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Problem 1: (15 points) Consider the potential barrier

V =0 z<0
V = V>0 0<zx<a
V. =0, z>a (1)

A particle of mass m is incident on this barrier from the left (i.e., from the side z < 0).
The particle has an energy F < V. Assume that a is very large. Find an approximate
expression for the probability that the particle tunnels through to the region = > a.

Solution: We have for the amplitude of tunneling
r=a 2m(Vo—E) 2m(Vy—E)
T e - d:m/higdx _ 671/ hg a (2)

The tunneling probability is then

2m(Vg—E)

P|TP e Ve (3)

Problem 2: (15 points) Consider the Hamiltonian for a harmonic oscillator

1
A= [T 7 6
2h 2mwhp (©)

(a) Find the ground state wavefunction (upto an arbitrary normalization constant)
using the relation A|0) = 0. (6 points)

(b) Normalize this wavefunction. [You can use that [° dz e = ({/Z)] (3
points)



(¢) Find the normalized wavefunction for the first excited state |1); i.e., the wavefunction

for the state with energy 2hw. (6 points)

Solution: (a) We use
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Solution: We have

Thus we will get

Thus

(21)

(22)



