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Relevant Equations Present on Exam Equation Sheet
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Relevant Equations NOT Present on Exam Equation Sheet

q ≡ ~ki − ~kf

= k [(1− cos θ) ẑ − sin θ cosφ x̂− sin θ sinφ ŷ] ,
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∫
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Problem 1 The cross section for scattering a particle with momentum ~k = kẑ off a single
target is

dσ

dΩ

∣∣∣∣
point

= α,

which is independent of the scattering angle. Here, we assume that the cross section is small.
Now, two targets are placed a distance a apart, separated along the ẑ axis.

(a) At what scattering angles does the differential cross section, dσ
dΩ

, equal zero?

(b) At what scattering angles is the differential cross section, dσ
dΩ

, maximized? What is this
maximum value?
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Problem 1 Solution

We are free to choose the origin wherever it is most convenient. Here we choose the
origin between the two targets, so ~a1 = −aẑ/2 and ~a2 = aẑ/2. Using Eqs. 1, 2, and 3,∑

~a

ei~q·~a = eiqza/2 + e−iqza/2

= 2 cos
(qza

2

)
−→ S̃(~q) = 2 cos2

(qza
2

)
−→ dσ

dΩ
= 2α cos2

(qza
2

)
Note that N = 2, so S̃(~q) is half of the sum squared.

(a)

cosx = 0 when x = (2n+1)π
2

, n ∈ Z, so the differential cross section is zero at

qza

2
=

(2n+ 1)π

2
−→ ka(1− cos θ) = (2n+ 1)π

−→ cos θ = 1− (2n+ 1)π

ka
.

So,

cos θmin = 1− (2n+ 1)π

ka
.

(b)

cos2 x = 1 when x = nπ, n ∈ Z, so the differential cross section is maximum at

qza

2
= nπ

−→ ka(1− cos θ) = 2nπ

−→ cos θ = 1− 2nπ

ka
.

So,

cos θmax = 1− 2nπ

ka
,

with maximum value dσ/dΩ = 2α.
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Problem 2 The cross section for scattering a particle with momentum ~k = kẑ off a single
target is

dσ

dΩ

∣∣∣∣
point

= α,

which is independent of the scattering angle. Here, we assume that the cross section is small.
Now, two targets are placed a distance a apart, separated along the x̂ axis.

(a) Find the condition for the scattering angles such that the differential cross section, dσ
dΩ

,
equals zero.

(b) At what scattering angles is the differential cross section, dσ
dΩ

, maximized? What is this
maximum value?
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Problem 2 Solution

We are free to choose the origin wherever it is most convenient. Here we choose the
origin between the two targets, so ~a1 = −ax̂/2 and ~a2 = ax̂/2. Using Eqs. 1, 2, and 3,∑

~a

ei~q·~a = eiqxa/2 + e−iqxa/2

= 2 cos
(qxa

2

)
−→ S̃(~q) = 2 cos2

(qxa
2

)
−→ dσ

dΩ
= 2α cos2

(qxa
2

)
Note that N = 2, so S̃(~q) is half of the sum squared.

(a)

cosx = 0 when x = (2n+1)π
2

, n ∈ Z, so the differential cross section is zero at

qxa

2
=

(2n+ 1)π

2
−→ −ka sin θ cosφ = (2n+ 1)π

−→ sin θ cosφ =
(2n+ 1)π

ka
.

So,

sin θmin cosφmin =
(2n+ 1)π

ka
.

Note that the minus sign in qx was dropped since n ∈ Z includes positive and negative
integers.

(b)

cos2 x = 1 when x = nπ, n ∈ Z, so the differential cross section is zero at

qxa

2
= nπ

−→ −ka sin θ cosφ = 2nπ

−→ sin θ cosφ =
2nπ

ka
.

So,

sin θmax cosφmax =
2nπ

ka
.

with maximum value dσ/dΩ = 2α. Note that the minus sign in qx was dropped since
n ∈ Z includes positive and negative integers.
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Problem 3 The cross section for scattering a particle with momentum ~k = kẑ off a single
point-like target is

dσ

dΩ

∣∣∣∣
point

= α,

which is independent of the scattering angle. Here, we assume that the cross section is small.
Now, suppose the target is distributed uniformly along a line of length a on the ẑ axis.

At what scattering angles does the differential cross section, dσ
dΩ

, equal zero?
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Problem 3 Solution

We are free to choose the origin wherever it is most convenient. Here we choose the
origin at the midpoint of the distribution. Using Eqs. 3, 4, and 5,

f(~q) =

∫
d~r

1

a
ei~q·~r

=

a/2∫
−a/2

dr
1

a
eiqzr

=
1

iqz

[
eiqza/2 − e−iqza/2

]
=

2

qz
sin
(qza

2

)

So, the differential cross section is zero when qza = 2nπ, n ∈ Z. Or,

cos θmin = 1− 2nπ

ka
.
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