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Problem Set 2 (due Monday, 29.10.2012 in the lecture)

(2.1) Error estimate for variationally determined eigenenergy (3 points)

Let Ĥ|n〉 = En|n〉 andE = 〈ψ|Ĥ|ψ〉, where the trial state|ψ〉 is already normalized,
〈ψ|ψ〉 = 1. We define theerror vector

|R〉 = (Ĥ − E)|ψ〉

and assume thatEk is that true eigenvalue of̂H which is closest toE. Prove that

E −∆ ≤ Ek ≤ E +∆,

where∆ =
√

〈R|R〉.

(2.2) Yukawa (2 points)

The differential cross section in the first Born approximation

dσ

dΩ
=

4m2α2

h̄4(µ2 + 4k2 sin2 θ/2)2

for the Yukawa potentialV (r) = (αe−µr)/r has been derived in the lecture. Determine
the total cross sectionσ.

(2.3) Gaussian potential (3 points)

Show that the differential cross section in the first Born approximation for the Gaussian
potentialV (r) = V0e

−r2/r2
0 is given by

dσ

dΩ
=
πr2

0

4

(

mV0r
2

0

h̄2

)2

e−q2r2
0
/2

whereq2 = 2k2(1− cos θ) is the modulus square of the momentum transferq = kf −ki,
as introduced in the lecture. How doesdσ/dΩ change as a function ofθ with increasing
energy of the incident particles?

(2.4) Green function (2 points)

In the lecture we introduced the Green functionG0(r) which fulfills

(∇2 + k2)G0(r) = δ(r). (1)

Show that the Fourier-transform ofG0(r) is given by

G0(q) =
1

(2π)3/2(k2 − q2)
.

Hint: Do not use the explicit expression forG0(r) we derived in the lecture but simply
Fourier-transform Eq. (1)!


