
The equation with Fourier transformation 
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Fourier transformation of the potential  
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Fourier transformation of the potential  
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The Hamiltonian matrix element  
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The Hamiltonian matrix element  

2 3
, ,

1

( ) ( ) (
,

1 1

1 ( )( ) [ ( )] ( ) ( ) ( )
2

basis

basis basis
m n n m n m

N

xc n n n

N N
iG r iG r i G G r i G G R

m n

Z ri k d r V r u r E u r
r rr R

Z ZH e e e e
r R r R

τ

τ

τ τ

τ τ

ρ ρ
τ

τ τ

∞

=

∞ ∞
⋅ ⋅ − ⋅ − ⋅ +

= = ∞
∞

 ′− ′− ∇ + + + + =
′ −− − 

− −
→ = =

− − − −

∑ ∑ ∫

∑∑ ∑∑ ∫

k k
R

R R

k

      

  





   



 

 

 

   

) ( )

1

( ) ( ) ( ) ( )

1 1

( )
2

1

4

basis
n m

basis basis
n m n m n m n m

basis
n m

N
i G G r

N N
i G G i G G r i G G i G G r

cell

N
i G G

cell

n m

Ze
r

Z Ze e N e e
r r

ZN e
G G

τ τ

τ

τ ττ τ

τ τ

τ τ

τ

π

∞
− ⋅

= ∞

∞
− ⋅ − ⋅ − ⋅ − ⋅

= =∞ ∞

− ⋅

=

−

− −
= =

−
= −

−

∑ ∑ ∫

∑∑ ∑∫ ∫

∑

R

R

 

 

       

   

 





 

 



The Hamiltonian matrix element  
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Hamiltonian with a translational symmetry
Now let us think of Hamiltonian 

with a  periodic potential 
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