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Phys 401 /OEPE 541: Midterm Exam 3

December 09, 2017

o Write your name and Student 1D number in the space provided below and sign.

Name, Last Name:
ID Number:

Signature:

e You have 2.5 hours.

e You must show the details of all your work. Illegible and ambiguous explanations and calenlations
will lead to deductions from your grade.

e You may use the option of grading your own work. If your estimated grade differs from your actual

grade by less than 10 points, you will be given the higher of the two.

Estimated Grade:
Actual Grade:

Adjusted Grade: |

Problem 1 Consider measuring an observable O in a state Ay of a quantumn system. Show

that

1.a (5 points) The expectation value of O in the state Ay 18 a real number.
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1.b (5 points) If the uncertainty in measuring O in the state Ay is zero, then i) is an eigenvector

of O.
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Problem 2 A quantum system is determined by a two-dimensional Hilbert space 2 and

a Hamiltonian operator 1 := iE(]1)(2| — |2)(1]), where [ is a positive real parameter and
{11),12)} is an orthonormal basis of . Suppose that at time ¢ = 0, the system is in the
state determined by [1) and that we measure the observable #6t A := |1)(1] — [2)(2] at times

ty = wh/4k and l, = wh/2E.

2.a (6 points) Find the matrix representation of f/ and A in the basis {|1),]2)}.
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2.b (10 points) Find the matrix representation of the time-evolution operator U(1, y) for the
. _ilt—tg) {
system in the basis {|1),|2)}. Recall that U({,ly) =€ & H

To get full credit you must simplify your response as much as possible.
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2.c¢ (10 points) Compute the probability for each possible outcome of the first measurement of
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2.d (14 points) Compute the probability for obtaining the same value in both measurements

of A,
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Problem 3 Let 22 : L*(IR) be the operator defined by (229)(x) = ¢(—x) for all & € L*(R).

- 2 . 3
3.a (5 points) Show that 27 is Hermitian. V"I’( @ € LoCIR)
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3.d (10 points) Show that. X':=i2X and P':= i2 P are Hermitian operators.
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Problem 4 (20 points) Find the delta-function normalized (generalized) eigenfunctions of
P :=i2P and determine the spectrum of this operator.

Hint: Work in the position representation where the eigenvalue cquation for P involves the
first derivative of the eigenfunction, and turn this into a second order differential equation.
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