
Wave and Second Quantization
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The Green Function
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The Pictures

1.the Schordinger picture: wave functions are time dependent and operators are time independent
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The Green Function in Interaction 
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The Wick’s theorem
{ }

{ }
{ }

{ }
{ }

1 0 1 1

22
1 2 0 1 1 2 2

1 0 1 1

1 1

( , ) ( ) ( ')

     ( ) ( ')

      +( ) ( ) ( ') ( ) ( )

     ( ) ( ) ( ') ( ) ( ) ( ) ( )

     (1+( ) ( ) ( ') ( ) ( ) )

( ) ( ') ( ) ( ) (

T S t t

T t t

i dt V T t t t t

i dt dt V T t t t t t t

i dt V T t t t t

T t t t t t

ϕ ϕ

ϕ ϕ

ϕ ϕ φ ϕ

ϕ ϕ φ ϕ ϕ φ

ϕ ϕ φ ϕ

ϕ ϕ φ ϕ ϕ

+

+

+ +

+ + +

+ +

+ + +

∞ −∞

∝

−

+ −

× − ⋅⋅⋅

∫
∫ ∫
∫

{ }
{ } { } { } { } { }

2 2

1 1 2 2 1 2 2 1

) ( )

( ) ( ') ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

                                                        0                                              non-connecteed

( ) (

t

T t t T t t T t t T t t T t t

T t t

φ

ϕ ϕ ϕ φ φ ϕ ϕ ϕ φ φ

ϕ φ

+ + + + +

+

⎡ ⎤= −⎣ ⎦

−

i

{ } { } { } { } { }

{ } { }

1 1 2 2 1 2 2

2 2 1

) ( ) ( ') ( ) ( ) ( ) ( ') ( ) ( )

                                                        0                                                        0

( ) ( ) ( ) ( ') (

T t t T t t T t t T t t

T t t T t t T t

ϕ ϕ φ ϕ ϕ ϕ φ ϕ

ϕ ϕ φ ϕ ϕ

+ + + +

+ +

⎡ ⎤−⎣ ⎦

−

i

i { } { } { }1 2 1 1) ( ) ( ) ( ) ( ) ( ')

                                                        0                                                        connected
The Wick's theorem says that the result of

t T t t T t tφ φ φ ϕ ϕ+ + +⎡ ⎤−⎣ ⎦

 the product of many field operators is the sum of all
pairwise contraction.



Cancel Theorem

{ }
( )

{ } { }
( )

{ }

{ }

0 0

0 0

0 0 0 0

0 0

0 0

0 0

( , ) ( ) ( ')
( , ')

,

( , ) ( ) ( ') ( , ) ( ) ( ')

,

( , ) ( ) ( ')

( , ) ( ) ( ')

connected non connected

non connected

connected

connect

T S t tiG t t

T S t t T S t ti

i T S t t

i T S t t

ϕ ϕ

ϕ ϕ ϕ ϕ

ϕ ϕ

ϕ ϕ

+

+ +
−

−

+

+

Φ ∞ −∞ Φ−=
Φ ∞ −∞ Φ

Φ ∞ −∞ Φ Φ ∞ −∞ Φ−=
Φ ∞ −∞ Φ

−= Φ ∞ −∞ Φ

−= Φ ∞ −∞ Φ
ed
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Simple Examples
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The electron photon interaction
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Retard, Advanced and Lesser, Greater 
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The Equilibrium Green Function
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The Langreth Theorem
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The Keldysh Formulation
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A Simple Example
The electron –photon interaction
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The electron transport through the 
interacting region (PRB 50, 5528)
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Wideband Approximation 
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The retarded Green function 
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The lesser Green function
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The generalized spectral function
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The transport through the QD with 
phonon bath interaction
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