
Chapter 4. Collisions Between Particles §18 Problem 1.

§18 Scattering

Problem 1.

Determine the effective cross-section for scattering of particles from a perfectly rigid sphere of
radius a (i.e. when the interaction is such that U = ∞ for r < a and U = 0 for r > a).

Solution: The particle is reflected from the sphere at the same angle ϕ0 to the normal (i.e. the
radius) as it is incident, as shown in the figure.

a
φ0

ρ

From the figure, we can see

ρ = a sinϕ0 = a sin
1

2
(π − χ) = a cos

1

2
χ. (4.3)

Subsituing Eq. (4.3) in formula (18.7) or (18.8) of the book, we have

dσ =
1

2
πa2 sinχdχ =

1

4
a2do. (4.4)

If we integrate dσ over all angles, we find

σ =
1

2
πa2

∫ π/2

−π/2
sinχdχ = πa2,

which is the projection of the sphere perpendicular to the beam (i.e. the impact area). We need to
express Eq. (4.4) in the L system using formula (17.4) of the book. If this equation is solve for cos θ1, we
get, as in §16 Prob. 2 with V/v0 replaced by m1/m2,
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tan θ1 =
m2 sinχ

m1 +m2 cosχ

⇒ tan2 θ1

(
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)2

= 1− cos2 χ

⇒ cosχ = −m1

m2
sin2 θ1 ± cos θ1

√
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1
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2

sin2 θ1

⇒ 1

2
sinχdχ =

1

2
sin θ1dθ1

2
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2
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2
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2 θ1

 .

We thus get

Answer to Problem 1.

dσ1 =
1

4
a2

2
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1/m

2
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2
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do1

dσ2 = a2| cos θ2|do2.

Solution to Mechanics by P.O. Bolduc Page 52 of 136

https://pobol2.github.io/Mechanics-Landau-Solution/#chapter-4
https://pobol2.github.io/Mechanics-Landau-Solution/main.pdf#page=137

	§18 Problem 1

