GRADUATE QUANTUM MECHANICS: 501 Fall 2001
Solution to assignment 2.

1. (a) We begin by writing the eigenvalue equation in the form

Aijvj = at; (1)
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The eigenvalues are then given by det[al — A] = a(a? — 1) = 0, so that the eigenvalues are
(at,a®, a~) = (1,0,—1). By inspection, the corresponding eigenvectors are

or

1

P = {)ﬁ, Ayt =t
1
o
0

O 1>, Ay = "
0
1
V2

P = 0 |, Ay~ =—4~ (3)
1
7

(b) Taking matrix elements of B, we get
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2. This is an example of two incompatible measurements. The probability of measuring a; after the

or

b measurement is

plar) =Y p(ai|br)p(br) (6)
After the a1 measurement, the state is given by
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so the probabilities of measuring b; and b are
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The probability of obtaining a; on the second measurement is then
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3. (a) In this normalized state, (z) = 0, (z%) = A2, and
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so that Ap = h/2A.

(b) The correctly normalized state is 1(x) = \/%H(a — |z|). In momentum space,
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So that since |$(p)|? is even in momentum,
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(¢) If you chose the normalization (x|p) = e"?*/" then |p) = v/27wh|p), where |p) is normalized so

that (p|p’) = d(p — p'). From the completeness relation of |p), we have
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(d) The expectation value of the position is given by
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4. The ground-state energy is given by
Ap? k Ap? k
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Now writing Az = Ay = Az = Ar/y/3, and Ap, = Apy = Ap, = Ap/V/3,
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We may then write
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is a characteristic momentum. Minimizing w.r.t. Ap gives Ap = k, so that
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( T am basically happy if you are able to get the right combination of constants in E, and the
precise multiplying factor will depend on details of your approximations.



