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Collision cross section and mean free path
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Some definitions

Impact parameter b: Perpendicular distance between the center
of two molecules

r1 and r2 are the radii of two molecules.

Collision takes place when b  (r1 + r2). The closest distance
between the centre of molecule: d = r1 + r2.

Collisional cross section is the area exposed by one particle to the
other particle for interaction. Denoted by � and has unit of area.

The circular area around the centre of A2, when particles A1
come and will get deflected (interact/collide): � = ⇡ (r1 + r2)2.
Collision takes place when b  (r1 + r2)
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Particle Flux
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For simplicity let us consider 1D model along X-axis. Let us
calculate a fraction of total cross section to total area.
⌃�
A = n��xA

A = n � �x.

where n is the number density and �xA = V is the volume.

If N molecules impinge per second the area A of Volume V ,
then the fraction that su↵ers collision after a path length �x :
�N
N = ⌃�

A = n � �x.
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Particle Flux Contd...
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In di↵erential form and taking negative sign as particles are
deflected or lost: dN

N = - n � �x.

Integrating: N(x) = N0 e�n�x

This is the particle flux N(x) after a path length x through the
collision volume.
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Mean free path
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Mean free path (⇤) is the path length which a particle A1 passes
on an average without a collision.

⇤ =
R 1
0

xN(x)dxR 1
0

N(x)dx =
R 1
0

xe�n�x dxR 1
0

e�n�x dx = 1

n�

Now, N(x) = N0 e�n�x = N0 e�x/⇤

Hence, mean free path ⇤ represents that path length after which
the number of particles in the incident beam has decreased to
1/e of its initial value.
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Average time between two successive collisions

⌧ = ⇤

hvi = 1

n�hvi

If v1 and v2 are velocities of A1 and A2, then the mean velocity

is replaced by the relative velocity �v = v1 � v2 =
p
2v2

So, ⌧ = 1

n�
p

2v2
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Problem

At atmospheric pressure P = 105 Pa, the number density of the
molecules in the atmosphere n ⇠ 3 ⇥ 1019 cm�3. The elastic
collision cross section � ⇠ 45 ⇥ 10�16 cm2.
Mean free path ⇤ = 1

n� ⇠ 7 ⇥ 10�6 cm = 70 nm.
Mean velocity hvi ⇠ 475 m/s at T = 300 K.
Mean flight time between two collisions: ⌧ = ⇤p

shv2i
= ⇤

p
m

6KT =

1.1 ⇥ 10�10 sec.
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