
Compton scattering September 30, 2011

Modern Physics Recitation

1. Calculate the percentage change in photon energy during a collision for θ = 900 and

for radiation in,

(a) the microwave range, with λ = 3.0 cm; (b) the visible range, with λ = 500 nm;

(c) the X-ray range, with λ = 25 pm; and (d) the gamma-ray range, with a gamma

photon energy of 1.0 MeV.

(e) What are your conclusions about the feasibility of detecting the Compton shift in

these various regions of the electromagnetic spectrum, judging solely by the criterion

of energy loss in a single photon-electron encounter?

∆λ = λ′ − λ =
h

mec
(1− cos θ). (1)

2. What would be (a) the Compton shift, (b) the fractional Compton shift, and (c) the

change in photon energy for light of wavelength 590 nm scattering from a free, initially

stationary electron if the scattering angle is at 1350 to the direction of the incident

beam?

(d) Calculate the same quantities for X-rays whose photon energy is 50.0 keV.

3. A photon having wavelength λ scatters off a free electron at A producing a second

photon having wavelength λ′ (see Figure below). This photon then scatters off another
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free electron at B, producing a third photon having wavelength λ′′ and moving in a

direction directly opposite the original photon as shown in Figure. Determine the

numerical value of ∆λ = λ′′ − λ.

4. In a Compton scattering experiment, an X-ray photon scatters through an angle of

17.40 from a free electron that is initially at rest. The electron recoils with a speed of

2180 km/sec. Calculate (a) the wavelength of the incident photon and (b) the angle

through which the electron scatters.

5. A photon of initial energy E0 undergoes Compton scattering at an angle θ from a

free electron (mass me) initially at rest. Using the relativistic equations of energy and

momentum conservation, derive the following relationship for the final energy E ′ of

the scattered photon:

E ′ = E0

[
1 +

(
E0

mec2

)
(1− cos θ)

]
.
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