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Collision Frequency and Mean Free Path
• Now that we have expression for the velocity distribution, 

• let’s re-examine bimolecular collision rate expression (zAB)

• Goal is to find proper expressions for:
1. collision frequency (θ)
2. mean free path (λ)

( ) ( ) ( )∫ ∫
∞

∞−

∞

∞−

= CZ
T
ABiiBAAB dVdVggZfCfnnz σ

( ) kT
mC

io e
kT

mCf 2
23 2

2
−

⎟
⎠
⎞

⎜
⎝
⎛=
π

AE/ME 6765Collison Freq and Mean Free Path-2

School of Aerospace Engineering

Copyright  © 2009 by Jerry M. Seitzman. All rights reserved.

Bimolecular Collision Rate
• Looking at Maxwellian terms

• Using previous results 
for COM coords.

• We have 
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Bimolecular Collision Rate
• Inserting these into collision rate
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Bimolecular Collision Rate
• First integral resembles

• So

• What if A=B?
– then inverting name of ci and zi

double counts collision 
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Hard Sphere Example
• For hard, elastic spheres ( ) ABAB

T
AB dg σπσ ≡= 2
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Collision Frequency
• Recall collision frequency

– number of coll./sec of one
A molecule with all B’s

– also number of free paths of B molecules terminated 
by one A molecule per unit time

• For hard sphere

• For multiple species present
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If A=B, then A-A collision 
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∑
∑

=

≡

Y
AYAYY

Y
AYA

gn σ

θθ

*

8

AYm
kTg

π
=

Y=all coll. partners, 
including A

hard spheres



4

AE/ME 6765Collison Freq and Mean Free Path-7

School of Aerospace Engineering

Copyright  © 2009 by Jerry M. Seitzman. All rights reserved.

Mean Free Path
• As before

• For single-species and hard sphere
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