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1. What is the maximum kinetic energy (in eV) of a photoclectron when a surface, whose work function is 5.0
eV, is illuminated by photons whose wavelength is 400 nm?

A3l
B.-19
C. 19
D.0

E. 1.2

2. How much energy is in an 89.7-MHz photon of FM radiation?
(Hint : The Planck constant is = 6.626 X 1073% ] Hz™? = 4,135 x 1079 eV-Hz™*)
A.22x107337

B.59x107%7]
C.74x107%]
D.9.5x1072%8 ]
E. 3.7x1072%]

3. The experimental observation(s) below that require(s) a quantum explanation for the photoelectric effect
A. is that more photoelectrons are emitted when the light frequency increases.

B. is that the maximum kinetic energy of the photoelectrons is related linearly to the frequency of the
light.

C. is that every metal surface hag a work function, a minimum amount of energy needed to fiee electrons.
D. is that the stopping potential measures the kinetic energy of the photoelectrons.
E. are all of the above.

4. An electron is accelerated through a potential difference of 25 000 V. What is the de Broglie wavelength of the
eleciron (in m)? (Hint ; the electron mass is m,=9.11 x 1073 kg and 1 &V = 1.602x 1071° J)

A.7.8x10712
B. 6.8 x10712
C. 6.5 x10712
D.59x10"1?
E. 5.5 x10712
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5. Because the factor # on the right side of Heisenberg's uncertainty principle has units of joule-seconds, it
suggests that the energy of a system also has uncertainty. The uncertainty in energy depends on the length of
the time interval during which a system exists. AEA# > A/4z. Suppose an unstable mass is produced during a

high-energy collision such that the uncertainty in its mass is me/100 (me = 9.11 x 10731 kg). How long will
this particle exist?

A.8.1x107%5s
B.2.3%107%3 5
C. 1.0x10% s
D.12x10%s
E. 6.4 x10720 5

6. The expectations value of a function fx) of ¥ when the wave function depends only on x is given by <f{x} > =
Aose
B, cie
Coprn ... N
|, demsees.
D oo 1 oy
J S
E.

7. The graph below shows the value of the probability density |z,u(x)|2 in the region —3.00 m <x <+3.00 m. The
value of the normalization constant 4 is

+3

E 1

. 1
either ~ -'\J@OY ¥ AJIE
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8. What is the quantum number 7 of a particle of mass m confined to a one-dimensional box of length Z when its
energy is 2 W imI*
A2
B. 4
C.8
D.1
E. 16

9. The wave function for a particle in a box of length L is given by ﬁ,i«(x:l = _ﬂ Sm(ﬂ?\:—) If the box extends
from x = 0 to x = L, What is the probability of finding the particle between x = 0.60 L and x = 0.70 L?
A.0.05
B. 0.20
C.0.25
D.0.10
E. The probability is not given.

10. A particle in a finite potential well has energy E, as shown below.

i E

The wave function in region I where x < 0 has the form YA =
A B
B. g™
C. A4 sin (kx).
D. B cos (kx).
E. 4 sin (kx) + B cos (kx).

11. Classically, the concept of "tunneling" is impossible. Why?

A. The total energy of a particle is equal to the kinetic and potential energies.
B. The velocity of the particle would be negative.

C. The kinetic energy of the particle would be negative.

D. The kinetic energy must be equal to the potential energy.

E. The total energy for the particlé would be negative.
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12. The ground state energy of a harmonic oscillator is
A E = Fom,
B. ._hw/
E=Fay
C. E=(2/3)%wm.
D.E=0.

13.

14,

15.

L6.

Rutherford's experiment, in which he fired alpha particles of 7.7-MeV kinetic energy at a thin gold foil,
showed that nuclei were very much smaller than the size of an atom because

A. some alpha particles passed through the foil undeflected.

B. some alpha particles were deflected backwards.

C. some alpha particles were captured by the gold nuclei.

D. the alpha particles could not get closer than 107%% m to the gold nuclei.

E. the alpha particles split into deuterium nuclei when they encountered the gold nuclei.

An electron in a hydrogen atom makes a transition from the n = 4 to the # = 3 energy state. Determine the
energy (in eV) of the emitted photon.
A 054

B. 1.51
C.0.85
D. 0.66
E. 102

How fast is the electron moving in the first Bohr orbit?
A 33%10%m/s
B. 55 x 101 ms
C. 4.4 % 10° m/s
D. 55 % 10%m/s
E. 22 x 10° mys

Zeke says that the magnitude of the orbital angular momentum in the hydrogen atom has the value L = k.
Ruth says that the maximum magnitude of the projection of the angular momentum along the direction of a

constant magnetic field vector B is £( + 1}/ Which one, if either, is correct, and why?

A Ruth, because the maximum value of L is «f #i£ +1} 7.

B. Ruth, because the orbital angular momentum always lines up with a magnetic field so that T, has its
maximum value along the field.

- Zeke, because the maximum magnitude of L is 7=

D. Zeke, because the orbital angular momentum always lines up with a magnetic field so that E has its
maximum value along the field.

* Neither, because they have interchanged the maximum magnitude of ]_::, af E[:ﬂ-fl)'ﬁ, and €71, its
maximum projection along a magnetic field direction.
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20.

17. The Pauli exclusion principle states

A. when an atom has orbitals of equal energy, the maximum number of electrons will have unpaired
spins.

. there is an inherent uncertainty in the position and momentum of a particle.
. 1o two electrons in the same atom can have the same set of quantum numbers.

. when an atora has orbitals of equal energy, the maximum number of electrons will be paired spins.
no two atoms can have the same set of quantum numbers.

Mg aow

18. As a spaceship heads directly to Earth at a velocity of 0.8¢, it sends a radio signal to Earth. When those radio

waves arrive on Earth, their velocity relative to Earth is
Ac.

B. 0.8¢.
C. 1.8¢c.
D. 5.
w} €7 Wy, where v is the velocity of the Earth.

E.

al mgﬁ‘)g + ‘v‘g , where vg is the velocity of the Earth.

19. The speed of FM waves will be observed to be ¢ =2.9979 x 108 m/s when the antenna emitting the waves is

A. at rest relative to the receiving antenna.
B. moving to the right of the detecting antenna at 0.5¢.
C. moving to the left of the detecting antenna at 0.5¢.

D. moving at 2.9979 x 10° m/s.

E. moving as described in (a), (b) or {¢) above.

The half-life of a muon is 2.20 us as measured in a stationary reference frame. What is the half-life of the
muon (in xs) when it is moving with a speed of v = 0.800¢?
A. 8.13

B. 3.67
C.2.795
D. 158
E. 132
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Single-choice questions: (20 questions in total, 5 points each}

1. Given a circuit in Fig. 1, which is composed of a battery of voltage V, six resistors of resistance
R, and a voltmeter, what is the readout from the voltmeter?

Figure 1: A circuit composed of a battery, six
identical resistors, and a voltmeter.

OOF:
®)=
4
©) 5
©) %
®) %

2. It is known that all mechanical quantities, including the universal constants &, ¢ and #, can be
expressed in terms of length, time, and mass. In SI units, where the base of unit of length is meter
(m), time is second (s), and mass is kilogram (kg), the three universal constants are
G=667x10""Tm3 .52 kgL, c=3.00x10°m-s"%, and A =1.05x 107%**m? - s7* - k.

* In another unit system, the base units of length, time, and, mass are denoted as £, £,,, and m,,
respectively, sothat G = 1% - ;2 -m;", c = 14, t;*, and b = 1} - £5* - m,. What is £, in
ST units?

(A) 161 x1073° m
(B)2.18 x 1078 m
(C)5.39x 107™** m
(D) 1.42 X 10*? m
(E)7.30 x 103 m

3. A sound source emits a sound wave of frequency f. If the source is moving toward a stationary
observer at one third (i.e., 1/3) of the speed of sound, what frequency does the observer observe?

(A) 3f
®Z
©f
DE
® 1
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4. A string with two ends fixed has 12 Hz, 30 Hz, 33 Hz, and 45 Hz as harmonic frequencies. Which
of the following is a possible fundamental frequency (first harmonie) of the string?
(A) 2 Hz
(B)3 Hz
(C)5Hz
(D)12 Hz
(E) 18 Hz

5. Two blocks with masses m, and g are attached to two identical springs. The block with mass
m,y oscillates with amplitude 4, and frequency fj, while the block with mass mjp oscillates with

amplitude Ag and frequency fg. What is the ratio between my and mg, i.e., z—’;‘?
Aafa
S
f,
®) 2
Agfa
© s
o)L
%
(E) LAJB

Apfa
6. Two 5-kg objects with velocities ¥; = 2é, + 3&, and ¥, = 28, + 5é, in the unit of m/s collide
and stick fogether. How much energy is lost in the process?
(A5
(B) 247
(Cy7817
(D) 1327
(5) 247 J

7. OnJuly 16, 1945, in the Manhattan Project led by Robert Oppenheimer, a physicist named
Richard Feynman was observing the nuclear test. After the bomb was detonated (5] #%), Feynman
saw the flash of the bomb explosion ronghly 40 seconds before he heard the sound of the
explosion. Given the speed of light is 3.0 x 108 m/s and the speed of sound is 3.4 x 102 m/s,
estimate the distance between Feynman and the place of detonation.

(A) 1.6 km

(B) 1.4 X 10 km
(C) 3.1 X 10% km
(D) 7.0 x 10* km
(E) 1.2 X 107 km

8. According to the second law of thermodynamics, which of the statements below is correct?
{A) Heat can never pass from a colder to a warmer body.
(B) Heat cannot be converted into work.
(C) Heat can flow spontaneously from hofter to colder regions.
(D) It is derived from the first law of thermodynamics.
(E) The entropy of a closed system always remains unchanged.
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9. Two identical satellites, A and B, are circling around Earth in circular orbits, Given the orbital

10.

11.

12.

radius of A is twice that of B, what is the ratio of the speed of A to the speed of B?
A1

(B) V2

(C©) 1/V2

(D) 2

(B)1/2

If the period of a simple pendulum on Earth is T what would be the period of the same pendulum
on the Moon, where the gravitational acceleration is 1/6 of that on Earth?

(A) VET
(B) V3T
Or
D)T/V3
(E)T/V6

Two spherical shells, A and B, surround an isolated charged point particle. Given that the radius
of shell A is twice that of the radius of shell B, what is the ratio between the electric flux through
shell A and the electric flux through shell B?

(A) 4

(B) 2

©)1

(D) 1/2

(E) 1/4

A thin hoop rolls without sliding on a level surface (see Fig. 2). What is the ratio between the
rotational energy and the translational energy?

S S S S S S

Figure 2: A hoop rolls on a level surface.

(A)2

B) V2
O1

D) 1//2
(E)1/2
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13. A combination of pulleys is shown in Fig. 3, where N OGO

14.

I5.

16.

17.

a weight of mass m, is hung on the leftmost pulley,
and a weight of mass m, is attached to the right end
of the string. What is m, in terms of m, so that the -
system is in equilibrium?

—,

,
(A) my \

B)m,/2 o

(©)m,/3 N [ma]
(D) my /8

(E) m,;/16

Figure 3: A combination of pulleys.

The heat capacities of objects A, B, and C are € , Cg = 2(,, and C¢ = 3C,, respectively. If the
temperatures of objects A, B, and C are 60°C, 30°C, and 20°C, what is the equilibrium
temperature after objects A, B, and C are in touch?

(A) 30°C

(B) 35°C

(C) 40°C

(D) 45°C

(E) 50°C

About two-thirds of a solid wooden ball of density 0.53 g/ml is floating in an unknown liquid.
Which of the following liquids could be the unknown liquid?

(A) Ethyl alcohol (density 7.89 x 107 kg/m?)

(B) Water (density 1.00 x 103 kg/m?)

(C) Mercury (density 1.36 x 10* kg/m?)

(D) Hexane (density 6.54 x 10% kg/m?)

(E) Olive oil (density 9.11 X 10* kg/m?)

Arocket weighs 1.7 x 108 kg, where 80% of it is the fuel, and exhausts fuel with a relative speed
of 2000 m/s. If the rocket is initially at rest in space, what is its speed after consuming all the
fuel?

(A) 1.0 x 10* m/s

(B) 2.5 x 10> m/s

(C) 3.2 x 10% m/s

(D) 1.6 x 103 m/s

(E) 4.0 x 102 m/s

A coil with a constant cross-section A is moving with velocity ¥ in a constant and uniform
magnetic field B. What is the voltage in the coil generated by the magnet?

(A) B - A7

(B) B - B4

(C)o

D) B - 7/|4]

(E) |4]| B3
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18. How much work is done by an ideal gas in an isothermal expansion from volume V; to V¢? (Let n

19.

20,

be the amount of the gas, R be the gas constant, and T be the absolute temperature.)
(A) nRT (Ve — V)

VetV
(B) nRT T

VetV
(D) nRT In

VetV

Ve-Vi

() nRT In-*
f

Ablock of mass m, is stacked on top of another block of mass
m, and attached via a massless string (see Fig. 4). The coefficient
of static friction between the blocks is g, and the coefficient of
static friction between the block and the surface is ug. The pullies
are massless and frictionless, What is the maximal mass W of a
weight attached to the bottom block that still makes the system
stationary?

(A) mypg + (my + ma)ps
(B) 2Zmqpg + (my + malps Figure 4: A stack of blocks.

(C) (my + my)ps
(D) —2m,ug + (my +my)is
(E) mypug + mapg

After heating a metal annular disc with inner radius r; and outer radius 7, (see Fig. 5), which of
the following statements is not true?

Figure 5: An annular disc with
inner radius 7; and outer radius 7.

(A) The outer radius 7, increases.

(B) The inner radius r; increases.

(C) The total area of the annular disc increases.

(D) The width w, where w = 1, — 13, of the annular disc remains the same.
(E) The sum of the areas of the annular disc and the hole increases.
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