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1

Write an essay explaining the Feynman rules for photons interacting with electrons
and positrons. Your essay should start from a description of the path integral for free
photons, electrons and positrons and why it is equivalent to the operator formalism. You
should then explain how the electromagnetic interaction arises and how it is consistent
with gauge invariance. Then you should explain how the Feynman diagrams arise in the
computation of the expectation values of operators, how to remove vacuum diagrams and
finally what the rules are.

2

Define Dirac gamma matrices.

How do the gamma matrices behave under the transpose operation and under
Hermitian conjugation?

Write down the Dirac equation and explain how it describes spin 1/2 particles and
antiparticles.

The wavefunction for particles of spin s and momentum pa is Ψ = eip·xus(p). Derive
the equation satisified by us(p).

Find the equation satisfied by ūs(p).

Let γab = 1

2
[γa, γb], and show that

ūs′(p
′)γab(p′b − pb)us(p) + ūs′(p

′)(2mγa + pa + p′a)us(p) = 0.

3

Starting from the action for the free real Klein-Gordon field, explain the process of
canonical quantization and illustrate how to derive the commutation rules for the creation
and annhilation operators for this case.

Consider the expression

〈0|Tφ(x1)φ(x2)|0〉 = GF (x1 − x2).

Explain the physical meaning of the left hand-side of the above expression. Starting from
the field operator for the scalar field, derive an expression for the Fourier transform of
GF (x1 − x2) and explain what is meant by the “iǫ prescription ”.

Evalaute
〈0|Tφ(x1)φ(x2)φ(x3)φ(x4)|0〉

in terms of GF .
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4

One way of quantizing the electromagnetic field is to consider a different starting
point from the usual Maxwell action. Suppose the action is given by

∫

d4x

(

−
1

4
FabF

ab +
1

2ξ
(∂aA

a)2

)

where ξ is a new scalar field. Is this action invariant under gauge transformations?

What are the equations of motion for Aa and ξ.

Assuming that ξ is constant, find the Aa equation of motion in momentum space.

Find the Green’s function Gab(p) for the field Aa in momentum space.

Show that paGab 6= 0 for all ξ 6= 0.
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