Photons evolution on very long distances

GOSSELIN P.
2018-07-20

Abstract

We lay down the fundamental hypothesis that any electromagnetic radiation
transforms progressively, evolving towards and finally reaching after an appropriate
distance the value of the cosmic microwave background radiation wavelength
at 1,873 mm or the frequency of 160,2 GHz. This way we explain the cosmic
redshift Z of far away Galaxies using only Maxwell’s equations and the energy
quantum principle for photons. This hypothesis is also true for wavelength longer
or for frequency less than that of the cosmic microwave bacground. Hubble’s
law sprouts out naturally as the consequence of this transformation. According
to this hypothesis we compute the Hubble constant using Pioneer satellite data
and doing so deciphering the enigma of its anomalous behaviour. We speculate
about a numerical composition of the Hubble constant and introduce the Hubble
surface. This hypothesis helps to solve some cases that are still enigmatic for the
standard cosmology. We show that our model fits exactly the distance modulus of
cosmological candles and discuss the maximal observation distance of cosmological
phenomena. We give an answer to the anomalous acceleration of the Pioneer satellite
and we show that it is a universal constant common to any satellite.
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1 Introduction

I nterpreting the redshift of the radiation coming from distant galaxies as a Doppler
effect implies that those galaxies are moving away from the observer. In 1929 Ed-
win Hubble [11] [30] showed that the receding speed v of the observed galaxies was
proportional to their distance d from the observer, was isotropic and related by the
proportionality constant H,. Recently this constant has been measured as 73 kilometers
per second per Mega parsec using the most recent data collected with Cepheids, Car-
dona [29], with type I supernova, Dhawan [23] and including both with mega maser
sources, Riess [22]. Hubble law is written as

v=dH, 1.1

where v is the source receding speed, d its distance from the observer and H, the
proportionality constant. The redshift Z is a measure of this speed relative to light’s
vacuum speed ¢

Z=- (1.2)
c

so that the distance is given as

_cZ

d
H,

(1.3)

Relative to the source wavelength A, and the observed wavelength A, the redshift is

A=A,

VA
7\'()

(1.4)

Such interpretation infers an expanding universe since all observable objects seems
to speed away the farther they are from the observer. Conversely this implies that
1/H, years ago or approximately 13,7 billions years, NASA [17], all the universe was
embedded in a singularity that exploded to produce the expanding universe that we are
observing today.

T he Doppler effect being the ratio of source’s speed to light’s speed and the fact that
nothing can exceed the speed of light this ratio must always be lower than one. But it
is common to observe galaxies showing Z ratios greater than one up to values of 12
according to the most recent observations, Bouwens [4], Brammer [5]. This goes against
interpreting the redshift as Doppler caused and also against an expanding universe.

B ut since Hubble discovery [11] and coupled to Lemaitre thesis [13] [14] [15] [24],
nearly all cosmology theoreticians agree on a new kind of universe expansion. This
is no more an explosion of matter into space but the more esoteric concept of a space
expansion which is seen through the general relativity glasses. The expanding space idea
explains the redshift by the stretching the light rays suffers during their travel through
space. Considering the elasticity of space is mere speculation because there aren’t any



experiences possible to prove it. This is an open door to all kinds of exotic universe
models and even to questioning the known observed properties of matter : Cameron [6],
Terazawa [25]. Why only photons or electromagnetic waves should be dependent on the
elastic geometry of the space while intrinsic dimensions of atoms, molecules and other
material structures would not be?

O bserving light or photons in our local universe as well as in the laboratory shows
us that photons are particles or waves that keep their properties indefinitely. On the
contrary, atomic particles have a measurable lifetime and can decay into other particles.
Since light speed is the maximum speed of any interaction that may happen in the
universe this implies that photons cannot suffer any other action except to move. Then
time doesn’t exist for the photon and it is immutable.

N othing may suggest that physic’s laws are different at large distance from us than in
our local environment. If we agree on the fact that there aren’t any difference between
the local universe and the most remote one and also between, then it is advisable to
consider that the photons might suffer a kind of transformation between the emission
point and the observer. This way the redshift can be justified differently than by the
stretching of space. The sole laboratory that can permit this verification is the universe
itself since the billion of years required. We propose to explain the redshift and Hubble
law through such a slow en route transformation of the electromagnetic radiation or
photons. This is an intrinsic property not needing any intermediate mean or catalysis
or interaction with matter. Then it must be conceded that the maximum speed of any
interaction in the universe is a little bit higher than the photon speed. This limit might
be very close to the current light speed because of the extremely long time required for
photon transformation and the fact that all experiments done up to now are very well
explained using the speed of light as the maximum speed limit of interactions in the
universe. Then the photon is subject to structural transformation like any other denizen
of the universe. This proposal seems to us much more acceptable and less esoteric than
the elasticity of the space.

O n an other side, consider the electromagnetic radiation that comes from all parts
of the sky. It has a wider spectrum much larger than the optical one. Particularly,
radio astronomers A. Penzias and R. Wilson [21] in 1964 discovered a uniform and
isotropic radiation at a microwave frequency of 160,2 GHz or 1,873 mm in wavelength
corresponding to a temperature of 2,72548 °K, Fixen [10]. This radiation couldn’t be
associated with any object of the sky and it’s presence has been explained as a residual
of the Big Bang that happened 13,7 billions years ago. Very energetic photons emitted
at that time might have lost their energy through space expansion ensuing the stretching
of their wavelength. Today we would observe them as a cosmic microwave background
residual (CMB).

W e already have proposed the transformation of the photons en route but this process
mustn’t proceed indefinitely, it must end somewhere. If it didn’t, it would end up with an
infinite number of photons of zero energy, an unacceptable situation in nature. We then



propose that this endpoint of transformation happens when the photon energy reaches
the CMB level. This way all radiation coming from everywhere melts in a kind of
uniform fog that makes the physical limit of the observable world.

S ince the emission frequencies of photons are not limited to values higher than that
of the CMB radiation, then photons emitted at a lower frequency shall transform too
toward that CMB terminal limit. They shall evolve following an inverse direction that
is towards higher frequencies. This phenomenon has not yet been observed since the
absence of necessary radio astronomy infrastructure, more sophisticated radio telescope
are required.



2 Theory

L et us consider a source of radiation emitted at a frequency higher than that of
the CMB radiation. The global energy of the emitted flux decreases as a function of
distance or time. Firstly, by the ejection of CMB photons (1,873 mm or 190,2 GHz)
which disappear from the flux by melding with the local CMB radiation. Secondly,
by a balancing of the number of photons which continuously increases while their
common energy level decreases. The inverse situation happens when the radiation is of
a frequency lower than that of the CMB radiation. A CMB photon is captured and added
to the group that balances its energy by increasing its common frequency and decreasing
its photon number. We proceed using Maxwell electromagnetic field equations and the
quantum energy of the photon.

2.1 Extreme propagation

T he vacuum properties of an electromagnetic wave at very far distances are unknown
to us. We suppose they are the same as they are locally meaning that Maxwell laws of
electromagnetism are the same everywhere in the universe. Then for a plane wave of
frequency Vv, phase 6 propagating at speed c in the direction k, the electrical field E and
the magnetic field H are dependent on distance d and time 7.

F=7E(d,1) @1
Ec=E exp [jo(t— ) +9 22)
H=jH,(d1) (2.3)
Hy = H exp [jolt — %) +0) (2.4)

The Poynting vector represents the energy flux carried by the wave
S=ExH (2.5)
which is for the plane wave

2
s_p B (2.6)
HoC
Between extremely distant points the Poynting vector cannot represent the energy
conservation principle. A redshift is observed meaning a variation of the wavelength, an
absent parameter of S. Meanwhile the Poynting vector certainly represents the mean
energy carried by the photons of the wave each being of energy

E=hv Q2.7)

where h is the Planck constant and v is the photon frequency. When considering
extremely long distances it might be appropriate to consider the variation of the photon
density N and it’s energy level so that the energy regime is preserved and the quantity

&= Nhv (2.8)



is considered more representative on long distances where N and v vary according to
the distance d. Following our hypothesis, we consider a decrease of the energy density
& as a function of distance. This decrease is proportional to the photon density. The
proportionality constant k [m~!] is the energetic dissipation rate normalized with the

CMB photon energy iV ;. We write

98
—=—kNyghv,
3d d " Vemb
which gives
an aNd
h(Ng=+Vg—=)=—kNghv,
(Na= 7 +Va=5,) a B Vemp
an aNd
Ny(k v, =) +V =0
a(k Vemp + 8d)+ ey
The solution to this differential equation is
d
Ny=oaen+C;
d
vag=Be "+
where
ON; o 4
_ = —en
od 7
an B _d
—_— = —— ¢ N
od n
giving
c _d c d
d 1 oen
okVempe + kv empCr — 13 ITT + Zne =0

This last equation being true for any value of d implies
Ci =0
Cy = —MkVemp

The limiting conditions are atd =0: Ny =N, , V4 =V, so that
a=N,
B =Vo+nkVem

and finally
Ny=N, e

Va = (Vo +MkVenp) € 1 —NkVony

d d
Va=Vee M +MkVeup(e 1 —1)

2.9)

(2.10)

@2.11)

(2.12)
2.13)

(2.14)

(2.15)

(2.16)

2.17)
(2.18)

(2.19)
(2.20)

2.21)
(2.22)
(2.23)



where the wavelength is

Ao
M= ——j - ; (2.24)
%(e_ﬁ —1)+e
Introducing the redshift at distance d
Z = o Vd (2.25)
Va
and when the radiation has been completely transformed into CMB radiation
Lemp = M (2.26)
Vemb
The wavelength is then written as
A
i = - y (2.27)
% _(eTn—1)4e 0
Leyp+1
the frequency
nk _d nk
Vi=Vo [(I+———)e " ——— 2.28
¢ 0[( Zcmb+1) Zcmb+1] ( )
and the distance using (2.22)
v kVom
d = In oV Vemb (2.29)
Vg + T]kvcmb
Ze 1 k
d=n m# (2.30)
Gatny TN

When the source’s frequency is lower than the CMB one, the sign of k (2.9) and n
(2.12), (2.13) must be changed while the sign of the product nk does not.

Since the transformation of the photons happens on very long distances, it seems
normal that 1, the transformation constant, be numerically very large, so for short
distances we may consider the serial development of the exponential, keeping only the
first two terms of the series. Using equation (2.22), we get

e% = (Vo +MkVemp )/ (Va +MkVerp) = 1+d /M (2.31)
d=m (Vo—Va) / (Va+MkVemp) (2.32)
kvcm
d=n (v —va) / [va(1+ 5] 233)
U
= ¢ (2.34)
Z
1+nklci:+11

Considering the local universe, that is on very short distances, the energy density
hasn’t time to change and is considered constant (B.8) so that its rate of decrease is null



(2.9). Therefore the energy dissipation parameter k is zero and the distance (2.34) is
written

d=n7Zq4 (2.35)
Here we have Hubble’s law and to have it’s classical expression, we write
n=c/H, (2.36)

Replacing k and m in (2.30), in the local environment, the distance is

c
d=—In(Zs+1 2.37
o, n(Za+1) (2.37)
the wavelength (2.27) is
dHp
Aa=hoe ¢ =h,(Zy+1) (2.38)

and the photon density (2.21) is

Ny =Npe @ = Ny(Zy+1) (2.39)

N.B. You may find interesting, in appendix, two variations on the method used to obtain
these results in the local environment.

2.2 Frequency variation

L et us examine how the frequency (2.22) change under a variation of distance or
travel time d = ct. Taking the time derivative

vy /ot = (—c/M)(Va +MkVemp) (2.40)
OVy /0t = —cva /M — keVemp (2.41)

Replacing m by its value ¢/H,
an/al +keVempy = —VaH, (2.42)

we get the Hubble constant as

H - - avy /ot ~ kevem (2.43)
Vg Vg
or
dv, /ot (Zq4+1)
H,=— —k 2.44
\Z ¢ (Ziemp +1) @49
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2.3 The flux

N ow, let us consider a divergence free flux of photons moving on a very long distance
where energy is conserved. Consider an initial volume V,, enclosing a photon density
N, all of the same wavelength A, and similarly at a far away distance d, the same
elements, a volume V; enclosing a photon density N, all of the same wavelength A,.
Using equations (2.38), (2.39), the total energy in each of those volumes is

E, = NoVohv, = N()Vohc/ko [jOMle} (2.45)
Ey = NaVahVy = No(Z 4 DVahe/Po(Z+1)] = NoVahe /Ao [joule] — (2.46)

We can then say that equal volumes have equal energy quantity. The energy density is
the same in both cases.

Po=E,/V, =E;/Vy=py [joule/meter] (2.47)

The energy density is conserved while the photon density increases.

L et us consider a photon flux S crossing normally a surface s. After a time ¢, n of
those photons will occupy a volume

V = sct [meter’) (2.48)

where the photon density is

N= lt [photons /meter?] (2.49)
sc

Each photon being of energy hv, the total energy E in the volume V is
E = nhv = Nscthv [joule] (2.50)
This energy having crossed the surface s during time 7, the flux is

E Nhc?
S= o =Nchv = TC [joule/second /meter®] or [watt /meter?] (2.51)
s

The specific flux fy is defined as the ratio of the flux per frequency unit
S . 2
= v Nch [joule/meter”] (2.52)
whose unit of measure is the Jansky
1 Jansky = 10726 [joule /meter®] or [watt /meter? | hertz] (2.53)

The corresponding photon density is

N= % [photons /meter’] (2.54)
c
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and the energetic density is

p=Nhv= Vv _ g [joule/meter’] (2.55)

The power density is defined as f; as the ratio of the flux per unit of wavelength

S:ﬂzvzfv_cfV cp

fi= = =T =W [watt /meter’] (2.56)
_Mh o ch

f="t ok @.57)

S=Afi=vfy (2.58)

T he electromagnetic wave transforms itself on long distances and consequently the
number and the frequency of the photons does too so let us look at the flux between an
origin o and distance d. The specific flux at origin is according to (B.33))

o fo = °N,ch (2.59)
and at distance d

Ufy = INoch = "No(Z+1)ch =° f(Z+1) (2.60)
The flux § (2.58) at origin is

°S=v,’fy (2.61)
and at distance d

1S =va fy = Vo/(Z+ D] MZ+ D] =V, fy (2.62)

We see that the flux is conserved on distance while the specific flux adjust itself. The
same way the energy density doesn’t change under distance while the power density
adjust.

()S:dS:VOUfV :Vddfv — xo()fk — Q\fddf}\ — opc:dpc (2.63)

2.4 Beyond the cosmic microwave background (CMB)

A ccording to our hypothesis, photons whose frequency is higher than that of the CMB
radiation loose their energy as they travel and their frequency decrease or equivalently
their wavelength increase until they reach the CMB level. In that case, a shift of the
wavelength is observed towards the red side of the spectrum. Conversely, photons whose
frequency is lower than that of the CMB radiation gain energy as they travel and their
frequency increase or equivalently their wavelength decrease until they reach the CMB
level. In that case, a shift of the wavelength is observed towards the blue side of the
spectrum. In order to make a clear distinction between a cosmological effect from a
Doppler effect caused by the intrinsic movement of stellar objects, we use the term

12



"cosmological shift" instead of "red shift". The cosmological shift shall be > 0 or <0
while the redshift will be towards the red or blue side of the spectrum. For wavelengths
shorter than the CMB wavelength, the cosmic shift is a positive value greater than zero
Z4 > 0 and up to the maximum value infinity for zero length wavelengths A, = 0. For
wavelengths longer than the CMB wavelength, the cosmic shift is a negative value
Z4 < 0 which may reach the minimal value of —1 for infinite wavelengths A, = eo.

2.5 Link between Visual and Radiometric radiation

L et a source send radiation at a wavelength shorter than the CMB a visual one, A, ,..
Let also that source send radiation at a wavelength longer than the CMB a radiometric
one, 7\.,,7,. Those two radiations, having travelled a distance d, transform according to
equation (2.38) :
dHp
Ay =RAoye © (2.64)

dHp

My =Koy e (2.65)

and since they have a common distance, we can eliminate that term in those equations
to get :

Aoy Ao =Nay Ag, = Constant (2.66)

Using the visual Z, and radiometric Z, cosmic shift, this equation can be rewritten as :

Z, = (2.67)

This expression is symmetric and the Z can be interchanged.

We must take care not to confound this radio cosmic shift Z, with the radio redshift
used by radio astronomers Zg,qi, Who use a different definition for the recession speed
and for the redshift. They define the source radio speed Vgygi, as:

VRadio = € ZRadio = ¢(Vo —V) [V, (2.68)
while the classic definition for optical recession speed is:

Voptic =¢ Zy = c(Vo—V)/V (2.69)
The relation between those two is:

ZRadio =1/(1+(1/Zv)) (2.70)

We note the following link between those two different radio shifts, (2.67) and (2.70),
issued from two different concepts:

ZRadio = 7Zr (271)

13



3 The Hubble constant

S ince its discovery, the Hubble constant has been subject to much controversy about
its most probable value, a low or a high value, the span being from 50 km s~ Mpc~!
to 100 km s~ Mpc~!. The true value relies essentially upon the precise measurement
of distances which are always obtained through indirect methods. The observation
of Cepheids stars is still the most appropriate mean for this measurement. It is based
on the Leavitt’s law where Cepheid stars shows a periodic luminosity related to their
maximum luminosity, giving an indirect measure of their distance. For this reason those
stars constitute standard candles which constitute a local distance scale. To go beyond
the local universe this scale must be extended beyond the limit of our galaxy. Actually
we use the properties of supernova type Ia (SNIa), water maser sources and binary
eclipsing stars. Those objects extend the distance scale and its precision improves with
new measurement techniques. The most recent evaluations by Riess [22] indicate a
value of H, = 73,02 £ 1,79 km s~ ' Mpc~" or 2,366417 x 1018 571

3.1 Pioneer

T he Pioneer 10 satellite has been decelerating constantly since it’s departure from the
solar system and still was when communications ended due to the loss of strength of the
signal. The Doppler signal measuring the satellite speed drifted constantly showing a
deceleration of the satellite. Since the satellite was out of solar bounds it should have
kept a constant speed and up to now no satisfactory explanation has been given to this
phenomena. Turyshev and Toth [27]

T he satellite distance and speed were measured very precisely through the use of
a S band signal of frequency ~ 2,1 GHz sent from earth station and returned as ~
2,3 GHz by the satellite in such a way that the stability and precision of the signal
were independent of the satellite equipment. The satellite being out of solar bounds
should have moved ballistically according to the classic mechanical laws. Throughout
the whole journey, a constant frequency drift of 5,99 + 0,01 x 10~ Hz s~! has been
observed toward a higher one. Interpreted as a Doppler shift, it is equivalent to a satellite
deceleration of 8,74 + 1,33 x 107'9 m s=2. We consider that this variation is nothing
else than the effect of the transformation of the electromagnetic signal according to our
model.

C learly if the satellite slows down, one will observe a blue shift of the Doppler signal
which is already red shifted because of the satellite receding speed. Newtonian mechanic
tell us that the satellite doesn’t slow down but moves at constant speed. The signal round
trip is increasing at a constant pace and according to our model, the signal must suffer a
constant change. Since the mean frequency of the signal we estimate at ~ 2,19 GHz is
lower than the cosmic microwave background of 160,2 GHz, the frequency of the signal
must increase or equivalently the wavelength shorten. So the observed blue shift drift
owing to the continuous increasing signal round trip distance. And the false impression
of a slowing down of the satellite. The enigmatic behaviour of the Pioneer satellite is

14



then explained and by the way confirms our hypothesis of the electromagnetic wave
transformation on long distances.

3.2 kand H,

T he Pioneer satellite signal drift enable us to evaluate the dissipation coefficient k.
Taking into account the change of sign of k and 7, in equation (2.41), we have

k= (0va/0ot —VaH,)/(c Vemp) 3.1
The value of the dissipation coefficient is

~5,99x107°—2,19x10° x 2,366417 x 10~'®
N 2,997925 x 108 x 1,602 x 10!!

k=1,681453 x 10~ m ! (3.3)

k

(3.2)

In the local universe, on very small scale, which is the case with Pioneer satellite, the
dissipation coefficient may be considered as null k = 0 and equation (3.1) shows us the
local Hubble constant as

A7

Wy, =< (3.4)
Vd
5,99 x 1077
kO ’ -18 —1 -1 -1
H=———=2 1 1 =84 M .
' 2192 10° ,735159x 107 ° s 84,39 km s pc 3.5)

This value is very close to 85 & 5 km s~ Mpc~! found by Willick [3] from Cepheids
measurements.

W e find interesting to evaluate the ratio of the Hubble constant measured by Riess [22]
and the local value. This ratio is close to half the square root of three

H, /"™H,=2,366417 x 10~ '8/2,735159 x 1078 = 73,02/84,39 (3.6)
H, /| *H, =0,865184 ~ \/3/2 = sin(n/3) (3.7)

The polemic around the value of the Hubble constant seems to be only due to a difference
between a local measure versus a long distance measure.

3.3 Breaking down

W hen feasible, it is of interest to consider a constant as a combination of fundamental
ones. We express the Hubble constant as a function of fundamental constants doing so
as to cope with the units of measure and searching for a value the closest as possible to
the currently measured value. The found composition is

g — (3.8)

15



where o is the fine structure constant, R.. is the Rydberg constant, A is the reduced
Planck constant, G is the universal gravitational constant and c is the vacuum speed
of light. Using the values of the fundamental constants as given by CODATA [8],
Wikipedia [31] also available in appendix A, we find for the local Hubble constant

H, =2,731933x 10" % 57! = 84,2987 km s~ Mpc™! (3.9)

Considering equations (3.6) and (3.7), we define the Hubble constant as

1

niay3) 2R (50"
Ho = Sln(TI:/3) W (310)
H,=2,365923 x 10718 571 = 73,00 km s~' Mpc™! (3.11)

This value is the same as published by Riess [22] : 73,024 1,79 km s~ Mpc™!

S ince that frequencies used for the communications between the Pioneer satellite and
earth aren’t known precisely the dissipation coefficient may vary somehow (3.2), we
then arbitrarily make its value as

5
k= §)c10*29 m~! (3.12)

and the Hubble length too is defined as

N =1,267127 x 10°® m = 4,1065 Gpc (3.13)

Some useful products are

ke=5x10"21 ¢! (3.14)
Nk=2,112x1073 (3.15)
Nk Ve = 338,3 MHz (3.16)

3.4 The Hubble length and surface

I ntroducing the Planck length

1
Gh\?
b, = (63> (3.17)
into the previous equation (3.8), the local Hubble length is
2 4
kOn __¢ (2m) (3.18)

WH, ~ aRZ( »

16



and the Hubble length is

k0.

¢ c n
=__ = = 3.19
M= H, = Sin(x/3)®H, ~ sin(x/3) (3.19)
We define the following reduced constants
o
a=— 3.20
o (3.20)
- R
R =— 3.21
o (3.21)
7, = L (3.22)
P~ 5n .
giving us a nicer writing of the local Hubble length
N\t
= <0t R, €p> (3.23)

The Hubble length is 1,267127 x 10* meters or 4,1065 Gpc and the local value is
1,097364 x 10%6 meters or 3,5563 Gpc.

W e observe that the digits of the local Hubble length are nearly the same as those
of the Rydberg constant 1,0973731568539(55) x 107 m~!. We then define the reduced
local Hubble surface “°6 as the ratio of local Hubble length to Rydberg constant

g, = R—S (3.24)
W&y =10 m? (3.25)

The corresponding local Hubble surface ®cy; is

Wey =216y, (3.26)

—1
oy = (oc R, E,,) =2n 10" m? (3.27)

The local Hubble surface may correspond to simple geometric surfaces. For example
it is a sphere whose radius is v/5 Giga meters or 2 236 068 kilo meters or 0,015 AU
that is 3,21 solar radii.

17



Units of measure | Symbol Value Square Disc Sphere
(side) (radius) (radius)
Meter m 1 7,93 x10° | 4,47x10° | 2,24 x 10°
Earth-Moon EA 3,84 x 108 20,62 11,63 5,82
Sun radius SR 6,96 x 108 11,39 6,43 3,21
Astronomical unit | UA 1,496 x 10! 0,053 0,03 0,015

Table 1: Hubble equivalent surfaces

4 Solved enigmas

M ore and more deviations or unexplained effects pop up in the context of an ex-
pansionist cosmology. Some of those phenomenons are very well explained by our
model.

4.1 Receding speed of the Cepheids

U sing the redshift definition (1.2) with the distance as given by equation (2.37)

d:Hiln(KH) (4.1)

b C
recession speed is

dHo

v=c(e < —1) 4.2)

The apparent recession speed is exponential and not linear (1.1). If a linear relation
is used when observing objects situated at farther and farther distances or increasing
red-shifts, higher and higher values of the Hubble constant H, will be found. This
explains the measured differences between Cepheid close to us and others farther from
us. This fact is shown and discussed in the paper of Arp [2] where he looks for an
explanation by an excess of redshift for distant Cepheids. Next figure reproduces figure
4 of Arp’s paper where the increasing values of the Hubble constant as a function of
distance are clearly seen.

4.2 Cosmic microwave background and supernova

Y ershov [20] showed the presence of a high correlation between the local increase
of the cosmic microwave background temperature T, at supernova positions and the
redshift of those supernova Z,. Looking at SN type Ia he finds that the temperature
increases as Ty, = 58,0+9,0 Zg, [uK]. This local temperature excess is proportional
to the associated redshift of those supernova. The expansionist cosmology cannot
explain this phenomenon. However this effect confirms our transformation model of
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Figure 1: Various values of the Hubble constant

the electromagnetic energy as a function of distance. At those supernova spots, there
is always an excess of temperature over the cosmic background. And this increase
is directly proportional to the source’s distance or its cosmic shift. This temperature
increase is proportional to the source distance since the farther it is a higher fraction of
the energy spectrum is transformed to the CMB level. In fact photons of any wavelength
can’t transform farther than their proper CMB distance d,;,. Then all the spectrum
energy which has a d,,,;, less than the distance to this emitter is converted into CMB
radiation. This create an accumulation of energy at this spot. It follows that at such
observation point a local excess of the CMB is observed and this excess is proportional
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to the distance of this point as measured by its cosmic-shift.
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5 Distance

T he electromagnetic wave transformation along distance implies a new distance
modulus formula and new maximum distances of the observable world.

5.1 Distance modulus

L et consider a point source of power L, which emits radially a photon flux. A
spherical thin sheet of infinitesimal thickness € centered on that source and at distance
f has a photon density Ny. Similarly an infinitesimally thin sheet at distance d has a
photon density Ny. Since the photons are conserved, their number in both sheets is the
same so we write

4nd*eN; =47 fPeNy (5.1)
2
Ny = Ny % (5.2)

But on very long distances, photons transforms themselves between distances f and d
as 2.21 and 2.23, so

(d=f)

Ny=Npe 1 (5.3)
_@=f _ld=f)
Vi=Vre T —MkVem (1—e 1) 5.4)
Then the photon density at d is
s f2
Ny=Nye M 7 (5.5)
And taking int account the frequency change, the product Nyv, is
_@=p) @ @ f?
Ng vy ZNf [er - kVemp (l—e n )]e n ﬁ 5.6)
The energy flux at those surfaces is
Sy=Ngvrh (5.7)
_@=p) L@ @ f?
SdZNdthZNf[er n —nkvcmb(l—e n )}e n ﬁh (5.8)

and their ratio is

Sa _ f*
-4 _J . [1 +
Sf d? Vf

(@-f)
n chmb (1 —eT)] (59)

According to the definition of the apparent magnitude, the difference taken at those
distances is

S
md—mfZ—Z,SIog{Sl;} (5.10)
2 k (d—f)
md—mf——Z,Slog{zz gD ij’”b (1—e )]} (5.11)
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At the reference distance f = 10 pc, my is defined as the absolute magnitude M and this
difference defines the distance module u of the source so

u=m—M (5.12)
Ud = Mg — M1opc (5.13)
pa=—5log f +5logd —2,5log {1 + 1 VV (e ) (5.14)

1
kv, (d—10pc)
pa=—5 +5logd —2,5log {1 + 1 (1)) (5.15)

10,

As it will be shown in a following section 1 is the Hubble length that is the ratio H%,

whose value is Giga parsec size. This makes exponential nf[g’;]c] unitary. Introducing the
cosmic redshift (2.25) and (2.26), we write
nk d
g =—5+5logd —2,5log {1 + ———= (1 —en (5.16)
H § & { (Zcmb + 1) ( )}

where we used the value Zlopf = 0. Helped with the distance equation (2.30), the
distance modulus becomes

Ma = —5

(Zcmb + 1) + nk
+5 log {1’[ ln{{ Zoy i) n k}
Zatn TN

2.Stog (g ) o
Ha = —5
+51logm
+5 log {ln{(Zd+ D} “”{ (Zcmﬁn{b)i;):(;fjt 1) }}
2.5t { g R T ) o

With the constants values, H, = 2,365923x10'8 571 =73,00 Km sec™! Mpc=! (3.11),
N=1,267127x10° m=4,1065 Gpc (3.12), k=5/3x10"* m~' (3.13),n k = 2,112x 1073 (3.15),
the distance modulus reduces to
g =—5,0
+48,067359
+5,0 log {In [(Zq+1)] +
In ((Zeyp+1)+0,002112] —
In [(Zemp+1)+0,002112 (Zg +1)] }
~2,510g {(Zemp +1)+0,002112}
42,5108 {(Zemp +1) +0,002112 (Zg+ 1)} (5.19)

21



Keeping simple and neglecting small quantities which correspond to the local environ-
ment where k = 0, the distance modulus reduces to

g =43,067359+5 log In (Zy +1) | (5.20)

When the source emits at wavelength longer than the cosmic microwave background
Acmb, the cosmic redshift Z, is a negative value greater than -1. This formula is a little
different from the classical distance modulus of the Hubble law which is

g = 43,067359 +5 log Zg (5.21)

As a function of the redshift Z, figure 2 shows distances d, top curves, and distance
modulus, bottom curves, according to our model and Hubble law. Table 2 lists various
values where we have included those for the expansion model from Nick Gnedin
computing form (http://home.fnal.gov/~gnedin/cc/) with H, = 73,0 and Q, = 0,315.

67359 + 5 - log (In (x+1)) h(x) = 43.067359 + 5 - log (x)

- (gwetx

)= 6.5646 exp (x/ LH) (m=tH-meeen)

/ +05 s 25 435 a5 55 65 475 85

Figure 2: Figure 2. Distance modulus and distance vs cosmic shift.

5.2 Hubble Diagram

T he discovery of the Hubble law put forward many cosmological models trying
to justify its nature. Being linear on short distances this law becomes exponential
on very long distances. The development of new tools and methods brought a new
distance scale calibrated upon Cépheids, Supernovae SNIa and gamma ray bursts. All
the collected data makes the Hubble diagram whose general trend follows an exponential
law. Analysis of this data by Marosi [16] shows that the best fitting function of the
distance modulus y, corrected for extinction, as a function of the redshift Z for 280
supernovae type SNIa covering the interval Z = 0,0141 — 8, 1 is the exponential

u = 44,109769 7, 0-059883 (5.22)
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Cosmic-shift | Distance | Distance | Classical | Classical | Distance Module
modulus | distance | modulus | expansion | Nick Gnedin
model computations
(2.30) 5.21) (1.3) (5.22)
ZLq dec H dec H dec M
-0,99999 47,28 48,37
-0,9999 37,82 47,89
-0,999 28,37 47,26
-0,99 18,91 46,38
-0,9 9,46 44,88
-0,8 6,61 44,10
-0,7 4,94 43,47
-0,6 3,76 42,88
-0,5 2,85 4227
-0,4 2,10 41,61
-0,3 1,46 40,83
-0,2 0,92 39,81
-0,1 0,43 38,18
0,1 0,39 37,96 0,41 38,07 0,44 38,24
0,2 0,75 39,37 0,82 39,57 0,94 39,87
0,3 1,08 40,16 1,23 40,45 1,49 40,87
0,4 1,38 40,70 1,64 41,08 2,09 41,60
0,5 1,67 41,11 2,05 41,56 2,27 42,17
1 2,85 4227 4,11 43,07 6,32 44,01
2 4,51 43,27 8,21 44,57 14,87 45,86
3 5,69 43,78 12,32 45,45 24,30 43,96
4 6,61 44,10 16,43 46,08 34,25 47,67
5 7,36 44,33 20,53 46,56 44,56 48,24
6 7,99 44,51 24,64 46,96 55,13 48,71
7 8,54 44,66 28,75 47,29 65,92 49,10
8 9,02 44,78 32,85 47,58 76,88 49,43
9 9,46 44,88 36,96 47,84 87,96 49,72
10 9,85 44,97 41,07 48,07 99,16 49,98
20 12,50 45,48 82,13 49,57 215,35 51,67
30 14,10 45,75 123,20 50,45 335,77 52,63
40 15,25 45,92 164,26 51,08 458,37 53,31
50 16,15 46,04 205,33 51,56 582,44 53,83
100 18,95 46,39 410,65 53,07 1214,46 55,42
200 21,78 46,69 821,30 54,57 2503,71 56,99
300 23,44 46,85 1231,95 55,45 3807,23 57,90
400 24,61 46,96 1642,60 56,08 5118,01 58,55
500 25,53 47,04 2053,25 56,56 6433,69 59,04
1000 28,37 44,26 4106,50 58,07 13049,55 60,58
2000 31,22 47,47 13,00 59,57 26361,82 62,10
3000 32,88 47,58 19,50 60,45 39719,52 63,00

Table 2: Distance and distance modulus vs cosmic shift.




There have been many other analytic formula proposed to describe the Z/u relation
Vigoureux [28], Traunmuller [26], Churoux [7]. It has been shown that their comparison
shall be better served by considering the time of flight of the photon 7 instead of the
distance modulus. Doing so, Marosi writes that the most important result of the Hubble
diagram test is that it leads exactly to the exponential function

T4 1= 203107 (5.23)

At the speed of light ¢, whatever the method used to evaluate it, the distance travelled
during the time #; is

d=ct, (5.24)
C
= In(Zy+1 2
d 2703 10—18 ln( d+ ) (5 5)
d=1,47681 10 In (Zy+1) (5.26)
d=4,786In (Zy+1) Gpc (5.27)

This equation is exactly what our model predicts (2.37) for the local environment (k = 0)
where the Hubble constant has the value of

H,=2,03x10""8 sec™! (5.28)
H, = 62,6 Km sec™" Mpcil (5.29)

It is clear that Marosi analysis confirms the validity of our model being understood
that the Hubble constant has the value recently measured by Riess [22]. Marosi [16]
concluded by

The Hubble diagram test leads to the significant conclusion that either: (1)
the universe expanded exponentially during the whole time of its expansion
history (at least in the range of Z. = 0,0141 — 8, 1), or (2) the universe is
static and the RS of spectral lines is caused by some as-yet unidentified
mechanism.

This unknown corresponds exactly to our cosmological model.

5.3 Using magnitude

D efining properties of cosmological objects is based on time and space stable and
constant values and magnitude is such a property. Magnitude differences between
various frequency or wavelength bands such as ultraviolet, blue, visible, infrared etc
makes them independent of distance. Objects of the same category shows similar
spectrum and are classified on the basis of bandwidth magnitudes. Measuring magnitude
with specific frequency bandwidth is nearly equivalent to measuring the mean specific
flux at the central frequency of the used filter. But as it has been shown, the specific
flux vary with the distance equation (2.63). Finally any property of a cosmological
object based on magnitude must take into account the transformation of frequency or
wavelength with distance. Not doing so may lead to erroneous conclusions.
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5.4 The world we can see

O ur model shows photon transformation along distance, ending when the photon
energy correspond to the CMB radiation. At this point photons have a wavelength
of 1,873 x 10’ A corresponding to a temperature of 2,72548 °K. Considering the
Hydrogen line Hy, = A, = 6565 A, photons at end of course will have a cosmic-shift of

Aemb—ho 1,873 x 107 — 6565
N 6565

Lemp = =2853 (5.30)

Equation (2.30) shows the transformation distance as a function of the cosmic shift
d=nIn{{(Zemp+1) + Nk| / [(Zemp+1)/(Za+1) + Mk} (5.31)
whose value at d_,,, is
demp = 32,66 Gpc = 106 Gal (5.32)

The CMB radiation represents the true limit of the knowledgeable universe, the maxi-
mum dimension of the observable universe not its physical dimension. This distance
vary upon the wavelength of the photons. It is around 106 Giga light years if we con-
sider the Hy, hydrogen line and 224 Giga light years if we consider gamma rays. The
following table shows some values highly different from the usual classic value of 13,7
Giga light years which is nearly fifteen times smaller than the knowledgeable universe.

Line 7\‘0 [A} ZCmb dcmb [GPC} dcmb [Gly}
Y 1 1,873 x 107 68,76 224
Lo 912 20 536 40,77 133
Ly, 1216 15402 39,59 129
H. | 3646 5136 35,08 114
Hy | 6563 2 853 32,66 106

Table 3: Maximum observation distances

L etuslook at Quasars which are of great luminosity and are usually very far away
objects. A value of Z = 3,638 has been measured for Quasar Q0201+113 that put it ata
relative distance of

d In(1+43,638)

—_—_—— _—m - -w-wm-m!mse = 1 2 .
D~ In(1+2853) 0,1929 (5:33)

Itis about 1/5 the theoretical observable limit or 6,3 Gpc (20,5 Gly). ULAS J1120+0641
shows a Z =7, 1 and is relatively situated at 26% that is 8,59 Gpc or 28 Gly
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6 Pioneer

N umerous studies about the Pioneer satellites anomaly have been published and this
anomaly became an enigma after the incapacity to find a rational explication. The
two most recent documents making a complete review and analysis of the numerous
proposals are those of Anderson [18] and Turyshev [27]. Clearly detected by 1987,
announced at a 1993 Conference Proceedings, Nieto [19] and since the first reference to
its presence in a 1994 scientific publication, Nieto [12], it initiated numerous proposals
and publications. Most of them concluded to an inertial effect, that is the presence of
elements not taken into account by the satellite navigation softwares, translated as a
force causing an acceleration of the satellite. The most frequent element suggested as
a cause is of thermal nature. This is an error since the power available on the satellite
decreases with time while the anomaly stays constant. It is astonishing that most studies
always make reference to the Pioneer anomaly as a physical acceleration of the satellite
instead of referring to the observed fact of a constant drift of the Doppler signal.

R ecently, thinking differently, Allan Joel Anderson [1] looks for an unknown influ-
ence on the electromagnetic signal, that is on the communication link with the satellite.
This effect, he calls "Cosmic redshift", is based on the hypothesis of an expanding
universe according to the FLRW (Friedman, Lemaitre, Robertson, Walker) model. He
considers that the Hubble constant "H,," represents the rate of change of the wavelength
of the photons by unit of time. This explication cannot hold because an expanding
universe always increases the wavelength or the redshift contrarily to what is observed,
a blue shift. But this proposal has the value of pointing attention to a cause acting on
the electromagnetic signal itself.

T he presence of very small cyclic variations of the drifting Doppler radio signal have
been pointed out, Turyshev [27]. The analysis showed half day, daily, half annual and
annual periodicity where the day is the sidereal one, Levy [9]. Those cyclic variations
become smaller as the distance to the satellite increase. Isn’t this a clear indication of a
distance dependency on the light ray length between the satellite and the listening earth
stations ?

6.1 Models

T here are two cosmological models supporting an interaction with an electromagnetic
signal able to change its wavelength and able to explain the drifting of the Doppler signal.
There is the expansionist model also known as the Big Bang and the transformation
model. According to both models, the observed wavelength vary as a function of the
travelled distance by the electromagnetic wave or, equivalently, as a function of the
redshift.

6.1.1 The expansionist model

L et us consider the geometrical space, as isotropic and expanding. Any distance
"d", between any fixed and non moving point, remains proportional during expansion.
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This is described by a time function "a(z)" which acts as a multiplier on all dimensions.
However, even if those dimensions change with time, isotropic space implies that relative
values of the rate of change will be the same everywhere that is

a(r)/a(t) = constant 6.1)

Considering the distance "d", the wavelength "A", and the frequency " f", their relative
rate of change are

ila=d/d=AA=—f/f (6.2)

In this universe we consider that Galaxies don’t have intrinsic speed, they move due to
the expansion of the universe. Hubble’s law links their speed "v" to their distance "d"
by the Hubble constant "H,," as

v=H,d (6.3)
In such world, Hubble constant can be related to expansion and to wavelength as
H,=v/d=d/d =)\ (6.4)

Using the redshift definition we get

Z=A—=ho)/o (6.5)
A=A (Z+1) (6.6)
A=27 (6.7)
MA=7/(Z+1) (6.8)
Hy=MA=—f/f=2/(Z+1) (6.9)

Wavelength emitted by galactic sources are at a later time always longer. Consequently
frequencies are always smaller.

6.1.2 The transformation model

I nour model, we consider that photons transforms naturally without any interaction
with other elements of the universe, this being an intrinsic property. Then on their
journey, the photon energy lowers while their number increase. This transformation
lasts until their wavelength reach the cosmic microwave background (CMB) where it
stops. This transformation works inversely for photons whose wavelength is longer than
the CMB one. In this model, the Hubble constant comes out naturally where distance
has a logarithmic form instead of the classic linear d = ¢/H, - Z. According to equation
(2.37), it is written for the local universe as

d==+c/H, In(Z+1) (6.10)

The cosmic shift is negative and greater than -1 when wavelengths are longer than the
CMB wavelength and positive on the contrary. The variables time "t", distance "d",
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Hubble constant "H,", vacuum speed of light "¢", cosmic shift "Z", wavelength "A" and
frequency " f" make

Z =exp(£ Hyd/c)—1 (6.11)
7=+ H,(Z+1) 6.12)
H,=+7/(Z+1) (6.13)
A =Xoexp(+ Hpd/c) (6.14)
A=+ \H, (6.15)
f= foexp(+ (—Hod/c)) (6.16)
f==(-fH,) (6.17)
Hy=+M\A=+ (—f/f)=+2/)(Z+1) (6.18)

6.1.3 Comparison

T hese two models set on the same equations except for the negative sign. The
expansionist model predicts a constant increase of the wavelength or a frequency
decrease. The transformation model shows two solutions depending on the length of the
wavelength compared to length of the cosmic microwave background. Larger, there is a
decrease and shorter, there is an increase as for the expansionist model. The negative
sign and the negative value of the cosmic shift make the difference.

6.2 The Doppler effect

L et us consider a source at rest sending a wave of frequency " f;" toward an observer
also at rest who measure it as an observed frequency "f, = f;". If that source moves
toward this observer, always at rest, with a constant speed "v;", this observer would
measure a different frequency because of the Doppler effect. "c" being the signal speed
in the media, the observed frequency is

fo=fs-¢/(c—vy) (6.19)

fs/foz I_VS/C (6.20)
(fs = o)/ fo=—vs/c 6.21)
Af/fo=vs/c (6.22)

If a source at rest is to quickly accelerate during a short time interval "Az", it will reach
the speed "v;" with an acceleration "a; = v;/At". According to Doppler’s law a signal
emitted by this source now moving at constant speed will be observed at the frequency
"f,". Then we have

Af/fo=asAt/c (6.23)
ag/c = (Af/A1)/fo (6.24)
as/c=f/fo (6.25)
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Without any consideration for the sign, the second term of last equation is the Hubble
constant as per the expansionist model or the transformation model. The Pioneer satellite
acceleration is then

ag = cH, (6.26)

There stands the product of two natural constants of the universe. Consequently the
acceleration attributed to the satellite is an invariant. The Pioneer satellite is clearly in
the local universe and using the local Hubble constant H, = 2,731933 - 10718 51 we
find for this universal acceleration of any satellite

a;=8,19-1071m s2 (6.27)

which is close to the claimed Pioneer anomalous acceleration 8,74 + 1,33-107'0 m s2.

This explains the strange numerical coincidence between the speed of light, the Hubble
constant and the Pioneer anomaly. There isn’t any magic there, no mystery. This is an
erroneous association of a non existing inertial force with a cosmological phenomena,
a substitution based on the fact that two different interpretations, an inertial and a
cosmological one, both leading to the same Doppler effect.

6.3 Analysis

A s we have shown, both models, expansion or transformation, lead to the same
mathematical expression for the Hubble constant, exception being made of the sign.
Both models predict the same cosmic redshift as long as the wavelength of the signal is
longer than the CMB one. For the expansion model, there is no limit to this evolution
of the wavelength. For the transformation model, this evolution stops at the CMB
wavelength. And conversely, longer wavelengths evolve toward this CMB wavelength.
And it is exactly the situation in which the satellites evolve. The frequency of the signal
used between the satellite and the earth stations is lower than the CMB one. This is
why with increasing distance the drift of the Doppler signal is toward the blue (shorter
wavelength or higher frequency). It is impossible for the expansion model to cope with
this fact because it always predicts an increase of the wavelength. Since the satellite is
moving at a constant speed "vp", we write "d = vp t" into equation (6.11) and take its
derivative against time

Z =exp(— Hy,vpt/c)—1 (6.28)
7=~ (Z+1) (Hy/c) vp (6.29)
Then it is clear that the Doppler drift is proportional to the satellite distance from the

observer and to the satellite speed. It shall be noted that "Z" is a negative quantity that
becomes more negative as the satellite goes farther from the observer.

I tisimportant to keep in mind that the fundamental point is the line of sight distance
or the optical path between the earth and the satellite. The important change of the
Doppler drift when a satellite encounters a planet (flyby) is explained by the abrupt
change of the satellite direction and speed causing a new rate of change of the optical
path or the line of sight distance to the satellite.
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7 Conclusion

T he expansionist model of cosmology also called the "Big Bang" is always a specu-
lative one. Instead of compounding with an elastic relativistic metric with adjustable
parameters, we find more plausible our model based exclusively on Maxwell electro-
magnetism and the quantum world. Contrarily to tired light models it doesn’t blur
images but redden them.

O ur model shows that cosmological distances can be measured according to a loga-
rithmic law. It gives a sound basis to two Hubble constants related to a dissipation con-
stant. With a null value, we observe a local Hubble constant of 84,3 km sec ' M pc‘l.
Riess [22] measured the Hubble constant as 73,02 km sec™! Mpc~! for which we
associate the value of k = % x1072° m~! for the dissipation constant.

W e compounded the Hubble constant and its local version as a function of three other
fundamental constants. The computed values are exactly the same as the measured ones.

W e defined the local Hubble length whose value is 3,5563 Giga parsecs. We also
defined the local Hubble surface **6; whose value is exactly 21 10! m?. This surface
is equivalent to that of a sphere of radius v/5 Gm or 0,015 AU.

W e reviewed some problematic cases for the expansionist model and shown that they
are naturally explained by our model.

W e showed that Marosi [16] statistical analysis of cosmological candles follows
the same logarithmic law as predicted by our model so confirming the wandering of
expansion cosmologies.

W e computed the maximal dimension of the observable universe. It is not limited to
13,7 billion light years but knowledgeable up to hundred billion light years.

W e showed that the Pioneer satellite anomaly is the substitution of a non existent
acceleration for a transformation of the communication signal. This Pioneer pseudo
acceleration is a universal constant and the same for any satellite.

Y ou may visit our web site at http://www.phrenocarpe.org
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A Constants

C

onstants and values used throughout this document.

Constant Symbol Value Units
Vacuum light speed c 2,99792458 x 108 m~!
Gravitational G 6,67384 x 10~ kg™' m3 572
Planck h 6,62606957 x 10734 kg m? s~
Reduced Planck h 1,054571726 x 10734 kg m?* 57!
Fine structure o 7,2973525698 x 1073
Reduced fine structure a 1,161409733 x 103
Rydberg R.. 1,0973731568539 x 107 m~!
Reduced Rydberg R.. 1,74652362 x 10° m~!
Plank length 1y 1,616199 x 10733 m
Reduced Plank length Iy 2,57226059 x 1073° m
Astronomical Unit AU 1,495979 x 10'! m
Parsec pe 3,085678 x 100 m
Parsec pc 2,062648 x 10° AU
Parsec pc 3,261507 ly
Light year ly 9,460895 x 1013 m
Sidereal year sy 3,155815 x 107 s

Table 4: Constants part I
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Constant Symbol Value Units
Balmer H,, 6,5646 x 1077 m
Lyman Lq 1,2157 x 1077 m

CMB wavelength Nemb 1,873 x 1073 m
CMB frequency Vemb 1,602 x 1011 Hz
CMB temperature Temp 2,72548 K
Boltzmann B 1,380660 x 10723 JK!
Dissipation constant k (5/3) x 1072° m~!
Hubble constant H, 2,365923 x 10718 s~
Hubble constant H, 73,0 km s~ Mpc™!
Local Hubble constant | *OH, | 2,731933 x10~!8 s
Local Hubble constant | “°H, 84,3 kms~' Mpc™!
Hubble length Iy 1,267127 x 10% m
Hubble length Iy 4,1065 Gpc
Local Hubble length K1y 1,097364 x 10%° m
Local Hubble length Kopy, 3,5563 Gpc
Local Hubble surface g, 271 x 109 m?

Table 5: Constants part IT
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B Other ways

H ere we give two other ways to consider the photons evolution on very long distances.
The first method use Maxwell electromagnetic equations and the second method is
based on a numerical sequence of photons mutations. Both methods produce the same
conclusions.

B.1 Using electromagnetism

T he vacuum properties of an electromagnetic wave at very far distances are unknown
to us. We suppose they are the same as they are locally meaning that Maxwell’s laws
of electromagnetism are the same everywhere in the universe. Then for a plane wave
moving in the direction k, the electrical field E and the magnetic field H are dependent
on distance “ d ” and time “ t ”.

E—TE(d,) (B.1)
d
Ex=E exp [jco(t—;)+9] (B.2)
H=jH,(dr) (B.3)
d
Hy, =H exp [j(n)(t—;)—kﬂ] (B.4)
The Poynting vector represents the energy flux carried by the wave
S=E x H (B.5)
which is for the plane wave
.  E?2 .
S= k (B.6)
HoC

Between extremely distant points the Poynting vector cannot represent the energy
conservation principle. A redshift is observed meaning a variation of the wavelength, an
absent parameter of S. Meanwhile the Poynting vector certainly represents the mean
energy carried by the photons of the wave each being of energy

E=ho B.7)

When considering extremely long distances it might be appropriate to consider the
variation of the photon density N and it’s energy level so that the energy regime is
preserved and the quantity

£ =Nho (B.8)

is kept constant on long distances while N and ® vary according to the distance d.
Bringing together those two quantities

S=¢ (B.9)
E2
e = N@)o(d) (B.10)
E = (upchN(d)o(d))? (B.11)
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shows an electrical field E varying as a function of the photon density N and the circular
frequency ® both being dependent on the distance d. Then the components of the
electromagnetic wave are

Ex = (aochN(d)o(d))* expljo(d)(c —©) +0] (B.12)
by = (MNDOD 1@y - L)+ o) (B.13)
HoC c
Simplifying the writing
Ec= g exp Ljou(i — ) + 6] = Faexp [ (B.14)
d
Hy, =Gy exp [jwg(t — ;) +6] = Ggexp [] (B.15)

and knowing that

OE, oH,

— = —lp—=— B.16
we get
oE, E)Fd ®y
= iF, - — B.1
oH,
S =Gy exp | {J(Dd} (B.18)
Since that at any point in space
E F
-4 _ B.19
H Gy HoC ( )
F,
Gy= -4 (B.20)
HoC
then
BF a(.l)d d
iF - )= B.21
oq 5 (t c) 0 (B21)
Considering
E=F = |(upchNy00)? | (B.22)
one get
0y oN, 00, d
2 —=) = B.2
{Nd >g T ad}+J{Nd03d od (t C)} 0 (B.23)

The real part between braces may be obtained differently by considering the fact that
the quantity & (B.8) doesn’t vary with distance so it’s derivative is null and we get
BE_, a(Dd aNd

3q "N g T,

From here we follow the same path as presented in the main part of this document from
equation (2.10) where k = 0 and get the known results.

=0 (B.24)
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B.2 Numerically

S pectral properties of atoms are well known in the laboratory. But when we observe
them from far distances they show a redshift of their wavelength. Individual photons
are characterized by a wavelength A, and energy E,

_he

E
T o

(B.25)

Let us consider a cohort of N, photons per unit volume showing an energy per unit of
volume G,

G, =N,E, (B.26)

After a time T there are Ny > N,, photons per unit volume showing an energy per unit of
volume Gy,

Gy = NiEy (B.27)
According to the principle of conservation of energy we write
NyE, = N,E, (B.28)

Here we suppose that the transformation of the photons happens by successive leaps. A
first one produces a new photon and the energy in the group is re-balanced. This process
is the same for all other transformations happening in the group. After k transformations
the energy of N, + k photons becomes

NoEo
E, = B.29
TN, +k (B-29)
After k transformations the number of new photons is
E{)
k=N, ——1 B.30
B ) o0
he
k:m{ﬁ—} (B.31)
M
M — A,
k=N, ko (B.32)
Ao
k=N, Z (B.33)
where we made use of the redshift Z;. Then the photon density is
Ny =N, +k (B.34)
N, =N, +N, Z (B.35)
Ny =N, (Zi+1) (B.36)
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The spectral line intensity I is proportional to the number of photons per unit of volume
and it also increases the same way as

L=1I, (Z+1) (B.37)

and the photon energy is

E,
E, = B.38
k Zi+1 ( )
and the wavelength is
M=2A, (Zk + 1) (B.39)

B etween successive transformations the cohort moves a distance Ad. Without saying
anything about the way such transformations happen, we suppose that the tension
pushing the photons to transform is proportional to the actual photon density Ni. The
number of new photons Ak per unit of distance is

Ag = Ne (B.40)

and inversely, the distance of transformation is given by

Ad 1
e B.41
Ak N ( )
which says that the distances where the transformations happens are inversely pro-
portional to the photon density which constantly increases upon distance. If b is the
proportionality constant and Ny = N, + k we have for small intervals

3% = ﬁ (B.42)
Upon integration

d=bIn(N,+k)+Cte (B.43)
The initial conditions being d = 0 and k = O then

Cte=—bInN, (B.44)
and the distance is

No+k

d=bln ‘Nj (B.45)
Using equation (B.33) we write

d=bin(Z+1) (B.46)
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from which the redshift and the wavelength as a function of distance are
d
7 —eb —1 (B.47)
Ay =N, b (B.48)

Expanding the exponential as a series and keeping the first order terms for small
distances

7 - (B.49)
There we recognize Hubble’s law and we set

b=— B.50

i, (B.50)

From this point we compute the same equations as in the preceding section that is to say
equation (2.37).
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