Physics 563 (Quantum Field Theory 1) Fall 2009
Problem set 4

Due Oct. 9, 2009

NOT GRADED 1. Normal modes for lattice Klein-Gordon theory Let 3-space be a cubic
lattice with points
Xp = a(ny, ng, ng), (1)
where a is the lattice spacing, and the n s are integers. There are N points in each coordinate
direction, for a total volume of space of V = a®*N®. Apply periodic boundary conditions.
The Lagrangian is

2
L=Yd |58 3 mer -] (2)

J=123

Here the field ¢(t,x) is defined on the lattice points, and D;¢ denotes a discrete approxima-
tion to the spatial derivative, e.g.,
¢(t7 a(nl + 17 N, n3)) _ (b(t’ a(nlv Usy n3))

D¢ = - : (3)

Find the equation of motion of the field, which should be a discretized version of the
Klein-Gordon equation.
Find the most general solution, which should be of the form

b= Z <&a€—iwat+ika-x X dlewat—ika.x> . (4)
You should find that the momenta are of the form
2T, ..
k= a_N (]17927]3)? (5)

where the j.s are integers, and that the normal mode angular frequencies are

NOT GRADED 2. Define a theory by

1

L= 2 (Q1Q2 — G2G1) — f(€117 612)7 (7)

where ¢;(t) and g¢,(t) are real/hermitian coordinates. For this problem, use

W

[, q0) = B (Q12 + 922) : (8)



Find the Euler-Lagrange equations of motion.

Apply the Faddeev-Jackiw quantization rules to find the ETCR and the Hamiltonian.

Show that the standard Heisenberg rules give the correct equations of motion.

Find the solution given the formula for f(q, g,).

Show that the result is the usual simple harmonic oscillator in an unusual formulation.

3. Now define a theory by .
R e 0

where (t) is a complez coordinate. Apply the Faddeev-Jackiw rules for quantization in
their form for complex coordinates, as in the Schrodinger field theory. Show that the results
are equivalent to those in the previous problem with a suitable redefinition of variables.



