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Lesson 3: The Compton Effect

1923 – Compton sent a beam of high energy x-rays at a thin metal foil (similar to the photoelectric effect).  He “saw” photoelectrons, but he also saw lower energy X-rays!  The photoelectrons did not have as much energy as predicted. What was happening?

 






      e –  

 
f 





(
 







f '

f ' is a function of (
[image: image1.png]n

m.c

N = A= ——(1-cosh)






( No explanation of this using electromagnetic wave theory.
Compton proposed that the X-ray acts like a particle colliding with an electron!

Assume that the collision is elastic. (What types of collisions are inelastic? – if energy is lost to friction, deformation, heat, ..., or if the two particles stick together). This is reasonable since there is nowhere else for the energy to go: X sound, X heat, X deformation.

( energy, kinetic energy, and momentum are conserved.

This must be treated as a classical collision between two particles: a photon and an electron. This is a remarkable observation: (i) an X-ray can be a particle, (ii) the classical model of a collision actually works for this. 

conservation of energy: 

E photon = E' photon + E electron
hf = hf' + ½ mv2  (
conservation of momentum:
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Help! Momentum is mass * velocity, but light has no mass! How can this work?

(Aside: Since light travels at the speed of light we have to look at relativity: 
The relativistic mass of a particle is 
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 But, since light always travels at the speed of light, it can have no rest mass --- division by 0 is forbidden.)

Take Einstein’s equation: E = mc2 
m = E / c2 

from classical mechanics, p = mv
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but v = c, .: p = E/c 
now E = hf = hc/(  ... this gives: 
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So, light has a momentum even though it has no mass! Using this equation, the conservation of momentum (above) works fine.

This equation is amazing:  h = p(


a constant = a particle-like property ( a wave-like property

We now have objects that are wave-particles!


real life applications? Light sails

Question: why don’t we have to take into account the work function of the metal in the conservation of energy equation? The energy of Compton x-rays is so high (> 5E4 eV) in comparison to the work function (< 10eV) that we can ignore it.
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