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Abstract: At early 1920 when the particle nature of photon suggested by the photoelectric effect was still being 
debated, the Compton Effect gave clear and independent evidence of particle-like behavior. The Compton 
hypothesis is suggested that when an X-ray photon is scattered it spends all of its energy and momentum upon some 
particular electron (which is treated as being at rest). This electron in turn scatters the ray in some definite direction. 
The change in momentum of the X-ray photon due to the change in its direction of propagation results in a recoil of 
the scattering electron. The energy in the scattered photon is thus less than the energy of the incident photon by the 
kinetic energy of recoil of the scattering electron. The corresponding increase in the wavelength of the scattered 
photon is (λf − λi) = (h/m0C) × (1− cosθ) and the time it takes for the incident photon to change its wavelength is t = 
(h/m0C

2) × (1− cosθ), where h is the Planck’s constant, m0 is the rest mass of the scattering electron, C is the speed 
of light in vacuum, and θ is the angle between the incident and the scattered photon. Experimental result is given 
which show that for graphite and the Mo- Kα radiation the value of t (for θ =90o) has been found to be 7.333 × 10 −21 
s which being satisfactorily close to the computed value (8.089 × 10 −21 s). In the case of θ =135o, the value of t has 
been found to be 0.133 × 10 −19 s which also being satisfactorily close to the computed value (0.138 × 10 −19 s). 
However, the value of t has been found to vary with θ in agreement with the theory, increasing from 7.333 × 10 −21 s 
(θ =90o) to 0.133 × 10 −19 s (θ =135o). Velocities of recoil of the scattering electrons have not been experimentally 
determined. This is probably because the electrons which recoil in the process of the scattering of X-rays have not 
been observed. However, velocity of recoil of the scattering electron (when θ =90o) has been calculated using: (1) 
Law of Conservation of Energy. (2) Law of Conservation of Momentum. The value of v computed using the Law of 
Conservation of Energy was found to be 0. And the value of v computed using the Law of Conservation of 
Momentum was found to be 0.04C. Using the conservation laws the law of variation of mass with velocity has been 
derived which in bad agreement with the Einstein’s law of variation of mass with velocity. But according to which 
also when v → C, mE→ ∞.i.e., an electron travelling at the speed of light would have infinite mass and hence, no 
material particle can have a velocity equal to the speed of light in vacuum.  
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Above figure illustrates the scattering of an 
incident photon of energy E = hυ0 moving to the right 
with a momentum p0= h/ λi and interacting with an 
electron at rest with momentum = 0 and energy equal 
to its rest energy, m0C

2. The symbols h, υ, and λ are 

the standard symbols used for Planck's constant, the 
photon's frequency, its wavelength, and m0 is the rest 
mass of the electron. In the interaction, the X- ray 
photon is scattered in the direction at an angle θ with 
respect to the photon’s incoming path with momentum 
p= h/ λf and energy E = hυ. The electron is scattered in 
the direction at an angle φ with respect to the photon’s 
incoming path with momentum p= mEv and energy E 
= mEC2 where mE is the relativistic mass of the 
electron after the interaction. The phenomenon of 
Compton scattering may be analyzed as an elastic 
collision of a photon with a free electron using 
relativistic mechanics. Since the energy of the photons 
(661. 6 keV) is much greater than the binding energy 
of electrons (the most tightly bound electrons have a 
binding energy less than 1 keV), the electrons which 
scatter the photons may be considered free electrons. 
Because energy and momentum must be conserved in 
an elastic collision, we can obtain the formula for the 
wavelength of the scattered photon, λf as a function of 
scattering angle θ: λf = {(h/m0C) × (1− cosθ) + λi} 
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where λi is the wavelength of the incident photon and 
C is the speed of light in vacuum. 

The photon power, P = − (dE/dt), is given by the 
relation: P = − dE/dt = hυ2, where E = hυ. But υ = C/λ. 
Therefore: 

 

dλ= C × dt 
Integrating over dλ from λi (the wavelength of 

the incident photon) to λf (the wavelength of the 
scattered photon), and over dt from zero to t: 

(λf − λi) = C × t 
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It can be seen that that the wavelength of the 
scattered photon is unquestionably greater than that of 
the incident photon. The Kα line from molybdenum 
has a wavelength 0.0709 nm. The wavelength of this 
line in the scattered beam is found to be 0.0731nm. 

t = (λf − λi)/ C = 7.333 × 10 −21 s (experiment). 
Substituting (λf − λi) = C × t in the equation (λf − 

λi) = (h/m0C) × (1− cosθ), we get: 
t = (h/m0C

2) × (1− cosθ) = (8.089 × 10 −21 s) × 
(1− cos90o) = 8.089 × 10 −21 s (theory), which is a 
very satisfactory agreement. In the case of θ =135o, (λf 
− λi) = (0.0749 − 0.0709) nm 

t = (λf − λi)/ C = 0.133 × 10 −19 s (experiment) 
and t = (h/m0C

2) × (1− cosθ) = (h/m0C
2) × (1− 

cos135o) = 0.138 × 10 −19 s (theory), which is also a 
very satisfactory agreement. However, the value of t 
has been found to vary with θ in agreement with the 
theory, increasing from 7.333 × 10 −21 s (θ =90o) to 
0.133 × 10 −19 s (θ =135o). Velocities of recoil of the 
scattering electrons have not been experimentally 
determined. This is probably because the electrons 
which recoil in the process of the scattering of X-rays 
have not been observed. However, velocity of recoil 
of the scattering electrons can be calculated using the 

 Law of Conservation of Energy. 
 Law of Conservation of Momentum. 

 
Case 1: Calculating the velocity of recoil of the 
scattering electron (when θ = 90o) using the Law of 
Conservation of Energy. 

From the law of conservation of energy, the 
energy of the incident X-ray, hυ0, and the rest energy 
of the electron, m0C

2, before scattering is equal to the 
energy of the scattered X-ray, hυ, and the total energy 
of the electron, mEC2, after scattering 

hυ0 + m0C
2 = hυ + mEC2 which on rearranging: 

(hυ0 − hυ) = mEC2 − m0C
2 

But according to law of variation of mass with 
velocity 

mEC2 = m0C
2 / (1− v2/C2) ½ 

Therefore: 
(hυ0 − hυ) = m0C

2 {1/ (1− v2/C2) ½ − 1} 
Solving hυ0= hC/λi = 28.072 × 10‒36 J, hυ = hC/λf 

= 27.226 × 10−36 J and m0C
2 = 81.9 × 10−15 J, we get: 

(28.072 − 27.226) × 10−36= 81.9 × 10−15 × {1/ 
(1− v2/C2) ½ − 1} 

(0.846 × 10−36 / 81.9 × 10−15) + 1 = 1/ (1− v2/C2) 
½ 

[1.0329 × 10 −23 + 1] = 1/ (1− v2/C2) ½ 
Since: 1.0329 × 10 −23<<<< 1. Therefore: 

[1.0329 × 10 −23 + 1] ≈ 1 
1 = 1/ (1− v2/C2) ½ 
From this it follows that 
 v = 0, which is meaningless. There can be no 

bigger limitation than this. 

Case 2: Calculating the velocity of recoil of the 
scattering electron (when θ = 90o) using the Law of 
Conservation of Momentum. 

Imagine, as in figure below, 
 

 
 
that an X-ray photon of frequency υ0 is scattered 

by an electron of mass m0. The momentum of the 
incident photon will be p0 = h / λi, where h is the 
Planck’s constant, and that of the scattered photon is 
p= h / λf at angle θ with the initial momentum. The 
principle of the conservation of momentum 
accordingly demands that the momentum of recoil of 
the scattering electron shall equal the vector difference 
between the momenta of these photons. The 
momentum of the electron, pE= m0Cv/ (C2 − v2) ½, is 
thus given by the relation 

m0
2 C2v2/ (C2 − v2) = p0

2 + p2 − 2p0pcosθ 
Solving p0

2 = (h / λi) = 87.553 × 10 − 48 J2s2/m2, 
p2 = (h / λf) 

2= 82.355 × 10 − 48 J2s2/m2 and θ = 90o, we 
get: 

m0
2 C2v2/ (C2 − v2) = (p0

2 + p2) = (87.553 + 
82.355) × 10 − 48 

m0
2 C2v2/ (C2 − v2) = 169.908 × 10 − 48 J2s2/m2 

But m0
2C2 = 745.29×10 −46 J2. Therefore: 

v2/ (C2 − v2) = (169.908 × 10 −48 / 745.29×10 −46) 
= 2.279 × 10−3 

v2 = 2.279 × 10−3C2 − 2.279 × 10−3v2 
v2 (1 + 2.279 × 10−3) = 2.279 × 10−3C2 
From this it follows that 
v = 0.04C 

 
Derivation of law of variation of mass with velocity 

From the law of conservation of mass, the mass 
of the incident X-ray, mi, and the rest mass of the 
electron, m0, before scattering is equal to the mass of 
the scattered X-ray, mf, and the total mass of the 
electron, mE, after scattering 

mi + m0 = mf + mE which on rearranging: mE = 
m0 + (mi − mf) 

The photon masses are related to the frequencies 
by 

mi= hυ0 /C
2 

mf = hυ /C2 
Therefore: 
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mE = m0 + (hυ0 − hυ) / C2 
But (hυ0 − hυ) = mEC2 − m0C

2 = kinetic energy 
of the electron (KE). Therefore: 

mE = m0 + (KE / C2) 
In physics, we define the kinetic energy of the 

electron to be equal to the work done by a photon 
impulse to increase velocity of the electron from zero 
to some value v. That is, 

KE = J × v 
Impulse applied to an object produces an 

equivalent change in its linear momentum. The photon 
impulse may be expressed in a simpler form: 

J = ∆pE = p2− p1 

where: 
p2 = momentum of the electron after scattering = 

mEv 
p1 = momentum of the electron before scattering 

= 0 (since the electron was initially at rest). 
J = mEv 

KE = mEv2 

Solving for KE we get: 
mE = m0 + (mEv2 / C2) 
mE= m0/ (1− v2/C2) which in bad agreement with 

the Einstein’s law of variation of mass with velocity. 
But according to which also when v → C, mE→ ∞.i.e., 
an electron travelling at the speed of light would have 

infinite mass and hence, no material particle can have 
a velocity equal to the speed of light in vacuum. 
However, this is in conflict with the body of scientific 
knowledge. Cerenkov radiation is emitted by a 
material particle that is traveling faster than the light 
in a medium. 
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