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Abstract

This paper gives a compilation of physical mechanisms producing red-shifts of astronomical objects. Over
sixty proposed mechanisms are listed here for the purpose of quantitativecomparisons. These mechanisms may
not account for all observations but are restricted to particular situations such as the solar limb red-shift, the
red-shift of quasars or the cosmological red-shift. However, the paper focuses mainly on 53 mechanisms giving
a quantitative description of how large red-shifts are related to distance. For each mechanism a description is
given with its properties, limits of applicability, functional relationshi ps and a discussion.

1 Introduction

After the �rst observations of the red-shift of nebulae in the early 20th century, it took Hubble a little over ten
years to formulate the empirical Red-Shift Distance Law of galaxies. The spectra of galaxies were red-shifted
in agreement with the Doppler e�ect. The observed linear relation between distance and red-shift, now called
the Hubble law, seemed to imply large receding velocities ofdistant galaxies and an enormous amount of kinetic
energy. These velocities also indicated that all matter originated from a dense and hot state, the \Big Bang," some
13:7 billion years ago. This was recognized in 1929 by Fritz Zwicky who, in order to avoid what was considered
\extraordinary implications," suggested another mechanism to explain the observed red-shift[1] where photons
lose energy as they propagate through space. Working with Einstein's equations of general relativity, Friedman
and Lemâ�tre found solutions in which space was expanding.Their solutions became accepted as the mechanism
producing the observed red-shifts and are today part of the current favoured hypothesis of the formation of the
universe.

But the cosmology implied by general relativity was not accepted by Hubble. In a series of lectures he gave in
1936, he explains that \the familiar [Doppler] interpretat ion of red-shifts seems to imply a strange and dubious
universe, very young and very small"[2]. Today, the universe is estimated to be ten times larger andolder than
Hubble's universe and the red-shift is explained by the expansion of space. Even then, many observations related
to the red-shift remain unexplained such as the solar limb red-shift, the \K-e�ect," compact groups of galaxies
with one discordant red-shift member, intrinsic red-shifts of quasars, quantization of red-shifts, alignments of
galaxies showing the \Finger of God," and the high degree of uniformity of the CMB radiation. As a result of
these anomalous observations, many mechanisms and models have been proposed[3] in an attempt to provide an
explanation. Some of these mechanisms are based on an idea similar to Zwicky's while others are based on the
Doppler red-shift, space expansion, a Big Bang scenario and even 'new physics'. The present paper lists most
of these hypotheses and attempts to provide quantitative comparisons between the many possibilities. The main
focus of this paper is on the mechanisms producing a red-shiftwhich is a function of the cosmological distance of
the observed objects. Other red-shift mechanisms, not necessarily related to distance, are given a short description
at the end of the paper. They may explain, for example, intrinsic red-shifts observed in quasars.

The red-shift mechanisms are classi�ed under four categories based on how space, time, matter and light combine
to produce the red-shift:

1. A changing metric of space or time,
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2. a changing property of matter,

3. a changing property of light or an interaction of light wit h itself,

4. an interaction between light and matter.

Because of the wide range of conditions under which red-shifts are observed in astronomy, it is likely that more
than one mechanism is at play. All red-shift mechanisms listed here may have some contribution. This attempt to
give objective reviews of the mechanisms is not without somerisks. I cannot understand each of these models in
all their details. Some descriptions are limited to the available space and my understanding of the physics involved
in the mechanism. This point is especially important for the functional relationships given here: in the original
references, the functions are often expressed di�erently or not provided at all. In many cases, the proponents of
the ideas supported this work and helped to improve the description. The reader is encouraged to read the original
work given in the references.

An important question is how can one determine if a theory is \better" than another. The answer to this
is not easy to obtain and is highly dependent on personal preferences! However, one necessary �rst step is to
have quantitative predictions from all the theories to be compared. A closer agreement with experimental data is
certainly a step in the right direction, but not a su�cient co ndition to accept a theory. This paper is an attempt
to providing quantitative predictions from many theories. Some other desirable properties of a scienti�c theory
are that it has few adjustable parameters, no ad hoc hypothesis, does not contradict existing observations and can
be con�rmed or refuted experimentally with repeatable measurements[4].

Even today, \we seem to face, as once before in the days of Copernicus, a choice between a small, �nite universe,
and a universe inde�nitely large plus a new principle of nature".[2] In this paper, I use the spelling of 'red-shift'
used by Hubble in honour of his long term insight into the future.

2 De�nitions

In order to simplify the list of the many di�erent mechanisms presented here, this section gives de�nitions used in
the majority of cases. In the case of a disagreement with the de�nitions given in this section, the speci�c details
are given in the description of the mechanism.

2.1 Units and constants

The SI System of Units[5] is used in this paper. Although this is the system of units currently used in physics,
some red-shift mechanisms seem to be based on di�erent de�nitions of the meter or the second. As a result,
the descriptions given below might represent these mechanisms as I see them through the tinted glasses of the
SI System. These units are de�ned locally to an observer in the following way: \The metre is the length of the
path travelled by light in vacuum during a time interval of 1 =299 792 458 of a second". The speed of light is thus
c = 299 792 458 m/s. \The second is the duration of 9 192 631 770 periods of the radiation corresponding to the
transition between the two hyper�ne levels of the ground state of the caesium 133 atom" [6].

Other constants used in this paper have the following values. Planck's constant is h = 6 :626� 10� 34 Js. H0

is Hubble's parameter at the present epoch. It's exact valueis not critical in this paper, but current estimates
give H0 = 70:1 (km/s)/Mpc or 2 :27� 10� 18/s. Throughout the paper, I use the dimensionless Hubble parameter
h100 de�ned so that H0 = 100h100 (km/s)/Mpc. The Hubble distance is DH = c=H0. The subscript 0 is used for
values, observed or de�ned, at the present epoch on Earth.

The comoving distancedC is a useful quantity in the description of the mechanisms. Although not measured
directly experimentally, it describes our intuitive notio n of distance: how many times a ruler �ts between two
points in space. Its precise de�nition depends on the cosmology. When necessary, the comoving distance will be
de�ned in the description of the mechanisms.
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2.2 Experimental considerations: Observables and inferre d quantities

In this paper, the mechanisms are described in terms of an experimental procedure which can be followed to
obtain the predicted results. The sky is observed with a detector behind a collecting and imaging device such as
a telescope. Experimental observations in astronomy are limited to measurements of three observables:

� The frequency : The frequency � 0 of light is measured with a detector that responds to light having a
frequency within a range � 0 to � 0 + d � 0. The frequency � 0 = c=� 0 is usually measured with a dispersive
device, such as a grating, which selects light at a desired wavelength.

� The angular size : The angular size � 0 is the angle of an object detected by the imaging device. It is
relevant to objects that are large enough or separated enough to be resolved. At large distances, this applies
to clusters, galaxies and separated objects such as quasars.

� The spectral irradiance : When light is detected, the spectral irradiance I 0(� 0) [W m � 2 Hz� 1] [7] is the
power received by the detector per unit area (perpendicularto the light beam) in the frequency range � 0

to � 0 + d � 0 [8]. The index of refraction is assumed to be near one. The totalirradiance is the spectral
irradiance integrated over all frequenciesI 0 =

R1
0 I 0(� 0)d� 0 [9]. The irradiance is not to be confused with

the luminosity L .

The following quantities are de�ned independently of a cosmological model. However, their interpretation
requires that the object at a cosmological distance has the same properties as those of a well known object. In
evaluating these properties, it may be necessary to use a speci�c cosmology.

� The red-shift z: The red-shift is z � � �=� = ( � 0=� ) � 1 = ( �=� 0) � 1, where � and � 0 are the emitted
and observed wavelengths respectively, and� and � 0 are the emitted and observed frequencies respectively,
of an identi�ed spectral line. Here, the red-shift is determined with respect to an observer on Earth.

� Angular diameter distance dA : The angular diameter distancedA is de�ned as the ratio of an objects
physical transverse size to its observed angular size� 0. The object's physical transverse size is inferred by
comparisons with similar objects.

� The luminosity : The luminosity L is the total power radiated by the source. A measurement of the
luminosity of a distant object requires a knowledge of the distance and spatial geometry between the source
and the observer.

� Luminosity distance dL : The luminosity distance is the distance at which an object would lie based on its
observed luminosity in the absence of any absorption. The luminosity distance dL is de�ned by the relation
dL =

p
L=(4�S 0) where L is the luminosity of the object and S0 =

R
source I 0d
 0 is the measured 
ux from

the object, that is, the irradiance integrated over the solid angle subtended by the source. The luminosity
of the object L is inferred by comparisons with similar objects.

� Magnitude m � M : The distance modulus is related to the luminosity distance through m � M =
5 log10[dL =DH ] + C [10]. The constant C depends of the type of object which is observed. Although it
is derived from the luminosity distance, this expression might be more familiar to some readers.

� Surface Brightness hSBi : The surface brightness is related to the angular distance and the luminosity
distance throughhSBi / (dA =dL )2 [11]. Although it is derived from the angular and the luminosity distances,
this expression shown explicitly what to expect for the Tolman surface brightness test. When some authors
do not agree with this de�nition, their equation is listed. N ote that this de�nition is di�erent from the usage
where the magnitude is used in the de�nition of the surface brightness.

� Time dilation factor F� : The time dilation factor F� is obtained by observing the temporal variation of
the electromagnetic �eld (e.g. irradiance decrease after the explosion of a supernova). The dilated timeF�

is de�ned as the ratio of the observed duration of an event to the duration of that same event as would be
measured at the object. The time duration at the object is inferred by comparisons with similar objects.
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� Wavelength spread factor � � : Some mechanisms involve a statistical interaction of light with the inter-
galactic medium. This may produce an increase in the linewidth of spectral lines. Usually interpreted as
a result of the higher temperature of the emitting or absorbing gas, an increase in the observed linewidth
could also result from the red-shift mechanism. The linewidth increase factor � � is de�ned as the ratio of
the measured linewidth �� 0 to the observed wavelength of the spectral line�� 0=� 0. This assumes that: (a)
the change in linewidth caused by the time dilation factor is much smaller than the observed linewidth, and
(b) at the source, an in�nitely narrow linewidth is produced by an emitting or an absorbing gas which is
very cold. The temperature of the gas may not always be available experimentally.

� Angular spread � � : Some mechanisms involve a statistical interaction of light with the intergalactic
medium. This may produce an angular spread of the light with each collision. The angular spread � � is
the observed angular size of a point source. This assumes that the light originates from a point source. The
angular size may not always be available experimentally.

Only measurable quantities are used here. Other distances such as the comoving distance or the comoving volume
are convenient for theoretical derivations but cannot be measured in practice.

2.3 Format Used to Describe Red-Shift Mechanisms

The format used for each red-shift mechanism is as follows: A description of the red-shift mechanism at the
undergraduate physics level is given in the �rst paragraph, completed by a description at the graduate physics
level. In order to keep this paper within a reasonable length, only short explanations are given to explain each
mechanism. References to published work in journals or web pages are provided.

Conditions, limits of applicability and restrictions: The domain of applicability of the red-shift mecha-
nism. This could be for example: the solar limb red-shift, thered-shift of quasars, and the cosmological red-shift.
The assumptions required to make the mechanism work, adjustable parameters, and con
icts with currently ac-
cepted theories.

Functional relationships: Functional relations between various quantities for largered-shifts, measured or
inferred: z, dA , dL , m � M , hSBi , F� , and � � . Unless otherwise speci�ed, � � = 0. Preferably, the quantities will
be given as functions of the red-shift. When possible, the equation were taken directly from a published reference
or con�rmed by the author. However, some had to be derived by us and have not yet been veri�ed by the original
author or against any reference.

Discussion: Any experiment that can distinguish the model from other models. If the model has the same
properties as another model, an explanation will be given asto why it is not just another description of the same
mechanism.

3 Red-Shifts linked to the metric of space and time

The red-shift mechanisms listed in this section depend on thechanging metric of space between the emitter and
the detector. They can involve a simple change in distance ora more complex space curvature. The properties of
space are selected to match the observed Hubble law. For all the mechanisms in this sectionF� = 1 + z, � � = 0
and � � = 0.

3.1 Doppler E�ect

Galaxies move away from us with velocities that produce a red-shift z proportional to their distance in a Euclidian
universe. The red-shift is a result of the Doppler e�ect. With the theory of special relativity included in this
mechanism, the red-shift as a function of velocity is 1 +z =

p
(c + v)=(c � v).

In the cosmology of Alfv�en and Klein[12], the red-shift is produced by a recessional velocity of the galaxies.
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Conditions, limits of applicability and restrictions: One adjustable parameter is needed, the proportion-
ality constant between the red-shift and the distance. The mechanism neglects the masses in the universe which
would curve space.

Functional relationships:

dA = DH z;

dL = (1 + z)2dA ;

m � M = 10 log10[1 + z] + 5 log10[z] + C;

hSBi / (1 + z) � 4:

3.2 Standard Model of modern Cosmology

In this model by Alexander Friedman and Georges Lemâ�tre, the metric expansion of space increases the wavelength
of the light over time. This e�ect is present everywhere in the universe. The Friedmann-Lemâ�tre-RobertsonWalker
(FLRW) metric is an exact solution of Einstein's �eld equati ons of general relativity. Included in this model is de
Sitter's original model which is a solution of FLRW cosmology with a slightly di�erent metric.

Functional relationships: For the general case (
M ; 
 k ) [13]:

dA =
DH

(1 + z)2

2[2� 
 M (1 � z) � (2 � 
 M )(1 + 
 M z)1=2]

 2

M
;

dL = (1 + z)2dA ;

m � M = 10 log10[1 + z] + 5 log10[dA =DH ] + C;

hSBi / (1 + z) � 4:

Discussion: As Einstein commented to Lemâ�tre: \Vos calculs sont corrects, mais votre physique est abom-
inable" [14]. The de Sitter universe is based on imaginary fabrication of a repulsive force varying directly with
distance[15].

3.3 Dirac's Large Number Hypothesis

Dirac's cosmology was based on the principle \that any two ofthe very large dimensionless numbers (of the order
1039 and 1078), occurring in Nature, are connected by a simple mathematical relation in which the coe�cients
are of the order of magnitude unity" [16]. From this principle Dirac deduced that the gravitational 'constant'
G / (epoch) � 1. In order to describe a cosmological model according to the principles of the general theory of
relativity he then changed the units of distance and time so as to make G constant[17].

Conditions, limits of applicability and restrictions: In one version of his cosmology, the observed ex-
pansion imitates the Doppler e�ect. Thus one parameter is required: the proportionality constant between the
red-shift and the distance.

Functional relationships:

dA = DH z;

dL = (1 + z)2dA ;

m � M = 10 log10[1 + z] + 5 log10[z] + C;

hSBi / (1 + z) � 4:

Discussion: One issue of Dirac's cosmology is that the model introduces an ad hoc hypothesis: \the continuous
creation of matter is needed". A more serious objection is that this is entirely based on numerology.
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3.4 Lambda-Cold-Dark-Matter Cosmology

� is the cosmological constant introduced by Einstein. Dark matter is described as being cold, non-baryonic,
dissipationless and collisionless. The model assumes a nearly scale-invariant spectrum of primordial perturbations
and a universe without spatial curvature. The model uses theFLRW (Friedmann-Lemâ�tre-Robertson-Walker)
metric, the Friedmann equations and the cosmological equations of state to describe the universe from right after
the in
ationary epoch to the present.
Formulas kindly provided by Philip Mannheim. See also Hogg[13].

Conditions, limits of applicability and restrictions: A possible �t to experimental data gives: 
 � = 0 :73,

 M = 0 :23, and 
 k = 0 :04.

Functional relationships: In the case where � 6= 0, distances are calculated from the comoving distance

dC = DH

Z z

0

dz0
p


 M (1 + z0)3 + 
 k (1 + z0)2 + 
 �
:

For the general case,dL must be integrated numerically.

DH sinh
� p


 kdC =DH
�

(1 + z)
p


 k
, for 
 k > 0

dA = dC =(1 + z) , for 
 k = 0

DH sin
� p

� 
 kdC =DH
�

(1 + z)
p

� 
 k
, for 
 k < 0

dL = (1 + z)2dA ;

m � M = 10 log10[1 + z] + 5 log10[dA =DH ] + C;

hSBi / (1 + z) � 4:

Discussion: This theory su�ers from several problems:

� It contains three adjustable parameters which are not basedon known constants of nature.

� The assumption of spatial isotropy and spatial homogeneityis postulated, which makes the theoretical
universe unstable.

� The interpretation of red-shifts as the expansion of space requires that the universe has a curvature to �t the
measured galaxy distributions. But the curvature can only be the result of a lot more mass than is currently
observed. An ad hoc hypothesis is added: dark matter.

� The rate of expansion of the universe seems to be accelerating. An ad hoc hypothesis is added: dark energy.

� The time required for galaxies to evolve con
icts with the smoothness of the CMB. An ad hoc hypothesis is
added: in
ation.

� This model does not explain any of the anomalous or intrinsicred-shifts.
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3.5 Chronometric Red-Shift Theory

In Segal's mechanism, the red-shift varies with distancez = tan 2(dC =2R) where R is the radius of the universe.
An alternative to the big-bang cosmology is developed in which red-shifts are explained, not by the expansion of
the universe, but by an e�ect of conformal geometry. The theory predicts a quadratic red-shift-distance relation
instead of the usual linear one[18]

Functional relationships:

dA = ? DH cos� 1 (1=(1 + z))

dL = ? (DH =2)
�
(1 + z)2 � 1

�

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

Discussion: The chronometric theory is based on the assumption that the total energy of the photon is
represented as the sum of a laboratory-measured scale-covariant component and an anti-scale-covariant component.
This is a very di�erent assumption from relativity. For smal l distances, the red-shift predicted in the chronometric
red-shift theory has a quadratic dependence on the distance.This is clearly in disagreement with observations.[19]

3.6 Scale Expanding Cosmos

In Masreliez's model, the length of a meter expands and the pace of time slows down, making time intervals like the
second longer in proportion[20]. The wavelength of light is also made longer. The Friedmann-Robertson-Walker
line-element assumes that the pace of proper time always has been the same and is therefore di�erent from the
SEC line-element with its changing pace of time. The SEC modelcannot be modeled by General Relativity (GR)
as experienced by an inhabitant because the pace of proper time is changing (the element ds in GR is changing).
This changing pace of proper time models the progression of time, which cannot be modeled by GR. The scale
expanding cosmos behaves like an ordinary black body cavitywithout changing the cosmological temperature and
the CMB results from thermal relaxation of electromagnetic radiation.

Conditions, limits of applicability and restrictions: General Relativity has to be generalized to include
discrete scale adjustments that change the pace of proper time. This means that di�erent epochs belong to separate
space-time manifolds in GR - they are not covariant. Masreliez believes that a theory which cannot model the
progression of time cannot model the universe, since the progression of time is the most important aspect of all
existence, and that any model based on GR and the FRW line-element will fail.

Functional relationships:

dA = DH ln(1 + z);

dL = (1 + z)dA ;

m � M = 5 log10[1 + z] + 5 log10[ln(1 + z)] + C;

hSBi / (1 + z) � 2:

3.7 New Red-Shift Interpretation

Gentry's model is based on a universe governed by static-space-time general relativity interprets cosmological red
shifts as a combination of gravitational red shifts and ordinary Doppler shifts coming from motion in a static
geometry. While the spatial geometry is not explicitly given, a number of expressions indicate that Gentry is
considering a nearly Euclidean metric.

To be consistent with observed isotropy of matter and cosmicmicrowave background radiation, Gentry's model
is geocentric, placing our galaxy near the center of a staticspherical ball of matter with a radius R � 1:4 � 1010

light years. This matter consists of two components: ordinary pressure-less matter (\galaxies") and a vacuum
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energy (that is, a cosmological constant). The gravitational potential varies with distance from the center, and
the resulting gravitational red shift thus depends on distance from the Earth[21].

Conditions, limits of applicability and restrictions: To explain cosmic microwave background radiation,
Gentry supposes that the ball of matter is surrounded by a thin shell of hydrogen at a temperature of 5400K. The
resulting black body radiation must be gravitationally red shifted to the observed 2:7K at the center of the ball.

Functional relationships:

dA = ? DH z;

dL = ? (1 + z)2dA ;

m � M = ? 10 log10[1 + z] + 5 log10[z] + C;

hSBi / ? (1 + z) � 4:

Discussion: Gentrys model, although supposedly based on general relativity, is inconsistent with the Einstein
�eld equations, requires delicate �ne tuning of initial con ditions, is highly unstable, both gravitationally and
thermodynamically and its predictions disagree clearly with observation[22].

3.8 Machian General Relativity

In Booth's model, a scale-invariant form of the �eld equations of General Relativity is postulated, based on the
replacement of the Newtonian gravitational constant by an formulation based explicitly on Mach's principle[23].

Conditions, limits of applicability and restrictions:

Functional relationships:

dL = ? DH (1 + z) log (1 + z);

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

3.9 Dynamic Steady State Universe

Ranzan explains that while space does expand -and in doing so gives rise to the cosmic red-shift- the universe itself
does not expand. Reference is made to the cellular structureof the universe and the supporting Voronoi cellular
model of the universe. The observed cellular structure, interpreted by DSSU cosmology, is the manifestation of
dual-dynamic space involving space expansion and contraction. A relevant cosmic-red-shift expression, applicable
to this type of universe, is developed; then transformed into a cosmic red-shift-distance relation[24].

Functional relationships:

dA = DH zUU ln(1 + z)=ln(1 + zUU );

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

where zUU = 0 :01823.

Discussion: This model introduces an ad hoc hypothesis: \the cellular structure of the universe".

3.10 Mass Boom

In the mechanism proposed by Alfonso-Faus, the gravitational masses and the speed of light vary with cosmological
time (the masses increase and the speed of light decreases) in a manner consistent with Einstein's theory of general
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relativity. This e�ect is a linear increase of gravitationa l masses with cosmological time, with a corresponding
decrease of the speed of light and the gravitational constant. By integrating Einstein's cosmological equations and
�nding the solution for the cosmological scale factor to bea(t) = constant � t2, implying an accelerated expansion
for the universe. This is the interpretation given to recent observations obtained from the Supernova Type Ia[25].

Conditions, limits of applicability and restrictions: In the lab system no such time variations can be
detected unless we are dealing with cosmological observations (e.g., the red-shift).

Functional relationships:

dA = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

3.11 Conformal Gravity

In Mannheim's model, a four-dimensional theory of quantum gravity is proposed to �t the accelerating universe
data[10, 26]. The cosmological constant is taken as being very large, but not as part of the standard of the
Newton-Einstein theory.

Conditions, limits of applicability and restrictions: A possible �t to experimental data gives q0 = � 0:37
ia the deceleration parameter.

Functional relationships:

dA = �
DH

q0

 

1 �
�
1 + q0 �

q0

(1 + z)2

� 1=2
!

;

dL = (1 + z)2dA ;

m � M = 10 log10[1 + z] + 5 log10[dA =DH ] + C;

hSBi / (1 + z) � 4:

3.12 Scalar Potential Model

John Hodge proposes a model based on a \plenum" where the plenum density at each point in Euclidian space is
determined by the location of mass like the \space" of general relativity, of sources (spiral galaxies), and of sinks
(elliptical galaxies).

Scalar potential model of redshift and discrete (quantized) redshift (New Astronomy
http://www.elsevier.com/wps/�nd/journaldescription. cws home/601274/description#description or
http://www.arxiv.org/PS cache/astro-ph/pdf/0602/0602344v1.pdf).

The model has provided insight into several galaxy observations that are inconsistent with current models (See
links to http://web.comporium.net/ � scjh/ ).

Limits of applicability: This same model with some simpli�cation provides the best and only �t to all the
\Pioneer Anomaly" data (Scalar potential model of the Pioneer Anomaly,
http://www.arxiv.org/PS cache/astro-ph/pdf/0612/0612567v2.pdf and Comments on \The Pioneer Anomaly in
the Light of New Data", http://arxiv.org/PS cache/arxiv/pdf/0907/0907.0425v1.pdf). A further simpli�cation
results in the change-of-gravitational-potential explanation of the Pound-Rebka experiment.

Functional relationships: See the equations in
http://www.arxiv.org/PS cache/astro-ph/pdf/0602/0602344v1.pdf.
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dA = Dsz;

dL = (1 + z)2dA ;

m � M = 10 log10[1 + z] + 5 log10[z] + C;

hSBi / (1 + z) � 4;

where Ds = c=Hs and H s = 110 � 20 km s� 1 Mpc� 1.

Discussion: At larger distances, the redshift equation reduces to the Hubble Law with a static universe. Dis-
tances are consistent with TRGB and Cepheid distance calculations. If quasars are as Arp suggests, the correlation
between Cepheid distance and redshift distance may be improved. This model suggests the space temperature of
the CMB average is 2.718 K, is higher because of a \hunting" characteristic of a feedback mechanism, and is not
a relic of a Big Bang (Scalar potential model of the CMB radiation temperature,
http://www.arxiv.org/PS cache/astro-ph/pdf/0603/0603140v1.pdf).

3.13 Quantum Celestial Mechanics Gravitational Potential

In Potter and Preston's model, the Hamilton-Jacobi equation of the General Theory of Relativity is changed
into a Schr•odinger-like equation which predicts quantization states for any gravitationally bound system. These
Quantum Celestial Mechanics (QCM) states depend only upon the total mass and the total angular momentum
of the system. Distant red-shifted SNe1a light sources from the Universe that are usually interpreted as cosmo-
logical red-shifts are shown to be universal gravitational red-shifts seen by all observers. An increasingly negative
QCM gravitational potential with distance from the observer dictates a non-linear red-shift with distance and an
'apparent' gravitational repulsion, i.e. the source clock rate is slower than at the observer. No space expansion is
necessary, nor is dark matter and dark energy needed.

The `apparent' radial velocity v = d d=dt versus coordinate distanced leads to a new Hubble relation:

v = d
c
p

k
1 � kd2

where k = 8 �G� c=3c2. Best �t when Hubble parameter is about 62 (km/s)/Mpc. Thus, the 'apparent' radial
velocity continues to increase with increasing distance[27].

Functional relationships:

dA = DH
a
2b

hp
1 + (4b2=a2) � 1

i
;

dL = (1 + z)2dA ;

m � M = 5 log10[1 + z] + 5 log10[dA =DH ] + C;

hSBi / (1 + z) � 2:

where a = (1 + z)2 + 1, and b = (1 + z)2 � 1.

Discussion: One possible test of the di�erent red-shift theories is the interpretation of the SN1a rise-fall time.
If it is truly longer for distant observers compared to the shorter rise-fall time at the source SN1a, then 'tired-light'
type of cosmological red-shifts can be eliminated. The QCM approach has a gravitational potential decreasing
with distance from the observer so the clock rates are di�erent at the source and observer, which would explain
the rise-fall time di�erence.

3.14 Scalar Potential

In Roscoe's model, the regular electromagnetic four-vectoris replaced by a 3-D invariant in 16 dimensions. This
implies the existence of a tired-light mechanism by which energy is lost without scattering[ 28].
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Functional relationships:

dA = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 ;

� � = 0 :

3.15 Gravitational Interaction

In Mayer's model, the time dimension where the light is emitted is not always parallel to the time dimension where
the light will be detected. This produces a projection reducing the observed rate, thus causing a red-shift[29].

Conditions, limits of applicability and restrictions:

Functional relationships:

dA = ? DH cos� 1 (1=(1 + z)) ;

dL = ? (DH =2)
�
(1 + z)2 � 1

�
;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

Discussion: This model introduces an ad hoc hypothesis: \the time dimension where the light is emitted is
not always parallel to the time dimension where the light is detected".

3.16 Lobachevsky Space

J.G. von Brzeski and V. von Brzeski use a Lobachevskian geometry of constant negative curvature to describe
the universe[30]. The following description is limited to the red-shift in empty space as a consequence of the
non-Euclidean geometry of space. This model is based on the concepts that light follows the shortest path along
geodesics, and that horospheres in Lobachevskian space areorthogonal to the geodesics and can thus be interpreted
as wavefronts. A key theorem on the rate of divergence of geodesics in Lobachevskian geometry states that the
length of a segment increases exponentially with the hyperbolic distance � = � 0 exp(� ). As galaxies are observed
at greater distances, space is proportionally larger and the wavelength of light is longer. The hyperbolic distance
� in Lobachevskian geometry can be mapped onto Euclidian space usingd = �R where � = tanh( � ).

Conditions, limits of applicability and restrictions: Distances are measured without involving the notion
of time. The theory uses an older de�nition of the primary length standard as de�ned in the General Conference
on Weights and Measures in 1983: \The wavelength of the iodine stabilized HeNe laser is� HeNe = 632:99139822
nm".

The Doppler e�ect (which, in Lobachevskian geometry, follows from the negative curvature of velocity space) is
not described here.

The following equations were derived from published references[31, 32]. The luminosity distance is derived from
the ratio of intensities of electromagnetic radiation in Lobachevskian space versus Euclidean space

p
1 � � 2(1 � � ),

combined with the Euclidean (4�r 2) � 1 law[33]. The reader is invited to refer directly to these papers. The
time dilation factor corresponds to the low frequency components of the electromagnetic spectrum which are also
stretched by a factor 1 + z.

Conditions, limits of applicability and restrictions:
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Functional relationships:

dA = ? DH (1 + z) sinh[2 ln(1 + z)]=2 or DH (1 + z) tanh[ln(1 + z)];

dL =
DH tanh[ln(1 + z)]

hp
1 � � 2(1 � � )

i � 1=2
;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

3.17 Spatial Change of Time Flow

In Poliakov's model, the red-shift arises when an observer measures the frequency emitted by an object located in
another part of space where time 
ows di�erently. Since the 
 ow of time varies continuously and monotonically,
light that has traveled through space and time is seen with a red-shift.

The mechanism is based on the premise that time is not uniform, but migrates between spacetime systems
to di�erent `time 
ow' system[ 34, 35, 36]. Based on Noether's theorem, it is demonstrated that energy is not
conserved in a non-uniform time frame. As the 
ow of time does not remain constant, the pace of a process cannot
remain constant either. In the corpuscular case the velocity of a particle must grow in a zone of `slower time 
ow'.
However, as the speed of light obeys the Einsteinian axiomc = const., the only possibility for a light quantum is
that instead of velocity its frequency decreases in a zone of`faster time 
ow', i.e., the frequency observed in a zone
of faster time 
ow is lower than the frequency of light emitte d in the zone of slower time 
ow. In other words, a
red-shift is observed.

This red-shift mechanism is far from arti�cial as it also explains the nature of Cold Dark Matter, the Cosmological
Microwave Background Radiation and most importantly, the nature of gravity. Since the inverse-square law of
universal gravitation naturally appears as a consequence of the linear dependence of the 
ow of time on space, the
red-shift as a function of space must be linear as well.

The above does not imply that the more distant from the Earth an object is the faster it moves away. The
red-shift is observed even in the solar spectrum. Yet, the Sundoes not move away from the Earth.

Conditions, limits of applicability and restrictions: The rate of change of time 
ow is chosen to produce
the observedd = DH z for small z.

Functional relationships:

dA = DH z;

dL = ? (1 + z)dA ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

Discussion: This theory predicts a monotonous increase of the acceleration g with increasing depth toward the
center of the Earth, due to the decrease of the time 
ow (whichis what really causes gravity). That prediction is
not observer experimentally.
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Figure 1: Angular distance in units of DH for the red-shift mechanisms linked to the metric of space.

Figure 2: Luminosity distance in units of DH for the red-shift mechanisms linked to the metric of space.
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Figure 3: Magnitude distance for the red-shift mechanisms linked to the metric of space.
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4 Red-Shifts linked to properties of matter

The red-shift mechanisms listed in this section depend on thechanging properties of matter. The properties of
matter are selected to match the observed Hubble law. For allthe mechanisms in this section, � � = 0 and � � = 0.

4.1 Quasi Steady State Cosmology

In this model supported by Narlikar, Hoyle, Arp et al., the mass of matter increases with the square of its age.
Since the spectroscopic red-shift varies inversely as the mass, the observed red-shift depends on the age di�erence
between the observer and source. J, Narlikar found the solution m = at2 (a is a constant) to the generalized
equations of general relativity. The e�ect explains particularly well the red-shifts of quasars. Also, the speed of
light makes distant galaxies appear younger. Frequency shift � �=� independent of � .

Conditions, limits of applicability and restrictions: The following de�nition is used:

H (z) = H0[
 �0 � 
 k0(1 + z)2 + 
 m0(1 + z)3 + 
 c0(1 + z)4]1=2;

where 
 �0 � 
 k0 + 
 m0 + 
 c0 = 1. Extinction due to the whisker dust is not included in the e quations below.

Functional relationships:

dA = (1 + z) � 1
Z z

0

dz0

H (z0)
;

dL = (1 + z)2dA ;

m � M = 10 log10[1 + z] + 5 log10[dA =DH ] + C;

hSBi / (1 + z) � 4;

F� = 1 + z:

Discussion: This model introduces an ad hoc hypothesis (which satis�es Einsteinian physics): \the mass of
matter increasing as the square of its age".

Another objection to this model is based on experimental results. In Machian physics, the red-shift is related
to the age of matter through

1 + z1

1 + z0
=

t2
0

t2
1
;

where z0 is the red-shift of matter created t0 years ago and wherez1 is the red-shift of matter created t1 years
ago. For two particles createdt years ago within a small time interval � t, the red-shifts satisfy (1 + z1)=(1 + z0) =
1 + 2� t=t. Recent measurements of the resonant frequency of a single aluminium ion have been reported to a
relative error smaller than 5:2 � 10� 17 [37]. Di�erent ions have been measured, all giving the same result within
measurement errors. Assuming these ions were created 10 billion years ago (t = 3 :2 � 1017s), the di�erence in age
for these ions is obtained from solving 1 + 5:2 � 10� 17 = (1 + z1)=(1 + z0) = 1 + 2� t=(3:2 � 1017), which gives
� t = 8 :2s. Unless these di�erent ions were all created within 10 seconds of each other, 10 billion years ago, the
solution m = at2 is not compatible with experimental results.

Some other arguments (somewhat biased toward the Big Bang cosmology) are given by Wright.[38]

4.2 Hadron mass variation

In Laviolette's model, the red-shift is explained by hadronsincreasing in mass as they get older[39].
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Functional relationships:

dA = ? DH ln(1 + z)=(1 + z);

dL = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

Discussion: This model introduces an ad hoc hypothesis: \the mass of the hadrons increases with time".

4.3 Velocity Dependent Inertial Induction

Gosh's model of inertial induction is based on a proposed extension of Mach's Principle. According to this
model the gravitational interaction between two main parti cles generates a force which depends not only on their
separation but also on their relative velocity and acceleration[40].

Functional relationships:

dA = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

Discussion: According to the author, this model can be veri�ed from other local e�ects predicted by this
mechanism. However, I am not aware of any experiment con�rming this model.

4.4 Exponential decrease in the radius of nucleons

In Schmitz's model, the comoving distance isDC = R0 ln(1 + z), where R0 is a constant[41].

Functional relationships:

dA = DH ln(1 + z)=(1 + z);

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 ;

F� = 1 + z:

Discussion: This model introduces an ad hoc hypothesis: \the radius of the nucleon decreases exponentially
with time".
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Figure 4: Angular distance in units of DH for the red-shift mechanisms linked to properties of matter. \LCDM
Cosmology" is included for comparison.

Figure 5: Luminosity distance in units of DH for the red-shift mechanisms linked to properties of matter. \LCDM
Cosmology" is included for comparison.
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Figure 6: Magnitude distance for the red-shift mechanisms linked to properties of matter. \LCDM Cosmology" is
included for comparison.
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5 Red-Shifts linked to a changing property of light or an inte raction of light
with itself

The red-shift mechanisms listed in this section depend on a changing property of light or an interaction between
photons and other virtual particles, ether or empty space. They do not depend on the presence of matter. They
are also referred to as \tired light" mechanisms.

5.1 Photon Decay

In Lewis' model[42], light follows the photon decay equation:

r 2� =
1
c2

�
k
~

@�
@t

+
@2�
@t2

�
:

Functional relationships:

dA = ? cln(1 + z)=(68:7 (km/s)/Mpc) ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 ;

F� = 1 ;

� � � 0;

� � � 0:

Discussion: This model introduces an ad hoc hypothesis: \the decay equation of the photon".

5.2 E�ect of Half-Life

In Stolmar's model, the photon simply has a decay lifetime similar to radioactive or unstable particles. In this
case, it is the photon's energy that decreases with distance.

R = Hd ln(1 + z)=ln(2)

where Hd = DH ln(2) is the Hubble wavelength-doubling distance[43].

Conditions, limits of applicability and restrictions: No speci�c mechanism seems to be given to explain
why or how the photon decays.

Functional relationships:

dA = DH ln(1 + z);

dL = (1 + z)dA ;

m � M = 5 log10[1 + z] + 5 log10[ln(1 + z)] + C;

hSBi / (1 + z) � 2;

F� = 1 ;

� � = ? 0;

� � = 0 :

Discussion: This model introduces an ad hoc hypothesis: \the photon loses energy with distance".
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5.3 Heisenberg E�ect

In Caswell's model, the red-shift is due to the Heisenberg Uncertainty Principle when applied to photons and
extrapolated across the universe. The photons lose energy to maintain the vacuum of space at 2:7 K due to
a quantum mechanical phenomenon in the vacuum of space. The standard equation E = hc=� is used andE
when di�erentiated with respect to � shows the relationship between dE and d� . This can be rearranged to give
d�=� 2 = � dE=hc. When the uncertainty principle is adapted for em radiation and modi�ed to take account of the
dual polarization of photons (c.f. Planck Radiation) the red-shift factor 7:9� 10� 27m� 1 is deduced. This provides
the fractional apparent increase in wavelength per metre oftravel[44].

Conditions, limits of applicability and restrictions: No adjustable parameters: calculated fromh2c2=(8� ),
the red-shift is equivalent to an apparent expansion rate of 73 (km/s)/Mpc.

Functional relationships:

dA = cln(1 + z)=(73 (km/s)/Mpc) ;

dL = (1 + z)dA ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

5.4 Interaction Between the Photon Energy and Vacuum Space

Broberg's mechanism describes the actual group velocity ofan electromagnetic wave in vacuum slightly smaller
than c. As the photon propagates, a small amount of energy, equal toH0h, is lost each time the photon travels
the distance equal to its wavelength[45, 46].

Conditions, limits of applicability and restrictions: The following postulate is made: \The energy of
the universe is quantized in integer numbers of a system-invariant elementary energy quantum". This hypothesis
is added: \The elementary energy quantum in the universe is equal to the product of Planck's and Hubble's
constants".

Functional relationships:

dA = DH z;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

Discussion: This model introduces an ad hoc hypothesis: \The elementaryenergy quantum in the universe is
equal to the product of Planck's and Hubble's constants".

5.5 Interaction of a massive Photon with Vacuum Particles

Pecker and Vigier introduce a new tired-light mechanism involving an interaction between a massive photon and
Diracs vacuum particles. A new term in the equations of quantum mechanics is hypothesized which cause the
vacuum itself to absorb energy[47].

Functional relationships:

dA = ? cln(1 + z)=(77:5 (km/s)/Mpc) ;

dL = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

Discussion: This model introduces an ad hoc hypothesis: \the massive photon interacts with the vacuum".
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5.6 Finite Conductivity of Space

Gray's mechanism is based on a recent proposal by Monti that background space may have a very small but �nite
conductivity. The theory is based upon a relativistically i nvariant, semi-superconductive ether of the Einstein-
Dirac genre. It is shown that the Hubble red-shift may be interpreted as the resonant relaxation of all four time
constants of the vacuum state, given by all time-like ratios and products of the vacuum constitutive parameters[48].

Functional relationships:

dA = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

5.7 Variable Light Velocity

In this model, Shtyrkov assumes that the vacuum has some small internal friction due to a real viscosity. Such
a resistance is introduced in the wave equation for a photon with a damping term with some constant vacuum
damping constant 
 . As a result, the wavelength increases and the speed of lightdecrease as a function of
propagation distance, and the frequency remains unchanged[49, 50].

Conditions, limits of applicability and restrictions: To match the cosmological red-shift, 
 = 1=DH .

Functional relationships:

dA = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

Discussion: This model introduces an ad hoc hypothesis: \the vacuum has some small internal friction due to
a real viscosity".

5.8 Quantized Electromagnetic Radiation

In the model proposed by Dart, electromagnetic radiation is quantized in increments of H0h and possesses a
zero-point energy ofH0h=2, in the same manner as a quantum mechanical oscillator[51].

Functional relationships:

dA = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

Discussion: This model introduces an ad hoc hypothesis: \electromagnetic radiation is quantized in increments
of H0h".

5.9 Pulsating Photons

The theory presented by Stensch de�nes and analyses photonsas elementary pulse beats of the universe. They
travel at the speed of light and pulsate while propagating through space. This pulsating sets up electromagnetic
�elds whose harmonics are used to derive an alternative interpretation of Planck's classical blackbody spectrum[52,
53, 54, 55].
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Functional relationships:

dA = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

Discussion: This model introduces an ad hoc hypothesis: \photons pulsate while propagating through space
and set up electromagnetic �elds which cause some energy loss".

5.10 Degenerate Fermion Fluid

An aether model based upon a degenerate Fermion 
uid, composed primarily of electrons and positrons in a
negative energy state relative to the null state or true vacuum, is proposed and its consequences are explored for
physics and cosmology. The model provides both insight and quantitative results for the derivation of Hubble's
law; red-shifts; 
 -ray bursters. In the model, the speed of light decreases withtime on the scale of the age of the
universe[56].

Conditions, limits of applicability and restrictions: A key assumption is that the speed of light is the
Fermi velocity of the degenerate electron-positron plasma that dominates the aether.

Functional relationships:

dA = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

5.11 Quantized Emission Red-Shifts in Quasar Radiation

In Marcinkowski's mechanism, thermodynamic theory is applied to a needle-shaped aging optical quasar photon
to deduce aging infrared radiation. The conservation laws require a number of infrared photons emitted during
a burst of aging radiation. These bursts create a sequence ofquantized energy levels (and wavelengths) for the
aging optical quasar photon as it propagates through space.A distribution of quasar sources at di�erent distances
then produces a group of observed quantized red-shifts arriving here on Earth[57].

Conditions, limits of applicability and restrictions: The theory is adjusted to agree with the �rst observed
quantized red-shift.

Functional relationships:

dA = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

Discussion: This model introduces an ad hoc hypothesis: \a needle-shapedaging optical quasar photon aging
as it propagates through space".

5.12 Photon Structure

In Driscoll's model, it is assumed that the photon has electric dipole moment P normal to its spin, rotating at the
photon frequency f and radiating classically[58, 59].
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Functional relationships:

dA = ? DH ln(1 + z);

dL = ? (1 + z)1=2dA ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

Discussion: If the photon has a dipole moment, a laser beam should easily be bent by a strong electric �eld
gradient. This has not been demonstrated experimentally.

5.13 Gravity Nulli�cation Model

Singh's Gravity Nulli�cation model[ 60] integrates the missing physics of spontaneous decay of particles into the
existing physics theories, speci�cally the general theoryof relativity, without altering its original formulation. The
red-shift arises from the Heisenberg uncertainty relation applied to the energy of the photon.

The red-shift as a function of velocity is 1 + z =
p

(c + v)=(c � v) and the distance is

d = DH

�
z

p
1 + z

�
:

Functional relationships:

dA =
DH z

p
1 + z

;

dL = dA ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 ;

F� =
�

2(1 + z)
(1 + z)2 + 1

�
;

� � = ? 0;

� � = 0 :

Discussion: This model introduces an ad hoc hypothesis: \the missing physics of spontaneous decay of parti-
cles".

5.14 Beam Photon

The model presented by Vlaicu deduces the main properties ofa composite photon with a linear beam structure
from its speci�c emission mechanism. This photon model answers some fundamental questions and explains
spectral line broadening and the red-shift[61].

Functional relationships:

dA = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

23



Figure 7: Angular distance in units of DH for the red-shift mechanisms linked to a changing property oflight or
an interaction of light with itself. \LCDM Cosmology" is inc luded for comparison.

5.15 Light interaction with Microwaves and Radio Waves

Julia's mechanism provides an explanation of both red-shifts: cosmological (without expansion of the universe)
and intrinsic using a single tired light mechanism. In the �r st case, the red-shift is produced because the light
interacts with microwaves. In the second, the interaction is with radio waves. All this is compatible with a static
universe with a space temperature of 2:7K [62].

Functional relationships:

dA = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

Discussion: The cross section for such a mechanism is not calculated.
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Figure 8: Luminosity distance in units of DH for the red-shift mechanisms linked to a changing property oflight
or an interaction of light with itself. \LCDM Cosmology" is i ncluded for comparison.

Figure 9: Magnitude distance for the red-shift mechanisms linked to a changing property of light or an interaction
of light with itself. \LCDM Cosmology" is included for compa rison.
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6 Red-Shifts linked to an interaction between light and matte r

The red-shift mechanisms listed in this section depend on thepresence of matter or particles between the emitter
and the detector. A red-shift 1 + z(N ) = � 1=� 0 caused by the interaction with a column density of matter N is
valid everywhere so that 1 + z(N ) = � i +1 =� i for any i . Repeated red-shifts follow the relation

1 + z(kN ) = � k=� 0 =
kY

i =1

� i =� i � 1 = (1 + z(N )) k

which is satis�ed by
N = � 0DH ln(1 + z);

where � 0 is the density of the interacting matter and the column density is given by

N (d) =
Z d

0
� (x)dx:

The following comment is important to the search of a reasonable light-matter interaction.

Absorption by any element (H, He, atoms, molecules, dust, etc...) which has an internal structure implies a
wavelength dependence resulting from resonances or absorption bands. To satisfy the Tolman surface brightness
test, the absorption has to be matched in magnitude with the red-shift mechanism at all wavelengths. However,
such wavelength dependent red-shift mechanisms would fail to imitate a Doppler-like red-shift[63]. For this reason,
a cosmological light-matter interaction producing a red-shift can only be produced in elements which do not have
an internal structure, such as electrons (as Ari Brynjolfsson correctly pointed out[64]), because no resonance or
bands exists in electrons. Gravitational type of tired-light theories do not provide photon absorption and therefore
do not solve Olbers' paradox. Only the light-matter interact ions proposed by Brynjolfsson (x6.3), Kierein ( x6.5),
Ashmore (x6.10), L. Marmet ( x6.14), Vaughan (x6.17), Mamas (x6.18) and Thomson (xB.2) use electrons as the
red-shift medium. Thomson scattering blurs images beyond recognition, causes a red-shift and the cross section
is wavelength independent, thus taking care of Olbers' paradox.

Therefore: The Tolman surface brightness test, Olbers' paradox and light-matter interaction theories producing
a Doppler-like red-shift require the following:
1- Thomson scattering on electrons, and
2- A mechanism independent of wavelength, and
3- A tired-light mechanism involving a photon-electron interaction.

The arguments given by Wright against tired light models[65] are incorrect because he assumes:

� \There is no known interaction that can degrade a photon's energy without also changing its momentum".
This is not so, see below.

� \The tired light model can not produce a blackbody spectrum for the Cosmic Microwave Background without
some incredible coincidences". This is not so for some mechanisms below, where Compton scattering in
electrons reduces the intensity of observed objects. The comment above explains the details.

� \The tired light model fails the Tolman surface brightness test". This is not so for the same reason as the
one given above.

� \The local Universe is transparent. . . " Water is transparent yet interacts with light in a strong way. Some
mechanisms below have a large cross-section.

6.1 Shelton Head-on Collisions on Electrons

Shelton proposes that photons in free space act on electrons, and other fundamental particles, in much the same
way as they act on electrons i the Compton e�ect where the kinetic energy supplied to the electrons results in a
lengthening of the wavelength of the radiation.[66]
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Conditions, limits of applicability and restrictions: A necessary assumption is that the action takes place
only for head-on collisions so that it is not accompanied by any considerable change in the direction of the photons.

Functional relationships:

dA = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 ;

F� = 1 :

Discussion: There is no explanation about why the action would takes place only for head-on collisions. It is
known that when a collision between a photon and an elementary particle is such that the photon loses energy,
conservation of energy and momentum requires the particle to move o� very nearly at right angles. The photon
must therefore always be somewhat de
ected if the particle is given any velocity at all. If one puts in the quantities,
one �nds that it must in fact be so much deviated that all extra galactic nebulae would become too di�use to see.[67]

6.2 de Broglie's Tired-Photon

According to de Broglie, a quantum particle, e.g. a photon, is a real entity composed of an extended, yet �nite, wave
plus a singularity. de Broglie's assumes that the behaviourof the wave devoid of singularity and the singularity
itself (representing the particle) is di�erent when intera cting with the matter or the surrounding subquantum
medium.

Functional relationships:

dA = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 ;

F� = 1 :

Discussion: De Broglie's pilot wave model assumes that the pilot wave regenerates itself when it has reached
a very small amplitude. This has not been observed experimentally.

6.3 Plasma Red-Shift

In Brynjolfsson's model, a collective interaction betweenmany electrons in a plasma and a photon result in a
Doppler-like energy loss red-shift of light and heating of theplasma.

One factor
p

1 + z is due to reduction in photon energy by plasma red-shift, while the other factor 1 + z is due
to removal of photons through Compton scattering on the freeelectrons in the intergalactic plasma[64].

dC = DH ln(1 + z),

Conditions, limits of applicability and restrictions: The theory requires a hot, low density, plasma.
Explains the red-shift on the sun's limb. For the intergalactic red-shift, a density of � 0 = 205electrons=m3 is
determined from dispersion measurements.
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Functional relationships:

dA = DH ln(1 + z);

dL =
p

(1 + z)1+ adA ;

m � M = 2 :5(1 + a) log10[1 + z] + 5 log10[ln(1 + z)] + C;

hSBi / (1 + z) � (1+ a) ;

F� = 1 ;

� � = ? 0;

� � = ? 0:

where a = 2.

Discussion: Referring to the paper[64], Eq. (1) is the given as the distribution of frequencies in aphoton. In
fact, Eq. (1) describes the response of an atom to an electric�eld. The description uses an incorrect understanding
of atomic physics. An Eq. (6) is then derived which lists the four poles of the equation describing the energy
loss. Pole 'd' is Compton scattering, poles 'a' and 'b' are Raman scattering at the plasma frequency. Pole 'c' is
a pure imaginary number, that is, the energy loss at a frequency of ZERO Hz(i.e. dc polarisation). Why this
is interpreted as a red-shift of the photons is not clear. Every term in Eq. (6) corresponds to some exchange
of energy: in case 'a', the plasma frequency is added (anti-Stokes Raman), in case 'b' the plasma frequency is
subtracted (Stokes Raman), in case 'd' the frequency of the photon appears as the whole photon is scattered
(Compton scattering). For case 'c', there is only an imaginary number, the real part is zero. The equation says
that the plasma takes energy from the electromagnetic wave when it is dc polarized. (Note that dc photons do not
exist since they would have no energy!) Nothing describes the size of the red-shift. The equation is interpreted
as the energy of the photon which is reduced by some small amount but in fact, it means that few photons are
simply absorbed. Nothing describes the direction of the transmitted photons. Even for the part of the equation
which predicts Compton scattering, there is no quantum treatment of the problem.

In short: Eq. (1) is not correct, so the rest of the derivation is incorrect. Even if Eq. (1) were correct, Eq. (6)
simply predicts a very small amount of dc energy absorbed in aplasma.

6.4 Atomic Secondary Emission

In P. Marmet's mechanism, a photon loses a small amount of energy each time it interacts with an atom[ 68, 69].
The momentum of the photon polarizes the atom and causes it toemit a small amount of energy. (This was
described in terms of a Bremstrahlung mechanism by the author.) The incident photon is re-emitted with a small
energy loss. The coherence time of the radiation needs to be short for the e�ect to work. The spectral width is
described by the spectrum of a blackbody radiator at temperature T.

Each interaction with an atom produces a red-shift �z = 2 :73 � 10� 13T2
10k , where T10k is the normalized tem-

perature T10k = T=10000 K.

Conditions, limits of applicability and restrictions: Dependent on the polarizability of the atoms (or
ions) in the intergalactic medium. Not very sensitive on thespeci�c atomic species. Does not work at high density
due to the increased collective mass of the medium. Explainsthe red-shift on the sun's limb. Frequency shift
� �=� independent of � in the wavelength region where the index of refraction of hydrogen is constant.

An atomic hydrogen density � 0 = 1 :25 � 106 m� 3h100=T2
10k producesdC = DH ln(1 + z) which approximates

dC = DH z for small z. In this model, the comoving and the angular distances are equal.
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Functional relationships:

dA = DH ln(1 + z);

dL =
p

(1 + z)dA ;

m � M = 2 :5 log10[1 + z] + 5 log10[ln(1 + z)] + C;

hSBi / (1 + z) � 1;

F� = 1 ;

� � = 5 :22� 10� 7T10k
p

z;

� � = 5 :22� 10� 7T10k
p

z:

Discussion: This mechanism is very similar to \Electronic Secondary Emission" described inx6.10but in atoms
instead of electrons. Because atoms have electronic resonances, this mechanism is not completely independent of
the wavelength. The required atomic density is much higher than the required density of electron inx6.10. This
mechanism also predicts a small angular broadening.

The di�culty with this mechanism is that the interaction in a toms is necessarily dependent on atomic resonances
and would have a strong dependence on wavelength near these atomic resonances. Also, this mechanism needs
about 2:5 � 104atoms=m3 while the estimated mass density in the universe is four orders of magnitude smaller
than that value: the mechanism does not have a su�ciently large cross section.

6.5 Compton E�ect Interpretation

In Kierein's model, the Compton e�ect interpretation of ast rophysical red shifts not only provides the mechanism
for intrinsic red shifts of quasi-stellar sources, the solarlimb, and other objects, but also results in a new cos-
mological model. The observed red shift is explained classically by considering the electrons to act as centers of
Huygens' secondary wavelets that reconstruct the wave front. The Compton e�ect does not depend on the electric
charge of the electron, but rather is a consequence of conservation of momentum and energy. Thus, theE � H
vector of the photon need not be altered by the Compton process. It is the E � H vector of the wave front that
is seen and that contains the information that de�nes the wave front's initial velocity vector[ 70].

Conditions, limits of applicability and restrictions:

Functional relationships:

z = H0DC =(1 � H0DC =2);

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 ;

F� = 1 :

Discussion: This mechanism is very similar to \Forward Scattering by Relativistic Electrons" described in
x6.17. However, for photons in the visible the Compton scatteringcross section is� � 6:65� 10� 29m2, much too
small by a factor one million for any signi�cant red-shift pro duced by the low density of electrons in intergalactic
space.

6.6 Photon-Graviton Interaction

Stein's mechanism explains the red-shift of galaxies with aninteraction between photons and gravitons. For this
kind of interaction between two particles/waves, both moving with the velocity of light, Einstein's special and
general theories of relativity are modi�ed. In special relativity, Einstein's assumption that the velocity of light is
constant relative to any inertial system is extended to an absolute velocity of light. General relativity is modi�ed
using an Euclidean space, choosing the frame of reference inwhich the momentum of the total system of the
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interacting particles/waves is zero. As a consequence, thered-shift of galaxies is at least in part an e�ect of the
gravitational �elds the light has crossed on its way from a galaxy to the Earth[ 71].

Conditions, limits of applicability and restrictions: Einstein's special and general theories of relativity
are modi�ed.

Functional relationships:

dA = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

6.7 Electrogravitational Coupling

In this model proposed by Toivo Jaakkola, the universal red-shift e�ect (containing the cosmological red-shift,
intrinsic red-shifts in QSOs and intermediate strengths of zdepending on the density of a system) is interpreted
as a quantized loss of energy from the photon to a vacuum composed of gravitational quanta. The model covers
consistently all the observed features of red-shift, including its quantized �ne-structure, observed both in distant-
dependent and distance independent red-shifts.

Gravitation appears as a pressure e�ect of cosmic gravitational quanta. The apparent two-body attraction
results from mutual screening of the gravitational pressure of the background vacuum[72].

Functional relationships:

dA = not yet available ;

m � M = 5 log10 ln[1 + z] + 2 :5 log10[1 + z] + K (z) + C;

hSBi / (dA =dL )2 ;

F� = 1 :

where the K-correction K (z) is observational in character.

6.8 Gravitomagnetic E�ect

Fischer explains that due to Lorentz invariance of General Relativity, gravitational interaction is limited to the
speed of light. Thus for particles, moving within a matter �e ld, retardation leads to loss of energy by emission of
gravitational radiation. This 'gravitomagnetic' e�ect, a pplied to motion in homogeneous mass �lled space, acts like
a viscous force, slowing down every motion in the universe onthe Hubble time scale. The energy loss rate exactly
equals the red shift of photons in an expanding universe, thus showing the equivalence of wavelength stretching
in the wave picture and energy loss in the photon picture. Theloss mechanism is not restricted to an expanding
universe, however, but would also be present in a static Einstein universe[73, 74].

Functional relationships:

dA = ? cln(1 + z)=(77:5 (km/s)/Mpc) ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 ;

F� = not yet available :

Discussion: SeeB.4 for energy loss due to the gravitational �eld. Is the magnetic e�ect important here?

6.9 Interaction with the Intergalactic Gas

In this paper we assume an in�nite universe in space and time �lled throughout with a di�use gas (molecular
hydrogen), called the intergalactic gas. In such universe the red-shift of spectral lines from distant galaxies results
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from the interaction of light with the intergalactic gas. Ph otons lose energy with distance in the gas. Olbers'
paradox is solved by the red-shift of stellar radiation. Finally, the 3 K background emission is believed to be the
thermal emission of the intergalactic gas[75].

Functional relationships:

dA = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

6.10 Electronic Secondary Emission

In Ashmore's model, photons from distant galaxies are absorbed and reemitted by electrons in the intergalactic
(IG) space. On absorption and reemission, the electron recoils and the photon loses energy. The emitted photon
is therefore red-shifted from it's initial wavelength. The Hubble relation arises from the proportionality of the
number of interactions to the distance traveled. The recoiling electron emits two low-energy photons each time an
interaction occurs, producing radiation contributing to t he Cosmological Microwave Background (CMB).

The collision cross section for an electron interacting with a photon is � = 2 re� , wherere is the classical electron
radius. Using � 0 as the electron density in IG space, an expression for the number of collisions experienced by the
photon in traveling a distance d is derived, and hence the red-shiftz. Comparing this with z = H0d=c gives an
expression forH0 by this theory of H0 = 2 � 0hr e=m.

Each scattering event on an electron produces a red-shift�z = 2 :43� 10� 12=� . Because the cross section increases
with � , the total red-shift resulting from this mechanism is independent of � [76, 77].

Conditions, limits of applicability and restrictions: The relevant column density is calculated from the
density of electrons.

An electron density � 0 = 0 :80h100m� 3 produces the observedd = DH z for small z. No angular spread of the
light occurs as this is similar to transmission in a transparent medium.

Functional relationships:

dA = DH ln(1 + z);

dL = ? (1 + z)dA ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 ;

F� = 1 ;

� � =
p

2:43� 10� 12=� 0

r
z

1 + z
;

� � � 0:

Discussion: A test of this mechanism is to evaluate Hubble's constant from measurements of the density of
electrons. For� 0, a value is taken from: \Outside the galaxy, in intergalactic space, the number density of particles
is thought to fall o� to about one atom or molecule per cubic meter (10� 6=cm3)" [ 78]. Since the hydrogen is fully
ionized the same density is used for� 0. This gives H0 = 4 :1 � 10� 18=s or 124 (km/s)/Mpc.

In the same way one can use this theory to predict the CMB by using conservation of momentum to calculate
the energy transferred to the electron on each recoil and theenergy and wavelength of the CMB photons emitted.
It is found that light/UV photons produce CMB photons in the m icrowave.

This mechanism is very similar to \Atomic Secondary Emission" described in x6.4 but in electrons instead of
atoms. Because electrons do not have any internal degrees offreedom, this mechanism is truly independent of
the wavelength. The required electron density is much lowerthan the required density of hydrogen in x6.4. The
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mechanism produces functional relationships that are almost equal to the relationships for the \Spectral Transfer
Red-Shift" described in x6.14. Accurate measurements of the line broadening are necessary to distinguish between
the two mechanisms.

The statement \The collision cross section for an electron interacting with a photon is � = 2 re� " is not justi�ed
and largely overestimates the cross section for such an interaction.

6.11 Red-Shift Theorem

Accardi, Laio, Lu and Rizzi use quantum �eld theory to derive a general red-shift theorem. They model the
interstellar medium by a low density Fermi gas and its interaction with light by standard QED. Applying the
techniques of the stochastic limit of quantum �eld theory, t hey prove a general red-shift theorem. This result �ts
satisfactorily both Pioneer 6 and solar limb red-shift data.

The relevant column density is the path integral of the product of the plasma density and the temperature

NT (d) = B !

Z d

0
� (x)T(x)dx;

with B ! = 2 � 10� 7 [79].

Conditions, limits of applicability and restrictions: The relation is valid for electromagnetic radiation at
the frequency 109 Hz < ! < 1016 Hz. The value of the constant B ! depends on a divergent integral; the value
given above produces the observedd = DH z for small z.

Functional relationships:

dA = ? DH ln(1 + z);

dL = ? (1 + z)1=2dA ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 ;

F� = ? 1:

6.12 Hannon Red-Shift

In Hannon's paper, the nature and conventional explanationof the cosmological red-shift are brie
y reviewed. A
simple alternative explanation is o�ered[80].

Functional relationships:

dA = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

6.13 Thomas Smid's plasma redshift theory

Taken from http://www.plasmaphysics.org.uk/research/# A11

The Hubble law for the large scale redshift of galaxies is usually taken as evidence (if not proof) for the picture
of an expanding universe in general and the Big Bang theory inparticular. However, recessional velocities have by
no means been actually measured and the assumption of the Doppler e�ect being responsible for the shift is only
reached due to the absence of other known physical explanations. In fact, the Hubble law appears to be based on
rather limited data sets, and in particular has not been examined for its strict validity throughout the whole of
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the electromagnetic spectrum (in fact, it is known that the redshift factor for certain spectral lines from the same
object di�ers by up to 10% even within the visible part of the spectrum itself).

Smid's previous research has already revealed several hitherto unknown e�ects in the area of ionospheric physics
which clearly show the importance of temporal and spatial characteristics of the random plasma 
uctuation �eld
for the emission and propagation of electromagnetic waves,and he is suggesting that it is the plasma 'micro'-�eld
which is also responsible for the redshift of galaxies.

Due to the low plasma density in intergalactic space, the associated electric �eld can be considered to be
quasi-static and quasi-homogeneous for most electromagnetic waves, but these conditions are not valid any more
for su�ciently low frequencies/large wavelengths. For a plasma density np = 10 � 6cm� 3 for instance, quasi-
homogeneity breaks down for wavelengths of the order of 1m and more. Even observations in the cm-region could
already reveal deviations from the known values which on theother hand should obviously hold throughout the
spectrum if the observed redshift is velocity related.

If spectral features of galaxies in the radio region are too weak to be measured, the e�ect could possibly still
be demonstrated in the laboratory, by examining the propagation of light through a (su�ciently strong) static
electric �eld.

Although a positive outcome of the proposed project would obviously immediately invalidate the 'Big-Bang'
theory, the reverse (i.e. a constant redshift factor throughout the spectrum) would still not rule out the inter-
galactic medium as the actual cause for the Hubble law. Many details regarding the emission and propagation
of electromagnetic waves in plasmas are still unexplored (as di�cult to handle theoretically) especially for such
extreme conditions (and distances) as given by intergalactic space.

6.14 Spectral Transfer Red-Shift

In L. Marmet's model, optical forces transfer energy to the electrons and atoms in the intergalactic medium while
removing energy from one of the two photons interacting withthe medium. Electrons cause a red-shift through the
ponderomotive force with z independent of the wavelength. Atoms produce a larger red-shift near resonances via
the dipole force. Stimulated emission ensures that all interacting photon-pairs are emitted in the same direction
of an existing light ray - thus this mechanism does not blur images. Spectral transfer occurs if the source is
extended. At cosmological distances, the red-shift occurs because light from the observed object interacts with
the background light intensity I bkg emitted by all other galaxies.

Each interaction of a photon with another one, incident at a relative angle� on an electron, produces a red-shift
on one of the photon which is then emitted in the direction of the other photon. Conservation of momentum and
energy implies that the red-shift produced by each interaction decreases with increasing� , but the cross sectionp

I bkg=I [(� F h)=(2�m e� )] sin (�=2) increases with� . Hence the total red-shift resulting from this mechanism is
independent of � [81]. This mechanism is not to be confused with Stimulated-Compton-Scattering(SCS) which
depends on the square of the intensity of the light. The ponderomotive force is linear in total intensity which gives
it a large interaction cross section even at the low intensities encountered in interstellar space. Of importance is the
dependence onsin (�=2), the angle between the observed light and the light from other sources. The presence of
bright sources at an angle with respect to the observed lightdirection will produce a large red-shift, as is observed
in the case of discordant red-shifts of one galaxy in a compactgroup of galaxies.

Conditions, limits of applicability and restrictions: An electron density � 0 = 35:6h100=m3 produces the
observedd = DH z for small z.
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Functional relationships:

dA = DH ln(1 + z);

dL =
p

(1 + z)1+ adA ;

m � M = 2 :5(1 + a) log10[1 + z] + 5 log10[ln(1 + z)] + C;

hSBi / (1 + z) � (1+ a) ;

F� = not yet available ;

� � =
p

1:54� 10� 12=� 0

r
z

1 + z
;

� � = 0 :

where a � 2 is a constant to be determined. The constanta appears because Thomson scattering decreases the
intensity of the light.

Discussion: The mechanism produces functional relationships that are almost equal to the relationships for the
\Electronic Secondary Emission" mechanism described inx6.10. Accurate measurements of the line broadening
are necessary to distinguish between the two mechanisms.

This mechanism is based on the dipole force and the ponderomotive force, both demonstrated in laboratory
experiments with atomic cooling. No physical reasons have been given against this mechanism. All objections
against tired light theories[65] are invalid against this mechanism because of the unique two-photon nature of the
mechanism.

6.15 Santilli Isoredshift

Santilli's red-shift mechanism is explained by an interaction between light and the energy density of the medium
through which it propagates. The energy density of the medium is determined by the density of cosmic rays,
hydrogen and other matter as well as the density of radiation. Thus, this model involves an interaction of light
with matter but also with light itself[ 82].

Functional relationships:

dA = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 :

6.16 Eternal Contracting Universe

In Wilson's model, the observed cosmological red-shift results from a photon losing energy through gravitational
radiation. The energy depletion is calculated using general relativity's gravitational radiation e�ect[ 83].

Conditions, limits of applicability and restrictions: The predicted decay rate is obtained from the binary
neutron star system PSR 1913 + 16 observation. There doesn'tseem to be other contraints. The predicted energy
decay rate is equivalent to a Hubble parameter of 77:5 � 0:2 (km/s)/Mpc.

Functional relationships:

dA = ? cln(1 + z)=(77:5 (km/s)/Mpc) ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 ;

F� = ? 1:
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6.17 Forward Scattering by Relativistic Electrons

Vaughan's mechanism describes light propagation through ahigh temperature plasma. The red-shift results from
the relativistic transverse Doppler e�ect which reduces the frequency of light on forward scattering o� high speed
plasma electrons. A larger electron temperature produces alarger transverse Doppler e�ect. The energy and
momentum is transferred from the radiation to the medium itself. The strength of the mechanism is related to the
`extinction distance', which is wavelength dependent. When all these factors are taken into account, a red-shift is
obtained which is independent of the wavelength. Huygen's principle is invoked to keep the light from dispersing.

The relevant column density is given by the dynamic pressureof the plasma

NT (d) =
Z d

0
� (x)T(x)dx;

where T(x) is the electron temperature[84].

Conditions, limits of applicability and restrictions: A density � 0 = 5 � 109 Km � 3=T0 of free electrons
produces the observedd = DH z for small z.

Functional relationships:

dA = DH ln(1 + z);

dL =
p

(1 + z)1+ adA ;

m � M = 2 :5(1 + a) log10[1 + z] + 5 log10[ln(1 + z)] + C;

hSBi / (1 + z) � (1+ a) ;

F� = 1 ;

� � = 0 ;

where a = 1.

Discussion: This mechanism is very similar to \Compton E�ect Interpreta tion" described in x6.5 but includes
an additional transverse relativistic Doppler e�ect.

This mechanism has many problems: For photons in the visiblethe Compton scattering cross section is 6:65�
10� 29m2, much too small by a factor one million for any signi�cant red-shift produced by the density of electrons
in intergalactic space. The physics of the emission of red-shifted radiation is incorrect: a correction (transverse
Doppler) from the frame of the electron to the frame of the observer is considered, but mistakenly the correction
(aberration) from the frame of the emitter to the frame of the electron is ignored. Electrons re-emit light at the
same frequency as they are receiving it. If they have a high velocity, then in their reference frame, the radiation
is shifted to the higher frequencies due to the aberration angle. This shift compensates exactly the red-shift due
to the transverse Doppler e�ect.

6.18 Deep Space Electrons

In Mamas' model the photon is viewed as an electromagnetic wave whose electric �eld component causes oscillations
in deep space free electrons which then re-radiate energy from the photon, causing a red-shift. The predicted red-
shift coincides with the data of the Hubble diagram[85].

Functional relationships:

dA = not yet available ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 ;

� � = ? 0:
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Figure 10: Angular distance in units of DH for the red-shift mechanisms linked to an interaction between light
and matter. \LCDM Cosmology" is included for comparison.

Discussion: The predicted red-shift expression allows for the �rst time distance measurements to the furthest
observable objects, without having to rely on their apparent magnitudes which may be subject to cosmic dust.
This new theoretical model is not the same as, and is fundamentally di�erent from, Compton scattering, and
therefore avoids any problems associated with Compton scattering such as the blurring of images.
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Figure 11: Luminosity distance in units of DH for the red-shift mechanisms linked to an interaction between light
and matter. \LCDM Cosmology" is included for comparison.

Figure 12: Magnitude distance for the red-shift mechanisms linked to an interaction between light and matter.
\LCDM Cosmology" is included for comparison.
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7 Conclusions

This paper was written to collect as many red-shift mechanisms as possible in a single, coherent presentation. Many
questions arise: \Which one of these best describes the observations?" \Which one, if any, is right?" There are so
many proposed mechanisms with even more adjustable parameters, it is possible that a few might �t experimental
results within measurement errors. However, this doesn't mean that the model is right. Another method might
be required in the future to decide which, if any, of these provides a good explanation for the red-shift.

During the great depression of the 1930's, it was observed that men wearing gold watches were in better health
than other people. The correlation between gold and the weight of these men was explained with some assumed
property of gold. Although the theory explained the observations very well, it was certainly incorrect - richer men
who could a�ord to buy gold had enough money to feed themselves. This anecdote is to be remembered when
considering the above models and how well they �t experimental data.
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APPENDICES

A Detection of particles

While light is used in most observations, particles such as protons, alpha particles, electrons, etc. are also detected.

� The frequency : In the case of particles, the detector measures the energy of the particles E0 which is often
proportional to the size of the output pulses.

� The spectral irradiance : When particles are detected, the spectral irradiance is de�ned in this paper as
the energy received by the detector per unit area in the energy range E0 to E0 +d E0 as I 0(E0) [W m � 2 J� 1].
The total irradiance is the spectral irradiance integrated over all energiesI 0 =

R1
0 I 0(E0)dE0.

The red-shift can also be de�ned from the energy of a particle.However, the interpretation requires that the
object at a cosmological distance has the same properties asthose of a known object:

� The red-shift z: It is di�cult to determine the red-shift from the energy of pa rticles because several
uncontrolled interactions can modify their energy. Expressed as a function of the energy, the red-shift is
z = ( E � E0)=E0, with E the energy of the emitted particle and E0 the observed energy of the detected
particle.
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B Red-Shifts not a function of distance

Other mechanisms have been proposed to explain the red-shiftbut they do not predict a relationship between
distance and red-shift, or they remain so far without a precise physical model. Therefore they do not o�er any
quantitative predictions for the dependence of the red-shift as a function of distance. However, these mecha-
nisms might a�ect the light we are receiving or explain intri nsic red-shifts of quasars. These are listed here for
completeness and comparisons.

B.1 Rayleigh Scattering

Light scattering on bound electrons loses energy.

Conditions, limits of applicability and restrictions: Scattering process changes the direction of the light.

Discussion: Rayleigh scattering would di�use the light from remote galaxies, thus preventing any possibility
of imaging. Not applicable to cosmological red-shift.

B.2 Thomson/Compton Scattering

Light scattered on free electrons loses energy. The Thomsonscattering cross section is evaluated for comparison
with the mechanisms described above. The frequency shift caused by Thomson scattering o� an electron is

�z =
h�

mc2 sin (�=2):

For light in the visible, this is �z � 4:4 � 10� 6. At high energies, the cross section is given by the Klein-Nischina
formula (Compton scattering). For photons in the visible th e e�ect reduces to the classical Thomson scattering
with a cross section� � 6:65� 10� 29m2.

Conditions, limits of applicability and restrictions: Scattering process changes the direction of the light,
therefore remote galaxies could not be imaged. Not applicable to cosmological red-shift.

Discussion: This process cannot contribute to the cosmological microwave background: the cross section is too
small.

B.3 Raman e�ect

Light interacting with atoms or molecules lose energy by a coherent process which transfers it to the atom/molecule.

Discussion: This process cannot contribute to the cosmological microwave background: the cross section is too
small for the weak intensities of light in intergalactic space.

B.4 Gravitational Drag

In Zwicky's model, photons passing near a mass are de
ected.They transfer momentum and energy to the mass.
The photon changes it's energy and therefore it's frequency[86].

Conditions, limits of applicability and restrictions: The masses are assumed to be independent of each
other, but in reality they are coupled by gravitational forc es.

Discussion: Zwicky's original calculation was incorrect. The e�ect of dynamical friction on photons or other
particles moving at relativistic speeds is too small by at least 80 orders of magnitude.
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B.5 Finlay-Freundlich Hypothesis

Loss of energy by observed photons traversing a radiation �eld via a photon-photon interaction[87]. An empirical
formula is proposed: z = AT 4d, where T is the temperature of the radiation �eld.

Conditions, limits of applicability and restrictions: No mechanism given except for a proposal that the
energy lost reappears as lower frequency radiation, or as neutrino pairs from the exchange of a graviton between
two photons.

Discussion: A proposal was made to attempt to detect the photon interaction with an experiment combining
the high sensitivity for resonant absorption associated with the M•ossbauer e�ect with the high-radiation �elds
from a thermonuclear fusion device[88].

The desired answer is placed into the hypothesis, so the correct result is inevitable[15].

B.6 Wolf E�ect

Coherent e�ect resulting from the coupling of two partially coherent sources. May explain some features encoun-
tered in quasars and the solar limb red-shift, but cannot account for the majority of observed shifts of extra-galactic
objects. Although the strength of the mechanism is proportional to the density of gas, a relationship between
distance and red-shift cannot be obtained. The red-shift is produced at the source and appears as an intrinsic
red-shift in the case of quasars[89].

Conditions, limits of applicability and restrictions: Dependent on the density for a shift larger than the
linewidth of the radiation.

Discussion: The Wolf e�ect was demonstrated for acoustic waves. However, a special distribution of particles
acting as scatterers is required for the e�ect to be produced. In Wolf's examples of redshift in quasars, a very
complex geometry is required to block the non-shifted light while allow the red-shifted light to escape from the
system. The Wolf e�ect also produces blue-shifts which are never observed. Because of all the requirements needed
to produce the Wolf e�ect, it is unlikely that it is the mechan ism behind quasar red-shift.

B.7 Coherent Raman E�ect on Incoherent Light

Moret-Bailly explains that when the propagation of light thr ough a medium is described by Rayleigh scattering
and a Huygens construction, the description provides an explanation for the index of refraction and predicts that
the frequency of light is not a�ected. The Coherent Raman E�ect on Incoherent Light (CREIL) considers the
additional coherent process of the Raman e�ect to the index of refraction. The Raman e�ect produces frequency
shifts ! on light ( ! < 0 for a Stokes scattering). The propagated light is then described with an incident
and a transmitted beam which interfere to produce a beat on the outgoing wave described approximately by
sin(
 t) + k! sin[(
 + ! )t]. For short pulses!t << 1 and weak scatteringk! << 1, the wave simpli�es to nearly a
simple sine wave at a shifted frequency sin[(
 + k! ! )t].

The CREIL frequency shifting occurs as the result of severalcoherent Raman scatterings to produce light at
a single shifted frequency. The CREIL is space-coherent (thegeometry of the light beams is not changed in
homogeneous matter) and a parametric interaction (matter acts as a catalyst) between several light beams. As a
result, the images are not blurred.

In astrophysics, it seems that CREIL frequency shifts are only produced in hydrogen excited to n = 2 which
has convenient spin coupling resonances. These excited atoms are generated thermally (e.g. in a hot plasma such
as the solar wind), or by a Ly-� excitation in a \cold" plasma (10000K - 30000K). Under laboratory conditions
(10fs pulses), the CREIL is inversely proportional to the cube of the pulse duration. With 1ns pulses the path is
increased by a factor 1015, so that the CREIL is only observed at astronomical distances[90, 91].

Conditions, limits of applicability and restrictions: The relative shift z is nearly independent of� since
k! / ! (the calculation makes an approximation which neglects dispersion). To ful�ll Lamb's conditions, the
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CREIL requires short pulses (such as the pulses of time-incoherent light which are � 1 ns long), a low pressure
gas, and a Raman active resonance in the radio frequency range (< 1 GHz). The e�ect is dependent on the speci�c
atomic species and the state of the gas.

The relevant column density is given by the density of atomichydrogen H� excited in the n = 2 state by heat
or radiation.

A density � 0 = 14300h100= m3 of H� and a temperature of 3 K produce the observedd = DH z for small z.
However, since excited atomic hydrogen is not generally found in intergalactic space, the e�ect will be seen locally
around some objects such as quasars.

Functional relationships:

dL = ? (1 + z)dA ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (dA =dL )2 ;

F� = 1 ;

� � = 0 ;

� � = 0 :

Discussion: The following e�ects result from the CREIL:
- a correlation between high red-shift and high temperature of a bright star,
- a \proximity e�ect" caused by the excitation of \cold" atom ic hydrogen by the far UV radiated from a hot star,
- a Karlsson periodicity in the Ly- � forest of the quasars (also, possibly a Ti�t-Napier periodicity of the red-shifts
of the galaxies and \voids" in the Universe),
- an \anomalous acceleration" such as the one seen for the Pioneer probes, where the solar wind is cold enough to
generate excited atoms,
- in supernovae, a red-shift along the path of emission insidea Str•omgren sphere (such as the Ly-� emission seen
inside the equatorial ring of SNR1987A), but a blueshift where superradiant light is emitted tangentially to the
sphere where the intensity of Ly-� is large. There is no red-shift where atoms are de-excited by superradiant
emission,
- a CMB bound to the ecliptic because of the presence of thermal radiation at that location,
- dispersion observed in the multiplets of the quasars.

B.8 Thermalization

In Gallo's model, \hot" radiation thermalizes with the \col d" intergalactic medium. The e�ect would depend on
the density of the intergalactic medium and its temperature[92].

Conditions, limits of applicability and restrictions: No precise model is given for the interaction.

Discussion: Measurements of neutrino red-shift are proposed[93] as an experimental test of Doppler versus
non-Doppler red-shifts.

B.9 Dispersive Extinction

In Wang's model, the dispersive scattering and absorption of starlight by the space medium causes a shift of
Gaussian lines[94].

The relevant column density is given by

N (d) =
Z d

0
�� 2� (x)dx:

Conditions, limits of applicability and restrictions: The frequency shift � �=� of a spectral line is pro-
portional to � and the square of its linewidth � . Derivation assumesz << 1.
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Discussion: Because the red-shift results from absorption of the blue components of a spectral line, the lumi-
nosity distance increases at an exponential rate. Extinction is very signi�cant for large distances. The dependence
of the e�ect on the wavelength is problematic. The solar limb red-shift may show a dependence on wavelength,
but we know that the extinction is not as large as required by this theory.

B.10 Quantum Electrodynamics Induced Electromagnetic Rad iation in Cosmic Dust

Prevenslik proposes a red-shift caused by absorption of energy in submicron cosmic dust particles by the mechanism
of QED induced EM radiation. Only a single photon absorption is necessary to produce the red-shift, thusz is
not an indicator of distance. QED induced red-shift may be understood by treating the absorbed photon as EM
energy con�ned within the dust particle by total internal re 
ection. Also explains the production of the CMB
radiation[95].

Conditions, limits of applicability and restrictions: Scattering is not considered.

Functional relationships:

dA = not yet available ;

dL =
p

1 + zdA ;

m � M = 5 log10[dL =DH ] + C;

hSBi / (1 + z) � 1;

F� = ? 1;

� � = ? 0;

� � = 0 :

|
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370. Reidel Publishing Co., Dordrecht, Netherlands, 1984.

[15] G. Reber. Endless, Boundless, Stable Universe. Occasional paper 9, University of Tasmania, Box 252C GPO
Hobart, Tasmania 7001, December 1977. Lecture delivered on1976 September 8.

[16] P.A.M. Dirac. A New Basis for Cosmology. Proc. Roy. Soc. Lond., A165:199{208, April 1938.

[17] C. Gilbert. Dirac's Cosmology. Nature, 192:57, October 1961.

[18] I.E. Segal. Theoretical foundations of the chronometric cosmology. Proc. Natl. Acad. Sci., 73(3):669{673,
March 1976.

[19] L. Wright. ERRORS in the CHRONOMETRIC COSMOLOGY: CMB, S ource Counts, and Redshifts.
www.astro.ucla.edu/� wright/segal errors.html, 1996.

[20] C.J. Masreliez. The Expanding Spacetime Theory.Astrophysics and Space Science, 266(3):399{447, 1999.
Online www.estfound.org/index.html .

[21] Gentry. The New Redshift Interpretation A�rmed. Onlin e arXiv:physics/9810051v1, Oct. 1998.

[22] S. Carlip and R. Scranton. Remarks on the \new redshift interpretation". Online arXiv:astro-ph/9808021v2,
August 1998.

[23] R. Booth. Machian General Relativity: a possible solution to the Dark Energy problem, and a replacement
for Big Bang cosmology. OnlinearXiv:gr-qc/0106007v2, June 2001.

[24] Ranzan. title of web site: Cellular universe. Onlinewww.cellularuniverse.org, 2001.

[25] A. Alfonso-Faus. Laboratory Physics and Cosmology.Physics Essays, 17:133, 2004.

[26] P.D. Mannheim. Alternatives to dark matter and dark energy. Progress in Particle and Nuclear Physics,
56:340{, 2006.

[27] F. Potter and H.G. Preston. Cosmological redshift interpreted as gravitational redshift. Online
www.ptep-online.com/index �les/2007/PP-09-06.PDF , 2007.

[28] D.F. Roscoe. The Con
ict between Realism and the ScalarPotential in Electrodynamics. In 2nd Crisis
in Cosmology Conference, CCC-2, volume 413 of Astronomical Society of the Paci�c Conference Series,
pages 221{232, September 2009. Proceedings of the conference held 7-11 September 2008, at Port Angeles,
Washington, USA. Edited by Frank Potter. San Francisco, Astronomical Society of the Paci�c, 2009.

[29] A.F. Mayer. Gravitational interaction. Online www.jaypritzker.org/pages/book.html , 2008.

43



[30] J.G. von Brzeski and V. von Brzeski. Mathematical Theory Of Cosmological Redshift in Static
Lobachevskian Universe: Mistake of Edwin Hubble. In 2nd Crisis in Cosmology Conference, CCC-
2, volume 413 of Astronomical Society of the Paci�c Conference Series, September 2008. Online
helioslabs.com/pubs/ccc2presentation�nal.ppt .

[31] J. Georg von Brzeski. Application of Lobachevsky's Formula on the Angle of Parallelism to Geometry of
Space and to the Cosmological Redshift.Russian Journal of Mathematical Physics, 14(3):366{369, 2007.

[32] J.G. von Brzeski and V. von Brzeski. Topological Wavelength Shifts [Electromagnetic Field in Lobachevskian
Geometry]. Progress In Electromagnetics Research, 39:281{298, 2003.

[33] J.G. von Brzeski and V. von Brzeski. Topological Intensity Shifts of Electromagnetic Field in Lobachevskian
Spaces.Progress In Electromagnetics Research, 43:169{, 2003.

[34] E.S. Poliakov. Theory of Time (beyond the standard model). In Dr. Clovis de Matos and Prof. John Hartnett,
editors, 9th International Symposium: Frontier of Fundamental and Computational Physics, January 2008.
Online physicoschronos.org/pdf/poliakov trieste.pdf.

[35] E.S. Poliakov. Cosmology (in the light of the Theory of Time). In Dr. Clovis de Matos and Prof. John Hartnett,
editors, 9th International Symposium: Frontier of Fundamental and Computational Physics, January 2008.
Online physicoschronos.org/pdf/poliakov trieste.pdf.

[36] E.S. Poliakov. Time as a Key to Cosmology (Theory of Timebeyond the Standard Model). Online
physicoschronos.org/pdf/poliakov ccc2.pdf, September 2008.

[37] T. Rosenband et al. Frequency Ratio of Al+ and Hg+ Single-Ion Optical Clocks; Metrology at the 17th

Decimal Place. Science, 319(5871):1808{1812, March 2008.

[38] L. Wright. Errors in the Steady State and Quasi-SS Models. www.astro.ucla.edu/� wright/stdystat.htm ,
1997.

[39] P. Laviolette. title. Ap. Journal , 310:544{553, 1986.

[40] A. Ghosh. title. J. Astrophys. Astr. , 18:449{454, 1987.

[41] H.A. Schmitz. Exponential decrease in the radius of nucleons. Onlinewww.fractalcosmos.com.

[42] M. Lewis. Photon Decay. Onlinemembers.chello.nl/n.benschop/PhotonDecayRedshift.pdf.

[43] A. Stolmar. E�ect of Half-Life. Online www2.3dresearch.com/� alistolmar/CMBR.htm .

[44] R. Caswell. Heisenberg e�ect. Onlinehomepage.ntlworld.com/roy.caswell1/big bang or big illusion.html .

[45] H. Broberg. The Elementary Quantum { Some consequencesin Physics and Astrophysics of a Minimal Energy
Quantum. ESA STM-, 223, 1981.

[46] H. Broberg. Quantized Vacuum Energy and the Hierarchy of Matter. In H.C. Arp et al., editor, Progress in
New Cosmologies: Beyond the Big Bang, page 333. Plenum Press, New York, 1993.

[47] J.-C. Pecker and J.-P. Vigier. A Possible Tired-Light Mechanism. Apeiron, 2:19{23, Feb 1988.

[48] R.I. Gray. Cosmological Redshift as Vacuum Resonant Relaxation. Physics Essays, 3:436{440, 1990.

[49] E.I. Shtyrkov. title. Galilean Electrodynamics, 3:4, 1992.

[50] E.I. Shtyrkov. A New Interpretation of Cosmological Redshifts: Variable Light Velocity. In H.C. Arp et al.,
editor, Progress in New Cosmologies: Beyond the Big Bang, page 327, New York, 1993. Plenum Press.

[51] H.P. Dart. A New Alternative to the Big Bang Theory. Apeiron, 17:5, 1993.

44



[52] W.S. Stensch. Electromagnetic Radiation: Photons, Waves, and Dark Matter. Physics Essays, 19:553{565,
2006.

[53] W.S. Stensch. title. Speculat. Sci. Tech., 18:194, 1995.

[54] W.S. Stensch. title. Speculat. Sci. Tech., 19:207, 1996.

[55] W.S. Stensch. title. Physics Essays, 14:154, 2001.

[56] A. Rothwarf. An aether model of the universe. Physics Essays, 11:444{466, 1998.

[57] C.J. Marcinkowski. Theory of Quantized Emission Redshifts in Quasar Radiation. Physics Essays, 14:183{200,
2001.

[58] R.B. Driscoll. Photon structure and hubble's redshift. Physics Essays, 17:46{48, 2004.

[59] R.B. Driscoll. Cosmological Photons: Radiating Their Own Energies in a Nonexpanding Universe.Physics
Essays, 20:341{345, 2007.

[60] A. Singh. In Search of the Universal Reality and PurposeA Scienti�c Investigation. Online
www.metanexus.net/conference2005/pdf/avtar singh.pdf.

[61] S. Vlaicu. Beam photon. Physics Essays, 23:200{205, 2010.

[62] J. Julia. A brief and elementary note on redshift. Online arXiv:astro-ph/9905116v4, May 2010.

[63] A.E. Lilley and E.F. McClain. The Hydrogen-Line Red Shift of Radio Source Cygnus a.Astrophysical Journal,
123:172, 1956. Onlinearticles.adsabs.harvard.edu//full/1956ApJ...123..172L/0000172.000.html.

[64] A. Brynjolfsson. Redshift of photons penetrating a hot plasma. Online arXiv:astro-ph/0401420v3, January
2004.

[65] L. Wright. Errors in Tired Light Cosmology. www.astro.ucla.edu/� wright/tiredlit.htm , 1996.

[66] H.S. Shelton. The red shift in the spectra of distant nebulae. The Observatory, 73:84{84, April 1953.

[67] R.d'E. Atkinson. The red shift in the spectra of distant nebulae. The Observatory, 73:159{160, August 1953.

[68] P. Marmet. A New Non-Doppler Redshift. Universit�e Laval, Qu�ebec, Canada, 1981.

[69] P. Marmet. A New Non-Doppler Redshift. Physics Essays, 1(1):24{32, 1988. Online
www.newtonphysics.on.ca/hubble/index.html .

[70] J. Kierein. Hubble's Constant in Terms of the Compton E� ect. Online
www.angel�re.com/az/BIGBANGisWRONG/Hubble latest web.htm, 1988.

[71] E. Stein. Relativity, Gravitation, and the Redshift of Galaxies. Physics Essays, 3:169{175, 1990.

[72] T. Jaakkola. Electrogravitational coupling: Empiric al and theoretical arguments. Apeiron, 9-10:199, 1991.

[73] E. Fischer. Global momentum loss in a non expanding universe.Astrophysics and Space Science, 190(1):149{
153, April 1992.

[74] E. Fischer. Energy Loss by Gravitational Viscosity. Online arXiv:0805.1638v1 [astro-ph], 2008.

[75] G. Corriveau. The 3 k background emission, the formation of galaxies, and the large-scale structure of the
universe. Physics Essays, 5:39{43, 1992.

[76] L. Ashmore. Ashmore's 'New Tired Light' Theory. Online
lyndonashmore.com/tired light front page.htm, 1994.

45



[77] L. Ashmore. Recoil interaction between photons and theelectrons in the plasma of intergalactic space leading
to the hubble constant and cmb. Galilean Electrodynamics, 17(3), 2006.

[78] Jet Propulsion Lab. The Solar System. Online
www2.jpl.nasa.gov/basics/bsf1-1.html, 2011.

[79] Y. G. Lu L. Accardi, A. Laio and G. Rizzi. A third hypothes is on the origin of the redshift: Application to
the Pioneer 6 data. Physics Letters, A 209:278{284, 1995.

[80] R.J. Hannon. An Alternative Explanation of the Cosmological Redshift. Physics Essays, 11:576{578, 1998.

[81] L. Marmet. Optical Forces as a Redshift Mechanism: The \Spectral Transfer Redshift". In 2nd Crisis in
Cosmology Conference, CCC-2, volume 413 ofAstronomical Society of the Paci�c Conference Series, pages
268{276, September 2008.

[82] R.M. Santilli. Absence of Universe Expansion, Dark Matter and Dark Energy in the New Isocosmology with
Universal Isosymmetry. In Cenap Ozel and Veli Cay, editors,International Conference on Dynamical Systems,
pages 203{249. International Academic Press, 2007.

[83] D. Wilson. Eternal Contracting Universe. Oral presentation, September 2008. Conference held 7-11 September
2008, at Port Angeles, Washington, USA.

[84] R. F. Bonn. Cosmological E�ects of Scattering in the Intergalactic Medium. Vaughan Publishing, 2008. R.
Fred Vaughan.

[85] D.L. Mamas. An explanation for the cosmological redshift. Physics Essays, 23:326{329, 2010.

[86] F. Zwicky. Remarks on the redshift from nebulae.Physical Review, 48(10):802{806, November 1935. Online
prola.aps.org/abstract/PR/v48/i10/p802 1.

[87] R.A. Alpher. Laboratory Test of the Finlay-Freundlich R ed Shift Hypothesis. Nature, 196:367, 1962. and
references within.

[88] A. Ward. title. Nature, 192:858{, 1961.

[89] E. Wolf. Invariance of the Spectrum of Light on Propagation. Physical Review Letters, 56(13):1370{1372,
March 1986.

[90] J. Moret-Bailly. Correspondence of classical and quantum irreversibilities. Quantum Semiclass. Opt., 10:L35{,
1998. Online jean.moretbailly.free.fr/JacquesMB/qs83l2.pdf.

[91] J. Moret-Bailly. Propagation of light in low-pressure ionized and atomic hydrogen: application to astrophysics.
IEEE Transactions on Plasma Science, 31:1215{, December 2003.

[92] C. Gallo. Thermalization Tendency of ElectroMagneticRadiation in Transit Through AstroPhysical Mediums.
In Bulletin of the American Physical Society, April 2006.

[93] C. Gallo. title. IEEE Transactions on Plasma Science, 31:1230{, 2003.

[94] L.J. Wang. Dispersive Extinction Theory of Redshift. Physics Essays, 18(2):1{5, 2005. Online
www.utc.edu/Faculty/LingJun-Wang/RedshiftEssay.pdf .

[95] T. Prevenslik. Einsteins universe and cosmic dust. Online
www.nanoqed.org/resources/Einstein.pdf, 2008.

46


	Introduction
	Definitions
	Units and constants
	Experimental considerations: Observables and inferred quantities
	Format Used to Describe Red-Shift Mechanisms

	Red-Shifts linked to the metric of space and time
	Doppler Effect
	Standard Model of modern Cosmology
	Dirac's Large Number Hypothesis
	Lambda-Cold-Dark-Matter Cosmology
	Chronometric Red-Shift Theory
	Scale Expanding Cosmos
	New Red-Shift Interpretation
	Machian General Relativity
	Dynamic Steady State Universe
	Mass Boom
	Conformal Gravity
	Scalar Potential Model
	Quantum Celestial Mechanics Gravitational Potential
	Scalar Potential
	Gravitational Interaction
	Lobachevsky Space
	Spatial Change of Time Flow

	Red-Shifts linked to properties of matter
	Quasi Steady State Cosmology
	Hadron mass variation
	Velocity Dependent Inertial Induction
	Exponential decrease in the radius of nucleons

	Red-Shifts linked to a changing property of light or an interaction of light with itself
	Photon Decay
	Effect of Half-Life
	Heisenberg Effect
	Interaction Between the Photon Energy and Vacuum Space
	Interaction of a massive Photon with Vacuum Particles
	Finite Conductivity of Space
	Variable Light Velocity
	Quantized Electromagnetic Radiation
	Pulsating Photons
	Degenerate Fermion Fluid
	Quantized Emission Red-Shifts in Quasar Radiation
	Photon Structure
	Gravity Nullification Model
	Beam Photon
	Light interaction with Microwaves and Radio Waves

	Red-Shifts linked to an interaction between light and matter
	Shelton Head-on Collisions on Electrons
	de Broglie's Tired-Photon
	Plasma Red-Shift
	Atomic Secondary Emission
	Compton Effect Interpretation
	Photon-Graviton Interaction
	Electrogravitational Coupling
	Gravitomagnetic Effect
	Interaction with the Intergalactic Gas
	Electronic Secondary Emission
	Red-Shift Theorem
	Hannon Red-Shift
	Thomas Smid's plasma redshift theory
	Spectral Transfer Red-Shift
	Santilli Isoredshift
	Eternal Contracting Universe
	Forward Scattering by Relativistic Electrons
	Deep Space Electrons

	Conclusions
	Acknowledgements
	Detection of particles

