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When a body emits a light, its speed decreases due to the gravity. 
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For a particle of mass m and speed v, in a gravitational field with potential ϕ, we have 

that [1] 

 

 T = (1/2)mv2 (1) 

 

 V = mϕ (2) 

 

T and V being the kinetic and potential energies of the particle, respectively. 

 

Therefore, for a photon (assuming an “effective mass” [2] m = hf/c2, where h is the 

constant of Planck, f the frequency and c the velocity of the light in the vacuum) 

 

 T = hf (3) 

 

 V = (hf/c2)ϕ (4) 

 

As the gravitational field is conservative, then 

 

 T + V = hf + (hf/c2)ϕ = const. (5) 

 

 hfo + (hfo/c
2)ϕo = hfe + (hfe/c

2)ϕe (6) 
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where fe and fo are the light frequencies emitted and observed of the photon, respectively, 

and ϕe and ϕo the potentials in the points of emission and observation, respectively. 

 

On the other side, from (5), and adapting the escape velocity concept [3] for a photon 

(with m = hfe/c
2 and c = λefe, where λe is the light wavelength emitted of the photon), we 

have that 

 

 
��
��
�


+ ��
�
�	

�� = 0 (8) 

 

 ���� = − �

� = ��

��  (9) 



2 

 

 

G being the gravitational constant of Newton and veph the escape velocity of a photon 

emitted by a body of mass M and radius R (and �� = − ��
� ). 

 

Now, from (7) and (9) 
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where  � = �1 + ��
�	
  � is the light wavelength observed of the photon. And the speed 

of the observed photon is co = λofo = c - veph. 

 

This decrease of the speed of the light produce a gravitational refractive index n 
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This gravitational refractive index implies that the force of the gravity is an 

electromagnetic force [4], and also affects to the existence of the (classical or Michell) 

black holes [5]. 

 

In summary, when a body emits a light, its speed decreases due to the gravity. 
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