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Useful constants:

Speed of light = 3.0x10° n/s Planck’s constant = 6.6x107* J.g
~ Boltzmann constant (k) = 1.38x10% JK 1eV=16x10"]

(1) Which of the following experiments independently determines the charge of an electron?
(A) Millikan oil-drop experiment (B) Thomson experiment (C) Franck-Hertz experiment
(D) Cyclotron resonance (E) Compton effect.

(2) Which of the following would be a true statement about the Frank-Hertz experiment?
(A) the value of Planck's constant was first measured

(B) the charge to mass ratio of the electron was measured

(C) 1t was proved that atomic energy states are quantized

(D) 1t was proved that the electron has spin

(E) the quantization of photon energy was discovered

(3) The longest wavelength x-ray that can undergo Bragg diffraction in a crystal for a given family of planes of
spacing dis  (A) d/4 (B) d/2 (Od (D) 2d (E)4d

(4) The Fermu distribution function f(g) for electrons in a metal is shown beiow. Which of the following statements is
true for this metal?

(A) The Fermi energy &r 1s of the order of kT

(B} The spread in energies As is independent of the temperature.

(C) The higher the density of elections, the lower the Fermi level.

(D) The distribution results from the assumption that any number of elections can occupy a given quantum state.
(E) Only those elections which ~ k7 of the Fermi Ievel can be excited thermally.

(5) Which of the following is not a true statement about nucieons?
(A) protons and neutrons are fermions

(B) even Z even N nuclel have zero total angular momentum

(C) the total angular momentum 1s integral for nuclei with even A
(D) protons and neutrons have integer spin

(E) the total angular momentum 1s half-integrat for nuclei with odd A

(6) The observed specific heat of the electrons in a metal is much smaller than classicai (i.e., non-quantum) statisticai
mechanics would indicate. The reason for this 1s directly related to

(A) special refativity (B) the Pauli exclusion principle (C) the indeterminacy principle
(D) Hund’s rule (E) the principle of least action

(7) A beam of particles is incident on a thin target of thickness t. If the cross section per nucleus for scattering of the
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particies by the nucler of the target 1s ¢ and the number of nuciei per unit volume 1s n, the fraction of particles
being scattered by the target 1s
(A)o/nt (B) ot (C)no (D)nt/o (E) nto

{8) Which of the following is not characteristic of a superconductor?

(A) The resistivity vanishes below the transition temperature.

(B) A sufficiently large magnetic field can destroy the superconducting state.
(C) A magnetic field is exciuded from the superconductor.

(D) A gap exists 1n the allowable energy leveis of the material.

(E) The superconductor 1s paramagnetic.

(9) The total energy of a blackbody radiation source is collected for one minute and used to heat water. The
temperature of the water increases from 25.0°C to 26.0°C. If the absolute temperature of the blackbody source were
to be doubled and the experiment repeated, which of the following statements would be mostly correct?

(A) The temperature of the water would increase from 25°C to a final temperature of 26°C.

(B) The temperature of the water would increase from 25°C to a final temperature of 28°C.

(C) The temperature of the water wouid increase from 25°C to a final temperature of 35°C.

(D) The temperature of the water would increase form 25°C to a final temperature of 41°C.

(E) The water would boil within the one-minute period.

(10) A beam of neutral hydrogen atoms 1in their ground state moving into the plane of this page and passes through a
region of a strong inhomogeneous magnetic field that 1s directed upward in the piane of the page. After the beam
passes through this field, a detector would find that it has been

(A) deflected upward (B) deflected to the right (C) split vertically into two beams
(D) split honizontally 1nto three beams (E) undeviated

(11) If singly ionized helium atom in an 7 = 4 state emits a photon of waveiength 470 nanometers, which of the
following gives the approximate final energy level Er of the atom and the » value #5 of this final state?

Et(eV) ng
(A) -6.0 3
(B) -6.0 2
(C) -14 2
D) -14 1
(B) -52 1

(12) A 3p electron is found in the *Ps;; energy level of a hydrogen atom. Which of the following 1s true about the
electron in this state?

(A)1It is allowed to make an electric dipole transition to the %5, level.

(B) It 1s allowed to make an electric dipole transition to the 2Py, level.

(C) It has quantum numbers /=3, 7 =3/2, s = 1/2.

(D)1t as quantum number n=3, /=1, 5= 3/2,

(E) It has exactly the same energy level as in the 2Dy, fevel.

(13) Light of wavelength 500 nanometers 1s incident on sodium, which has a work function of 2.28 eV. What is the
maximum kinetic energy of the ejected photoelectrons?
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(A) 0.2 eV (B) 0.4 eV (C) 0.6V (D) 13 eV (E) 2.0 eV

(14) Two electrons, e.g., those in an excited state of He, interact by a Coulomb potential. If their spins are parallel, the
spatial part of the total wave function must be antisymmetric with respect to exchange. This triplet state 1s lower 1n
energy than the corresponding singlet state (antiparailel spins) because in the triplet state the

(A) magnetic dipole-dipoie interaction is weaker (B) magnetic dipole-dipole mteraction is stronger

(C) eiectrons are on the average closer together (D) electrons are on the average farther apart

(E) spin-orbit couplings are weaker

(15) In an n-type semiconductor, which of the following statements is true regarding the impurity atoms?

(A) Electrons from the valence band fili those atoms’ empty energy levels located just above the valence band.
(B) Electrons from the valence band fill those atoms’ empty energy levels located just below the valence band.
(C) Electrons from the valance band fill those atoms’ empty energy levets located just above the conduction band.
(D) Electrons from the valance band fill those atoms” empty energy levels located just below the conduction band.
{E) They donate electrons to the conductor band from filled donor levels just below the conduction band.

(16) For an ideal diatomic gas at equilibrium, the ratio of the molar heat capacity at constant volume at very high
temperature to that at very low temperature 1s equal to

(A1 (B) 573 (©2 (D) 7/3 (E)4

(17) A system consists of NV weakly interacting subsystems, each with two internal quantum states with energies 0 and
g. The internal energy for this system at absolute temperature 7'1s equal to

(A) Ne (B) (3/2)NkT (C) N & exp(-e/kT)

(DY N e/[ 1+ exp(e/kT)] (E) Ne/f 1 - exp(-e/kT)]

(18) The wave function for identical fermions 1s anti-symmetric under particle interchange. Which of the following is
a consequence of this property?

(A) Pauli exclusion principle (B) Bohr correspondence principle
(C) Heisenberg uncertainty principle (D) Bose-Einstein condensation
(E) Fermi's golden rule

(19) The electronic energy levels of atoms of a certain gas are given by E, = E;-n’, where n = 1, 2, 3, .... Assume that
transitions are allowed between all levels. If one wanted to construct a laser from this gas by pumping the

n= 1 -> n= 3 transition, which energy level or levels would have to be metastable?

(A) n=1 only (B)n =2 only (C)yn=1andn=3 only
D)yn=1,n=2,andn=3 (E) None

(20) According to Bose-Einstein statistics, there exists a Bose condensate for collections of bosons. What does this

mean?
(A) as T = o all particles reside in excited states (B) for T < T¢ all particles reside in the ground state
(C) bosons are not physically meamingful particles (D) bosons are like fermions

(E) for T < T¢ bosons dissolve into quarks and gluons
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2. A particle of mass A, initially at rest, decays into two particles, each of mass m.

{(a) (10 pomts) What is the speed of each outgoing particle as it flies off?

(b) (10 points) Find the magnitudes of the outgoing relativistic momenta.

3. The time-dependent Schrédinger equation for a freely rigid rotator is

o h? o2 -
fl— 'f._t = e —— ‘I‘ et ]
Hgp ) =~ o5 (o)

r

where [ 15 the rotational inertia. and W(p,t) 18 the wave function written in terms of the
angular coordinate ¢ and the time ¢.

(a) (5 points) By applying the technique of separation of varables ¥ (¢, 1) = ®(P)T(¢) and
mtroducing a separation constant £ to obtamn { i) the time-ndependent Schrodinger
equation for ®(¢) and (i) the equation for the time dependence of the function T (t)

(b) (5 pomnts) Solve the equation for the time dependence of the function 7'(¢) obtained m
(ii) of part (a) and then show that the separation constant £ 1s the total energy.

{c) (5 pomts) Show that P{p) = €™ is a particular solution to the tine-independent
Schrddinger for the rigid rotator i (i) of part ( a). Find the value m in terms of I
and F.

(d) (5 points) Apply the condition of simgle valuedness to the particnlar solution of part (c)
to find the allowed values of the total energy E for the quantum ngid rotator.
4. {10 pomnts) Enumerate the possible values of the total angular momentum quantum number j
and my, for the coupled states in which the orbital angular momentum [ = 2 and spin angular
momentuin s = 1/2.



