 1.88379256E-11 202,422 

174,798 1.515016758E-09 0  202,424 1.88379256E-11 202,423 

ro [row] z [-] ce [cell]  202,425 1.88379256E-11 202,424 
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Table 9. Definition of a criterion for the row count for pre-occultation and post-occultation 
phase. 

,maxen  Linear factor L 1Lεψ −=  upce  and downce  
(pre-occultation) 

upce  and downce  
(post-occultation) 

[el/m3] [-] [-] [cells] [cells] 

9 10
,max5 10 1 10en+ +× ≤ ≤ ×  1 ÷ 2 1 ÷ 3 

 
3 ψ⋅  

 
5 ψ⋅  

10 10
,max1 10 2 10en+ +× ≤ ≤ ×  2 ÷ 4 3 ÷ 8 

10 10
,max2 10 4 10en+ +× ≤ ≤ ×  4 ÷ 8 8 ÷ 25 

10 10
,max4 10 8 10en+ +× ≤ ≤ ×  8 ÷ 16 25 ÷ 72 

10 11
,max8 10 8 10en+ +× ≤ ≤ ×  16 ÷ 32 72 ÷ 208 

 
9

,6 3.29 10ntl
up Novz −= ×                      (5.38) 

where  

3n =                            (5.39) 

We can point out that row 174,798 corresponds to the value of rt expressed in 
solar radii for which there is the transition from the upper to the lower part of 
the orbital model and where the calculation of the redshift stops in the upper 
part of the orbital model in the spreadsheet. In this way, there is a clear analogy 
between the redshift calculation and the two methods, described by 

lim lim

lim

3
0 ce

ce ro
roce roe

z z−

=
≈∑ ∑                     (5.40) 

This implies that the number of cells to be taken into account in the calcula-
tion of the redshift is 

3 rowspre occ
upce − =                       (5.41) 

For the lower part of the orbital model, considering the redshift, according to 
the cell indices, we calculate that: 

lim
0 1 120 ce

ce
ce e e e e

z z z z
=

= + + +∑                   (5.42) 

12
1 2.72 162754.790 cee

z z z z= + + +∑                  (5.43) 

For the same reason explained after Equation (5.33), the formula becomes: 
7

1 3 10970 cee
z z z z≈ + + +∑                     (5.44) 

7 9
0 2.49 10cee

z −≈ ×∑                       (5.45) 

Also, by identifying the redshift through the row indices, we observe that: 
( )1

1 2 31
ro n

roro z z z z+ −

=
= + +∑                     (5.46) 

3 9
1 2.45 10roz −= ×∑                       (5.47) 

9
,6 2.45 10ntl

down Novz −= ×                      (5.48) 

where 

3n =                            (5.49) 
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Thus, there is a clear analogy between the redshift calculation and the two 
methods, described by 

( )lim 1
0 1ce

ce ro n
roce roe

z z+ −

= =
≈∑ ∑                     (5.50) 

This implies that the number of cells to be taken into account in the calcula-
tion of the redshift is 

3 rowspre occ
downce − =                       (5.51) 

Therefore, from calibration, we can use the following minimum number of 
rows on each day of calculation starting from 1968 November 6: 

min,
pre occ pre occ pre occ

x up downce ce ce− − −= +                   (5.52) 

min, 6 rowspre occ
xce − =                       (5.53) 

where 1,2, ,12x =   according to the indexed days in the pre-occultation 
phase. In practice, the calculation of the total redshift is reduced to the sum of 
well-established lines which easily improve the calculations. However, the value 
of the determined lines has to be proportional to the density of the electrons in 
question. In fact, as can be observed in Table 10, it varies on each measurement 
day. We can define a criterion to assign the right number of rows to add up in 
order to get the total redshift. Getting closer to the Sun, the following relations 
are valid 

1 1
ez n r ceε ε− −∝ ∝ ∝                      (5.54) 

where with ce, we indicate the cell index. Then we will introduce the interpola-
tion factor ψ which takes into account the variation to the power ε − 1. This fac-
tor establishes how much we need to thicken the calculation according to the 
Mesh Approach. The values chosen in the new calculation window do not have 
to contradict the Wigner-Crystal Precondition of Equation (5.22). 

In the case of the post-occultation phase, the distances between Earth and 
Pioneer-6 are 1% smaller than the pre-occultation phase distances as shown in 
Figure 5. Therefore, the redshift calculation is more compressed into a smaller 
geometric interval, compared to that of 1968 November 6 used for calibration, 
whereby the redshift density per unit of length is greater. As a matter of fact, in 
the post-occultation phase the signal is already emitted in a solar atmosphere 
with a higher density of electrons. The latter causes a sudden increase in the wa-
velength and consequently in the redshift. In the pre-occultation phase, however, 
the redshift is spread over larger distances which will make the curve smoother. 
From the Wigner-Crystal Precondition, the number of redshift values that satis-
fy the condition is higher. Due to this fact, it is necessary to increase proportion-
ally the impact in terms of redshift by setting up a proper number of total rows 
equal to 

5 rowspost occ post occ
up downce ce− −= =                 (5.55) 

from which, starting from 1968 November 29, we obtain the following minimum 
number of lines on each measurement day: 
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Table 10. Admissible rows and cells for the interactional redshift according to, respectively, the Wigner-Crystal Precondition and 
the Mesh Approach. 

Parameters Pre-occultation phase Post-occultation phase 
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min,
post occ post occ post occ

x up downce ce ce− − −= +                  (5.56) 

min, 10 rowspost occ
xce − =                      (5.57) 

where 13,14, , 21x =   according to the indexed days in the post-occultation 
phase. For instance, if we consider a generic observation day in the upper part of 
the orbital model (we would make similar remarks for the lower part of the or-
bital model), observing the consecutive redshift trend in the spreadsheet, as 
shown in Figure 16, we can state how the curve has a peak in correspondence to 
a few lines of calculation compared to the entire initial calculation window. This 
implies that the redshift is concentrated close to the Sun where the distance be-
tween the radio signal and the Sun is smaller. Furthermore, we can exclude the 
whole series of minor redshift contributions as they do not satisfy the Wigner- 
Crystal Precondition. Due to the exclusion of most of the contributions to the 
redshift, we should start again with the nominal value of the radio wavelength in 
the calculations. Nevertheless, we leave the current value obtained from consec-
utive interactions which differs by a small value compared to the nominal one. 
In this way, we do not re-launch the calculations. The redshift values calculated 
in this way remain reliable. This approach is valid for each measurement day 
with clearly different redshift values depending on the distance and therefore on 
the average distribution of electrons crossed. 

For each measurement day, it is possible to calculate firstly the electron den-
sity limit (going deeply into in-between values of Table 7) from which we can 
detect the number of total rows to take into account for the redshift calculation, 
as shown in Table 10. It contains the complete calculation in the spreadsheet in-
cluding the admissible rows and cells for the interactional redshift according to, 
respectively, the Wigner-Crystal Precondition and the Mesh Approach. As the 
redshift is calculated on a consecutive manner, the effective number of rows 
which will compose the interactional redshift is much smaller according to the 
Mesh Approach.  
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Figure 16. Instance of a consecutive redshift trend, with the Precondition exclusions, as result of 
the calculations on a generic measurement day. 

6. Gravitational Redshift Contribution 

The contribution of the gravitational redshift, in addition to the interactional 
redshift, is the only one that we can also include in the calculations as the Doppler 
contributions of the orbital and rotational velocities can be neglected in the ra-
dio-receiver. We can use a Newtonian approach as, for small distances like those 
of the Sun-Earth-Pioneer-6 system, the gravitational field is the same by using an 
Einsteinian approach from General Relativity. For this reason, from the conser-
vation of the total energy, we can obtain the value of the wavelength leaving a 
gravitational field as follows: 

KE PEtotE = +                        (6.1) 

ph S
tot

x

Gm M
E h

d
ν= −                      (6.2) 

2
S

tot
x

GM hE h
d c

νν= −                      (6.3) 

21 S
tot

x

GM
E h

d c
ν
 

= − 
 

                     (6.4) 

totE hν ′=                           (6.5) 

In terms of gravitational redshift, the expression becomes: 

grz λ λ
λ
′ −

=                          (6.6) 

21 S

x
gr

GM
d c

z

λ λ

λ

−
 
− 

 =                      (6.7) 
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If referred to a generic measurement day x, the formula is expressed as 

,

2

1 1 0
1

Sun
gr x

S

x

z
GM
d c

= − >
 
− 

 

                    (6.8) 

A photon of light loses energy by escaping the gravitational field of the Sun, 
therefore, its wavelength becomes longer (redshift), whereas it gains energy by 
approaching the gravitational field of the Earth, the reason why its wavelength 
becomes shorter (blueshift). We express, accordingly, the gravitational redshift 
for the Earth by the following expression 

,

2

1 1 0
1

Earth
gr x

E

E

z
GM
R c

= − <
 
− 

 

                    (6.9) 

7. Total Redshift Calculation 

Based on the maximum electron distribution found at the closest distance from 
the Sun, we can determine the exact value of the linear interpolation factor ψ 
from Table 9. Considering all the steps previously analyzed, we determine total 
redshift values which are possible to compare with existing values from other 
studies, including the observational data that represents our main comparison 
target  

/ 6
, , , , ,

E P ntl ntl Sun Earth
tot x up x down x gr x gr xz z z z z= + + +                 (7.1) 

As, between pre-occultation and post-occultation phase, the total number of 
measurements days vary from 1,2, , 21x =  , we can calculate twenty-one red-
shift contributions. All calculations relating to redshift in the pre-occultation 
and post-occultation phase are shown in Table 11 whereas the complete list of 
calculations in the spreadsheet is meticulously reported in Appendix B.  

 
Table 11. Partial and total redshift calculations during pre-occultation and post-occultation phase. 
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From calculations, we can extract Figure 17 in which we trace the redshift trend 
based on the pure interactional redshift calculated. We can observe that: 
- The total redshift increases reaching a peak before the occultation of the ra-

dio signal and then decreases once the occultation ceases. The greater the 
density of photo-ionized electrons through which the radio signal travels, the 
higher the probability of interacting with electrons on the path. Accordingly, 
the probability of losing energy in the process of absorption and re-emission 
of the signal is higher; 

- The redshift in the upper part of the orbital model is slightly greater than the 
redshift in the lower part as the point of emission of the signal by the space 
probe is already in a place where the electron density is greater than the op-
posite position of the earth. In this optic, we observe the configuration sym-
metrically with respect to the Sun along the transition line dividing the upper 
part from the lower part; 

- The redshift in the lower part appears to be more linear without major dips. 
As mentioned in the previous point, it is the greater distance from the Earth 
to the Sun, compared to the lower distance between Pioneer-6 and the Sun, 
that smoothens the redshift trend. In the upper part the electron densities are 
on average higher and the transition from a circular sector, having a specific 
calculated average electron density, is sudden and causes peaks in the curve. 

However, the peaks in the curve are exactly what R.M. Goldstein detected with 
the graph of the variation of the central frequency over the days of measurement. 
Below, in Figure 18, we compare the curve of this study case based on the inte-
ractional redshift together with the contribution of the gravitational redshift and 
the curve of R.M. Goldstein [10] in terms of wavelength rather than frequency 
variation, according to the transcription of P. Merat et al. The other two graphs 
result from further publications, P. Merat et al. [11] and L. Accardi et al. [12], 
which trace an expected trend of the redshift curve based on their calculation 
methods. Only R.M. Goldstein’s curve, as transcripted by P. Merat et al., is to be 
considered a real trend for the redshift as it is based on pure observational data 
and not on a calculation method. As we can observe, the curve obtained from 
this study is also very close to the real observations except for external effects, 
such as solar flares, which affect the redshift. 

Also in Figure 18, we can make important observations: 
- The redshift trend obtained through this study varies along the nominal val-

ues achieved by P. Merat et al. (pre-occultation) and L. Accardi et al. (post- 
occultation). Close to the phase prior to and immediately subsequent to the 
occultation, the redshift values and the trend of the curves are almost iden-
tical; 

- The oscillations of the curve in both pre-occultation and post-occultation 
phase are not calculation errors but represent the real trend of the curve, as 
firstly, there are no intermediate measurements between one day and the 
next, neither of the redshift nor of the orbital parameters, thus giving rise to  
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Figure 17. Total interactional redshift trend and its contribution over the measurement days. 

 

 
Figure 18. Total redshift and its comparison to other scientific studies. 

 
slight jumps in the curve; secondly, the redshift trend is not purely described 
by a given power trend as the curve is the combination of a variation accord-
ing to a certain power coming from the electron density together with the 
exponential variation of the interactional redshift dependent on geometric 
variations of the physical intervals and overall distances variable day by day. 
In short, the curve is a combination of physical parameters such as the varia-
ble distribution of electron density, the interactions between photons and 
electrons, and, last but not least, the geometric characteristics of the orbital 
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model of Earth and Pioneer-6; 
- R.M. Goldstein’s curve shows redshift values almost coinciding with the 

redshift values of the present study along the initial and final days of the 
pre-occultation and post-occultation phases. In the central phases, there ap-
pear to be amplifications of the curve with respect to the values obtained 
from the present study. In detail, the curve that we calculated seems to have 
the same peaks compared to R.M. Goldstein’s curve. However, our peaks ap-
pear lower in intensity. The peaks are not random but describe exactly the 
geometry and physics of the redshift anomaly. The peaks of the R.M. 
Goldstein detections are amplified on average by a factor of about 2E-08 in 
terms of redshift. It is the amplification distributed over the entire time span 
of the measurements that is due to the solar flares and not due to the ampli-
fication on the peaks. This does not exclude the fact that, at the peaks in the 
post-occultation phase, being extremely high, a solar flare may have occurred. 
In support to this statement, there is a publication which indicates the pres-
ence of at least one solar flare which occurred during the measurements on 
1968 December 3 [19]; 

- In this article, we have considered the gravitational redshift components of 
Sun and Earth at the point of reception of the radio signal, as they are also 
decisive for the final redshift calculation. On average, the sum of the two gra-
vitational components increases the total redshift by a factor of 9E-09 being 
the interactional redshift of the order of 1E-08, as can be observed from the 
tables; 

- The component of interactional redshift between the radio signal and the 
photo-ionized electrons is on average 2E-08 throughout the duration of the 
observation, going from a minimum of 6E-09 to a maximum of 5E-08; 

- The redshift components linked to the rotation and to the orbital speeds of 
the Earth as well as to the Pioneer-6 space probe have not been included as 
they have been intrinsically removed from the terrestrial radio signal receiver 
due to its set-up. Accordingly, they have not been transferred into the red-
shift curves; 

- Moreover, it is possible to state again that the Mex October 2006 electron 
distribution, referred to the solar corona, is the one that best represents the 
real physical electron distribution around the Sun [8]. 

8. Conclusions 

The total redshift is a response between the interactional redshift, intended as 
NTL contributions to which we add up the gravitational redshift contributions 
of the Sun and the Earth, and the Mesh Approach as well as the Wigner-Crystal 
Precondition. The latter selects the electrons and consequently the number of 
contributions as well as the intensity of the redshift. The redshift trend obtained 
from this study, corresponds, less than the solar flares, to the redshift trend ob-
tained from observational data. The theoretical basis used in our calculation 
method concerns the loss of energy of the radio signal, characterized by a specif-

https://doi.org/10.4236/jhepgc.2021.73066


A. Trinchera 
 

 

DOI: 10.4236/jhepgc.2021.73066 1151 Journal of High Energy Physics, Gravitation and Cosmology 
 

ic wavelength, which travels through a variable medium dense with photo- 
ionized electrons. They absorb the incident photons and re-emit them with an 
imperceptibly wider wavelength. It is possible to sum the contributions of inte-
ractional redshift only starting from specific values of electron density and tem-
peratures which satisfy the Wigner-Crystal Precondition of the crystals, centered 
in the electrons, for which their unitary potential energy is greater than their ki-
netic energy. The condition allows the radio signal, through the formation of the 
crystal, not to undergo deviations on the trajectory and not to detect, as expected 
in other scattering processes, any blurring phenomenon. Where the Wigner- 
Crystal Precondition is not verified, the scattering of radio photons with elec-
trons is very likely and it is attributed to a Thomson scattering. We can state that 
the redshift of the radio signal of the Pioneer-6 space probe is real: measured by 
a terrestrial radio receiver and calculated in detail. The discovery made in this 
study on how and why the radio signal, under particular physical-mathematical 
conditions, undergoes a redshift, should not only be considered a local pheno-
menon, on a solar scale, but also a cosmic phenomenon on a larger scale appli-
cable to all stars and galaxies as it is exclusively dependent on the distance of the 
astronomical object, on the density and temperature of the electrons in the sur-
rounding environment and on the wavelength of the emitted signal. 

9. Discussions 

Similarly to the action that the Sun has in interstellar space, it is also possible to 
extend the same considerations and calculation methods of the interactional 
redshift on an intergalactic and extragalactic scale. Indeed, the galaxies, com-
posed of stars, are surrounded by photo-ionized hydrogen that permeates the 
intergalactic space that is, in turn, crossed by photons of light. Once removed the 
Doppler contributions of proper and rotational motion of astronomical objects, 
the so-determined residual redshift is a contribution related to the density and 
temperature of the electrons as well as the physical properties of the electron, the 
distance travelled and the wavelength of the photons.  

The term “anomalous” referred to redshift measurements which deviate from 
expectations is actually a key element for the understanding of the redshift me-
chanism. Moreover, the Hubble constant is considered as an energy loss para-
meter related to the electron density distribution through which photons travel. 
For this reason, it should not be surprising that the Hubble constant can assume 
several different values depending on the astronomical object in question, as 
electron-dense atmospheres vary, and on the length of the spatial direction un-
der observation. This point has been fully argued in this study where, due to the 
solar scale under examination, a small value of the redshift has been detected not 
only by observational data, but it has been calculated with an analytical and nu-
merical approach. It is always worth mentioning the fact that there are many 
cases described in the smallest detail of redshift inconsistencies, related to the 
current conception of redshift in the expansion model, where high-redshift Qu-
asars are observed too close to low-redshift galaxies, connected in some cases 
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with bridges of matter [20], and in others cases they are even detected at the 
various wavelengths in front of companion galaxies [21]. 
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Appendix A 
Planck constant h    6.626E−034  m2kg/sec  
Electron mass me   9.109E−031 kg  
Electron radius re   2.818E−015 m 
Electron charge e   1.602E−19  C 
Light speed c    299792458 m/sec 
Sun radius Rsun     695510000 m 
Sun mass Ms    1.989E+030 kg 
Gravitational constant G  6.674E−011 m3/kgsec2 
Earth radius RE    6371000  m 
Earth mass ME    5.972E+024 Kg 
Astronomical unit AU  149.597E+09  m 
Boltzmann constant kB  1.38E−23  m2kg/sec2K 
Free space permittivity ε0  8.854E−12  F/m 

Appendix B 

All calculations of the spreadsheet, contained in Appendix B, are not fully reported as they would exceed the limit 
number of pages. All full data can be shared to any researcher on request. 
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