Physics 521 — Graduate Quantum Mechanics
Homework II, due Wednesday, January 23, 2008 at 8:30 a.m.

1. Reading
G&Y Section 4.2

2. Momentum space propagator

Derive an explicit expression for (p’,t|p,t).

3. Equivalence of propagator and wave mechanics

Prove that the general propagator satisfies the time-dependent Schrodinger equation

4. Imaginary time propagator

Define the partition function as
7 = /dgaj'K(x',t;x',O)|5:it/h.

Show that the ground state energy Fj is given by

Ilustrate this for a particle in a one-dimensional box.

Hint: You may find Sakurai section 2.5 useful.

5. Propagator symmetries

Consider the propagator defined as
K (%%t — 1) = (x|e” =) /Mxy

ie., H+#H(t).

3)

(a) Show that when the system, i.e., the Hamiltonian, is invariant under spatial transla-

tions then the propagator has the property

Kx,xt—t)=Kx-x,t-t).

(4)

(b) Show that when the energy eigenfunctions are real, i.e., ¥g(x) = ¥},(x), the propa-

gator has the property
K(x,x',t—t) =K, x,t —t).

()

(c¢) Show that when the energy eigenfunctions are also parity eigenfunctions, the propa-

gator has the property
K(x,x',t —t')= K(—x,—x/,t —t).

(d) Show that the propagator always has the property

K(x,x',t —t) = K*(x',x,t' —t).

(6)



