
Today’s class: Time-ordered Green’s functions and Wick’s theorem

● Time-ordered Green’s functions. 
● Gell-Mann and Low theorem.
● Perturbation theory (e.g. the interaction).
● Wick’s theorem.
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Time-ordered Green’s functions (T=0)

● Time ordering operator:

+: Bosons -: Fermions

“Greater”:

“Lesser”:

Connection with other Green’s functions.

Heisenberg



Lehmann Representation (T=0)

Many-particle 
spectrum:

We can write a GF as:

Matrix elements:

In frequency:



Lehmann Representation (T=0)

Lehmman Representation for the 

retarded/advanced GF:

In frequency:

Assignment: show that



Why use the time-ordered GF?

which relates expected values of operators in Heisenberg and interaction pictures.

It is very appropriate for perturbation theory :



Adiabatic “switching on”

Interaction picture:

At t=0:

Perturbation “turned on” at t = -∞:



Gell-Mann and Low theorem

in all orders of perturbation theory,

then:

If we can define the quantity:

i.e., it’s an eigenstate of H (but not necessarily the GS!)

with

M. Gell-Mann and F. Low, Phys. Rev. 84 350 (1951).
(for a full proof: Fetter & Walecka, Cap 3 Sec 6)



Important corolary

which relates expected values of operators in Heisenberg and interaction pictures.

From the G&L theorem, one can show the following property:

(for a full proof: Fetter & Walecka, Cap 3 Sec 8)



Example: quartic terms

Perturbation theory in the interaction:
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