
PHYS2581 Foundations2A: QM2 7 solution

(a) E1

1,0,0 =
∫ π
0

∫

2π
0

∫∞
0

1

a3π
e−2r/aeEextr cos θr

2 sin θdrdθdφ

= 2π/(πa3)
∫ π
0
cos θ sin θ

∫∞
0
r3e−2r/adr = 0 as over 0 → π, sin is sym-

metric about π/2 and cos is antisymmetric about π/2.

(b) diagonals:

W11 = . . .
∫ π
0
cos θ sin θdθ = 0

W22 = . . .
∫ π
0
cos θ sin2 θ sin θdθ = 0

W33 = . . .
∫ π
0
cos θ cos2 θ sin θdθ = 0

W44 = . . .
∫ π
0
cos θ sin2 θ sin θdθ = 0

off diagonals: smart way

only W13 will be non-zero as this is the only one where the m quantum
number is the same. we have ψnlm = Rnl(r)Θlm(θ)Φm(φ) and we are
integrating over all φ so ψnlmH

′(θ)ψnl′m′dV ∝ δ(m−m′)

off diagonals: long way

W12 = . . .
∫

2π
0
eiφdφ = 0

W14 = . . .
∫

2π
0
e−iφdφ = 0

W23 = . . .
∫

2π
0
e−iφdφ = 0

W24 = . . .
∫

2π
0
e−2iφdφ = 0

W34 = . . .
∫−π
0

e−2iφdφ = 0

W13 =
∫ ∫ ∫
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e−r/2aeEextr cos θ
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4a2
re−r/2a cos θr2 sin θdrdθdφ

=
eEext

16πa4

∫ ∫ ∫
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r4e−r/a cos2 θ sin θdrdθdφ

= 2π
eEext

16πa4

∫ ∫
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r4e−r/a cos2 θ sin θdrdθ

=
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8a4
2

3

∫

(
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r4e−r/adr =
eEext

12a4

(
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r4e−r/adr − 1
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∫
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)
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=
eEext

12a4

( 4!

(1/a)5
− 1

2a

5!

(1/a)6

)

=
eEext

12a4
(4.3.2a5 − 5.4.3a5)

=
eaEext

12
(12− 60) = −3eaEext

and all Wij = W ∗
ji

(c) so we have
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let λ = E1/− 3aeEext so we have
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solve - determinant=0.
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hence we have values λ = 0, 0, 1,−1 so it splits into 3 separate levels
with energy shift E1

2
= 0,−3aeEext, 3aeEext

(d) eigenvectors with E1

2
= 0 are |2 > and |4 >
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eigenvector with λ = 1 (hence E1

2
= −3eaEext) are
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so −α + γ = 0 or α = γ and χ = 1√
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(|1 > +|3 >)

λ = −1 so E1
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= 3aeEext is
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so α+ γ = 0 or γ = −α and χ = 1√
2
(|1 > −|3 >)
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