
 

Quantum Field Theory Lecture 7

The Feynman propagator has the non covariant form
Dp x y 01 0 yo Dex y OCyo Xo DCy x

We can however find a nicer covariant form

Two properties of Dp x y
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Here we integrate over dik d'kdk
Recall WE É't m2 independent of Ko
But now we integrate over ko so we allow
ko I't m Thus we allow off shell
particles

Proot
Take Xo yo Let us compute
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integration
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K2 ko 12 a k m2 ko WE
and so
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With the ie prescription above we see that the



poles are shifted to
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This allows us to perform the integral over

k For Xo yo we can close the contour in
the lower half plane where Imk o and we get
zero contribution to the integral since
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By Cauchy's theorem the result of the closed
contourintegration is given by the residue of the

pole at WI ie
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This is exactly what we needed so that
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2 Dp x y is a Green's function of the Klein
Gordon operator i.e

m2 Dp x y n 84 x y
Proof
Indeed
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This wraps up our discussion of the free scalar
field and its quantisation Unfortunately real world
computations are still a long way away since the

particles we discussed are free The formalism we

described however is very important as it provides
the basis for the introduction of interactions

through perturbation theory

Particle number
Consider the operator

n f tapas
It is
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So M counts the number of particles in a state
Now one may verify that it 53 0 and so

di
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Therefore the number of particles is conserved

under time evolution There are of course situations
in nature where the number of particles is not

conserved In order to allow for this we need to

add interaction terms to our Hamiltonian



Interactions
As an example we will discuss
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We will treat the coupling A as small i.e we

will treat Lint as a perturbation of Lo
Since Lint does not depend on d
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which is the same as the one before Lint was introduced
Thus
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where
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Interaction picture
In the Schrodinger picture we put the time dependence
into the states and in the Heisenberg picture we put
it into the operators When we introduce interactions
we keep the

operators
in the Heisenberg picture with

Ho and evolve the states with Hint Thus both
operators and states evolve in time
For example
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Schrodinger Lyft eittotge itt.tl4,147
For these to be equal we must have
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