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The standard cosmology explains the cosmological redshift (hereinafter redshift) zG of the nearby 

galaxy or distant galaxy1 (hereinafter galaxy) as the shift of their photon wavelength due to the 

expanding Universe. This shift is defined as 

z = (λ – λ0)/λ0 

 

or 

 

z = λ/λ0 – 1 … (1) 

where λ is the observed photon wavelength and λ0 is the emitted photon wavelength. 

The Hubble–Lemaître law states that the nearby galaxies of the Universe are moving away from 

Earth at a recessional speed υ proportional totheir distance D, in equation form 

 

υ = zc = H0D    … (2) 

where c (≈  3 × 108 m sec–1) is the speed of light and H0 is the Hubble constant. Current observations 

place this constant at around 72 km sec–1 (Mpc) –1. This equation is only valid for the nearby 

galaxies with z << 0.1. 

 

 

Fig. 1. Schematic representation of the average recessional speed of the galaxy υ, and the 

photon's motion with indications for the corresponding speeds. 

Suppose that the galaxy emits a beam of photons (or light) at its position 0, Fig. 1. These photons 

would reach the Earth (E) after time t (light travel time) and travel the light travel distance d = ct. 

During this time, the galaxy would reach position G and travel a distance δ = υavt, where υav is the 

average recessional speed. This speed can be defined as an arithmetic mean of the recessional 

speed of the galaxy υ0, which corresponds to the position 0 and υG, which corresponds to the 

position G, or 

                                                
1 We define nearby galaxies as those galaxies whose redshift z is from 0.001 to 0.1 (or 0.001 ≤ z ≤ 0.1) and distant 

galaxies as those having z > 0.1. Of course, there is no sharp boundary between nearby and distant galaxies [1].  
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υav = 1/2(υ0 + υG)    ... (3) 

These speeds can be less than, equal to, or greater than the speed of light c. 

Now the current distance between the galaxy and Earth will be 

D (= d + δ) = ct + υavt    … (4). 

The Principle of energy conservation is one of the fundamental laws of physics that is not violated 

by any known process. Following this law, the total energy of the light, hν0, emitted by the galaxy 

at the position 0 must be equal to the total light energy that reaches the Earth at the position E, hνE 

N0hν0 = NEhνE    … (5) 

where h (= 6.63 × 10‒34 J sec) is the Planck constant. 

The number of photons of light emitted by the galaxy at position 0 must equal the number of 

photons of this light that reaches the Earth or 

N0 = NE    … (6) 

where N0 or NE is a very large natural number {See [2]}. We know that the periods T0 = 1/ν0 = 

λ0/c and TE = 1/νE = λE/c, where λ0 is the wavelength of light emitted by the galaxy at position 0 

and λE is the wavelength of this light but observed by an Earthling. Taking this into account and 

dividing eqn. (5) with the speed of light c, we get after a bit of algebra that N0TE = NET0. As, N0 

= NE, T0 = TE or ν0 = νG and hνE = hνE and λ0 = λE. However, as we noted above, λ0 < λE or ν0 > 

νE (or T0 < TE) or hν0 > hνE. During the Universe’s expansion, light emitted by the galaxy would 

lose energy. This loss would cause its wavelength to rise or lead to a cosmological redshift. This 

is one of the major stumbling blocks to the modern theory of cosmological redshift based on the 

expansion of the Universe. 

The number of the wavelengths (or the frequencies or the periods) is identical for d (= ct) and D = 

(ct + υavt), but, in contrast to the Principle of energy conservation, their total energy Nhν0 > NhνG 

then, 

d (= ct) = Nλ0    … (6) and D (= ct + υavt) = NλE    … (7) 

N is a very large natural number {see [2]}. 

Dividing eqns. (6) and (7) and taking into account that ν = c/λ and that the energy of the photons 

is equal to hν we get 

EE/E0 = D/d 

where EE and E0 are the photon energy that corresponds to the wavelengths λE and λ0.  



The Universe is an isolated system and at a particular cosmic moment, its usable energy is constant, 

so the photon energy is limited. In that case, both D and υ are also limited. This limitation indicates 

that the recessional speed of the Universe cannot be infinite and the Universe is finite.  

Dividing eqn. (4) with N , we get 

D/N   = ct/N + υavt/N. 

As ct/N = λ and D/N = λE
2 then 

λE = λ0 + υavt/N. 

Multiplying this equation by c and after a bit of algebra, we have 

υav/c = λE/λ0 – 1 

 

or 

 

υav = czav    … (8). 

Combining this equation and eqn. (3) we get 

1/2(υ0 + υE) = czav 

оr 

 

zav =1/2(υ0/c + υE/c) = ½(z0 + zE). 

Thus, the value of eqn. (8) is the average value of the galaxy’s redshift at position 0, z0 = υ0/c, and 

its redshift at position G, zE = υE/c. Since υ0 > υE then z0 > zE. If zE ≤ 0.1c3, then zav can be (roughly) 

approximated with zE or zE ≈ zav. Therefore, the Hubble-Lemaître eqn. (2) is applicable only for 

the nearby galaxies. However, if zav > 0.1c4 this approximation is not valid. Now z0 > zav and this 

equation is not applicable. This is simply why the Hubble–Lemaître eqn. (2) is not applicable for 

galaxies with redshifts greater than 0.1 or for distant galaxies. It is common in cosmology to 

explain this as a change of H0, which is not really constant in time, but a Hubble parameter, Ht, 

which changes as the Universe expands. This issue will be addressed in one of our next 

communications. 

Having in mind eqn. (2) and dividing eqns. (6) and (7) and after a bit of algebra, we arrive at 

d = D/(1 + zav)    … (9). 

This equation makes it possible to calculate the light travel distance d between the Earth and a 

nearby galaxy at the moment of its emission of photons. 

                                                
2 Analogously to d = ct, a similar equation can be written to D = cDt. Given D > d than cD > c. This is in contrast to 

the cosmic speed limit c of Special relativity. 
3 The nearby galaxies have zG ≤ 0.1 (page 220, footnote 1). 
4 The distant galaxies have zG > 0.1 (page 220, footnote 1). 



Example: 

Physicists consider any speed as non-relativistic if it is less than or equal to 0.1c (≤ 0.1c) or 

relativistic if the speed is higher than 0.1c (> 0.1c). However, galaxies are not moving through the 

Universe; they are carried by the Universe as it expands. So, their recessional speeds are not 

kinematic and Special theory of relativity is not applicable to them. 

The “megamaser” method allows us to perform the precise distance measurement of nearby 

galaxies, but it appears it is only suitable for very few of these galaxies - “megamaser” galaxies. 

For the present case, we select the “megamaser” galaxy:  NGC 6264. Its distance D from the Earth 

D = 447 Mly (determined by the “megamaser” method) and z = 0.03384 [4, and references therein] 

or about 0.034. Introducing these values into eqn. (9), we get d = 432 Mly. Then t = d/c represents 

a time for the photon to reach the Earth. In this case, t = 432 My. The difference D − d is the 

distance traveled by the galaxy since emitting a photon. Here the difference is 15 Mly. Then, the 

average recessional speed of the galaxy NGC 6264 is given by υav = (D – d)/t = 15 Mly/432 My = 

0.034c, so it is “non-relativistic”. 

D of eqn. (2) or (9) is usually defined to be the "current distance" between the galaxy and the Earth. 

However, the photon emitted by the galaxy covers the light travel distance, not the current distance. 

As we see in the above example, the difference between these two is negligible in respect to their 

sizes5, so they are approximately equal. 
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5 The smaller the difference between these two distances, the smaller the difference between proper and light time 

travel. 
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