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1. Approximate the many-body wavefunctions of different systems in which the single electrons are under
the harmonic oscillator potential. Recall we do this via the Slater determinant:

Ψ({γi}) =
1√
N !

∣∣∣∣∣∣∣∣
ψ1(γ1) ψ1(γ2) ... ψ1(γN )
ψ2(γ1) ψ2(γ2) ... ψ2(γN )
... ... ...

ψN (γ1) ψN (γ2) ... ψN (γN )

∣∣∣∣∣∣∣∣ (1)

We will assume the space and spin components of the single-body wavefunctions are separable:

ψ(γ) = φ(r)χ(σ) (2)

(a) Electrons a and b are spin-up and spin-down respectively, both in ground state:

Ψ(γa,γb) =
1√
2

∣∣∣∣ψa(γa) ψa(γb)
ψb(γa) ψb(γb)

∣∣∣∣
=

1√
2

∣∣∣∣φ0(ra)χ+(σa) φ0(rb)χ+(σb)
φ0(ra)χ−(σa) φ0(rb)χ−(σb)

∣∣∣∣
=

1√
2
φ0(ra)φ0(rb) [χ+(σa)χ−(σb)− χ+(σb)χ−(σa)] (3)

(b) Electrons a and b are in the ground state and first excited state respectively, both spin-up:

Ψ(γa,γb) =
1√
2

∣∣∣∣ψa(γa) ψa(γb)
ψb(γa) ψb(γb)

∣∣∣∣
=

1√
2

∣∣∣∣φ0(ra)χ+(σa) φ0(rb)χ+(σb)
φ1(ra)χ+(σa) φ1(rb)χ+(σb)

∣∣∣∣
=

1√
2
χ+(σa)χ+(σb) [φ0(ra)φ1(rb)− φ0(rb)φ1(ra)] (4)

(c) Electron a is spin-up in the ground state. Electrons b and c are spin-up and spin-down respectively
in the first excited state:

Ψ(γa,γb,γc) =
1√
6

∣∣∣∣∣∣
ψa(γa) ψa(γb) ψa(γc)
ψb(γa) ψb(γb) ψb(γc)
ψc(γa) ψc(γb) ψc(γc)

∣∣∣∣∣∣
=

1√
6

[
ψa(γa)

∣∣∣∣ψb(γb) ψb(γc)
ψc(γb) ψc(γc)

∣∣∣∣− ψa(γb)
∣∣∣∣ψb(γa) ψb(γc)
ψc(γa) ψc(γc)

∣∣∣∣+ ψa(γc)
∣∣∣∣ψb(γa) ψb(γb)
ψc(γa) ψc(γb)

∣∣∣∣]
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=
1√
6

{
φ0(ra)χ+(σa)

∣∣∣∣φ1(rb)χ+(σb) φ1(rc)χ+(σc)
φ1(rb)χ−(σb) φ1(rc)χ−(σc)

∣∣∣∣
− φ0(rb)χ+(σb)

∣∣∣∣φ1(ra)χ+(σa) φ1(rc)χ+(σc)
φ1(ra)χ−(σa) φ1(rc)χ−(σc)

∣∣∣∣
− φ0(rc)χ+(σc)

∣∣∣∣φ1(ra)χ+(σa) φ1(rb)χ+(σb)
φ1(ra)χ−(σa) φ1(rb)χ−(σb)

∣∣∣∣}
=

1√
6
{φ0(ra)φ1(rb)φ1(rc)χ+(σa) [χ+(σb)χ−(σc)− χ+(σc)χ−(σb)]

− φ0(rb)φ1(ra)φ1(rc)χ+(σb) [χ+(σa)χ−(σc)− χ+(σc)χ−(σa)]
− φ0(rc)φ1(ra)φ1(rb)χ+(σc) [χ+(σa)χ−(σb)− χ+(σa)χ−(σb)]} (5)

2. Recall:

Ψ({γi}) =
1√
N !

∑
k∈K

εk

N∏
j=1

ψkj (γj) (6)

〈Ψ({γi})|Ψ({γi})〉 =
1
N !

∑
k∈K

∑
k′∈K

∫
dγ1...dγN εkεk′
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ψ∗kj
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] N∏
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[
ψk′

j
(γj)

]

=
1
N !

∑
k∈K

∑
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N∏
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dγiψ

∗
kj

(γi)ψk′
j
(γi)

]
εkεk′

=
1
N !

∑
k∈K

∑
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N∏
i=1

[
δki,k′

i

]
εkεk′

=
1
N !

∑
k∈K

εkεk

=
1
N !

∑
k∈K

1

=
1
N !

N !

= 1 (7)
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