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Chapter 3 : GREEN’S FUNCTIONS AND 
FIELD THEORY (FERMIONS)

Review

9. DIAGRAMMATIC ANALYSIS OF 
PERTURBATION THEORY

9a. Feynman diagrams in coordinate space

9b. Feynman diagrams in momentum 
space

9c. Dyson’s equations

9d. Goldstone’s theorem



9a. Feynman diagrams in 
coordinate space



These are disconnected graphs;
the fermion lines with propagation from (yβ) to (xα) 
are not connected to the interactions.
They will be canceled by terms in the denominator. 
  



+

Note that C and E differ only by the exchange of x1 
and x2. But we integrate over x1 and x2, and V(x1,x2) = 
V(x2,x1). Thus C = E. Keep one diagram and cancel the 
factor of ½.
Similarly, D = F.
  



vacuum graphs





Feynman rules in coordinate space
To calculate Gαβ(xy) ...
R1. Draw all topologically distinct connected 
graphs with one entering line and one exiting line.
R2. Vertices -- spacetime position;
integrate d4x for all internal vertices.

R3. Fermion lines -- free propagator function

R4. Interaction lines -- 2-body potential energy

R5. Perturbation order factor = (i/ħ)n

R6. Overall sign = ± ;
probably need to go back to Wick’s theorem to figure it out.



9b. Feynman diagrams in momentum 
space

Now let’s go back to calculate the 1-
particle Green’s function.

Gαβ(x,y) where x = (x,tx) and y = (y,ty)

Gαβ(x,y) = G0
αβ(x,y) + G(1)

αβ(x,y)

G(1)
αβ(x,y) =



D: the irreducible diagram



C: the tadpole diagram





Feynman rules in momentum space
To calculate Gαβ(k) ...
R1’. Draw all topologically distinct connected 
graphs with one entering line and one exiting line.
R2’. Vertices -- momentum/energy 
transformations; momentum and energy are 
conserved at each vertex.

R3’. Fermion lines -- free propagator function

R4’. Interaction lines -- 2-body potential energy

R5’. Perturbation order factor = (i/ħ)n

R6’. Overall sign = ± ;
probably need to go back to Wick’s theorem to figure it out.



9c. Dyson’s equations

First order perturbation theory won’t be 
an adequate approximation, if there are 
important interactions.

(In most problems of physical interest 
there are important interactions.)

But with the help of the diagrammatic 
analysis we can do better: we can add 
together whole classes of diagrams, to all 
orders in perturbation theory.

It is not an exact solution because we are 
still neglecting some higher order 
diagrams. But since we are including 
whole classes of higher order diagrams it 
should improve on fixed order 
perturbation theory. 

Similar methods have been developed for 
relativistic Q.F.T. ; e.g., “renormalization 
group”; or , “resummations”.

We’ll consider two examples of Dyson’s 
equations:
(1) Self energy insertions; these apply to 

the 1-particle Green’s function
(2) Polarization insertions; these apply 

to the 2-particle Green’s function.

… to be continued



Self-energy insertions







Wed Feb 4





The Lehmann representation
(sec 7)
The singularities of Gαβ(k) in the 
complex ω plane occur at the 
excitation energies (/ħ) of the 
interacting system. The damping 
factor of an excited state is the 
imaginary part of the pole position. 



constant energy shift               real self energy;
from the tadpole diagram         no damping in 1st order





Polarization insertions



9d. Goldstone’s theorem

We probably won’t use this.

FW point out that “Goldstone diagrams” 
are more like old fashioned perturbation 
theory than Feynman-Dyson diagrams.

One Feynman-Dyson diagram is equal to 
the sum of several Goldstone diagrams.

So the Feynman-Dyson methods are 
more powerful in principle.

Nevertheless, FW sometimes use 
Goldstone diagrams later in the book. We’
ll skip this for now and come back to it if 
necessary.

So now we’ll proceed to Chapter 4.


