
Problem Set 2
Phys 7240

Due: Feb 3

1 Free Particle

The Hamiltonian of a free particle in 1D is given by

H = − 1

2m

∂2

∂x2
. (1.1)

1. Compute its Green’s function by using the formula

G(x, x0; t) =
∑
n

e−iEntψn(x)ψ∗n(x0) (1.2)

2. Check that

i
∂G

∂t
= −∂2G

∂x2
, x > x0, (1.3)

that
G(x, x0; 0) = δ(x− x0), (1.4)

and that
G(x, x0, t1 + t2) =

∫ ∞

−∞
dy G(x, y, t1)G(y, x0, t2). (1.5)

3. Check that

G(x, x0, Nε) =
(

m

2πiε

)N
2

∫ ∞

−∞

N−1∏

l=1

dxl ei
∑N−1

i=0
m

(xi+1−xi)
2

2ε . (1.6)

2 Harmonic Oscillator

The action for a harmonic oscillator is given by

S =
1

2

∫ T

0
dt

[
mẋ2 − ω2

0x
2
]

=
1

2

∫ T

0
dt

{
x

[
−m

d2

dt2
+ ω2

]
x

}
. (2.1)

In this problem you will calculate the Green’s function of the Harmonic oscillator between
the points x(0) = 0 and x(T ) = 0, G(0, 0; T ), using the approach of operator determinants.

G(0, 0; T ) ∝ 1√
det

(
−m d2

dt2
+ ω2

0

) . (2.2)

1. Find the eigenvalues of the operator

3 ∗


