
HW23: Collision Theory, Phys3355, Fall 2005, with solution 1

1 Scattering from k
r3 Force

A fixed force center elastically scatters a particle of mass m according to the central force F (r) = k/r3. If the initial
velocity of the particle is u0, show that the differential scattering cross section is

σ(θ) =
k π2(π − θ)

mu2
0 θ2(2π − θ)2 sin θ

. (1.1)

Note: This is using Thorton’s notion. In comparing Thorton and Taylor’s notion we have (Thorton = Taylor):

σ(θ) =
dσ(θ)

dΩ
. (1.2)

Hint: Start with equations 9.122 and 9.123 from Thorton and use the change of variables u = 1/r.

? ?
1.0 solution

We start by combining equations 9.122 and 9.123 from Thorton which gives
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where we have set T0 = T ′

0 because the center-of-mass frame and the Lab frame are the same frame.
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We substitute u = b/r, with du = − b

r2 dr giving
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We can find rmin using the conservation of energy, with the total energy being 1
2mu2

0, and by setting r = rmin and ṙ = 0,
like so
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Plugging this into equation 1.5 and setting T0 = 1
2mu2

0 gives
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Solving for b(θ) we get
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⇒
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So with this and Thorton equation 9.120 we get
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Plugging in the b(θ) gives
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⇒ σ(θ) =
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. (1.9)
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