
Problem 1

a) Let us use recurrence relation s H n=
1

2
Hn+1+n Hn−1 (we write Hn instead of Hn(s) in order

to shorten the equations). In order to obtain s
4
Hn , one has to multiply s Hn by s three times,

while using the recurrence relation after each multiplication.
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c) According to perturbation theory, En
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Problem 2

a) Let us rewrite matrix elements in different form:

Wαβ=∫0

∞
r dr∫0

2π
dθ ψ̄αV 1 ψβ=a

2∫0

∞
ρdρ∫0
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d θ ψ̄αV 1 ψβ . In polar coordinates, the perturbation is
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It is obvious, that ∫0

2π
sin 2θ dθ=0 , thus diagonal elements W 00 ,W ++ ,W -- , angular part of which

contains this integral are equal to zero. Since Wab=W̄ ba , one only has to calculate W 0+ ,W 0- ,W +-

coefficients.

Let us use integral ∫0

∞
x
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e
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, so V 1=Aρ2
sin 2θ .

W 0+=A
a

2

a
2 √2π

∫0

∞
ρ5(1−ρ2)e−ρ2

dρ∫0

2π
e

2 iθ
sin 2θd θ=

A

√2
⋅

1

2
(Γ (3)−Γ(4))⋅(iπ)=

A

√2
⋅

1

2
(2 !−3 !)(iπ)=−√2i A

W 0 -=A
a

2

a
2 √2π

∫0

∞
ρ5(1−ρ2)e−ρ2

dρ∫0

2π
e

−2 iθ
sin 2θd θ=

A

√2
⋅

1

2
(Γ (3)−Γ(4))⋅(−iπ)=√2 A i

The angular part of W+ - is ∫0
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sin 2θ dθ and is equal to zero, so W + - is equal to zero

too. All matrix elements are found, and the matrix looks like this:

W=( 0 −√2 A i √2 A i

√2 A i 0 0
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) , where A=
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.

b) The characteristic equation det (W−E
1
I )=0 is det ( −E

1 −√2 A i √2 A i

√2 A i −E
1
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−√2 A i 0 −E
1 )=0 . Opening

the determinant, obtain −(E1)3+4 E
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2=0 , so the roots are (E1)1=0 and 

(E1)2,3=∓2A=∓ϵℏω .
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