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When photon travels in a medium where the velocity is lower than the speed of light, the photon 
possesses both the kinetic (Ek) and the potential (Ep) energy. We proved that the energy of photon (E = 
nEk), where (n) is the refractive index, and the effective mass of photon in medium (m' = nm), where (m) 
is the effective mass of photon in vacuum. Also we proved that the momentum of photon (p = E/c) 
inside medium. 
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INTRODUCTION 
 
Suppose that a photon, having momentum ħk in vacuum, 
enters a transparent medium with index of refraction n > 
1. What is the photon’s new momentum? Remarkably, 
there is still no definite answer. In 1908, the German 
Hermann Minkowski derived one possible, yet surprising 
answer. The photon momentum should actually increase 
and take the value nħk. In effect, Minkowski started from 
Einstein’s earlier suggestion that a photon’s energy is 
given by E = hυ. Assuming a velocity c/n and p = h/λ, one 
observes that p = nħk. One year later, the German 
physicist Max Abraham proposed a different answer. 
Abraham argued that the photon inside the medium 
would have a lower velocity and lower momentum. 
Abraham’s momentum is p = ħk/n (Campbell et al., 
2005). 

For nearly 100 years physicists and mathematicians 
have been debating the correct form of the energy 
momentum tensor required to describe the behavior of 
light at the interface between two dielectric materials of 
different refractive indices. The two main 'competing' 
theories during this time have been those proposed by 
Minkowski (1908) and Abraham (1909). The dilemma is 
whether the momentum of a photon in a medium at the 
single-photon level, either to multiplying or dividing the 
free-space value (h/λ) by the refractive index (n). In 
dispersive media, the situation is a bit  more  complicated 

in that we need to discriminate between phase and group 
indices (Milonni  and Boyd,  2005; Loudon et al., 2005; 
Garrison and Chiao, 2004). The debate that this work 
started has continued till the present day, punctuated by 
the occasional publication of ‘decisive’ experimental 
demonstrations supporting one or other of these values 
(Phil. Trans. R. Soc, 2010), Stephen Barnett of the 
University of Strathclyde in the UK has concluded that 
both formulations are in fact correct, with the difference 
essentially boiling down to whether one considers the 
wave or particle nature of light (Barnett and Stephen, 
2010). 

A 2010 study suggested that both equations are 
correct, with the Abraham version being the kinetic 
momentum and the Minkowski version being the 
canonical momentum, and claims to explain the 
contradicting experimental results using this interpretation 
(Barnett and Stephen, 2010). 

The experiment of Ashkin and Dziedzic showed that 
the action of light on the surface of a liquid was also 
consistent with the Minkowski momentum, although this 
interpretation is far from unambiguous (Gordon, 1973). 
The experiments of Walker et al. (1975) provide evidence 
that is no less convincing in favour of the Abraham form. 
These early experiments and the conclusions derived 
from  them  are  discussed  at  greater  length   in   Brevik 
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(1979) and Pfeifer et al. (2007). 

Until now there are no articles that discussed the 
relation between the energy, and mass of photon with 
refractive index and while the momentum of photon 
depends on the energy and mass. So why the refractive 
index effect is on the momentum, but there are not 
effects on the energy and mass of photon in the medium 
as indicated in current publications. 

The aim of this work is to study the effect of the 
refractive index on energy, and effective mass of photon 
in medium. 
 
 
ENERGY OF PHOTON IN MEDIUM 
 
When photon travels in the transparent medium, the 
energy of photon can be divided into the kinetic and the 
potential energy of photon. It is complying with the 
principle of energy conservation in transparent medium. 
The same photon traveling in the water medium has 
higher kinetic energy than in the diamond medium and 
vice versa for the potential energy. 

When the photon is traveling at the speed of light 
where the M and E vectors of photon are perpendicular, 
the photon possesses full kinetic (Ek) energy, and when a 
photon is brought to rest, the total energy of photon is 
transformed to the potential energy (Ep). This is also 
called the rest energy of mass. Completely stopped, all 
energy is transferred to matter in agreement with the 
experimental evidence of Hau and coworkers (Lene Hau', 
2007). 

The energy of photon can be further sub-divided into 
two portions. There are the kinetic and potential energy of 
photon. The energy equation

 
of photon is described 

below: 
 

Et =E k +E p   
                                                                                                 (1) 

 

Ek=pv                                                                              (2) 
 

Ep= Ԏ Ф                                                                         (3) 
 
E = pv + Ԏ Ф                                                                  (4) 
 
Where p = momentum of photon, v = traveling speed of 
photon, τ = torque, angular force between electric and 
magnetic component, ф = deform angle of M and E 
components 
 
E= hѵ v/c+ h ѵ (n-1)/n                                                    (5) 
 
Where Ԏ = 2 h ѵ / π , and  Ф =  π /2(1-1/n) 
(www.greatians.com/physics). 

From Equation (5), The kinetic energy of photon is: 
 

Ek = hѵ  /n                                                                      (6) 
 
And the potential energy is: 
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E p = h ѵ (n-1)/n                                                              (7) 

 
From Equation (6) and equation (7) 

 
E p = E k (n-1)                                                                  (8) 

 
From Equations (1 and 8):  
 
Et = n E k                (9) 
 
let a (1064 nm) photon with energy (1.8*10

-19
 J) enter into 

medium with refractive idex (1.5), according to equtions 
(6, 8): 

 
Ek = 1.8*10

-19 
/1.5 = 1.2*10

-19
J 

Ep = 1.2*10
-19

(1.5-1) = 0.6*10
-19

 J 
Et =1.2*10

-19 
+0.6*10

-19
 = 1.8*10

-19
 J 

 
These results prove that Equations (6, 8 and 9) are 
correct. 

 
 
MASS OF PHOTON IN MEDIUM 

 
Let (m) is the effective mass of photon in vaccum, and 
(m') is the effective mass in medium. 
From Equation (9), 
 
mc

2
 = n m'v

2 
                                                                (10) 

 
Where E = mc

2 
in vaccum, and Ek = m'v

2
 inside medium 

Dividing equation (10) by c
2
; 

 
m = nm' /n

2 
                                                                  (11) 

 
m' = nm                                                                        (12) 
 
Ek = nmv

2
                                                                      (13) 

 
According to example, 
 
E = mc

2
 

1.8*10
-19

 = m*9*10
16

 
m = 0.2*10

-35
 Kg 

 
From Equations (13 and 8) 

 
Ek = 1.5*0.2*10

-35
*4*10

16
 

Ek = 1.2*10
-19

 J 
Ep = 1.2*10

-19
*(1.5-1) 

Ep = 0.6*10
-19

 J 
Et = 1.2*10

-19
+ 0.6*10

-19
 

Et = 1.8*10
-19

 J 
 
These results prove that Equations (12 and 13) are 
correct. 
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MOMENTUM OF THE PHOTON IN MEDIUM 
 
When photon travels in a medium where the velocity is 
lower than the speed of light, the photon possesses both 
the kinetic and the potential energy. The momentum of 
the photon depends on the kinetic energy only. 
Therefore, 
 
P = Ek/v                                                                        (14) 
 
According to Equation (6); 
 
P = hѵ/nV                                                                     (15) 
 
P = hѵ/C                                                                       (16) 
 
Equation (16) represent the momentum of photon in 
medium which is equal to the momentum of photon in 
vaccum (P = E/C) 

Minkowski described the momentum of light as a wave, 
 
P = h/λ                                                                          
P = hѵ/V                                                                       (17) 
 
P =nE/c                                                                        (18) 
 
In Equation (18), E is the total energy in medium, the 
momentum depends on kinetic energy, therefore,  
 
Ek = Et – Ep 
Ek = hѵ – hѵ(n-1)/n                                                       (19) 
 
By using Equation (19) in (18), 
 
P = n(hѵ- hѵ(n-1)/n)/c                                                  (20) 
 
P = hѵ/C                                                                       (21) 
 
The result in Equation (21) is the same as in Equation 
(16) 

According to the results in Equations (16 and 21) the 
momentum of photon in medium is equal to the 
momentum outside of medium. 

Now if we suppose that the light is a partical according 
to Abraham, then; 
 
P = m'v                                                                         (22) 
 
From equation (12) 
 
P = nmv                                                                        (23) 
 
P = mC                                                                         (24) 
 
P = hѵ/C                                                                       (25) 
 
Abraham described the momentum of light as a particle; 

 
 
 
 
P = mv = Ec

2
/cn = hν/ nc                                              (26)    

  
By using Equation (12) in (26) 
 
P = n hν/ nc 
P = hѵ/C                                                                       (27) 
 
According to the results in Equations (25 and 27) the 
momentum of photon in medium is equal to the 
momentum outside of medium. 
 
 
CONCLUSIONS 
 
A simple analysis was done to prove that: 
 
1- The total energy of photon inside medium is E = n Ek, 
2- The effective mass of photon inside medium m' = nm, 
3- The momentum of photon inside medium P = /C. 
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