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1 Introduction

How do photons and electrons behave during collisions? That is the subject of this module. Photons
always move with the speed of light, but electrons can also have a very high speed after collisions. It is
therefore advised to first read through the modules ‘Collisions’ and ‘Relativity’ before starting with this
text.

2 Compton

Arthur Holly Compton was researching the scattering behaviour of X-rays. He discovered that this
scattering has to do with photons colliding with electrons. This type of scattering is now called Compton
scattering. In later research he focussed on the distribution of (intensity of) cosmic radiation on Earth.

In Compton scattering a small part of the energy and momentum of a photon is transferred to an
electron. The law of conservation of energy and the law of conservation of momentum both play an
important part during this ‘collision’. If a photon collides with a free electron (i.e. not bound to a
nucleus) all energy can be used to accelerate the electron. In this case the collision is elastic. If the
electron were bound to a nucleus, then first this bond must be broken to create an ion. In this case the
collision is no longer elastic.

Lets take a look at a stationary, unbound electron:

Eelectron = melectronc2 (2.1)

pelectron = 0 (2.2)

The photon headed for the electron:

Ephoton = hν (2.3)

pphoton = hν
c

(2.4)

After the collision the electron has a certain momentum and energy, this means the photon lost some of
its energy and momentum. This situation is drawn in figure 2.1

The law of conservation of momentum allows us to write:

pph =pph′ +pe′ (2.5)
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Figure 2.1: Compton scattering.

Rearranging the vectors a bit allows us to use the cosine rule:

p2
e′ = p2

ph + p2
f ′ −2pph pph′ cos(θ) (2.6)

The law of conservation of energy allows us to write:

Eph +Ee = Eph′ +Ee′ (2.7)

We rewrite this equation using the notation for energy from equations 2.2 and 2.4:

hνph +mec2 = hνph′ +
√

p2
e′ c

2 +m2
e c4 ⇐⇒ (2.8)

hνph −hνph′ +mec2 =
√

p2
e′ c

2 +m2
e c4 (2.9)

Squaring both sides yields:

(
hνph −hνph′ +mec2)2 = p2

e′ c
2 +m2

e c4 ⇐⇒ (2.10)(
hνph −hνph′

)2 +2mec2 (
hνph −hνph′

)+m2
e c4 = p2

e′ c
2 +m2

e c4 ⇐⇒ (2.11)

h2ν2
ph −2h2νphνph′ +h2ν2

ph′ +2mec2 (
hνph −hνph′

)= p2
e′ c

2 ⇐⇒ (2.12)

h2ν2
ph

c2 − 2h2νphνph′

c2 +
h2ν2

ph′

c2 +2mec2
(hνph

c2 − hνph′

c2

)
= p2

e′ (2.13)
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Combining the law of conservation energy (2.6) with the law of conservation of momentum (2.13):

h2ν2
ph

c2 − 2h2νphνph′

c2 +
h2ν2

ph′

c2

+2mec2
(hνph

c2 − hνph′

c2

)
= p2

ph + p2
ph′ −2pph pph′ cos(θ)⇐⇒

−2h2νphνph′

c2 +2mec2
(hνph

c
− hνph′

c

)
= 2h2νphνph′

c2 cos(θ)⇐⇒

2mec2
(hνph

c
− hνph′

c

)
= 2h2νphνph′

c2 (1−cos(θ))⇐⇒
mec

h

(νph

c
− νph′

c

)
= νphνph′

c2 (1−cos(θ))⇐⇒
mec

h

(
c

νph′
− c
νph

)
= (1−cos(θ))⇐⇒(

c
νph′

− c
νph

)
= h

mec
(1−cos(θ))⇐⇒

∆λ= h
mec

(1−cos(θ))

(2.14)

This final equation gives the scattering of photons by electrons. De constant h
me c is known as the

Compton wavelength of the electron.

After the collision between the photon and the electron, the electron is no longer stationary. This can
lead to all kinds of effects. Free electrons moving in a saturated vapour can lead to condensation along
the path of the electrons. This is exactly what Charles Thomson Rees Wilson saw when he was exper-
imenting with the formation of clouds. This effect is used in a cloud chamber to view (the effects of)
cosmic radiation. You can read more about this in the module ‘van der Waals & Wilson’.


