PHYS401 Quantum Physics | - FINAL EXAM Spring 2012

No books, calculators, or notes Name: 50 (U'ﬁ\?'\5

1. Consider an electron bound to a two-dimensional infinite quantum well with sides of length
x =+/8L andy = /3L.

a. Write down the time-independent differential wave equation governing the energy of
this system. (1)

b. Solve this equation for the stationary-state wavefunctions W(x, y), and determine all
the allowed energies, using quantum numbers n, and n,. What is the lowest “ground-
state” energy?(2)

c. Calculate the energies for the next three higher energy levels. For each distinct energy
value, list the possible combinations of n, and n, and the degree of degeneracy. (3)
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2. The angular part of the wavefunction for an electron bound in a hydrogen atom is ¥ (6, ¢) =
C(5Y2 + Y2 +Y2), where Y/(0, ) are the normalized spherical harmonics.
a. What is the value of normalization constant C?(1)
b. What is the probability of finding the atom in a state with m=3?(2)
c. What are the expectation values of angular momentum operators L, and L??(4)

~ gw‘\f/ =L . Sae Y; 15 awmelized, Cl‘(57’+ILH7’>: 1

So C_:._\/—

N Zz+

& STel™ | 2
27 2%

@ .
YQ, Gre efFestws o Ly ad L7 v Eryenvels b and 'J;’lo(b’),

Preby <Ly ZZgaebxar Lp0s 2oy
L¥D = 25 g2, =
L™ 52 B4+ - =k b(6+1) + é—}hﬁ(/éu)

(2520 v - 540

27



3. The wavefunction ¥ (x) = AeP*** s the ground state of a one-dimensional harmonic
oscillator. A and b are real constants.

a.

b
C.
d

What are the units of A and b?(2)

Normalize the wavefunction to determine the value of A (assume it is real).(2)
What is the potential V(x) in terms of i, m, and b?(2)

What is the energy of this state? What is the energy of the first excited state? (2)
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4. Protons have spin %, just like electrons. However, their mass is approximately 1 GeV/c?, nearly
2000 times larger. Decide whether their associated magnetic moment is (greater than/less than/
equal to) the electron magnetic moment g, and explain why. (3)
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5. Consider a three-level system where the Hamiltonian and observable A are given by the matrix

R 1 0 0 A 01 0
operators H=hw|0 0 O |andA=uf1 0 1]
0 0 -1 01 0

a. What are the possible values obtained in a measurement of A? (2)
Does a state exist in which both the results of a measurement of energy E and
observable A can be predicted with certainty? Why or why not? (2)

c. Two measurements of A are carried out, separated in time by t. If the result of the first
measurement is its largest possible value, determine the expectation value
(W(t)|Alp(t)) for the second measurement. (3)
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6. Consider an electron incident from x = —co on the following one-dimensional potential:

_(Dé(x+a),x<0
Ve = { 0, x> 0
a. Draw the potential. (1)
b. What are the units of D? (1)
c. What are the boundary conditions on the wavefunction at x=-a? (2)
d. What is the absolute magnitude of the reflection coefficient, and why? (2)
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7. Consider the following angular part of the wavefunction for an electron in a hydrogen atom:
Yo, p) = \%(Yﬂ ) +V2Y{H| 1)) where | T)and | |) are eigenstates of s,.
a. Without any knowledge of the radial part of the wavefunction, what is the minimum
value that could be returned as the result of an energy measurement? (1)
b. With what probability will the result of a measurement of spin along z give +h/2? (1)
c. The total angular momentum is the sum of orbital and spin: J=L+S. Compute the
expectation value of the operator <J,>. (3)
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8. Identify the quantum numbers (/ and m) for the following spherical harmonics found on the

www: (4 total)
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Potentially useful formulae:
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