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Suggested Reading: Szabo&Ostlund 1&2; Parr&Yang 1&2; McWeeny 1,2&3 
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Ĥ R( )Ψel r1,r2,r3,..rN ;R( ) = Eel R( )Ψel r1,r2,r3,..rN ;R( )  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Brute Force Solution 
Complete Basis of Orbitals 

ψ i r( ){ } ψ i ψ j = δ ij ψ i ψ i = 1
i
∑  

 
Ψel r1,r2,r3,..rN( )  

 
 
 
 

Equilibrium 
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Spin Orbitals 
ψ i r( )α σ( ) ≡ψ i r,σ( ) ≡ψ i x( ) ψ i r( )β σ( ) ≡ψ i r,σ( ) ≡ψ i x( )  

 
 
 
Antisymmetry 
 
 
 
 
 
 
 
Slater Determinant: 
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Interchange 
Rows 1&2⎯ →⎯⎯⎯ − 1
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Option 1: Approximate the Wave Function 

 
 
 
 
One Electron Integrals 
hij ≡ ψ i ĥ ψ j = ψ i

* x( ) ĥψ j x( )dx∫ = ψ i
* x( ) − 1

2∇
2 + v(r)( )ψ j x( )dx∫  

 
 
 
Two Electron Integrals 

ij kl ≡ ψ iψ j
1
r12

ψ kψ l =
ψ i

* x1( )ψ j
* x2( )ψ k x1( )ψ l x2( )

r12
dx1 dx2∫∫  

ij kl ≡ ij kl − ij lk  
 
 
 
 
  
If two determinants are identical: 
φiφ jφk... ĥ φiφ jφk... = hmm

m
∑  φiφ jφk... V̂ φiφ jφk... = 1

2 mn mn
mn
∑  

If two determinants differ by one spin orbital: 
...φiφ jφk... ĥ ...φiφlφk... = hjl  φiφ jφk... V̂ φiφlφk... = jm lm

m
∑  

If two determinants differ by two spin orbitals: 
...φiφ jφk... ĥ ...φiφlφm... = 0   φiφ jφk... V̂ φiφlφm... = jk lm  

If two determinants differ by three or more spin orbitals: 
...φiφ jφk... ĥ ...φlφmφn... = 0   φiφ jφk... V̂ φlφmφn... = 0  
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Option 2: Densities and Density Matrices 

 
 
 
Electron Density 

ρ x( ) ≡ Φ* x, x2, x3...xN( )Φ x, x2, x3...xN( )dx2 dx3...dxN∫  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Exercise: Densities and Wave Functions 
Task: Use the Slater-Condon Rules to work out an expression for 
γ(x,x’) for a Slater Determinant. 
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Basis Set Expansion 
Expand orbitals in a complete basis 

ψ i x( ) ≡ cµiχµ x( )
µ=1

N

∑  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Task: Use the basis expansion to work out expressions for hij and 
<ij|kl> in terms of integrals involving the basis functions (hµν and 
<µν|λσ>) . 
 
 
 


