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1. Show that a photon cannot transfer all of its energy to a free electron. (Hint: Energy

and momentum must be conserved.)

2. If the maximum energy given to an electron during Compton scattering is 30 keV,

what is the wavelength of the incident photon? (Hint: What is the scattering angle

for maximum energy transfer?)

3. In a Compton collision with an electron, a photon of violet light (λ = 4000 Å) is

backscattered through an angle of 180◦. (a) How much energy (eV) is transferred to

the electron in this collision? (b) Compare your result with the energy this electron

would acquire in a photoelectric process with the same photon. (c) Could violet light

eject electrons from a metal by Compton collision? Explain.

4. An electron initially at rest recoils from a head-on collision with a photon. Show that

the kinetic energy acquired by the electron is 2hfα/(1 + 2α), where α is the ratio of

the photon’s initial energy to the rest energy of the electron.

5. Derive the relation
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between the direction of motion of the scattered photon and the recoil electron in the

Compton effect.

6. (a)In considering the Compton effect, how would you compare the scattering of pho-

tons from bound and free electrons?

(b) An X-ray photon has sufficient energy to overcome the work function. What

determines whether the photoelectric or Compton effect takes place?

7. (a) Estimate the number density of blackbody photons in a blacked-out room at 20◦

C and compare with the number density of air molecules in the room.

(b) The result of (a) gives the impression that matter is a more important constituent

of the universe than radiation. Show this is false by comparing the number density of

photons in the cosmic ray background radiation (which is an almost perfect blackbody

at 2.7 K) with the mean number density of atoms. The mean universal mass density

of matter is about 10−26 kg/m3.
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