Physics CS 140 Set#9 Winter 2014
(For T March 11, 5:00 PM)

Read Feynman "Quantum Mechanics and Path Integrals”:Read Feynman Ch 6, Sects
6-1 through 6-3. Read the class notes for the weeks of T FgbB%ethrough Th March 6

Problem 1

A particle of massn is hanging vertically from a spring of natural frequency The
potential energy is

V(z) =Vy —mgz + %w%z

whereVj is a constant. Find the probability amplitude
for the particle starting at, and ending up at at time

T. Thatis,
lg (x,T|z0,0)

- I

Problem 2

a) Evaluate the matrix element of the position operatoy

(2,12 | 2(1) |21, 1)
for a simple harmonic oscillator of massand frequencw with

L= @[a'tz — wir?]
2
b) Evaluate the matrix element of the time ordered produdife position operators(t)
andz(t')
(V2,12 | T(2()2(F)) | 21, 1)
for a free particle of mass: with
L= —i"

Problem 3

Consider a system such that at the initial timehe system is in a state described by the
wave functiony(z,,t,). At a later timet, the original state will develop into the state
o(xp,tp). The transition amplitude that this system is found to behim $pecific state
described by the wave functiof{x, t,) at the timet, is given by

Xty | pts)



and the transition probability for this process is

[ty | Gt

where|¢t;) is the ket whose wave function igx,, t,) and|xt,) is the ket whose wave
function isy (s, tp).

a) Show that the resulting amplitude, whose absolute vajuarg gives the probability
desired, is given by the expression

(Xty|ty) = /_OO /_OO X (2, tp) K (b, a)(xq, t,)dx,day,

whereK (b, a) is the propagation kernel for the system. This integral iedahetransi-
tion amplitude to go from the state(xz,, t,) to x(zs, ty).

b) Assume that a simple harmonic oscillator of masisas a sharp value, of the position

att = 0. Calculate the transition probability that at tie< ¢ < T the oscillator will be
w

in the ground stateéy(x, t).

Problem 4 (Feynman and Hibbs Problem 6-4)

using arguments similar to those leading to Eq. (6.19), stmawthe wave function(b)
satisfies the integral equation

wlb) =o0) ~ 1 [ KbV e(eldr,



