
These are pages 8 - 11. 

EMAIL ME if you have questions. 



Compton Scattering and 
Photon Momentum
The scattering of photons from 
charged particles is called Compton 
scattering after Arthur Compton who 
was the first to measure photon-
electron scattering in 1922. When the 
incoming photon gives part of its 
energy to the electron, then the 
scattered photon has lower energy 
and according to the Planck 
relationship has lower frequency and 
longer wavelength. 



Compton Scattering and Photon 
Momentum

The wavelength change in such scattering 
depends only upon the angle of scattering for a 
given target particle. 



Compton Effect

 Importance of wavelength:  very small compared to 
visible light hence shift would be difficult to detect 
with visible light



Compton Effect

Less energy, lower frequency, longer wavelength



Compton Effect

Photons have momentum even though they don’t have mass



Compton Scattering

 Importance of experiment:  evidence of the particle 
nature of light – photons have momentum



Photon Momentum
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Momentum of a photon depends on wavelength not mass



1. Which has more momentum – red light or blue light?

2. What are the momenta of photons from a 670 nm red laser? 

3. What is the momentum of a photon with a frequency of 4.2 x 1014 Hz? 
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A block of mass 0.50 kg is at rest on a frictionless surface.  A burst of 1020 

photons of energy 100 eV each strikes the object and all the photons are 
completely absorbed. 
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A 0.110 nm X-ray photon strikes a stationary electron and recoils straight back 
while the electron moves forward at 1.30 x 107 m/s.
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Matter Waves

 Louis de Broglie (French physicist, 1892 – 1987) postulated in his doctoral 
dissertation that because light can have both wave and particle 
characteristics, perhaps all forms of matter have both characteristics. 

 De Broglie Hypothesized in 1924 that . . . all particles can behave 
like waves whose wavelength is given by λ = h/p 



Matter Waves

Wave-Particle Duality – Both matter and radiation 

have a dual nature in which they exhibit both particle 

and wave properties.



Matter Waves

Matter wave – All moving particles have a “matter 
wave” associated with them whose wavelength is the 
de Broglie wavelength.

DeBroglie Wavelength
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Determine the de Broglie wavelength for an electron moving at 5.9 x 106 m/s and a 
baseball (mass = 0.15 kg) moving at 40 m/s.
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Compare the momentum of photons and particles.  Which has more momentum – a 
red photon or a blue photon?  

Photon Momentum Particle Momentum


