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1. expansion of field operators

Show that the field operators can be expanded in a complete orthonormal set
{'n(x)} as  ̂†(x) =

P
n 'n(x) c

†
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2. Slater determinants
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3. density operator n̂(x) =  ̂†(x) ̂(x)

i. For an N-electron state with wave-function

 (x1, . . . , xN) =
1
p
N!
h0| ̂(x1) · · ·  ̂(xN)| i

show that n(x) = N
R
dx2 · · · dxN | (x, x2, . . . , xN)|

2 = h | ̂†(x) ̂(x)| i.

ii. For a Slater determinant �↵1,...,↵N (x1, . . . , xN) show that the density is given

by n↵1,...,↵N (x) = h0|c↵1 · · · c↵N n̂(x)c
†
↵N
· · · c

†
↵1
|0i =

P
n |'↵n(x)|

2.

4. non-interacting Hamiltonian

Consider the non-interacting N-electron Hamiltonian

H(~r1, . . . ,~rN) =
NX

i=1
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Rewrite the Hamiltonian in second quantization using the basis of eigenfunctions
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◆
'n(~r ) = "n'n(~r )

Show that the eigenstates of Ĥ are the Slater determinants
Q
n c
†
n|0i and find

their eigenenergies.


