University of Kentucky
Department of Physics and Astronomy

PHY 520 Introduction to Quantum Mechanics
Fall 2004
Test 1

Name: KEY

Answer all questions. Write down all work in detail.
Time allowed: 50 minutes

1. (50 points)

A particle of mass m is confined to a one dimensional tégion—a < x < a with an
infinite potential

o0 x <0
V(x) = 0 0<x<a
¢ X>a

The wave function at t=0 is given as:

Wt =0)=Alp,()+2 p, ()]

where y(x) is the ground state and y»(x) is the first excited state.
Answer all of the following.

(a) (10.points)
Write down all the normalized energy eigenstates y,(x) and the
corresponding energy E,.

w,(X)= 2 sin (k, X) = \/Z sin (n_;z Xj
a a a

hzk 2 h2n27z_2
En = L — 2
2m 2ma




(b) ( 15 points)
Determine the value of A so that the state function W(x,0) is normalized.

<YXt=0)|PXt=0)>=1= A’ <y, (X)+2 w,(X) | w,(X) =2y, (X) >=1
= A’ [<y, ()|, (X) > +4 < (X) [y, (x) >] =1
— 5A% =1

= A= \/I
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1 1
L P(X,t=0) =\E v, () + 2@&@)

(©) (15 points)
What is <E> at t=0?

! 1
\P(x,t—O)—,/g wl(x)+2£w2<x)
.'.<E>={‘/lj E, 7{2,/1] E,

5 5

_lhzlzﬂz +ih2227r2
5 2ma’® 5 2ma’

17n*x?

10 ma?

(d) (10 points)
What is <E> at any other time t?

<E> should be a constant of time, i.e.

17 n’z’ .
<E >=———> atany timet.
ma




(50 points)

The first three energy eigenstates of a simple harmonic potential V(x)=mao”x*/2
are given as:
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hr
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I (mo )4 2
_ - | = 2 2 1 -£°/2
. vi(hnj oz -1k
where
mo
=.—x
d h
You may find the following intergration useful for this problem:
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The wavefunction os a particle at t=0 is given as:

1

V(o=

(a) (20 points)
Write W(x,0) as a linear combination of o, yi, and ».
[P0 >= T 1, (X) ><y, ()| F(x0) > because ¥ |y, (x) ><y,(¥) =1

L 1
<Yy (0| F(%,0)>= | [%)46_52/2 %(%)4(452 1R dx
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(c)
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(b) (15 points)

What is the wavefunction at time t (i.e. ‘Y (x,t)) ?

¥(x,0) = l%(x) 22

T Y(x,t) =

1
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W | —

W | —

(15 points)

[6-3+1]
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Calculate <E>at't=0 and at any other time t.

Sinee ¥ (x,0) =

. <E >Z(§j2Eo [2\/_

_l//o (x)+
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<E> should be a constant of time.
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