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In this paper we obtain in an elemental way the basic equations that explain the 

observed redshift of the light emitted by the stars. 
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1. Introduction 

 

In this article we go to study in an elemental way how the gravity can change the 

frequency of the light emitted by the stars. We will show that this light is red shifted or 

blue shifted, depending on the values of the gravitational potential in the points of 

emission and observation. Then, if we only see the redshift it is because the 

gravitational field is lesser at the Earth than at the stars. 

 

 

2. Gravitational redshift 

 

For a particle of mass m in a gravitational field with potential φ  we have that 

 

 2cmE =  (2.1) 

 

 φmV =  (2.2) 

 

being E and V the relativistic and potential energies of the particle, respectively, and c 

the velocity of the light in the vacuum. Therefore, for a photon (assuming an “effective 

mass” [1] 
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being h the constant of Planck. As the gravitational field is conservative, then 
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being ν  and 0ν  the light frequencies emitted and observed, respectively, of the photon, 

νhT =  its kinetic energy, and φ  and 0φ  the potentials in the points of emission and 

observation, respectively. The gravitational potential φ  varies with the inverse of the 

distance and always is 0<φ , only ( ) 0=∞φ . If φφ <0 , then νν <0 , and the light is 

red shifted, and νν hh <0 . As V increases (it is less negative) then T decreases. But, if 

φφ >0 , then νν >0 , and the light is blue shifted. 

 

On the other side, from (2.5), and adapting the escape velocity concept [2] for a photon 

(with 
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== ), we have 
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being G the gravitational constant of Newton and ephv  the escape velocity of a photon of 

wavelength λ  emitted by a star of mass M and radius R. 

 

Now, from (2.7) 
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For 2

0 c<<φ  
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And, for φφ <<0  
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From which, we have: 
λ

ν
c

=  and 
λ

ν
ephvc −

=0 , and the velocity of the observed 

photon would be ephvc − . 

 

 

3. Conclusion 

 

As the gravity is an attractive force, the light would be red shifted if this force is greater 

in the point of emission than in the point of observation. This is what occurs with the 

light emitted by the stars when it is observed at the Earth. 
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