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     Ψ (q1,q2,q3) ≡ Ψ (τ ) 



     �̂�𝛹(𝜏) = 𝐸𝛹(𝜏) 

 



 

 ( )   ( ). 

 



 



     �̂�𝑔𝑒𝑠 = �̂�𝑒 + �̂�𝑁 + �̂�𝑒𝑒 + �̂�𝑁𝑁 + �̂�𝑒𝑁 �̂�𝑒  �̂�𝑁  �̂�𝑒𝑒�̂�𝑁𝑁  �̂�𝑒𝑁 

             �̂�𝑒 = �̂�𝑒 + �̂�𝑒𝑒 + �̂�𝑒𝑁 

           �̂�𝑁 = �̂�𝑁 + �̂�𝑁𝑁 + �̂�𝑒𝑁. 

 

Wobei der Operator �̂� der kinetischen Energie und der Operator �̂� der potentiellen Energie zugeordnet 

ist:[2] 

�̂� = − ℏ ( )
�̂� =    



 

  ∑ ∑ ∑  ( ) (  (  ) ) 



R𝑀 𝑓(r)𝜁

 𝑘

𝑛𝑙𝑚
𝑛𝑙 𝑛𝑙𝑚)

𝐺
𝑣,𝑤
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• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

 



 

    ( )   ( ). 



                 ( ) ( ) || ( )( ) ( )( )⋮ ⋱ ⋮( ) ( )|| 
χ𝑖

     ( ) | ( ) ( ) ⟩ 
𝜓𝑖(r𝑁) 𝛼(𝜔)( )

           𝜒𝑖( 𝑁) =  {𝜓𝑖( )𝛼(𝜔)𝑜𝑑𝑒𝑟𝜓𝑖( )𝛽(𝜔)

     �̂� = ∑ 𝑓( )𝑁𝑘=1 = ∑ 𝑓( )𝑁𝑘=1  

           𝑓(  ) =– ℏ2𝑚 ( 𝑑2𝑑𝑥 𝑖2 + 𝑑2𝑑𝑦𝑖2 + 𝑑2𝑑𝑧𝑖2) − ∑ 𝑒𝑍𝐴4𝜋𝜀0𝑟𝑖𝐴𝑁𝐴=1 + 𝜈  𝐻𝐹(  ) 



   �̂�𝐻𝐹𝜒(  ) = ∑ 𝑓 (  )𝜒 (  )𝑖 = ∑ 𝜀𝑖𝜒 ( )𝑖 = 𝐸𝐻𝐹𝜒 (  ) 
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• 

• 

 



 ( )( )

       [ ]   . 

v ( )



( )
( )

    ( ) vext(r,s) ( ) ( ) ( ) ( ,s) xc( ,s)
    ̂ ( ) ( ∇ ( )) ( ) ( ) 
                   ( ) ∑ | ( )|  ( ) 

      [ ] [ ] [ ]  [ ] [ ]   



      [] ∫ ( ) (( ))   

     [  ] ∫( ) ( ( )  ( ))  

        

    [  ] ∫( ) ( ( )  ( ) ∇ ( ) ∇ ( ))  

 ( )  ( ) ∇ ( ) ∇ ( )∇  ( ) ∇  ( )
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∇  (⃗)∇  (⃗)

      ∇ (⃗) ( 
 (⃗)(⃗)

(⃗)) 
 

  

∇ (⃗)
∇ (⃗)

      (⃗) (  
 (⃗)

(⃗)
(⃗))  
 ( )  



→

→

→

→



∇ ⃗
(26)      ∇ (⃗)  

∇ ⃗ ∇ ⃗ ⃗



(27)    ∇ ( ) ( )  



• ∇ →

• ∇ →

∇

∇ ∇

(28)      ϵ = λ1λ2 –1 



ϵ

(29)     ∇ (⃗) (⃗)  
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