
 

1.1 Field Theory
The path integral representation
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for the quantum mechanics of a single

particle can be generalized to the case

of N particles
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Going through
the same steps as

before we get
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We can expand
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Taking the continuum limit the

label a on the particles can be

replaced by n dimensional position
vector I galt 9 tie

Traditional notation get 6 tix

field
kinetic energy
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Focusing on U E Ikas 9 9 t

and using 29,9 ga 9 9 95
we get for nearest neighbor interactions



9a 9,12 12 Te

SCU Edt d xL 4

Edt d 13717114.1 GET

Ty 244

where parameters p T are

determined by Kas l

This already looks almost like a

Lorentz invariant action

In QFT we impose Lorentz

invariance and no more than

two time derivatives
set p od 4nF
obtain kinetic term
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setting c l and D ntl we

end up with a Lorentz inv action
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Note Higher spacial derivatives
are

naturally excluded due to

Lorentz invariance

Insisting on further symmetries
like 4 to 4 has implications
on V6 e.g only even polynomials

Classical limit

Restoring h gives
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In the limit t o one obtains

according to Euler Lagrange variation
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1 2 The operator formalism
and the vacuum

Review of Heisenberg's approach to QM
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T

single particle Lagrangian

define canonical momentum
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p and q become operators by
imposing p g i setting 5 1
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time evolution
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operators evolve according to
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Defining operator
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with some parameter w we get
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ground state is defined as

a 10 0

For the harmonic oscillator we get
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Generalization to field theory
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canonical momentum density
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canonical commutation relations
at equal time
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Hamiltonian is given by
Legendre transformation
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For the case of the harmonic

oscillator u o the field equation is
Ge22 m2 4 0

Define operators alt att with
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