
Assignment-2: Many-Electron Systems (22/05/2024) 
1. Using the general rules for matrix elements, for the one- and the two-electron operators, 

𝒪1 and 𝒪2, respectively, write down the values of the matrix elements, ⟨Ψ0|𝒪1|Ψ0⟩ and 
⟨Ψ0|𝒪2|Ψ0⟩, where |Ψ0⟩ = |𝜒1⋯𝜒𝑎𝜒𝑏⋯𝜒𝑁⟩ is the Hartree-Fock ground state for the 𝑁 
electron system. 

2. Derive the matrix elements for 

(a) |𝐾⟩ = |𝜒𝑚(1)𝜒𝑛(2)⋯ ⟩, |𝐿⟩ = |𝜒𝑝(1)𝜒𝑛(2)⋯ ⟩ 

(b) |𝐾⟩ = |𝜒𝑚(1)𝜒𝑛(2)⋯ ⟩, |𝐿⟩ = |𝜒𝑝(1)𝜒𝑞(2)⋯ ⟩ 

3. A different procedure for deriving the above matrix element uses the theorem that 

⟨𝐾|𝐻|𝐿⟩ = √𝑁! ⟨𝐾𝐻𝑃|𝐻|𝐿⟩, where |𝐾𝐻𝑃⟩ is the Hartree product corresponding to the 
determinant |𝐾⟩, that is, |𝐾⟩ = |𝜒𝑚(𝑥1)𝜒𝑛(𝑥2)⋯ ⟩    and    |𝐾𝐻𝑃⟩ = 𝜒𝑚(𝑥1)𝜒𝑛(𝑥2)⋯. 
Prove this theorem. Use this theorem to derive the matrix elements of a sum of one-
electron operators. 

4. By integrating out the spin, show that the full CI matrix for minimal basis H2 model is 

𝑯 = (
2(1|ℎ|1) + (11|11) (12|12)

(12|21) 2(2|ℎ|2) + (22|22)
) 

5. Show, using the properties of determinants, that, (𝑎1
†𝑎2

† + 𝑎2
†𝑎1

†)|𝐾⟩ = 0 for every |𝐾⟩ in 

the set {|𝜒1𝜒2⟩, |𝜒1𝜒3⟩, |𝜒1𝜒4⟩, |𝜒2𝜒3⟩, |𝜒2𝜒4⟩, |𝜒3𝜒4⟩}. 

6. Show, using the properties of determinants, that, (𝑎1𝑎2
† + 𝑎2

†𝑎1)|𝐾⟩ = 0 and (𝑎1𝑎1
† +

𝑎1
†𝑎1)|𝐾⟩ = |𝐾⟩ for every |𝐾⟩ in the set {|𝜒1𝜒2⟩, |𝜒1𝜒3⟩, |𝜒1𝜒4⟩, |𝜒2𝜒3⟩, |𝜒2𝜒4⟩, |𝜒3𝜒4⟩}. 

7. Given a state |𝐾⟩ = |𝜒1𝜒2⋯𝜒𝑁⟩, show that, ⟨𝐾|𝑎𝑖
†𝑎𝑗|𝐾⟩ = 1, if 𝑖 = 𝑗 and 𝑖 ∈

{1,  2,  … ,  𝑁}, but is zero otherwise. 


