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Definition.  The time-ordered product of 
operators in the Heisenberg picture

1



The Green’s function (or, also called 1-
particle matrix element) is Gαβ(x,t;x’,t’) 
where αβ are spin indices;
x,x’ are two positions;
t,t’ are two times. The definition is ...

Notations
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αβ
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There are some tricks for calculating the 
ground state energy.

Lesson #1: If we know the Green’s function, 
then we can calculate some interesting 
quantities.

Lesson #2. Of course we do not know the 
Green’s function;  but we can estimate it, 
approximately, using perturbation theory.
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Particles and holes

A hole with momentum –ħk,
is created by annihilating an electron with 
momentum ħk below the Fermi surface.

This could be interesting, e.g.,  as the first 
approximation for nuclear structure: 
protons and neutrons confined inside a 
sphere.
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“creating a hole” is the same as “annihilating a 
particle below the Fermi energy” .
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Calculate the one-particle Green’s 
function, for free particles ( H = H0 )

Check your understanding: what is ψkλα(x)?
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Now employ some tricks with contour integration

propagator for a  particle
and  propagator for a hole



7d. The Lehmann representation (skip) 
7e. The physical interpretation

of the Green’s function
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Let t > t’.
Consider, in the interaction picture, 

< ΨI(t) | ψα(x,t) ψβ
♰(x’,t’) | ΨI(t’)>
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Homework Problem due Friday February 12
Problem 20.
(a ) Evaluate Equation (7.8) for the free Green’s function, (7.44).
(b ) Do the same for Equation (7.10).

(7.8) < n(x) > = ± i tr Gαα(xt,xt+)

(7.10) < T > = ± i  ∫  d3x  lim [  (− ħ2 ∇2 /2m) tr Gαα(xt,x’t+) ]
                                       x’ ➝ x

(7.44) G0
αβ(xt,x’t’) = (2π)–4  ∫ d3k  ∫−∞

∞  dω  eik.(x−x’) e–iω(t−t’) G0
αβ(k,ω)

where  G0
αβ(k,ω) = δαβ  [ 

 θ(k–kF) / (ω – ωk + iη) + θ(kF–k) / (ω – ωk – iη) ]


