
QFT: Problem Set 4

Instructor: Sudipta Mukherji

1. The Lagrangian for harmonic oscillator is

L =
1
2
m

(dx
dt

)2
− 1

2
mω2x2. (1)

The propagator can be written as

U(x2, t2;x1, t1) = A(t2 − t1)e
i
h̄

Scl , (2)

where Scl was calculated in the class.

Now using the fact that U satisfies time-dependent Schröedinger equation or using

U(x2, t2;x1, t1) =
∫
U(x2, t2;x′, t′)U(x′, t′;x1, t1)dx′, (3)

show that

A(t2 − t1) =
√

mω

2πih̄sinω(t2 − t1)
. (4)

2. The propagator satisfies

ψ(x′, t′) =
∫
U(x′, t′;x, t)ψ(x, t)dx. (5)

Verify this for harmonic oscillator with ψ(x, t) as the ground state wave function

ψ(x, t) =
(mω
πh̄

) 1
4 exp

(
− mω

2h̄
x2 − i

2
ωt

)
. (6)


