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Purpose of the
GRE Subject Tests

The GRE Subject Tests are designed to help graduate
school admission committees and fellowship sponsors
assess the qualifications of applicants in specific fields
of study. The tests also provide you with an assessment
of your own qualifications.

Scores on the tests are intended to indicate
knowledge of the subject matter emphasized in many
undergraduate programs as preparation for graduate
study. Because past achievement is usually a good
indicator of future performance, the scores are helpful
in predicting success in graduate study. Because
the tests are standardized, the test scores permit
comparison of students from different institutions with
different undergraduate programs. For some Subject
Tests, subscores are provided in addition to the total
score; these subscores indicate the strengths and
weaknesses of your preparation, and they may help you
plan future studies.

The GRE Board recommends that scores on the
Subject Tests be considered in conjunction with
other relevant information about applicants. Because
numerous factors influence success in graduate school,
reliance on a single measure to predict success is not
advisable. Other indicators of competence typically
include undergraduate transcripts showing courses
taken and grades earned, letters of recommendation,
and GRE General Test scores. For information
about the appropriate use of GRE scores, see the

GRE Guide to the Use of Scores at
www.ets.org/gre/subject/scores/understand.

Development of the
Subject Tests

Each new edition of a Subject Test is developed by
a committee of examiners composed of professors in
the subject who are on undergraduate and graduate
faculties in different types of institutions and in
different regions of the United States and Canada.
In selecting members for each committee, the GRE
Program seeks the advice of appropriate professional
associations in the subject.

The content and scope of each test are specified
and reviewed periodically by the committee of
examiners. Test questions are written by committee
members and by other university faculty members
who are subject-matter specialists. All questions
proposed for the test are reviewed and revised by the
committee and subject-matter specialists at ETS. The
tests are assembled in accordance with the content
specifications developed by the committee to ensure
adequate coverage of the various aspects of the field
and, at the same time, to prevent overemphasis on
any single topic. The entire test is then reviewed and
approved by the committee.

Subject-matter and measurement specialists on the
ETS staff assist the committee, providing information
and advice about methods of test construction and
helping to prepare the questions and assemble the test.
In addition, each test question is reviewed to eliminate
language, symbols, or content considered potentially
offensive, inappropriate for major subgroups of the test-
taking population, or likely to perpetuate any negative
attitude that may be conveyed to these subgroups.

Because of the diversity of undergraduate curricula,
it is not possible for a single test to cover all the
material you may have studied. The examiners,
therefore, select questions that test the basic
knowledge and skills most important for successful
graduate study in the particular field. The committee
keeps the test up-to-date by regularly developing new
editions and revising existing editions. In this way, the
test content remains current. In addition, curriculum
surveys are conducted periodically to ensure that the
content of a test reflects what is currently being taught
in the undergraduate curriculum.
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After a new edition of a Subject Test is first
administered, examinees’ responses to each test
question are analyzed in a variety of ways to determine
whether each question functioned as expected. These
analyses may reveal that a question is ambiguous,
requires knowledge beyond the scope of the test, or
is inappropriate for the total group or a particular
subgroup of examinees taking the test. Such questions
are not used in computing scores.

Following this analysis, the new test edition is
equated to an existing test edition. In the equating
process, statistical methods are used to assess the
difficulty of the new test. Then scores are adjusted so
that examinees who took a more difficult edition of
the test are not penalized, and examinees who took
an easier edition of the test do not have an advantage.
Variations in the number of questions in the different
editions of the test are also taken into account in this
process.

Scores on the Subject Tests are reported as three-
digit scaled scores with the third digit always zero.
The maximum possible range for all Subject Test
total scores is from 200 to 990. The actual range
of scores for a particular Subject Test, however, may
be smaller. For Subject Tests that report subscores,
the maximum possible range is 20 to 99; however,
the actual range of subscores for any test or test
edition may be smaller. Subject Test score interpretive
information is provided in Interpreting Your GRE
Scores, which you will receive with your GRE score
report. This publication is also available at
www.ets.org/gre/subject/scores/understand.

Content of the Physics Test

e The test consists of approximately 100 five-choice
questions, some of which are grouped in sets
and based on such materials as diagrams, graphs,
experimental data and descriptions of physical
situations.

® The aim of the test is to determine the extent of
the examinees’ grasp of fundamental principles and
their ability to apply these principles in the solution
of problems.

e Most test questions can be answered on the basis of
a mastery of the first three years of undergraduate
physics.

e The test questions are constructed to simplify
mathematical manipulations. As a result, neither

calculators nor tables of logarithms are needed.

If the solution to a problem requires the use of
logarithms, the necessary values are included with
the question.

The International System (SI) of units is used
predominantly in the test. A table of information
representing various physical constants and a few
conversion factors among SI units is presented

in the test book. Whenever necessary, additional
values of physical constants are printed with the
text of the question.

The approximate percentages of the test on

the major content topics have been set by the
committee of examiners, with input from a
nationwide survey of undergraduate physics
curricula. The percentages reflect the committee’s
determination of the relative emphasis placed on
each topic in a typical undergraduate program.
These percentages are given below along with the
major subtopics included in each content category.
Nearly all the questions in the test will relate to
material in this listing; however, there may be
occasional questions on other topics not explicitly
listed here.

1. CLASSICAL MECHANICS (such as 20%
kinematics, Newton’s laws, work and en-
ergy, oscillatory motion, rotational motion
about a fixed axis, dynamics of systems
of particles, central forces and celestial
mechanics, three-dimensional particle
dynamics, Lagrangian and Hamiltonian
formalism, noninertial reference frames,
elementary topics in fluid dynamics)

2. ELECTROMAGNETISM (such as 18%

electrostatics, currents and DC circuits,
magnetic fields in free space, Lorentz
force, induction, Maxwell’s equations and
their applications, electromagnetic waves,
AC circuits, magnetic and electric fields
in matter)

3. OPTICS AND WAVE PHENOMENA 9%

(such as wave properties, superposition,
interference, diffraction, geometrical
optics, polarization, Doppler effect)

4. THERMODYNAMICS AND STATIS- 10%

TICAL MECHANICS (such as the laws

of thermodynamics, thermodynamic pro-
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cesses, equations of state, ideal gases,
kinetic theory, ensembles, statistical
concepts and calculation of thermody-
namic quantities, thermal expansion
and heat transfer)

. QUANTUM MECHANICS (such as
fundamental concepts, solutions of the
Schrédinger equation (including square
wells, harmonic oscillators, and hydro-
genic atoms), spin, angular momentum,
wave function symmetry, elementary
perturbation theory)

. ATOMIC PHYSICS (such as proper-
ties of electrons, Bohr model, energy
quantization, atomic structure, atomic
spectra, selection rules, black-body
radiation, x-rays, atoms in electric and
magnetic fields)

. SPECIAL RELATIVITY (such as
introductory concepts, time dilation,
length contraction, simultaneity,
energy and momentum, four-vectors
and Lorentz transformation, velocity
addition)

. LABORATORY METHODS (such

as data and error analysis, electron-

ics, instrumentation, radiation detec-
tion, counting statistics, interaction

of charged particles with matter, lasers
and optical interferometers, dimension-
al analysis, fundamental applications of
probability and statistics)

. SPECIALIZED TOPICS: Nuclear and
Particle physics (e.g., nuclear proper-
ties, radioactive decay, fission and fu-
sion, reactions, fundamental properties
of elementary particles), Condensed
Matter (e.g., crystal structure, x-ray
diffraction, thermal properties, elec-
tron theory of metals, semiconductors,
superconductors), Miscellaneous (e.g.,
astrophysics, mathematical methods,
computer applications)

12%

10%

6%

6%

9%

Those taking the test should be familiar with
certain mathematical methods and their applications
in physics. Such mathematical methods include
single and multivariate calculus, coordinate systems
(rectangular, cylindrical and spherical), vector algebra
and vector differential operators, Fourier series, partial
differential equations, boundary value problems,
matrices and determinants, and functions of complex
variables. These methods may appear in the test in
the context of various content categories as well as
occasional questions concerning only mathematics in
the specialized topics category above.

Preparing for a Subject Test

GRE Subject Test questions are designed to measure
skills and knowledge gained over a long period of
time. Although you might increase your scores to
some extent through preparation a few weeks or
months before you take the test, last minute cramming
is unlikely to be of further help. The following
information may be helpful.

B A general review of your college courses is
probably the best preparation for the test.
However, the test covers a broad range of subject
matter, and no one is expected to be familiar with
the content of every question.

B Use this practice book to become familiar with
the types of questions in the GRE Physics Test,
taking note of the directions. If you understand
the directions before you take the test, you will
have more time during the test to focus on the
questions themselves.
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Test-Taking Strategies

The questions in the practice test in this book
illustrate the types of multiple-choice questions in the
test. When you take the actual test, you will mark your
answers on a separate machine-scorable answer sheet.
Total testing time is two hours and fifty minutes; there
are no separately timed sections. Following are some
general test-taking strategies you may want to consider.

B Read the test directions carefully, and work as
rapidly as you can without being careless. For
each question, choose the best answer from the
available options.

B All questions are of equal value; do not waste
time pondering individual questions you find
extremely difficult or unfamiliar.

B You may want to work through the test quite
rapidly, first answering only the questions about
which you feel confident, then going back and
answering questions that require more thought,
and concluding with the most difficult questions
if there is time.

B If you decide to change an answer, make sure
you completely erase it and fill in the oval
corresponding to your desired answer.

B Questions for which you mark no answer or more
than one answer are not counted in scoring.

B Your score will be determined by subtracting
one-fourth the number of incorrect answers from
the number of correct answers. If you have some
knowledge of a question and are able to rule out
one or more of the answer choices as incorrect,
your chances of selecting the correct answer are
improved, and answering such questions will
likely improve your score. It is unlikely that pure
guessing will raise your score; it may lower your
score.

B Record all answers on your answer sheet.
Answers recorded in your test book will not be
counted.

B Do not wait until the last five minutes of a testing
session to record answers on your answer sheet.

What Your Scores Mean

Your raw score — that is, the number of questions you
answered correctly minus one-fourth of the number
you answered incorrectly — is converted to the scaled
score that is reported. This conversion ensures that

a scaled score reported for any edition of a Subject
Test is comparable to the same scaled score earned

on any other edition of the same test. Thus, equal
scaled scores on a particular Subject Test indicate
essentially equal levels of performance regardless of
the test edition taken. Test scores should be compared
only with other scores on the same Subject Test. (For
example, a 680 on the Physics Test is not equivalent to
a 680 on the Mathematics Test.)

Before taking the test, you may find it useful to know
approximately what raw scores would be required to
obtain a certain scaled score. Several factors influence
the conversion of your raw score to your scaled score,
such as the difficulty of the test edition and the
number of test questions included in the computation
of your raw score. Based on recent editions of the
Physics Test, the following table gives the range of raw
scores associated with selected scaled scores for three
different test editions. (Note that when the number
of scored questions for a given test is greater than the
number of actual scaled score points, it is likely that
two or more raw scores will convert to the same scaled
score.) The three test editions in the table that follows
were selected to reflect varying degrees of difficulty.
Examinees should note that future test editions may be
somewhat more or less difficult than the test editions
illustrated in the table.
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Range of Raw Scores* Needed to Earn
Selected Scaled Scores on Three
Physics Test Editions That
Differ in Difficulty

Raw Scores

Scaled Score Form A Form B Form C
900 79 75-76 72
800 69 62 60
700 57 48-49 46-47
600 41-42 34 32

Number of Questions Used to Compute Raw Score
100 100 100

*Raw Score = Number of correct answers minus one-fourth
the number of incorrect answers, rounded to the nearest integer.

For a particular test edition, there are many ways to
earn the same raw score. For example, on the edition
listed above as “Form A,” a raw score of 57 would earn
a scaled score of 700. Below are a few of the possible
ways in which a scaled score of 700 could be earned on
the edition.

Examples of Ways to Earn
a Scaled Score of 700 on the
Edition Labeled as “Form A”

Number of
Questions | Questions | Questions | Questions Used
Raw | Answered | Answered Not to Compute
Score | Correctly | Incorrectly | Answered Raw Score
57 57 0 43 100
57 61 17 22 100
57 65 34 1 100
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Practice Test
To become familiar with how the administration will be conducted at the test
center, first remove the answer sheet (pages 93 and 94). Then go to the back cover
of the test book (page 88) and follow the instructions for completing the identifica-
tion areas of the answer sheet. When you are ready to begin the test, note the time
and begin marking your answers on the answer sheet.
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Rest mass of the electron
Magnitude of the electron charge
Avogadro’s number

Universal gas constant
Boltzmann’s constant
Speed of light

Planck’s constant

Vacuum permittivity
Vacuum permeability
Universal gravitational constant

Acceleration due to gravity

1 atmosphere pressure

1 angstrom

Prefixes for Powers of 10

10-15 femto
10-12 pico
10-9 nano
10-6 micro
1073 milli
102 centi
103 kilo
1006 mega
10° giga
1012 tera
1015 peta
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This test starts on page 12.
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PHYSICS TEST
Time—170 minutes
100 Questions

Directions: Each of the questions or incomplete statements below is followed by five suggested answers or
completions. Select the one that is best in each case and then fill in the corresponding space on the answer sheet.

2. An object is thrown horizontally from the open

1. A ball is thrown out of the passenger window of window of a building. If the initial speed of the
a car moving to the right (ignore air resistance). If object is 20 m/s and it hits the ground 2.0 s later,
the ball is thrown out perpendicular to the velocity from what height was it thrown? (Neglect air
of the car, which of the following best depicts the resistance and assume the ground is level.)
path the ball takes, as viewed from above?

(A) 49m

(A) (B) 9.8m
Car (C) 10.0m

DU — (D) 19.6 m

S (E) 39.2m

\
A
\

3. A resistor in a circuit dissipates energy at a

1
*Ball rate of 1 W. If the voltage across the resistor
(B) is doubled, what will be the new rate of energy
C dissipation?
ar
@ S— (A) 025 W
- (B) 0.5 W
C) 1W
*oBall (D) 2 W
(E) 4 W
©)
Car
“~oBall
(D)
Car
c"wBall
(E)
Car
/;
Ball
Unauthorized copying or reuse of
any part of this page is illegal. Go ON To THE NEXT PAGE.
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4. An infinitely long, straight wire carrying current

I, passes through the center of a circular loop
of wire carrying current /,, as shown above. The

long wire is perpendicular to the plane of the loop.

Which of the following describes the magnetic
force on the loop?

(A) Outward, along a radius of the loop.
(B) Inward, along a radius of the loop.

(C) Upward, along the axis of the loop.
(D) Downward, along the axis of the loop.
(E) There is no magnetic force on the loop.

. De Broglie hypothesized that the linear

momentum and wavelength of a free massive
particle are related by which of the following
constants?

(A) Planck’s constant

(B) Boltzmann’s constant
(C) The Rydberg constant
(D) The speed of light

(E) Avogadro’s number

An atom has filled n=1 and n =2 levels. How
many electrons does the atom have?

(A) 2
(B) 4
€ 6
(D) 8
(E) 10

Unauthorized copying or reuse of
any part of this page is illegal.
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7. The root-mean-square speed of molecules of

mass m in an ideal gas at temperature 7 is

(A) 0

) AL
m
© AL
m
D) 3L
mm
® L
m

. The energy from electromagnetic waves in

equilibrium in a cavity is used to melt ice. If the
Kelvin temperature of the cavity is increased by a
factor of two, the mass of ice that can be melted in
a fixed amount of time is increased by a factor of

(A) 2
B) 4
€ 8
(D) 16
(E) 32

GO ON TO THE NEXT PAGE.
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9.

10.

The figure above represents the orbit of a planet
around a star, S, and the marks divide the orbit
into 14 equal time intervals, ¢ = T/ 14, where T
is the orbital period. If the only force acting on
the planet is Newtonian gravitation, then true
statements about the situation include which of
the following?

I. AreaA =area B
II. The star S is at one focus of an elliptically
shaped orbit.

II. T = Ca®, where a is the semimajor axis
of the ellipse and C is a constant.

(A) Tonly

(B) II only

(C) Iand II only
(D) II and IIT only
(E) L 1I, and IIT

A massless spring with force constant k launches
a ball of mass m. In order for the ball to reach a
speed v, by what displacement s should the
spring be compressed?

(A) szv\/%

m
(B) s—v\/%
2k
m
m
*

) s=v
D) s=v
(E) s=v2%

Unauthorized copying or reuse of
any part of this page is illegal.
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11. A quantum mechanical harmonic oscillator
has an angular frequency . The Schrodinger
equation predicts that the ground state energy
of the oscillator will be

1
(A) -5 ho
B) 0

1
© She
D) e

3
(E)  Sho

12. In the Bohr model of the hydrogen atom, the
linear momentum of the electron at radius r,
is given by which of the following? ( n is the
principal quantum number.)

(A) nh
(B) nr,h

<€ —

(D) n’rh

(E)

GO ON TO THE NEXT PAGE.
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1
| 10 100 1000

Variable x

13. The figure above represents a log-log plot of variable y
versus variable x. The origin represents the point x =1
and y = 1. Which of the following gives the approximate
functional relationship between y and x ?

(A) y=6Jx
B) y= %x +6
(C) y=6x+05
D) y= %xz
() y=6x
Unauthorized_copying or reuse of
any part of this page is illegal. GO ON TO THE NEXT PAGE
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14. Two experimental techniques determine the 15. If the five lenses shown below are made of the

mass of an object to be 11 + 1 kg and 10 + 2 kg. same material, which lens has the shortest positive
These two measurements can be combined to focal length?
give a weighted average. The uncertainty of the (A)
weighted average is equal to which of the
following?
A) +k
5 &
2
(B) —= kg
ng (B)
C) =k
© 75 ke
D) 2kg
(E) V5 kg
© )
(D) O
(E) O
Unauthorized_copying or reuse of
any part of this page is illegal. GO ON TO THE NEXT PAGE
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16. Unpolarized light is incident on a pair of ideal
linear polarizers whose transmission axes make
an angle of 45° with each other. The transmitted N
light intensity through both polarizers is what

percentage of the incident intensity? Motion Toward

(A) 100% the Loop a

(B) 75% R
(C)  50%
(D) 25%
(E) 0%

17. A very long, thin, straight wire carries a uniform
charge density of A per unit length. Which of the
following gives the magnitude of the electric field

=S o . . .
at aradial distance r from the wire” 18. The bar magnet shown in the figure above is

1 2 moved completely through the loop. Which
of the following is a true statement about the

(A)

2ney r R
direction of the current flow between the two
L, points a and b in the circuit?
(B) 2re, 1 (A) No current flows between a and b as the
magnet passes through the loop.
1 2 (B) Current flows from a to b as the magnet
©) e 2 passes through the loop.
o r (C) Current flows from b to a as the magnet
) passes through the loop.
(D) 1 A~ (D) Current flows from a to b as the magnet
drey 12 enters the loop and from b to a as the
magnet leaves the loop.
1 (E) Current flows from b to a as the magnet
(E) 4re, Alnr enters the loop and from a to b as the
magnet leaves the loop.
Unauthorized_copying or reuse of
any part of this page is illegal. GO ON TO THE NEXT PAG E
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19. The surface of the Sun has a temperature close
to 6,000 K and it emits a blackbody (Planck)

spectrum that reaches a maximum near 500 nm.

For a body with a surface temperature close to
300 K, at what wavelength would the thermal
spectrum reach a maximum?

(A) 10um
(B) 100 um
(C) 10 mm
(D) 100 mm
(E) 10m

20. At the present time, the temperature of
the universe (i.e., the microwave radiation
background) is about 3 K. When the
temperature was 12 K, typical objects
in the universe, such as galaxies, were

(A) one-quarter as distant as they are today

(B) one-half as distant as they are today

(C) separated by about the same distances
as they are today

(D) two times as distant as they are today

(E) four times as distant as they are today

21. For an adiabatic process involving an ideal gas
having volume V and temperature 7 , which
of the following is constant? ( y = Cp/Cy, )

(A) TV
(B) TV
©) Tv'!
D) TV
(E) TV

Unauthorized copying or reuse of
any part of this page is illegal.
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22.

23.

24.

An electron has total energy equal to four times
its rest energy. The momentum of the electron is

(A) m,c

(B) V2m,c
(C) J15m,c
(D) 4m,c
(BE) 2V15m,c

Two spaceships approach Earth with equal speeds,
as measured by an observer on Earth, but from
opposite directions. A meterstick on one space-
ship is measured to be 60 cm long by an occupant
of the other spaceship. What is the speed of each
spaceship, as measured by the observer on Earth?

(A) 0.4c¢
(B) 0.5¢
(C) 0.6¢
(D) 0.7¢
(E) 0.8¢

A meter stick with a speed of 0.8¢c moves past
an observer. In the observer’s reference frame,
how long does it take the stick to pass the
observer ?

(A) 1.6 ns
(B) 2.5ns
(C) 42ns
(D) 6.9 ns
(E) 83 ns

GO ON TO THE NEXT PAGE.
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25. Consider a set of wave functions y; (x). Which

26.

of the following conditions guarantees that the
functions are normalized and mutually
orthogonal? (The indices i and j take on the
values in the set {1,2,...,n}.)

(A) i ()y;(x) =0

B) y; (N)y;(x) =1

© [ v () (x)dx =0

O [yl @y (x)dr =1

® [ vl 0y, ()dx =5,

The normalized ground state wave function of

hydrogen is v, = ¢! where

2
(4”)1/2 a03/2
a, 1is the Bohr radius. What is the most likely

distance that the electron is from the nucleus?

(A) 0
ay
B)
ay
©) 7
(D) q

(E) 24,

Unauthorized copying or reuse of
any part of this page is illegal.
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27.

28.

29.

The lifetime for the 2p — 1s transition
in hydrogen is 1.6 x 107 s. The natural
line width for the radiation emitted during
the transition is approximately

(A) 100 Hz
(B) 100 kHz
(C) 100 MHz
(D) 100 GHz
(E) 100 THz

A spring of force constant k is stretched a certain

distance. It takes twice as much work to stretch
a second spring by half this distance. The force
constant of the second spring is

(A k
(B) 2k
(C) 4k
(D) 8k
(E) 16k

On a frictionless surface, a block of mass M
moving at speed v collides elastically with
another block of the same mass that is initially
at rest. After the collision, the first block moves
atan angle 6 to its initial direction and has

a speed v/2 . The second block’s speed after
the collision is

(A) gv
B) 5

© gv
(D) gv

(E) v+ %cos@

GO ON TO THE NEXT PAGE.
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30. Which of the following gives Hamilton’s 32. An incompressible fluid of density p flows

canonical equation(s) of motion? (H is the through a horizontal pipe of radius r and then
passes through a constriction of radius /2 . If the

Hamiltonian, g, are the generalized coordinates, : .
9i g fluid has pressure P, and velocity v, before the

and p, are the generalized momenta.) o . L
constriction, the pressure in the constriction is

_OoH  _ _OoH
(A) q; = ;. b = q; (A) P, —%pvoz
_9H _9H 3 2
(B) ql‘ - aqi’ pi - apl (B) PO —Ep’l)o
. H . H
© 4 =55 b=-5t © 2
. _O0H . oH 3 2
D) i =5, b=, (D) Fy +5pvy
(E) d(dH _a_H:() (E) 1)0"'1759’)02
dt\dp; ) g,

33. A thermodynamic system, initially at absolute
temperature 7, contains a mass m of water

oil with specific heat capacity c. Heat is added
- until the temperature rises to 7, . The change
Water in entropy of the water is

(A) 0

31. A layer of oil with density 800 kg/m? floats on top
of a volume of water with density 1,000 kg/m>. A
block floats at the oil-water interface with 1/4 of (C) meT.
its volume in oil and 3/4 of its volume in water, as 2
shown in the figure above. What is the density of (D)
the block?

(A) 200 kg/m’ E) mcln(i)
(B) 850 ke/m’ I
(C) 950 kg/m?

(D) 1,050 kg/m?

(E) 1,800 kg/m?

B) I, -1

mc(T2 _Tl)

Unauthorized copying or reuse of
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34. Heat Q is added to a monatomic ideal gas

under conditions of constant volume, resulting

in a temperature change AT . How much heat
will be required to produce the same temperature
change, if it is added under conditions of constant
pressure?

W 20
®) 0

5
© 30
®) 20
® Lo

Unauthorized copying or reuse of
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35. A heat pump is to extract heat from an outdoor
environment at 7°C and heat the environment
indoors to 27°C. For each 15,000 J of heat
delivered indoors, the smallest amount of
work that must be supplied to the heat pump
is approximately

(A) 5007
(B) 1,000]
(C) 1,100
(D) 2,000]
(E) 2,2007

GO ON TO THE NEXT PAGE.
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_—C

36. The capacitor in the circuit above is charged. If switch S is closed at time ¢ = 0, which of the following
represents the magnetic energy, U, in the inductor as a function of time? (Assume that the capacitor and

32

inductor are ideal.)

(A) Uk

[
(C) Uk

r
(E) Uk

};

Unauthorized copying or reuse of
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3
P+(0,r
—-q +q
, ~— -,= X
-39 (3-9)

37. A pair of electric charges of equal magnitude ¢

and opposite sign are separated by a distance /,

as shown in the figure above. Which of the
following gives the approximate magnitude and
direction of the electric field set up by the two
charges at a point P on the y-axis, which is
located a distance r>> ¢ from the x-axis?

Magnitude Direction
(A) 4;60 % R
(B) 47:60 % +x
(D) 47:60 z—f +x
(E) 47[160 ;]_f -

Unauthorized copying or reuse of
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38.

39.

Consider two very long, straight, insulated wires
oriented at right angles. The wires carry currents
of equal magnitude [ in the directions shown in
the figure above. What is the net magnetic field at
point P ?

,UOI N N
A LY
(A) 5 — (X +Y)
,U()I ~ ~
B) - 20 (% +
B) -7 — (X +7)
1
ra
1
(D) _ Kol 7
ra

(E) 0
A beam of muons travels through the laboratory
with speed v = %c . The lifetime of a muon

in its rest frame is 7 = 2.2 x 10° 5. The mean
distance traveled by the muons in the laboratory
frame is

(A) 530m

(B) 660 m

(C) 880m

(D) 1,100 m

(E) 1,500 m

GO ON TO THE NEXT PAGE.
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40. A particle of mass M decays from rest into two
particles. One particle has mass m and the other
particle is massless. The momentum of the
massless particle is

(M2 —mz)c
4M

(M2 —mz)c
2M

(M2 —mz)c
M

2(M2 —mz)c
M

4(M2 —mz)c
M

(A)

(B)

©)

(D)

(E)

Unauthorized copying or reuse of
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Stopping Potential (V)

0 7 : =
0 4 8 12

Frequency (x 10'* Hz)

41. In an experimental observation of the photoelectric effect,

Unauthorized copying or reuse of
any part of this page is illegal.
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the stopping potential was plotted versus the light frequency,
as shown in the figure above. The best straight line was fitted
to the experimental points. Which of the following gives the

slope of the line? (The work function of the metal is ¢.)

h
A_
o
®) L

e

e
© £
D) £
®
E 2

e

GO ON TO THE NEXT PAGE.
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44. According to the BCS theory, the attraction
between Cooper pairs in a superconductor

Channel f
d]nnc \ / \\ 0 is due to

\- / N (A) the weak nuclear force
(B) the strong nuclear force
_ /| N (C) vacuum polarization
Channel f 7 AN 0 (D) interactions with the ionic lattice
2 / Il (E) the Casimir effect
cm

[+ ] 45. During a hurricane, a 1,200 Hz warning siren
1 cm on the town hall sounds. The wind is blowing
at 55 m/s in a direction from the siren toward
42. Two sinusoidal waveforms of the same frequency a person 1 km away. With what frequency does
are displayed on an oscilloscope screen, as the sound wave reach the person? (The speed of
indicated above. The horizontal sweep of the sound in air is 330 m/s.)
oscilloscope is set to 100 ns/cm and the vertical
gains of channels 1 and 2 are each set to 2 V/cm. Eg)) }’8(3)8 g;
The zero-voltage level of each channel is given at (€) 1’200 Hz
the right in the figure. The phase difference (D) 1: 400 Hz
between the two waveforms is most nearly (E) 1,440 Hz
(A) 30°
(B) 45° 46. Sound waves moving at 350 m/s diffract out of a
(C) 60° speaker enclosure with an opening that is a long
D) 90° rectangular slit 0.14 m across. At about what
B) 120° frequency will the sound first disappear at an
(E) angle of 45° from the normal to the speaker face?
43. In the diamond structure of elemental carbon, (A) 500 Hz
the nearest neighbors of each C atom lie at (B) 1,750 Hz
the corners of a (C) 2,750 Hz
(D) 3,500 Hz
(A) square
(B) hexagon (E) 5,000 Hz
(C) cube
(D) tetrahedron
(E) octahedron
Unauthorized copying or reuse of
any part of this page is illegal. GO ON To THE NEXT PAG E.
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47.

48.

49.

An organ pipe, closed at one end and open at

the other, is designed to have a fundamental
frequency of C (131 Hz). What is the frequency
of the next higher harmonic for this pipe?

(A) 44Hz
(B) 196 Hz
(C) 262 Hz
(D) 393 Hz
(E) 524 Hz

A :Di

B F— Output E
——D}f

D

For the logic circuit shown above, which of the
following Boolean statements gives the output E
in terms of inputs A, B, C, and D ?

(A E=A+B+C-D
(B) E=A+B-C-D
(C) E=A+B-C-D

Which of the following lasers utilizes transitions
that involve the energy levels of free atoms?

(A) Diode laser

(B) Dye laser

(C) Free-electron laser
(D) Gas laser

(E) Solid-state laser

Unauthorized copying or reuse of
any part of this page is illegal.
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50. Which of the following expressions is propor-

51.

tional to the total energy for the levels of a one-
electron Bohr atom? ( m 1is the reduced mass, Z
is the number of protons in the nucleus, —e is the
charge on the electron, and 7 is the principal
quantum number.)

mZe’

n

mZe’
®) "%
n
mZzZ%e*
©) 5

n

(A)

2,22
m-Z-e
(D)
252 4
m-Ze
()

True statements about the absorption and
emission of energy by an atom include which
of the following?

I. An atom can only absorb photons of light
that have certain specific energies.
II. An atom can emit photons of light of any
energy.

III. At low temperature, the lines in the
absorption spectrum of an atom coincide
with the lines in its emission spectrum that
represent transitions to the ground state.

(A) Tonly

(B) HI only

(C) Iand II only
(D) I'and III only
(E) I, II, and III

GO ON TO THE NEXT PAGE.
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52. X rays of wavelength 4 = 0.250 nm are incident

on the face of a crystal at angle 6, measured from
the crystal surface. The smallest angle that yields
an intense reflected beam is 8 = 14.5°. Which of
the following gives the value of the interplanar
spacing d ? (sin14.5° = 1/4)

(A) 0.125 nm
(B) 0.250 nm
(C) 0.500 nm
(D) 0.625 nm
(E) 0.750 nm

53. Astronomers observe two separate solar systems,

each consisting of a planet orbiting a sun. The two 56.

orbits are circular and have the same radius R.
It is determined that the planets have angular
momenta of the same magnitude L about their
suns, and that the orbital periods are in the ratio
of three to one; i.e., T, =37, . Theratio m,/m,
of the masses of the two planets is

A) 1
(B) V3
(©) 2
(D) 3
(E) 9

54. If the Sun were suddenly replaced by a black hole

of the same mass, it would have a Schwarzschild
radius of 3,000 m. What effect, if any, would this
change have on the orbits of the planets?

(A) The planets would move directly toward the
Sun.

(B) The planets would move in spiral orbits.

(C) The planets would oscillate about their
former elliptical orbits.

(D) The orbits would precess much more rapidly.

(E) The orbits would remain unchanged.

Unauthorized copying or reuse of
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55.

A distant galaxy is observed to have its hydrogen-f
line shifted to a wavelength of 580 nm, away from
the laboratory value of 434 nm. Which of the
following gives the approximate velocity of

580 _ 4
3

recession of the distant galaxy? (Note: EY

(A) 0.28¢
(B) 0.53¢
(C) 0.56¢
(D) 0.75¢
(E) 0.86¢

A small plane can fly at a speed of 200 km/h in
still air. A 30 km/h wind is blowing from west to
east. How much time is required for the plane to
fly 500 km due north?
(A) 53 h
(B)
©
D) L
®) V391
50
E) == h
E) 17

GO ON TO THE NEXT PAGE.
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me

<+——F

44444 TII77007700%%

Figure 1

W /4444240ddddz

Figure 2

57. Each of the figures above shows blocks of mass 2m and m acted
on by an external horizontal force F. For each figure, which of the
following statements about the magnitude of the force that one
block exerts on the other (F'},) is correct? (Assume that the

surface on which the blocks move is frictionless.)

Figure 1
(A) Fpp =

B) Fi, =

(©) Fiy

(D) F, =

(E) Fi, =

Unauthorized copying or reuse of
any part of this page is illegal.
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Figure 2

F12=§
Fyy = 2TF
F12=§
Fy = 2TF
F,=F

GO ON TO THE NEXT PAGE.
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58.

59.

(7]

A —a

In the figure above, block A has mass

m, = 25 kg and block B has mass my =10 kg.

Both blocks move with constant acceleration

a =2 m/s? to the right, and the coefficient of static
friction between the two blocks is ;= 0.8. The
static frictional force acting between the blocks is
(A) 20 N

(B) 50 N

(C) 78 N

(D) 196 N
(E) 274 N

A simple pendulum of length [ is suspended
from the ceiling of an elevator that is accelerating
upward with constant acceleration a . For small
oscillations, the period, 7, of the pendulum is

(A) T = 277,'\/2
g

B) T = 27 |
g—a
~ I
(C)T—27r/g+a
l a
D) T =2z |t
™ Ve(g+a)
(E) T =2x 1(g+a)
g a

48

Unauthorized copying or reuse of
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A

Three long, straight wires in the xz-plane,
each carrying current [, cross at the origin
of coordinates, as shown in the figure above.
Let X, y,and z denote the unit vectors in

the x-, y-, and z-directions, respectively. The
magnetic field B as a function of x, with
y=0 and z=0, is

3ugl .
(A) B =250
27X
3ugl .
(B) B =10
2mwx
Ho S
C) B=2"(1+2V2
©) —( )¥
I .
D) B =03
2mwx
I .
(E) B=10
2r

GO ON TO THE NEXT PAGE.
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61. A particle with mass m and charge ¢, moving

with a velocity v, enters a region of uniform
magnetic field B, as shown in the figure above.
The particle strikes the wall at a distance d from
the entrance slit. If the particle’s velocity stays
the same but its charge-to-mass ratio is doubled,
at what distance from the entrance slit will the
particle strike the wall?

(A) 2d

(B) 2d

©) d

(D) %d

E) 14

Unauthorized copying or reuse of
any part of this page is illegal.
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62.

63.

N

Consider the closed cylindrical Gaussian
surface above. Suppose that the net charge

enclosed within this surface is +1 x 10~ C and
the electric flux out through the portion of the
surface marked A is —100 N-m?/C. The flux
through the rest of the surface is most nearly
given by which of the following?

(A) —100 N-m?/C
(B) ON-m?C
(C) 10N-m%*C
(D) 100 N-m?C
(E) 200 N-m%*C

BN BC+et+v,

The nuclear decay above is an example of a
process induced by the

(A) Mossbauer effect
(B) Casimir effect

(C) photoelectric effect
(D) weak interaction
(E) strong interaction

GO ON TO THE NEXT PAGE.
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64. Consider a single electron atom with orbital

65.

angular momentum L = v27% . Which of the

following gives the possible values of a
measurement of L, the z-component of L ?

(A) O

B) 0,7
(C) 0,n,2n
D) -1,0,7

(E) —2h, —h, 0, 1, 2h

Characteristics of the quantum harmonic
oscillator include which of the following?

I. A spectrum of evenly spaced energy states
II. A potential energy function that is linear in
the position coordinate
III. A ground state that is characterized by zero
kinetic energy
IV. A nonzero probability of finding the
oscillator outside the classical turning points

(A) Tonly

(B) 1V only

(C) I'and IV only
(D) 1T and IIT only
(E) L 11, III, and IV

Unauthorized copying or reuse of
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66. A muon can be considered to be a heavy electron

with a mass m,, = 207m,. Imagine replacing the
electron in a hydrogen atom with a muon. What
are the energy levels E, for this new form of
hydrogen in terms of the binding energy of
ordinary hydrogen E, the mass of the proton

m,,, and the principal quantum number n ?

(A) En — _liO[m,uJ

(B) E, = _—?[Z—J

n u
© 5=l
o 5= )
® 5= )

GO ON TO THE NEXT PAGE.
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67. A large, parallel-plate capacitor consists of two

square plates that measure 0.5 m on each side. A
charging current of 9 A is applied to the capacitor.
Which of the following gives the approximate rate
of change of the electric field between the plates?

m-S
(B) 40 V-
m-S
©) 1x102 Y
m-S
(D) 4 x10"? v
m-S
(E) 2x10" v
m-S
R §R R
R R
—..—V
R SR SR

68. The circuit shown in the figure above consists

of eight resistors, each with resistance R, and

a battery with terminal voltage V and negligible
internal resistance. What is the current flowing
through the battery?

1V
A) ——
(A) 37
1V

(B) R

Vv
© &

3V
® 3%

1%
(B) 3%

Unauthorized copying or reuse of
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69.

V. — V

0

2]

0

In the AC circuit above, V. is the amplitude of

1

the input voltage and V, is the amplitude of the
output voltage. If the angular frequency @ of the

input voltage is varied, which of the following

gives the ratio V, /V; = G as a function of o ?

A) G

L

>
G
3
>
G
3
>
G
3
¥=w
3
>

GO ON TO THE NEXT PAGE.
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70. A wire loop that encloses an area of 10 cm? 72. Which of the following statements about bosons

has a resistance of 5Q . The loop is placed and/or fermions is true?

in a magnetic field of 0.5 T with its plane (A) Bosons have symmetric wave functions and
perpendicular to the field. The loop is suddenly obey the Pauli exclusion principle.
removed from the field. How much charge flows (B) Bosons have antisymmetric wave functions
past a given point in the wire? and do not obey the Pauli exclusion

(A) 104 C principle.

(C) Fermions have symmetric wave functions and

(B) 107°C obey the Pauli exclusion principle.
(C) 102C (D) Fermions have antisymmetric wave functions
(D) 107! C and obey the Pauli exclusion principle.
(E) Bosons and fermions obey the Pauli
(B) 1C . L
exclusion principle.
y y y y y « " 73. The discovery of the J/w particle was especially
significant because it provided evidence for which
x x X of the following?
% % % (A) Parity violation in weak interactions
(B) Massive neutrinos
X X x (C) Higgs bosons
" " " (D) Charmed quarks
(E) Strange quarks
X X X
x x x

71. Two nonrelativistic electrons move in circles
under the influence of a uniform magnetic
field B, as shown in the figure above. The ratio
r,/r, of the orbital radii is equal to 1/3. Which of

the following is equal to the ratio v,/v, of the
speeds?

(A) 1/9
(B) 1/3
O 1
(D) 3
(E) 9

Unauthorized copying or reuse of
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™4

+ O=p

74. The figure above shows an object O placed at a distance R
to the left of a convex spherical mirror that has a radius of
curvature R. Point C is the center of curvature of the mirror.
The image formed by the mirror is at

(A) infinity
(B) adistance R to the left of the mirror and inverted

(C) adistance R to the right of the mirror and upright

(D) a distance g to the left of the mirror and inverted

(E) adistance g to the right of the mirror and upright

Unauthorized copying or reuse of
any part of this page is illegal.
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75. A uniform thin film of soapy water with index of

refraction n = 1.33 is viewed in air via reflected
light. The film appears dark for long wavelengths
and first appears bright for 4 = 540 nm. What is
the next shorter wavelength at which the film will
appear bright on reflection?

(A) 135 nm
(B) 180 nm
(C) 270 nm
(D) 320 nm
(E) 405 nm

P ”

76. A model of an optical fiber is shown in the

figure above. The optical fiber has an index of
refraction, n, and is surrounded by free space.

What angles of incidence, 6, will result in the
light staying in the optical fiber?

@) 0> sin”! (Vi 1)
®) 0 < sin”! (Vo7 1)
© 0> s (Vi 1)
©) 0 < sin”! (Vi 1)

(E) sin”! (\/n2 - 1) <0 <sin™! (\/nz + 1)

Unauthorized copying or reuse of
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77.

78.

A gas at temperature 7' is composed of molecules

of mass m . Which of the following describes
how the average time between intermolecular
collisions varies with m ?

(A) Itis proportional to %
(B) Itis proportional to ¥ .
(C) It is proportional to v .

(D) Itis proportional to m.

(E) Itis proportional to m?.

A particle can occupy two possible states
with energies E, and E,, where E, > E,.
At temperature 7, the probability of finding
the particle in state 2 is given by which of the
following?

—E /KT
(A) ©

—E[/KT | —E,/kT

€ +e

—E5/kT
e "2

(B) o EUKT

+ o BT
o (E1+EY) /KT

© o EUKT

+ o BT

~E[KT | —~E,IKT

+e
o EalkT

D) <

© o EUKT | o~ E/kT
o EVKT

GO ON TO THE NEXT PAGE.
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(p +%)(V ~b) =RT

79. Consider 1 mole of a real gas that obeys the van der Waals
equation of state shown above. If the gas undergoes an
isothermal expansion at temperature 7, from volume V; to

volume V, , which of the following gives the work done by
the gas?

(A) O

V.
(B) RT, 1n(72)

1

(D) RTOIH(Vl _bj-l-a(v—z—vl)

1 1 1 1
E) RT, - DN O R
) °[<v2—b>2 (vl—bfj (v vﬁj

V, —b
(®) RToln(Vz bj

80. A 1 kg block attached to a spring vibrates with
a frequency of 1 Hz on a frictionless horizontal
table. Two springs identical to the original spring
are attached in parallel to an 8 kg block placed on
the same table. Which of the following gives the
frequency of vibration of the 8 kg block?

(A) % Hz

1

1
© b} Hz
(D) 1 Hz

(E) 2 Hz

Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE

62



SCRATCH WORK

63



81. A uniform disk with a mass of m and a radius of r rolls
without slipping along a horizontal surface and ramp, as

shown above. The disk has an initial velocity of v. What
is the maximum height ~ to which the center of mass of
the disk rises?

(A) h=

(B) h =

©) h=

(D) h =

() h=

(O8]

[O8]

[\

2

N|c
oQ

2

%

<>o|¢,\, 0-5‘

2

%

\%
oQ

2

%

82.

Unauthorized copying or reuse of
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A mass, m, is attached to a massless spring fixed at one end.
The mass is confined to move in a horizontal plane, and its
position is given by the polar coordinates r and 6. Both r
and 6 can vary. If the relaxed length of the spring is s and
the force constant is k, what is the Lagrangian, L, for the

system?
(A) L=
(B) L=
(C) L=

(D) L =

1 .
2
1 .
2
1 .
2
1 .
2

—mi* + lmrzt?2 — lk(rcos@ - s)2

2 2

—mi* + lmr2¢92 - %k(rsin@ —s)?

2

—mi? + lmrzé2 + lk(r —s)°

2 2

—mi* + lmr2¢92 - %k(r — s)2

2

() L=—2mi? +1mr2? + Lir - 5

2

2 2
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= ¢

83. A mass m attached to the end of a massless rod

of length L is free to swing below the plane of
support, as shown in the figure above. The
Hamiltonian for this system is given by

2 2
Py Py

+
2mI*>  2mI’sin’ @

where 6 and ¢ are defined as shown in the

H = — mgLcosé,

figure. On the basis of Hamilton’s equations
of motion, the generalized coordinate or
momentum that is a constant in time is

(A) 0
B) ¢
© 6
D) pg
E) py

Unauthorized copying or reuse of
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)

— f—x

0 It

84. A rod of length L and mass M is placed along

the x-axis with one end at the origin, as shown
in the figure above. The rod has linear mass
density A = ZL—AZ/Ix, where x is the distance
from the origin. Which of the following gives

the x-coordinate of the rod’s center of mass?

(A) éL
®) 11
© 1L
D) L
® 2L

GO ON TO THE NEXT PAGE.
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85. A particle is in an infinite square well potential 86. Which of the following are the eigenvalues

with walls at x = 0 and x = L. If the particle is of the Hermitian matrix (2 i ) 9
—i

in the state y(x) = Asin (MTX), where A isa

A)1,0

constant, what is the probability that the particle EB)) 1.3

is between x = L and x = 2L ? ©) 2,2

3 3 D) i, —i

(A) O (E) 1+i, 1-i

B) =
1
C) —
©) A
2
D =
® 3
B 1

Unauthorized copying or reuse of
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0_01 G_O—i 0_10 1_10
o) Y lio) T2 lo=-1) 7 o1

87. Consider the Pauli spin matrices o, o,, and o, and the identity matrix / given above. The commutator
[ax, ay:l = 0,0, — 0,0, is equal to which of the following?
(A) 1
(B) 2io,
© 2o,
(D) 2io,
(E) 0

Unauthorized copying or reuse of
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88. A spin—% particle is in a state described by the

_ 4 1+
Z_ 2 s

where A is a normalization constant. The
probability of finding the particle with spin

spinor

projection §_ = —%h is

E

W N[—= W= =

(B)

©)

D)

(E) 1

Unauthorized copying or reuse of
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A Potential Energy

89. An electron with total energy E in the region x <0 is moving in the +x-direction. It encounters a step potential
at x =0. The wave function for x < 0 is given by

v = Ae™* 4 Be™M* \where ky = ,2;'1215;

and the wave function for x > 0 is given by

. 2m(E -V,
v = Cce™*  where ky, = %.
Which of the following gives the reflection coefficient for the system?
(A) R=0
B) R=1
k
C) R=-%
© i,
k —ky V
D) R=|-1—2
™ (kl + kzj
4k .k
(E) R=—H12+
(ki + k)
Unauthorized copying or reuse of
any part of this page is illegal. GO ON TO THE NEXT PAGE
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90. Two thin, concentric, spherical conducting shells are arranged

as shown in the figure above. The inner shell has radius a,
charge +0Q, and is at zero electric potential. The outer shell
has radius b and charge —Q. If r is the radial distance from
the center of the spheres, what is the electric potential in
region | (a<r<b) andinregionIl (r>b)?

Region | Region I1
w 21 0
drey r
(B) Y (l_l) 0
dreyg\r  a
0 l_l) __ 01
© dreg\r b drey r
Q0 l_l) Q0 G_l)
D) drey\r a drey \b a
0 (1 1) 0 (1 1)
E —_= - _=
) dreg\r b drmeg\a b

91.
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In static electromagnetism, let E, B, J, and p
be the electric field, magnetic field, current
density, and charge density, respectively. Which
of the following conditions allows the electric
field to be written in the form E =-V¢, where ¢
is the electrostatic potential?

(A) V-J=0
(B) V- E =ple,
(C) VxE=0
(D) V x B =u,J
(E) V-B=0

GO ON TO THE NEXT PAGE.
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92. A long, straight, hollow cylindrical wire with an

inner radius R and an outer radius 2R carries a
uniform current density. Which of the following
graphs best represents the magnitude of the
magnetic field as a function of the distance from
the center of the wire?

(A) B
; >
0 R 2R
(B) B
I/\ﬂ
0O R 2R
(C) B
A
: : -7
4] R 2R
(D) B
: I\::r
0 R 2R
(E) B
0 R 2R
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93.

94.

A parallel-plate capacitor has plate separation d.
The space between the plates is empty. A battery
supplying voltage V|, is connected across the
capacitor, resulting in electromagnetic energy U,

stored in the capacitor. A dielectric, of dielectric
constant x, is inserted so that it just fills the
space between the plates. If the battery is still
connected, what are the electric field £ and the
energy U stored in the dielectric, in terms of V|,

and U, ?

E U
VO

A) Uy
VO

®) KU,
v

(C) 70 x* U,
v,

(D) K—‘; Uy

E Yo U

(B) d KUy

An observer O at rest midway between

two sources of lightat x=0 and x=10m
observes the two sources to flash simultaneously.
According to a second observer O', moving at a
constant speed parallel to the x-axis, one source of
light flashes 13 ns before the other. Which of the
following gives the speed of O’ relativeto O ?

(A) 0.13¢
(B) 0.15¢
(C) 0.36¢
(D) 0.53¢
(E) 0.62¢

GO ON TO THE NEXT PAGE.
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95. Let J bea quantum mechanical angular

momentum operator. The commutator
[jx J ¥ jx] is equivalent to which of
the following?

(A) O

(B) ihJ,

(©) i, J,

(D) —ihd J,

A

() ihJ,J,

96. Which of the following ions CANNOT be

used as a dopant in germanium to make an
n-type semiconductor?

(A) As
(B) P
(C) Sb
(D) B
(E) N

98.
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97.

In the Compton effect, a photon with energy E
scatters through a 90° angle from a stationary
electron of mass m. The energy of the scattered
photon is

(A) E
E
B) 5

2
© £
mc
E2
E + mc?
E-mc?

(B) ——
E + mc

(D)

Which of the following is the principal decay
mode of the positive muon u* ?

A) um—e +v,
B) u" > p+v,
© pr—>n+e +v,
D) u* = e +v, +V,

E) u" 7" +v, +v,

GO ON TO THE NEXT PAGE.
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99. A small particle of mass m is at rest on a horizontal circular
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platform that is free to rotate about a vertical axis through its
center. The particle is located at a radius r from the axis, as
shown in the figure above. The platform begins to rotate with
constant angular acceleration ¢ . Because of friction between
the particle and the platform, the particle remains at rest with
respect to the platform. When the platform has reached
angular speed @, the angle 6 between the static frictional

force f; and the inward radial direction is given by which of
the following?

2
(A) =27
g
2
(B) 6=
o
(©) 6= w%
2
(D) 6 = tan”" (“’—)
o
(E) 6 = tan”" (%)
w

GO ON TO THE NEXT PAGE.
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100. The partition function Z in statistical mechanics
can be written as

7 = Ze—Er/kT’

where the index r ranges over all possible
microstates of a system and E, is the energy of
microstate r. For a single quantum mechanical
harmonic oscillator with energies

n

E =(n+%)hw, where n=0,1,2. .. ..

the partition function Z is given by which of the

following?
A) Z = e—%ha)/kT
®B) Z = e%ha)/kT
1
©) Z = ezha)/kT 1
1
D) z = 1
LhofkT
(E) Z = SOl _

If you finish before time is called, you may check your work on this test.
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Example: Sample Answer
What city is the capital of France? D®DO DD CORRECT ANSWER
(A) Rome PROPERLY MARKED
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(C) London IMPROPER MARKS
(D) Cairo DLBOD®DE®
(E) Oslo @D ODOE®
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Scoring Your Subject Test

The Physics Test scores are reported on a 200 to 990
score scale in ten-point increments. The actual range

of scores is smaller, and it varies from edition to edition

because different editions are not of precisely the same
difficulty. However, this variation in score range is
usually small and should be taken into account mainly
when comparing two very high scores. In general,
differences between scores at the 99th percentile
should be ignored. The score conversion table on
page 91 shows the score range for this edition of the
test only.

The worksheet on page 90 lists the correct answers
to the questions. Columns are provided for you to
mark whether you chose the correct (C) answer or
an incorrect (I) answer to each question. Draw a line
across any question you omitted, because it is not
counted in the scoring. At the bottom of the page,

enter the total number correct and the total number
incorrect. Divide the total incorrect by 4 and subtract
the resulting number from the total correct. Then
round the result to the nearest whole number. This
will give you your raw total score. Use the total score
conversion table to find the scaled total score that
corresponds to your raw total score.

Example: Suppose you chose the correct answers
to 44 questions and incorrect answers to 30. Dividing
30 by 4 yields 7.5. Subtracting 7.5 from 44 equals
36.5, which is rounded to 37. The raw score of 37
corresponds to a scaled score of 630.

PHYSICS TEST
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Worksheet for the Physics Test, Form GR0877
Answer Key and Percentage* of Examinees
Answering Each Question Correctly

QUESTION TOTAL QUESTION TOTAL
Number Answer P+ C 1 Number Answer P+ C 1
1 B 72 51 D 69
2 D 88 52 C 56
3 E 60 53 D 50
4 E 72 54 E 71
5 A 94 55 A 45
6 E 73 56 D 52
7 C 74 57 B 59
8 D 59 58 A 39
9 E 78 59 C 60
10 B 85 60 C 58
11 C 83 61 E 73
12 C 36 62 E 41
13 A 59 63 D 47
14 B 11 64 D 64
15 E 59 65 C 66
16 D 74 66 D 34
17 A 70 67 D 26
18 E 42 68 D 33
19 A 53 69 D 51
20 A 35 70 A 29
21 C 57 71 B 65
22 C 76 72 D 70
23 B 16 73 D 11
24 B 52 74 E 40
25 E 83 75 B 19
26 D 64 76 B 32
27 C 30 77 C 39
28 D 63 78 B 80
29 C 47 79 D 49
30 D 51 80 C 50
31 C 73 81 B 60
32 A 19 82 D 60
33 E 72 83 E 48
34 c 45 84 E 67
35 B 30 85 B 56
36 A 50 86 B 60
37 E 53 87 D 74
38 E 83 88 D 27
39 C 53 89 D 49
40 B 20 90 D 21
41 B 58 91 C 60
42 E 47 92 E 67
43 D 39 93 B 21
44 D 27 94 C 12
45 C 15 95 D 51
46 D 25 96 D 17
47 D 32 97 E 20
48 C 39 98 D 49
49 D 49 99 E 40
50 C 39 100 E 67
Correct (C)
Incorrect (I)
Total Score:
C-V4=

Scaled Score (SS) =

* The P+ column indicates the percent of Physics Test examinees who answered each question correctly;
it is based on a sample of November 2008 examinees selected to represent all Physics Test examinees
tested between July 1, 2007 and June 30, 2010.
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Score Conversions and Percents Below*
for Physics Test, Form GR0877

TOTAL SCORE

Raw Score  Scaled Score % Raw Score  Scaled Score %
82-100 990 95 45 690 53
81 980 94 44 680 50
80 970 93 42-43 670 48
79 960 92 41 660 46
78 950 91 39-40 650 44
77 940 90 38 640 42
76 930 90 36-37 630 39
75 920 89 35 620 37
73-74 910 87 33-34 610 34
72 900 86 32 600 32
71 890 85 30-31 590 29
70 880 84 29 580 27
69 870 83 28 570 25
68 860 82 26-27 560 22
66-67 850 80 25 550 21
65 840 79 23-24 540 18
64 830 77 22 530 16
63 820 76 20-21 520 13
61-62 810 74 19 510 12
60 800 73 17-18 500 10
59 790 72 16 490 8
57-58 780 70 15 480 7
56 770 68 13-14 470 5
55 760 66 12 460 4
53-54 750 64 10-11 450 3
52 740 62 9 440 2
51 730 61 7-8 430 2
49-50 720 59 6 420 1
48 710 57 5 410 1
46-47 700 55 3-4 400 1
2 390 1

0-1 380 1

*The percent scoring below the scaled score is based on the performance
of 14,395 examinees who took the Physics Test between July 1, 2007 and

June 30, 2010.
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Evaluating Your Performance

Now that you have scored your test, you may wish to
compare your performance with the performance of
others who took this test. Both the worksheet on page
90 and the table on page 91 use performance data from
GRE Physics Test examinees.

The data in the worksheet on page 90 are based
on the performance of a sample of the examinees who
took this test in November 2008. This sample was se-
lected to represent the total population of GRE Physics
Test examinees tested between July 2007 and June
2010. The numbers in the column labeled “P+” on the
worksheet indicate the percentages of examinees in
this sample who answered each question correctly. You
may use these numbers as a guide for evaluating your
performance on each test question.

The table on page 91 contains, for each scaled
score, the percentage of examinees tested between
July 2007 and June 2010 who received lower scores.
Interpretive data based on the scores earned by exam-
inees tested in this three-year period will be used by
admissions officers in the 2011-12 testing year. These
percentages appear in the score conversion table in a
column to the right of the scaled scores. For example,

in the percentage column opposite the scaled score of
680 is the number 50. This means that 50 percent of
the GRE Physics Test examinees tested between July
2007 and June 2010 scored lower than 680. To com-
pare yourself with this population, look at the percent-
age next to the scaled score you earned on the practice
test.

It is important to realize that the conditions under
which you tested yourself were not exactly the same as
those you will encounter at a test center. It is impos-
sible to predict how different test-taking conditions
will affect test performance, and this is only one factor
that may account for differences between your practice
test scores and your actual test scores. By comparing
your performance on this practice test with the perfor-
mance of other GRE Physics Test examinees, however,
you will be able to determine your strengths and weak-
nesses and can then plan a program of study to prepare
yourself for taking the GRE Physics Test under stan-
dard conditions.
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CERTIFICATION STATEMENT,
THEN TURN ANSWER SHEET
OVER TO SIDE 1.

CERTIFICATION STATEMENT
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“I certify that | am the person whose name appears on this answer sheet. | also
agree not to disclose the contents of the test | am taking today to anyone.”
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