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Abstract
This article presents a new theory on redshift of light from celestial bodies. Lately it has been

found that the Hubble constant calculated from different methods discord so much that calls arise
for new physics to explain. Also, in addition to many unsolved puzzles like dark matter and source
of expansion force, we shall show in this article that the current theory of redshift implies a few
hidden, unreasonale assumptions. By assuming photon has temperature and its thermal energy is
fully converted to wave energy, this article shows that photon can have a new redshift called
Temperature Redshift, which not only is more significant for remote stars or galaxies, but also
better fits the observational data, including those used in Hubble constant calculation. As such, if
true, this new theory not only adds to our new understanding of photons, but may totally change
our current understanding of the Universe, i.e., the Big Bang theory.
Key Words: Temperature, Photon, Spectrum Line, Redshift, Doppler Redshift, Hubble’s
Law, Universe Expansion, Cosmologic Redshift, Big Bang Theory ,Thermal Wavelength.

1. Introduction

Redshift [10-12] of Spectrum Line [1-3] has been used as a primary measurement in modern
astrophysics and cosmology [4-9]. Our basic understanding of the Universe hinges on our correct
interpretation of the redshift data. To this date, three kinds of redshifts have been proposed [4]:
relativistic Doppler Redshift, Cosmologic Redshift, and Gravitational Redshift, though the
Cosmologic Redshift and relativistic Doppler Redshift are the most often used. The gravitational
Redshift, if any, is too small to have any significance in most areas. The Cosmologic Redshift [24,
25] depends on a few hidden, and very unreasonable assumptions as we shall reexamine in this
article. In any way, the existing theories have now lead to discord on the measurement of the
Hubble constant ([18,20,22,29]), which is a fundamental parameter in astrophysics and cosmology.
As such, there arises the need for a better understanding of the redshift [18]. Worse, in addition to
a few contradictions that have been found but unconvincingly justified in the academics, this
article shall show that: (1) a new redshift, called Temerapture Redshift, justifies the data very
well without unreasonable assumptions; (2) if Temperature Redshift is the major source of the
redshift data observed, then, a static Universe model may result.

With the aim of providing a better understanding of the redshift data observed and resolving
many of the paradoxes and puzzles, a new theory on redshift of light from celestial bodies is
proposed. The new theory is based on the thermal wavelength of massless particles [31], which
changes according to temperature. By a reasonable postulation, it can be shown that the
wavelength or frequency of a photon is a full reflection of its intrinsic temperature. Therefore the



reduction of photon’s temperature also leads to a new kind redshift, called Temperature Redshift in
this article. It turns out that the Temperature Redshift can be so much larger that all other three
previously studied redshifts mentioned above can all be ignored in practice. The consistency of
this theory with Hubble’s Law and observational data used in Hubble constant computation is also
examined. The result shows that the new theory fits historical data and Hubble’s Law amazingly
well, but without the absurd implications that would arise when the observed redshift values are
primarily attributed to Cosmologic Redshift or relativistic Doppler Redshift. Surprsingly Hubble’s
Law looks like a special case of the newly established law. The Temperature Redshift actually
shows that photons indeed can get tired when their temperatures cool down (they will rest in peace
when the temperature reaches absolute 0).

2. The relativistic Doppler Redshift

One of the major Redshift that has been used in astrophysics, astronomy and cosmology (e.g.,
to calculate distance of stars) is the Doppler Redshift. Now we shall show, attributing the redshifts
observed from celestial bodies to Doppler Redshift alone would lead to almost absurd results.

When the star is moving at high speed in line of sight (0 degree with line of sight) away from
the observer, the following relativity Eq. would result ([4])

1+Zd = 1 + (femit - fobsvr) / fobsvr) =
cv
cv
/1
/1




(1)

where femit is the frequency of the light from a emitting star, fobsvr the frequency we observed on
Earth, Zd the Doppler Redshift of frequency, v the speed of star relative to observer, and c the light
speed. Here we use subscript d to distinguish Doppler Redshift with Temperature Redshift to be
discussed later.

Now, the highest Zd value scientists have recorded is 1809 [4]. Now, if this redshift is from
Doppler Redshift alone, then solving v/c from Eq. (1) with Zd = 1809, we would get

v/c = ((1+Zd)2 - 1 ) / ((1+Zd)2 + 1 ) (2)
= ((1+1809)2 - 1 ) / ((1+1809)2 + 1) = 0.99999939

That means, the speed of the star would be so close to the light speed that it would exceed the
precision limit of our best measurement tools today! Even with the smallest Zd value 5.2 scientists
have observed [4], we would also get the speed of the star relative to light as

v/c = ((1+5.2)2 - 1 ) / ((1+5.2)2 + 1 ) = 905.44 / 907.44 = 0.997796
How come the stars that scientists have tracked all have a speed so close to light and yet they are
not smeared into clouds? This is unthinkable because they are enormously massive stars.

Similarly, when a star is moving perpendicular to the line of sight, then the following
relativity equation would result4:

1 + Zd = 1 / 22 /1 cv (3)

Solving v/c from the above Eq., we get

v/c = 2)1/(11 dZ (4)



Now, if we replace Zd by 1809 in Eq. (4), we’d get v/c = 0.99999984, and if we replace Zd by
5.2, we’d get v/c = 0.9869907. Again the the speed of the stars are still very close to light speed.

These speed numbers definitely conflict with majority speed measurements of the stars in our
own Galaxy. As such, in the past, the a different kind of redshift, Cosmologic Redshift, is regarded
the main redshift source, which will be examined in the next section together with Hubble’s Law.

3. The hidden assumptions in Hubble’s Law and Cosmologic Redshifts

The Hubble’s law states
v = H0 D (5)

where v is the speed of the measured star, H0 the Hubble constant, and D the distance of the star to
the observer. However, this law is obtained under the assumption that

v = cZd (6)
where c is the speed of light, and Zd the Doppler Redshift. This assumption holds only for small Zd

<< 1, while the measurements of most spectrum line shift of stars have Zd > 5. When v is large,
the relation between v and Zd is described in Eq. (2) and (4), or the more generic equation as in Eq.
(24) in a later section. We must note most measurements of the velocities of stars come from
Doppler’s Effect.

The original data used in Hubble’s Law actually says
Zd = (H0 / c) D≡ kD D (7)

where kD is used here to denote a linear relationship of redshift with distance, as in the original and
follow-on observational data used to calculate the Hubble Constant.

Fig. 1. shows a data fitting for Hubble’s Law [25]:

Fig 1. Sample Data fitting of Hubble’s Law
We must note that the original and follow-on data fitting as exampled in Fig. 1 shows only that the
redshift is proportional to the distance as expressed in Eq. (7). In addition, the fitting has issues
when distance is large as can be seen in Fig. 1. However, in later on researches, Eq. (5) has been
used extensively and the assumption and validity condition of Eq. (6) are both forgot. For example,
if redshift Zd = 5, then according to Eq. (6), v would be equal to 5c, violating the the special
relativity principle. In later discussions of this article, we shall see, extending Eq. (7) into Eq. (5)
is a wrong step.

We shall call Eq. (5) as the postulated Hubble’s Law (which will be shown incorrect shortly),
while Eq. (7) as the observational Hubble’s Law. So far, Eq. (7) is regarded as an observed fact,
but has not been derived from any theory.



Because Doppler Redshift is very small for low speed stars, modern cosmology [30]
attributes the observed redshift as in Eq. (7) almost fully to Cosmologic Redshift, which is
expressed as follows ([30]):

ZC = a(tobsvr) / a(temit) - 1 (8)
where a(tobsvr) is the Expansion Scale Factor of the Universe at observation time tobsvr , a(temit) the
Expansion Scale Factor of the Universe at emitting time temit, and ZC the Cosmologic Redshift
(caused by Universe expansion).

Traditionally, a(tobsvr) / a(temit) has been approximated with the following linear function
a(tobsvr) / a(temit) = 1 + (tobsvr - temit) Hc (9)

where Hc is the linear approximation term of a(tobsvr) / a(temit). Then Eq. (8) becomes
ZC = (tobsvr - temit) Hc = (D / c) Hc = (Hc / c) D (10)

where D is the distance between the observer and emitter, and c the light speed.
Due to the similarity of Eq. (10) and (7), the academic has been inclined to think that

ZC = Zd, Hc= H0, (11)
The observed redshift Zd of remote stars can be mostly attributed to the cosmologic redshift ZC.

There are several issues here. First of all, by assuming ZC= Zd, one has to assume that there
is no other redshift, and the only meaningful redshift is Cosmologic Redshift. If we find another
redshift that also fits the observation very well, then Cosmologic Redshift cannot be assumed the
only cause of the observed redshift data. The second issue is with Expansion model of the
Universe, where the energy comes from? By multiplying c on both sides of Eq. (10), we get

v = c ZC = (tobsvr - temit) * cHc , (12)
which suggests:

dv/dt = cHc (13)
where v is considered to be the receding speed of the light emitting stars. Eq. (13) suggests that
receding stars all have a constant acceleration speed, and by Newton’s second law, F = m * dv/dt,
there must be a force that constantly pushes each star.

Thirdly, the assumption that the Universe’s expansion has an acceleration raises many
questions: (1) What is the force that drives the expansion of the Universe? (2) Why is the
expansion so uniform along different directions (even after billions years)? (3) Eq. (9) suggests
a(tobsvr) / a(temit) is either 1 (not expanding at all, with Hc = 0), or, a(tobsvr) / a(temit) is increasing with
time (expanding with acceleration). Now because F = m * dv/dt, how does the expansion driver
(presumably God) know exactly how much force to exert on each of an almost infinite number of
stars according to its mass so that each star has the same acceleration? (4) How is the force applied
to each star, especially when planets have their own circular motion? These questions are there as
long as Hc ≠ 0.

We must note here, even without assuming v = c ZC, by looking at Eq. (9), as long as Hc is
none-zero, the above questions regarding to the Expansion Model of the Universe are still there
and have to be answered.

Eq. (12) also suggests that, for longer enough time, the receding speed of the stars would be
larger than the light speed. As section 2 shows, when v is close to c, v = c ZC does not hold any
more. However, multiply both sides of Eq. (9) by any nonzero (initial) speed v0, we can still
conclude that for longer enough time, the expansion speed of the Universe would exceed the speed
of light, contradicting the special relativity principle.



4. Temperature Redshift of Photon

For a material p with mass, when the temperature of it heats up, it may have a thermal de
Broglie wavelength [31] which is proportional to 1/T1/2 , while for a massless particle, it has a
thermal wavelength that is proportional to 1/T [31]. Accordingly, the thermal frequency of a
photon is proportional to the temperature T of the photon. Now assume a photo has a thermal
energy, this energy can be regarded to have a linear relation with the temperature of the photon,
denoted by CpT (where Cp can be regarded as the heat capacity coefficient of photon).

Now, how would a photon hold its thermal energy? So far we all know that the energy of a
photon is hf [28], where h is the Planck constant and f the frequency of photon. Since photon is
massless and it has no other energy except wave energy, therefore it is reasonable to assume that
the thermal energy obtained by photon will be directly converted to its wave energy. That would
mean

hf = CpT (14)
where

Cp= 2k ℼ1/3 / c (15)
where k is the Boltzmann constant, c the speed of light [31] . However, Cp is approximated by
k/c in [32]. Suffice to say that Cp is proportional to k/c. Eq. (14) is important in that it states
that the frequency of a photon actually reflects its temperature.

Now, if Eq. (14) is true, then it would lead to Temperature Redshift when the temperature of
a photon is cooled from temperature T1 to T2: the frequency difference of a photon between T1 and
T2 can be derived from Eq. (14) as

Δf = f1 - f2= (Cp/h)(T1 - T2 ) ≡ CT ΔT, (16)
where CT = Cp/h is the change rate of frequency over temperature. From Eq. (16), when the
temperature of a photon is cooled, its frequency would be reduced, and the wavelength increased,
showing that it is indeed a redshift!

Now the standard definition of (relative) Temperature Shift can be given as
ZT= (femit - fobsr) / fobsr= ( Temit - Tobsr) / Tobsr =Temit / Tobsr - 1, (17)

where femit and Temit are the frequency and temperature of photon at the emitting star, while fobser
and Tobsr are the frequency and temperature of photon immediately hit the observer.

When the temperature difference is big, the redshift is also big. For example, the surface
temperature of Sun is estimated to be 5778o K, while the surface temperature of Earth is about
300o K, if photon’s temperature is cooled to the Earth’s temperature when it passes through the
atmosphere, then (relative) Temperature Redshift ZT as in Eq. (16) of the Sun light would be
around 5778 / 300 - 1 = 18.26. This is quite a large value and is never observed. That’s because
when a photon from a star hits the observer’s device, the temperature of the photon immediately
before hitting may not necessarily be the temperate of the device, it could still be much higher
because the photon may have not cooled down in the course. In the case of solar light, it takes
only 8 minutes to travel to Earth, and in such a short time, its temperature mat not change very



much. As will be shown in Section 6, when distance is really small, the Doppler Redshift also
cannot be ignored.

Because the temperatures and distances of stars or galaxies can be much higher, Temperature
Redshift, if physically proven, can explain large values of redshifts, while Doppler Redshift can
hardly do so, as shown in Section 2.

5. The Relation between Temperature Redshift and distance

Now let’s find the relation between Temperature Redshift and distance. Assume the
temperature of photon cools off when it travels through the Universe linearly with distance as
follows:

Tobsr = Temit - kHD Temit = (1- kHD) Temit (18)
where D is the distance of the star to the observer, kH the cooling-off coefficient of photon over
distance. In Eq. (18) we are using distance D instead of traveling time t to avoid the effect of
special relativity. That’s another advantage of Temperature Redshit: Special relativity principle has
no effect on temperature. Now applying Eq. (18) to Eq. (17) and reformulate it as follows:

ZT = (femit - fobsvr) / fobsvr) = (Temit - Tobsvr) / Tobsvr= (kHD) /(1- kHD) (19)
where ZT is the Temperature Redshift. From the above we can get

D =
)1( TH

T

Zk
Z


(20)

Eq. (20) is very important, because it gives a calculation of the distance from Temperature
Redshift alone.

When the speed of a star is small, then its Doppler Red shift is negligible. For example,
when v = 0.1c in Eq. (1), the Doppler Redshift would be 0.1055416, far smaller than the smallest
redshift value 5.2 scientists have measured so far [4]. So, as a first step, Eq. (20) would give a
rough estimate of the distance of the star from ZT values alone. And the nice thing with Eq. (20) is
that it involves only the Temperature Redshift value and a constant kH,which we shall call
Distance Coefficient of Temperature Redshift.

Now lets’s find out what kH is. Obviously, the cooling-off coefficient kH can also be
determined experimentally, but here we shall derive its relation with the Hubble constant H0.
Re-arrange Eq. (19) we can get

ZT / D = kH / (1- kHD) = 1/ (1/kH - D) (21)
Eq. (21) leads to two special cases when D takes two special values.

First, when D << 1 / kH, Eq. (21) becomes:
ZT /D = kH (22)

which looks like the same as Eq. (7), the observational Hubble’s Law. Comparing Eq. (7) and
(22) might suggest

kH =H0 / c = 1 / rHS, (23)
where rHS = c / H0 is the Hubble Length [25]. As we shall see in next Section, in general, kH ≠ rHS,
because in the generic case, redshift contains both Temperature Redshift and Doppler Redshift,
therefore, not only Hubble’s Law need to be revised, but also the Hubble’s constant.

Second, when D = 1/ kHS, Eq. (21) would give an infinite value for ZT/D. This means ZT/D



becomes immeasurable. This gives a much better explanation of the Hubble Sphere. With the
current theory, outside of the Hubble Sphere, the receding star would have a speed that is larger
than light speed, contradicting with the special relativity principle, and some non-convincing
excuse has to be used to explain this contradiction [21].

It is now obvious that distance is related to Temperature Redshift through Eqs. (20)-(22),
while with Doppler Redshift as expressed in Eqs. (1) and (3), distance is not directly related to
Doppler redshift.

Thus far we have derived an equation (Eq. (6)) quite similar to observational Hubble’s Law
(Eq. (7)) from a few purely theoretic, but very reasonable assumptions for the first time. Till this
date, the observational Hubble’s Law is only an observational fact. As such, it is quite possible
that the Hubble’s Law in most part reflect the effect of Temperature Redshift rather than the
Cosmologic Redshift or Doppler Redshift. In addition, because Doppler Redshift is negligible for
slow moving celestial bodies, Eqs. (20)-(22) give much better info. on redshift and distance.

Now, to understand the application limit of Temperature Redshift, let’s assume the
equilibrium temperature in the empty space of the Universe is T0. When a photon travels long
enough, it will reach this equilibrium temperature. From Eq. (18) we can calculate the distance D0

that is needed for a photon to reach the equilibrium temperature T0:
D0= (1 - T0 / Temit ) / kH = (1 - T0 / Temit) rHS (23)

For stars, typically T0 / Temit is close to zero, and in this case, D0 is the same as the Hubble Length.
However, Eq. (23) states that the maximum measurable distance by Temperature Redshift is
usually smaller than the Hubble Length, depending on the temperature of the star and the
equilibrium temperature of the empty space in the Universe. When distance is larger than D0, the
observer would get the same redshift as if the photon comes from distance D0.

When photon reaches the equilibrium temperature, it’s frequency falls within the microwave
bandwidth, explaining the microwave background radiation of the Universe.

The above discussion gives a new explanation of the Hubble’s Length, without violating the
special relativity principle. That is, outside of the Hubble’s Sphere, the light of the star can still be
seen by observer at the center of the Hubble’s Sphere, but the redshift value would be the same as
if it is from the surface of the Hubble’s Sphere.

6. When multiple redshifts are present

Eq. (19) applies to stars moving with any speed, because no time and velocity is involved
(hence special relativity has no effect). When the speed of a star is high, its Doppler Redshift
cannot be ignored. In this case, we would have a complicated situation in which both Temperature
Redshift and Doppler Redshift will need to be considered.

First, let’s conisder the more generic case of Doppler Redshift ([27]):

Zd= (1 + v cos(θ) / c) / 22 /1 cv - 1 (24)

where θ is the angle of the speed of the star to the line of sight. The redshift observed could be a
combination of the Temperature Redshift and Doppler Redshift, as follows:



Z = ZT + Zd= (kHD) /(1- kHD) + (1 + v cos(θ) / c) / 22 /1 cv - 1 (25)

In the above equation, we have three unknowns on the right side, distance D, velocity v, and angle
θ. Then we need at least three redshift measurements at long time intervals or additional
information (e.g. luminosity measurement on D) on distance D or v, in order to solve for D or v
from the observed redshift Z, as there is no way to separate Temperature Redshift and Doppler
Redshift from the Spectrum Line. Complicated triangulation is also involved in doing so.
Fortunately, when stars with high temperatures and a speed less than 0.3c, Doppler Redshift can
be ignored and Temperature Redshift alone can be assumed in calculating distance.

In addition, if Cosmologic Redshift is also involved, then adding Eq. (10) to both sides of Eq.
(25) leads to:

Z = ZT + ZC + Zd= (kHD) /(1- kHD) + (Hc / c) D +

(1 + v cos(θ) / c) / 22 /1 cv - 1 (26)

For stars like Sun, both the relative speed and distance of Sun with Earth are small, in this
particular situation, when θ= 0o, we would get from Eq. (20)

Z = ZT+ ZC+Zd= kHD+ (Hc/c) D + v/c = (kH +Hc/c) D + v/c (27)
Eq. (27) shows a linear (affine) relation between the total observed redshift Z and the distance D,
though the constant v/c is different for each star. When computing the Hubble constant from the
observational Hubble’s Law (Eq. (7)), v/c is not there, and this might be the major reason that the
academic community cannot agree on the Hubble constant [19]. However, in a non-expansion
region, for slow moving stars at long distance, e.g., Hc/c << kH , and v/c << kH D, Eq. (27)
reduces to Eq. (22), which has the form of Eq. (7) (the observational Hubble’s Law). As such, on
the large, H0 / c as measured in numerous observations could mainly, in fact, reflect the
contribution of kH .

As discussed above, from the relation between Doppler Redshift and velocity as in Eq. (24),
there is no relation between the Doppler Redshift and the distance. Though Cosmologic Redshift
is related to distance, its expansion rate a(tobsvr) / a(temit) cannot be measured from the redshift if
Temperature Redshift is also there. The observational Hubble’s Law as in Eq (7) is only true for
slow moving stars in distances far samller than 1/kH , and even in this case, the constant H0 / c
reflects the sum (kH +Hc/c), or

H0 = kH * c+Hc (28 )
Therefore, to extend Eq. (7), Eq. (25), or Eq, (26) to the postulated Hubble’s Law (Eq. (5)) may be
a incorrect step, especially for large v/c. On the other hand, the new law Eq. (21) or Eq. (26)
derived from Temperature Redshift explains the observational Hubble’s Law very well, even for
large distance.

In Eq. (26), if Temperature Redshift does not exist, then all we have to do is to set kH= 0.
Similarly, if Cosmologic Redshift does not exist, then Hc= 0. Therefore, Eq. (26) is a more generic
formula for redshift, even in case Cosmologic Redshift does exist in a local galaxy.

7. Conclusion



This article has first shown that absurdity could arise from attributing the redshift of celestial
bodies mainly to Doppler Redshift alone or to Cosmologic Redshift alone, and that the postulated
Hubble’s Law is an improper generalization of the observational Hubble’s Law. Then by
associating photon’s (thermal) frequency to temperature, we come to the conclusion that photon
can have Temperature Redshift, which is shown to explain the redshifts of celestial bodies far
better than Cosmological Redshift and Doppler Redshift. Surprisingly, it is shown that the
observational Hubble’s Law can be a special case of the effect of the Temperature Redshift. While
Temperature Redshift and Cosmologic Redshift can co-exist to explain the observational Hubble’s
Law for slow moving stars, any expansion of the Universe suggests it has to expand with
acceleration which requires enormous forces constantly to exert on each star according to its mass.
As such, an expanding Universe model is not only not necessarily needed to explain the redshift
data, but also leads to many impossible things with extremely low probability.
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