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EVALUATING YOUR PERFORMANCE (GR9277)

Now that you have scored your test, you may wish to compare your performance
with the performance of others who took this test, Two kinds of information are
provided, both using performance data from GRE Physics examinees tested
between October 1988 and September 1991. Interpretive data based on the scores
earned by examinees tested in this three-year period are to be used by admissions
officers in 1992-93. :

The first kind of information is based on the performance of a sample of the
examinees who took the test in October 1991. This sample was selected to
represent the total population of GRE Physics examinees tested between October
1988 and September 1991. On the work sheet you used to determine your score
is a column labeled “P+." The numbers in this column indicate the percent of the
examinees in this sample who answered each question correctly. You may use
these numbers as 4 guide for evaluating your performance en each test question,

Also included, for each scaled score, is the percent of examinees tested
between October 1988 and September 1991 who received lower scores. These
percents appear in the score conversions table in a column to the right of the
scaled scores. For example, in the percent colunmn opposite the scaled score of
660 is the percent 49, This means that 49 percent of the Physics Test examinees
tested between October 1988 and September 1991 scored lower than 660. To
compare yourself withi this population, leok at the percent next to the scaled score
you earned on the practice test. This number is 4 reasonable indication of your
rank among GRE Physics Test examinees if you followed the test-taking sugges-
tiohs in this practice book,

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
impossible to predict how different test-taking conditions will affect test perfor-
mance, 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 performance of other GRE Physics Test examinees,
however, you will be able to determine your strengths and weaknesses and can
then plan a program of study to prepare yourself for taking the Physics Test under
standard conditions.
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Rest mass of the electron
Magnitude of the electron charge
Avogadro’s sumber

Universal gas constant
Boltzmann's constant

Speed of light

Planck’s congtant

Vacuum permittivity

Vacuum permeability

Universal gravitational constant
Acceleration due to gravity

: atmosphere pressure

1 angstrom

TABLE OF INFORMATION

me = 9.11 x 10~ kilogram = 9.11 X 10~ % gram

o = 160 x 1012 coulomb = 4.80 x 107" statcoulomb (¢s0)
Np = 6.02 % 10% per mole

R = 8.32 joules/(mole + K)

k=138 x 1072 joule/K = 1.38 X 107 ¢ erg/K

¢ = 3.00 x 10°mfs = 3.00 x 10" cm/s

h o= 663 x 107 joule- second = 4.14 X 10713 ¢V + second
h = hiln

g = 8.85 x 107V coulomb?/(newton - meter?)
o = 4n ><l 10~7 weber/(ampere - meter)
G = 6.67 x 10~ ! meter®/(kilogram - second?)
g = 9,80 mys? = 980 cm/s®
atm = L0 X 10° newton/meter® = 1.0 % 10® pascals (Pa)
1A =1 % 107" meter

1 weber/m? = 1 tesla = 10° gauss



PHYSICS TEST
TFime— 170 minutes
100 Questions

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

1. The wave function of a particle is ef *¥—0%), CQuestions 4-5

where x is distance, ¢ is time, and & and @ The maeni i —_—
_ _ e magnitude of the Earth’s gravitational force on
?ﬁg &Qsiat::ftreal ?ﬁ?&rs&"l"?e_sx -camponent of a point mass is F(r), where » is the distance from the
omentum ot the pardicle 1 Earth's center 1o the point mass. Assume the Earth is a

(A) 0 homogeneous sphere of radius R,
B . F(R)
4, What is FOR) ?
() hk ‘ ' (A) 32
N (B) 8
oo | © 4
™ 7 (D) 2
b ® 1
® &
5. Suppose there is a very small shaft in the Earth such
2. The longgst wavelength x-ray that can undergo that the point mass can be placed at a radins of R/2,
Bragg diffraction in a crystal for a given family PR
of plancs of spacing d is What is (R) ?
A 4 %)
» 5
d (A) 8
® 3
© d ® 4
(D) 2d © 2
1
(B) 4d ®) 3
1
3. Thie ratio of the energies of the K characteristic (B) 3

x-rays of carbon (Z = 6} to those of magnesinm’
{Z = 12) is most nearly

(A)
(B)

Bl )

GO ON TO THE NEXT PAGE,

p—

)
D) 2

(E) 4
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6. Two wedges, each of mass m, are placed bext to

48

each other on a flat floor, A cube of mass M is
balanced on the wedges as shown above, Assumie
no friction between the cube and the wedges, but a
coefficient of static friction p < 1 between the
wedges and the floor, What is the largest M that

can be balanced as shown without motion of the

wedges?

mh%

(E) All M will balance.

@

n

7. A cylindrical tube of mass M can slide on a hori-

zontal wire. Two identical pendulums, each of mass
m und length %, hang from the ends of the tube,
as shown above. For small oscillations of the pendu-
lums in the plane of the paper, the eigenfrequencies
of the normal modes of oscillation of this gystem

are 0, /%’ﬂ, and

g

(A /3
\ gM 4

® &

Em
© Jom
g
SNE e
g m
®) UM T m

GO ON TO THE NEXT PAGE.
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8. A solid cone hangs from a frictionless pivot at the .
AA

ofigin O, as shown above. If i, J, and k are
unit vectors, and &, 5, and ¢ are positive constants,
which of the following forces F applied to the tim of
the cone at a point P results in a torque 7 on the
cone with a negative component 7, 7
(A) ¥ =ak, P is (0,5,—c)
B F=—gk, Pis 0, ~b,—c)
© F=adj, Pis (—b,0,~c)
D) F =4}, P is (5,0,~c)
(B) ¥ = —ak, P is (~b,0,~c)

9. A coaxial cable having radii a, b, and ¢ carries

equal and opposite currents of magnitude i on
the inner and outer conductors, What is the
magnitude of the magnetic induction at point P
outside of the cable at a distance r from the
axig? ‘ :

Mgir Mo
(A) Zero (B) 2 © oy

Poi ¢ — 2 Pol p2 — p?
@) 2nr ¢* — B2 € Fr e2 - p?

GO ON TO THE NEXT PAGE.
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10. Two positive charges of ¢ and 24 coulombs are

]

50

located on the x-axisat x = 0.5¢ and 1.5a,
respectively, as shown above. There is an infinite,
grounded conducting plane at x = 0. What is the

magnitude of the net force on the charge ¢ ?

R

(A) Zng; o
13
®) dney 2al
1%

© drey d
2

() % }R
The capacitor in the circuit shown above s initially
charged. After closing the switch, how miuch time
elapses until one-haif of the capaciior’s initial stored

energy is dissipated?
(A) RC

® &
© &€
(D) 2RC In(2)
@ B

12. Two large conducting plates form a wedge of angle

« as shownsin the diagram above. The plates are .
insulated from each other; one has a potential Vo
and the other is grounded. Assuming that the plates
are large enough so that the potential difference
between them is independent of the cylindrical coor-
dinates z and p, the potential anywhere between
the plates as a function of the angle ¢ is

¥
® =

Voo
¢
VQ(PZ

GO ON TQ THE NEXT PAGE.
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14,

1%

Listed below are Maxwell's equations of electromag-
netisi. If magnetic monopoles exist, which of these
equations wonld be INCORRECT?

, = D
L CarlH=J + 51

g 0B
H, Cutl £ = o

IIL divD =p

IV.divB =0

(A) 1V only
(B) Tand Il
{C) Tand 11
(D) M and IV
(E) M and TV

The total energy of a blackbody radiation source is
colieeted for one mimte and used to heat water. The
temperature of the water increases from 20.0 °C to
20.5 °C., If the absolute temperature of the blackbody

2 doubled and the experiment repeated, which of
the following staternents would be most nearly
corre1?

(A) 1n¢ temperature of the water would increase

_ from 20 °C te a final temperature of 21 °C.

(B) The temperature of the water would increase
from 20 °C to a final temperature of 24 °C.

{C) The temperature of the water would increase
from 20 °C to & final temperature of 28 °C.

(D) The temperature of the water would increase
from 20-°C to a final temperature of 36 °C,

(B} The water would boil within the one-minute
time period.

A classical model of a diatomic molecule is a springy
dumbbell, as shown above, where the dumbbell is
free to rotate about axes perpendicular to the spring,
In the-limit of high temperature, what is the specific
heat per mole at constant volume?

) 3R

® 3R
© IR
(D) 3R

® Lk

16, An engine absorbs heat at a temperature of

17.

727 C and ¢xhausts heat at a smperature of
527° C. If the engine operates at maximum
possible efficiency, for 2000 joules of heat
input the amount of work the engine performs
is most nearly

(A) 4007
(B) 1450 1
(€) 16001
(D) 2000J
(8) 27607

The outputs of two electrical oscillators are compared
on 4n oscilloscope screen, The oscilloscope spot is
initially at the center of the screen. Oscillator ¥ is
connected to the vertical terminals of the oscillo-
scope and oscillator X to the horizontal terminals,
Which of the following patterns could appear on the
oscilloscope screen, if the frequency of oscillator ¥

is twice that of oscillator X 7

(A)

(©)

an@
(D).

&

(E)

GO ON TO THE NEXT PAGE.
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19.

20,

52

In transmitting high frequency signals on 2 coaxial -

cable, it is-important that the cable be terminated at
an end with its characteristic impedance in order to
avoid L Y -

{A) ‘leakage of the signal out of the cable

(B) overheating of the cable

{C) reflection of signals from the terminated end of
the cable Co '

(D) attenuation of the signal propagating in the
cable

{E) production of image currents in the outer

conductor

Which of the following is most nearly the mass of
the Barth? (The radius of the Earth is about
6.4 % 105 meters.) ‘

(AY 6 x 10% kg
B) 6 x 107 kg
(C) 6 x 10¥kg
(D) 6 % 10¥ kg
(E) 6 x 10%kg

———
— v
L

d-
prpiasae il
| ———e

In a double-slit interference experiment, d is the
distance between the centers of the shits and w is
the width of each slit, as shown in the figure above,
For incident plane waves, an interference maximumnm
on a distant screen will be “missing” when

(A d=./2w
B d =/
(C) 2d = w
(D) 2d = 3w
(B 3d = 2w

21. A soap film with index of refraction greater than air

is formed on a circular wire frame that is held ina
vertical plane. The film is viewed by reflected light
from a white-light source. Bands of color are obiserved
at the lower parts of the soap film, but the area near
the top appears black. A correct explanation for this
phenomenon would involve which of the following?

1. The top of the soap film absorbs all of the light
incident on it; none is transmitted.

11, The thickness of the top part of the soap film
has become much less than a wavelength of
visible light.

III, There is a phase change of 180° for all wave-
lenigths of light reflected from the front mrface
of the soap film.

IV, There is no phase change for any wavelength of
light reflected from the back surface of the
soap film.

(A) I only

(B) 11 and 11l only
(C) 111 and TV only
(D) LI, and TIT
(B} I, 111, and IV

22 A simple telescope consists of two convex lenses,

the objective and the eyepiece, which have a com-
mon focal point P, as shown in the figure above.
If the focal length of the objective is 1.0 meter and
the angular magnification of the telescope is 10,
what is the optical path length between objective
and eyepiece?

(A) 0.1m
(B 09m
(€C) 1.0m
D) 1.Im
(F) 10m

. The Fermi temperature of Cu is-about 80,000 K.

Which of the following is most neatly equal to the
average speed of a conduction clectron in Cu 7

(A 2 x 1072 mys
(B) 2m/s

©) 2 x 10 mjs
(D) 2 x Wmfs
(B) 2 % 105 mys

GO ON TO THE NEXT PAGE
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25,

Counts per Minute

26.

Solid argon is held together by which of the
following bonding mechanisms? '

{A) Ionic bond only

(B} Covilent bond only

(C) Partly covalent and partly ionic bond
(1)) Metallic bond

(E) van der Waals bond

In experiments located deep underground, the two

types of cosmic rays that most comraonly reach the
experimental apparatus are

{A} alpha particles and neutrons
{B) protons and electrons

(€) iron nuclei and carbon nuclei
(D) muons and nentrines

(E) positrons and electrons

(lﬂ.gm 2=030; ]ng 1 30.43)

10
N \'\
\\
\\

103 : \x
N
~

) |

10 —"{"""% 30 40

Time (minutes)

A radiodctive nucleus decays, with the activity
shown in the graph above. The half-life of the
nueleus is

{A) 2min
{B) 7min
(C) 11 min
(D) 18 min
(E} 23 min

27,

28,

If a freely moving electron is localized in

space to within Axp of x, its wave

function can be described by a wave packet

Wx, 1) = |7 eH6X 9D ) de, whese f(k) is
peaked arcund a central value Ay Which of the
following is most nearly the width of the peak in k7

@A) ok =2

Ao
(B) Ak = Aon
© ok = %59
D) Ak = (%L’fﬁ) ko

..L 2
® o= fu (1)

A sysiem is known to be in the normalized state
deseribed by the wave function

V6, 9) = T%‘E"s Ye + ¥ — 270,

where the Yp™(4, @) are the spherical harmonics.
The probability of finding the systern in & state with
azirauthal orbital guantum number m = 3 is

(Ay 0

=

o~
8
N T

g

o~
e

Ed

'UI[L-J

GO ON TO THE NEXT PAGE.
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29, An attractive, one-dimensional square well has

54

depth I as shown above. Which of the following
best shows. & possible wave function for & bound
state?

v
w | /\ |
(4] | } -
X X2
I |
: | |
4 l |
B) | }
o .’.‘"i - x
| |
l |
4 ! |
0 =] [
x‘ll Ixz
| {
| ]
14 i |
) } A
‘ | ' |
-0 xli - ix2 - X
| t
‘ !
v | 1
(E) I |
l |
o X
x| g
| !

30. Given that the binding energy of the hydrogen atom
ground state is Ey = 13.6 ¢V, the binding energy of
the # = 2 state of positronium (positron-electron
gystem) 1§

(A) B Ey
(B) 4 By

(€) B

3t. Ina 3§ state of the helium atom, the possible
values of the total electronic angular motmentum
quantum number are

(A) 0 only

(B) 1 only

(C) Oand ! only
|

{)R(A o and 1

(E) 0,1,and 2

Questions 32-33
500
R | |
_J_ ‘ R 600 R,230Q
3P0V E Ry 2 500

Rs2300

In the circuit shown above, the resistances are
given in ohms and the battery is assumed ideal with
emf equal to 3.0 volts,

32. The resistor that dissipates the most power is
(AYR (B)R, (O R
D) Ry (E) Ry

33. The voltage across resistor Ry is

(A) 0.4V
(B) 06V
(C) 1.2V
(D) 1.5V
(B) 30V

GO ON TO THE NEXT PAGE.



34, A conducting cavity is driven as an electro-

33,

36.

magnetic tesonator. If perfect conductivity is
assumed, the transverse and normal field com-
ponents must obey which of the following con- .

. ditions at the inner cavity walls?

(A) By = 0,B, =0
B Ey=0,8=0
C) B =08 =0
(D) E; =0, 8; =0
{E) None of the above

Light of wavelength 5200 angstroms is incident
riormally on a tranamission diffraction grating with
2000 lines per centimeter, The first-order diffraction
muxinium is at an angle, with respect to the incident
beam, that is mast nearly

(A) 3°
(B) €
c o
(D) 12°
{E) 15°

A plane-polarized electromagnetic wave is incident
normally on a flat, perfecily conducting surface.
Upon reflection at the surface, which of the following
is trug?

(A) Both the electric vector and magnetic vector are
- reversed.
(B) Neither the electric vector nor the magnetic
_vector is reversed,

(C) The electric vector is reversed; the magnetic
vector ig not,

(D). The magrnetic vector is reversed; the electric
vector is not,

(E) The directions of the electric and magnetic
vectors are interchanged,

37

38

0.8¢

ﬂlﬂ‘ .—-‘-—p
e

A 7 meson (rest-mass energy 135 MeV) is moving
with velocity 0.8¢ & in the laboratory rest frame
when it decays into two photons, ¥; and y,. In the °
rest frame, y; is emitted forward and y, is emitted
backward relative to the 2° direction of flight. The
velocity of ; in the luboratory rest frame is

(A) -10ck
®B) —02ck
(C) +08ck
(D) +1.0ck
(E) +18ck

Tau leptons are observed to have zn average half-life
of Az inthe frame S| in which the leptons ate at
rest. In an inertial frame Sz, which is moving at a
speed v); relative to Sy, the leptons are observed to
have an average half-life of A#y. In another inertial
reference frame §s, which is moving at a speed v;3
relative to 3y and vy relative to 8, the leptons
have an observed hal{-life of Aty Which of the
following is a correct relationship among two of the
halflives, Ar, Aty, and Afy?

A) A = At /1 - ()¥%c?
(B) Aty = Aty /1 ~ (p)3)%e?
© A= At ST = @ife?

(D) &\’3 = Oty / | - (t?m)z/‘"z
(B) 4h = Aty/1 — (o)

GO ON TO THE NEXT PAGE.
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56

Vi
i

N

£
@ (]

If # is an integer ranging from i to infinity, @
is an angular frequency, and £ is time, then the
Fouriet series for a square wave, as shown above,
is given by which of the following?

=4}

(A) V'(l) e %Z%Sin("m!)
T

®) V) =25 gy o @ + Do)
]

Lo 431
€ V(n) = -ﬁzﬁcms(nwt)
1

=]
(D) ¥(t) giz - 1+ 5 oos (@n + Dowt)

&

(B} (1) = - + %i“”% cos (nwt)

. A rigid eylinder rolls at constant speedl without

slipping on top of a horizontal plane surface.
The acceleration of & point on the cirgumfer-
ence of the oylinder at the moment when the
point touches the plane is

(A) direcied forward

(B) directed backward

(C) directed up

(D) directed down

(E) zero

Questions 41-42

A cylinder with moment of inertia 4 kg - m?
about a fixed axis initially rotates at 80 radians per
second about this axis, A constant torque is applied
to slow it down to 40 radians per second.

41. The kinetic energzy lost by the cylinder is

(A) 807
(8) 800J
(C)  4000]
(D) 96001
(E) 19,2007

42, If the cylinder takes 10 seconds to yeach
40 radians per second, the magnitude of the
applied torque is

(A) 30N-m
(B 40N-m
(C) 32N'm
(D) 16 N-m
(E) §N'm

43, I L 0, where L is the Lagrangian fora

O4n
conservative system without constraints and ¢n

is a peneralized coordinate, then the generalized
fromentum py 18
(A) anignorable coordinats

(B) c&nstant
(C) undefined

(D) equal to %(Sﬁ)

(E) equal to the Hamiltonian for the system

GO ON TO THE NEXT PAGE.



44. A particle of mass m on the Earth’s surface is
confined to move on the parabolic curve y = ax?
where y is up, Which of the following is a Lagtan-

45,

gian for the particle?

A) L = %mﬁz(l + %) — Mgy

B) L = émﬁz(l - al—y) — mgy

i

Ll el

© L mi"z(l + 4—;}-) — mgx
: 1. .2 3.2
D) L =~2vm£ (1 + d4ax*) + mgx

(B) L = %mtz + %mﬁz + mgy

A ball is dropped from a height 4. As it bounces
off the floor, its speed is 80 percent of what it was
just before it -hit the floor. The hall wilt then tize to

a height of most nearly
(A) 0.94 4
(B) 0.807
€ 0754
(D) 0.64 4
{E) 0:504

Questions 46-47

Pa

o

et 4

Isotherms and coexistence curves are shown in the pV
diagram above for a liquid-gas system, The dashed lines
are the boundaries of the labeled regions.

46. Which numbered curve is the critical isotherm?

(A) 1
(By 2
(C) 3
(D) 4
(E) 5

47. In which region are the liquid and the vapor in equi-
librivm with each other?

(A) A
(B) B
© C
DYy D
E) E

GO ON TO THE NEXT PAGE,
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48,

49.

58

The magnitude of the force F onan object can
be determined by measuring both the mass m of
an object and the magnitude of its acceleration a,
where F == ma. Assume that these measurements
are uncorrelated and normally distributad. If the
standard deviations of the measurements of the
inass and the acceleration are gy and a4,
respectively, then op/F is

o (5
® (% %)

o (512}
() "2

® Z+2

Two horizontal scintiflation counters are located near
the Barth’s surface, One is 3.0 meters directly above
the othier, Of the following, which s the largest scin-
tillator resolving time that can be used to distinguish
downward-going telativistic muons from upward-
going relativistic muons psing the relative time of the
scintillator signals?

(A) 1 picosecond
(B) 1 nanosecond
(€) 1 mierosecond
(D) 1 millisecond
(E) 1 second

. The state of a quantum mechanical systera is

described by & wave function . Congsider two phys-
ical ohservables that have discrate eipenvalues:
ghservable 4 with eigenvalues {x}, and observable
B with eigenvajues {f). Under what circumstances
can all wave functions be expanded in a set of basis
states, each of which is a simulianeous eigenfunction
of both 4 and B7?

(A) Only if the valnes {a} and {f} are nondegen-
¢rate

(B) Onlyif 4 and B commute

(C) Only if 4 commutcs with the Hamiltonian of
the system

(D) Onlyif B commutes with the Hamiltonian of
the system

(B) Under all cirqumstances

Questions 51-53
A particle of mass m is confined to an infinitely deep
squarg-well potential:
Vix) =w,x <0 x2a
Yx)=0,0<x <a.
The normalized eigenfunctions, labeled by the guantum

‘ . 2 .. hm
number n, aredy = \/E s_me.

51. For any state n, the expectation value of the
momentum of the particle is :

@A) 0

©) B2 cos nm ~ 1)

&y =17 (cos m — 1)

52, The eigenfunctions satisfy the condition
§7 Un¥x) V) ds = S Ot = 1 ifn =1t
otherwise dpq = 0. This is a statement that the
gigenfonctions are

(A) solutions to the Schrodinger equation
(B) orthonormal

(C) bounded

(D) linearly dependent

(E) symmetric

53. A measurement of energy E will always satisfy
which of the following relationships?

pi%)
e

D & Sy
(A) E 8nta

o
2ma’
ﬂ.ZﬁZ
Sma®
n2w2ﬁ2
8’

_ o
® = oma®

(B) E =

€ E=

Dy E =

GO ON TO THE NEXT PAGE.



Questions 54-55

Hr b —

A rectangular loop of wire with dimensions shown
above is coplanar with a long wire carrying cutrent 7.
The distance between the wire and the left side of the
loop is 7. The loop is pulled to the tight as indicated,

34. What are the directions of the induced current in the
loop-and the magnetic forces on the left and the
right sides of the loop as the loop is pulled?

Force on Force on
Induced Current Left Side Right Side

(A) Counterclockwise  Tothe left  To the right
(B) Counterclockwise  To the left  To the left
(C) Counterclockwise  To the right  To the left
(D) Clackwise To the right o the left
{E} Clockwise Tothe left  To the right

55. What is the magnitude of the net foree on the loop
when the induced current is 7

A Mo, (r 4 a
(A) Zﬂl'n( r )

() Ez%fln( r )

Fta

() il &

2n a

Wil ab
D) %Qiﬁ r{r + a)

i rir + a)
® B

56, If v is frequency and & is Planck’s constant, the
ground state energy of a one-dimensional quanfurt
mechanical harmonic oscillator is
(A) 0

1
(B) 3 hv
© La

2
D) hy

® %}{v

GO ON TO THE NEXT PAGE.
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57. A uniforin and constant magnetic field B is

directed perpendicularly into the plane of the
page everywhere within a rectangular region as
shown above. A wire circit in the shape of a
semicircle is uniformly rotated ¢counterclockwise
in the plane of the page about an axis 4. The
axis A is perpendicular to the page at the edge
of the field and directed through the center of
the straight-line portion of the circuit. Which of
the following graphs best approximates the -
emf & induced in the circuit s a fonction of
time ¢7

[
(O
o -
&
®) |
o - /\ t
N
&
©

D)y 0\
\/

(E)

58,

55,

60,

61,

The. ground state configuration of a neutral sodium
atom (£ = 11) is

(A) 1s%25°2p°38?

(B) ls?2s%2p°

©) 15°25%2p%3s

(D} 1s%2522p*3p

(B) ls*2¢°2p°

The ground state of the helium atom is a spin

{A) singlet
(B} doublet
(C) triplet
(1) quartet
(E} quintuplet

An electron in a metal has an effective mass

m* = 0.1m,. If this metal is placed in a magnetic
field of magnitude 1 tesla, the cyclotron resonanoe
frequency, g, is most nearly

(A) 930 rad/s
(B) 8.5 x 10° rad/s

(C) 2.8 x 10" rad/s
(D) 1.8 x 10% rud/s
(B) 7.7 x 10% rad/s
"—"“"/
1 I

A long, straight, and massless rod pivots about one.
end in a vertical plane. Tn configuration I, shown
above, two small identical masses are attached to
the free end; in configuration I, ong nyass is moved
to the center of the rod. What is the ratio of the
frequency of small oscillations of configuration II to
that of confipuration 17

*) @
® G
©) 6/5
(D) 372

() 53

(GO ON TO THE NEXT PAGE.



62. A mole of ideal gas initially at femperature T

63.

and volume ¥y undergoes a reversible isothermal
expansion to volume ¥, If the ratio of specific
heats is cp/ey =y and if R is the gas constant,
the work done by the gas is

(A) zero

B) RTW(Vy Vel

(C) RTy(Va/Vo — 1)

(D) ﬁ'vTa[l ~ (Vo-frfm’“‘]
(E) RTy &n{¥,/Vo)

Which of the following is true if the arrangement

of anisolated thetmodynamic system is of maximal

probahility?

{A) Spontancous change to a lower probability
~ ooours.

{B) The entropy is a minimun,

(C) Boltzmann’s constant approaches zero,
(D) Ne spontaneous change occurs.

(E) The entropy is zero.

. If an electric field is given in a certain region

by Ex = 0, E, =0, E, = kz, where k isa
Honzero constant whmh of the following s trug?

(A) There is a time-varying magnetic field.
(B) There is charge density in the region.
(C) The electrio field cannot be constant in
time.
(D) The clectric field is impossible under any
 circumstarices.
(E) Noue of the above

L

65. Two. point charges ivi.th the same charge +Q are

fixed along the x-axis and are a distance 2R apart as
shown. A small particle with mass m and charge —q
is placed at the midpoint between them, What is the
angular frequency w of smell oscillations of this
particle along the y-direction? -

Qg
(A ) Zneomﬂ"

4regmR 2

o4
© 27:59ij

21 Y
D) (41::—:0»1}22)2

Qs i
) (ﬂeomﬂ 3')2

66. A thin uniform stegl chain i 10 meters long with

a mass density of 2 kilograms per meter, One

—end of the chain is attached to a horizontal axle

having a radius that iz small compared to the

length of the chain. If the ¢hain initiaily hangs
vertically, the work required to slowly wind it
up on to the axle is closest to

Ay 100J

B 2007

) 1,000

D) 2,000)

(E) 10,0001

GO ON TO THE NEXT PAGE.
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67.

68.

62

A steady beam of light is normally incident on a
piece of polaroid. As the polaroid is rotated around
the beam axis, the transmitted intensity varies as

A + Bcos 28, where 8 is the angle of rotation,
and A and B areconstants with 4 > B > 0.
Which of the following may be correctly concluded
about the incident light?

(A) The light is completely unpotarized,
(B) The light is completely plane polarized.

{C) Thelight is partly plane polarized and partly

unpolarized.

(D). The light is partly circularly polarized and
partly unpolarized.

(E) The light is completely circularly polarized.

The angular separation of the-two components of a
donble star is 8 microradians, and the light from the
deuble star has-a wavelength of 5500 angstroms.
The smatlest diameter of a telescope mirror that will
resolve the double star is most neatly

(A) 1mm
(B lcm
(C) 10em
Dy Im
(F) 100m

69. A fast:charged particle passes perpéndicular.ly

0.

through a thin glass sheet of index of refraction 1.3,
The particle emits light in the glass, The minimum
speed of the particle is

@) e

B ¢

A monoenergetic beam consisis of unstable particles
with total energies 100 times their rest energy. If the
particles have rest mass m, their momentum is most
nearly

{A) me

(B) 10 me

<y 70 me

(D) 100 mc

(B) 10%me

GO ON TO THE NEXT PAGE.



Questions 71-73

A system in thermal equilibrivm at temperature T

consists of a large number Ny of subsystems, each of
which can exist only in two states of energy E) and E,
where E; — E| = ¢ > 0. In the expressions that follow,
k is the Boltzmann constant.

.

72,

T3

For a systern at temperatire T, the average number
of subsystems in the state of energy £ is given by

w3

Ny

®) 75 e

(C} Nee™ e/kT

No
)
N ek
® ~5—
The internial energy of this system at any tempera-
. Not .
ture T' s giveh by E\Np + ]—_;W The heat
capacity of the system is given by which of the
following expressions?
V2 L&k
A Nkl -2 ) —¢
® w{) —tmm
(1 + et lkTy?

V -k

o
=
X
T
Al
Sl
e

Which of the following is true of the entropy of the
systemy?

{A) It increases without fimit with T from zero at

T=0,

(B) It decreases with increasing 7',

(C) Itincreases fromzeroat T = 0 to Npkln2 at
arbitrarily high temperatures,

(D) Itis given by Nok[—g— T —Inp + constant}

(E) It cannot be caleulated from the information
given,

74,

7.

76.

Two circular hoops, X and ¥, are hanging on
nails in a wall. The mass of X is four times
that of ¥, and the diameter of X is also four
times that of Y. If the period of small oscil-
lations of X is I, the period of small oscilla-
tions of ¥ s

AT ® T2 (OTA
(D) T/8 (E) T/i6

B50 - BiTh + iHe

A uranium nucleus decays at rest into a thoriom
nucteus and a helium nuclens, as shown above.
Which of the following is true?

(A) Each decay product has the same kinetic
energy.

(B) Each decay product has the same speed,

(€) The decay products tend to go in the same
direction,

(1) The therium nuclens has more momentum than
the helium nucleus.

(E) The helium rucleus has more kinstic suergy
than the thorium nucleus.

The cenfiguration of three electrons Is2p3p has
which of the following as the value of its maximum
possible total angular momentum guantum number?
7
(A) 5
B 3
3
© 3
(D) 2
3
() 5

77. Consider a heavy nucleus with spin % The magni-

tude of the ratio of the intrinsic magnetic moment
of this nucleus to that of an electron is

(A) zero, because the nucleus has no intrinsic
magnetic moiment

(B) greater than 1, because the nucleus contains
many protons

(C) greater than 1, because the nucleus is so much.
larger in diameter than the electron

(D) less than 1, because of the strong interactions
amony the nucleons in a nucleus

(E) less than 1, becaunse the nucleus has a mass
much larger than that of the electron

GO ON TO THE NEXT PAGE.
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t<0 r=0
Flgure 1 Figure II

78, One ice skater of mass m. meves with speed 2v to the right, while another of the same mass m
moves with speed v toward the left, as shown in Figure L, Their paths are separated by a dis-
tance b. At t = 0, when they are both at x = 0, they grasp a pole of length b and negli-
gible mass. For ¢ > 0, consider the system as a rigid body of two masses m separated by
distance b, as shown in Figure I1, Which of the fallowing is the correct formula for the
motion-after ¢ = 0 of theskater initially at y = 5/27
(A) x == 2vt,y = bf2
(B) x = ot + 0.55sin(3vt/k), y = 0.5b cos(3vt [b)

(C) x = 0.50 + 0.5bsin(3v1/b), y = 0.5b cos(3ut J1:3)
(D) x =z + 0,55 sin(6vt/b), y = 0.5b cos(6ut/b)
(E) x = 0.50t + 0.5bsin(6vt/b), y =0.5b cos(but/b)

80. A beam of electrons is acceterated through a
potential difference of 25 kilovolts in an x-ray
tube. The cornitinucus x-ray spectrum emitted
by the target of the tube will have a short
wavelength limit of most nearly

(A) 0.1A
(B) 05A

79. The dispersion curve shown above relates the © 2 A
angular frequency o to the wave number k. For (D-) 25A
waves with wave numbers lying in the range (E) 50 A
ki, <k < ki, which of the following is true of
the phase velocity and the group velocity?

{A) They are in opposite directions.
(B) They are in the same direction and the
phase velocity is larger, .
(C) They arein the same direction and the GO ON TO THE NEXT PAGE.
group velocity is larger,
(D) The phase velocity is infinite and the
group velocity is finite.
(B) They are the same in direction and
magnitude.
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81, Inthe RLC circult shown above, the applied
voltage is

E(t) = &y cos wi,

Por a constant £y, at what angular frequency o
does the current have its maximum steady-state
amplitude after the transients have died out?

&) 2e

X

82. A thin plate of mass M, length L, and width 24
is mounted vertically on a frictionless axie along the
z-axis, as shown above, Initially the object Is at rest,
It is then tapped with a hammer to provide a torque
1, which produces an angular impulse H about the
z-axis of magnitude H = [t dr. What is the angular
speed o of the plate about the z-axis after the tap?

() 2§d2
® o
© 25
® 25
® s

- GO ON TO THE NEXT PAGE.
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83.

84,

65

Two pith balls of equal mass M and equal charge ¢
are suspended from the same point on long massless
thieads of length L as shown in the figure above, If
k is the Coulomb's law constant, then for small
values of 8, the distance d between the charged
pith bafls at-equilibrium is

27 5L
0 (—z’j‘f,gL)a

An electron oscillates back and forth along the
+ and — x-axes, consequently emitting electron
magnetic radiation. Which of the following state-
merts concering the radiation is NOT true?

{A) The total rate of radiation of energy into all
directions is proportional to thie square of the
électron’s aceeleration.

(B) The total rate of radiation of energy into alt
directions is proportional to the square of the
electron’s charge,

{C) Far from the electron, the rate at which radi-
ated energy crosses a perpendicular unit arca
decreases as the inverse square of the distance
from the electron.

(D) Far from the electron, the rate at which radi-
ated energy crosses a perpendicular unit area
is & maximim when the unit area is located
onthe -+ or — x-axes.

(E} Far from the electron, the radiated energy is

carried equally by the trangverse electric and
the transverse magnetiv fields:

85. A free electron (rest mass m, = 0.5 MeV/c?) has

a total energy of 1.5 MeV. Its momentum p in
units of MeV/c is about

(A) 0.86
(B) 1.0
(C) 14
@) 1.5
(E) 2.0

Q

i

Oscinoscope-j

86, The circwit shown above is used to measure the size

of the capacitance C. The y-coordinate of the spot
on the oscilloscope screen is proportional to the
potential difference across R, and the x-coordinate

of the spot is swept at a constant speed 5. The

switch is closed and then opened, One can then caleu-
late C from the shape and the size of the curve on
the screen plus a knowledge of which of the following?

{A) ¥V, and R

(B) s and R

() s and ¥V

(D) R and R’

(E) The sensitivity of the oscilloscope

GO ON TO THE NEXT PAGE.



87. A particle of mass M moves in a circular orbit of

83,

radius » around a fixed point under the influence of
an attractive force F = :—‘:,_ whete K is a constant,
1f the potential energy of the particle is zero at an
infinite distance from the force center, the total

enargy of the particle in the circular orbit is
K
& ~%

X
® ~5

(G 0

K
P) 202
® X

A pardllel-plate capacitor is connected to a battery,
¥, is the patential difference between the plates,

{0y the charge on the positive plate, Ep the magni-
tude of the electric field, and D, the magnitude of
the displacement vector, The original vacuum
between the plates is filled with a dielectric and then
the battery is disconnected. If the corresponding
electrical parameters for the final state of the capac-
itor are denoted by a subseript £, which of the
following 15 trus?

A vr>
(B) ¥y < ¥y
© Gr=Q
(D) Ef > E
(E} Dy > Dy

&9,

90,

91,

Irifinite

Barrier Voo x?

a K —

The energy levels for the one-dimensional harmonic

oscillator are hv(ﬂ + é—),n =0,1,2.... How

will the energy levels for the potentizl shown in the
graph above differ from those for the harmonic
osciliator?

{A) Theterm % will be changed te % .

(B} The energy of each level will be doubled.

{C) The energy of each level will be halved.

(D) Only those for even values of # will be present.
(E} Only those for odd values of n will be present.

The spacing of the rotational energy levels for the
hydrogen molecule H, is most néarly

(A) 10776V
(B) 1073eV
() 106V
(D) 10 MeV
(E) 100 MeV

The particle decay A—p -+ n— must be a weak
interaction becaise

{A) the n— isa lepton

(B) the A hayspin zero

(C) no neutiino is produced in the decay

(D) it does not conserve angular momentum
{E} it does not conserve sirangeness

GO ON TO THE NEXT PAGE.
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92, A flat coil of wire is rotated at a frequency of 10

93.

68

hertz in the magnetic field produced by three pairs
of magnets as shown above. The axiz of rotation of
the coil lies in the plane of the coil and is perpendic-
ular to the field lines. What is the frequency of the
alternating voltage in the coil?

(8) i e
® Lne
() 10 Hz
(D) 30 Hz

(E) 60 Hez

Tastial * 0\,
siti ;
Position \ ¢

A

The figure above shows a small mass eonnected to
a string, which is attached to a vertical post. 1f the
mass is released when the string is horizontal as
show, the magnitude of the total acceleration of
the miass a5 a function of the angle 6 is

(A) gsin @

(B) Zgcos b

(C) 2gsinf

(D) g/3 00826 + 1
®) g/3oni6 +1

94, Which of the following is a Lorentz transformation?

05,

(Assunte a system of units such that the velocity of
lightis 1.)

{A) x' = 4x
yo=y
zZ =z
th o= 25t
(B) x' = x — 75t
y=y
2’ =z
=1
(C) x' = 1.25x — .75t
y; =y
z2 =2z
¢ = 1.25t — .75x
(D) x' = 1.25x — .75¢
y; =y
2 =2
¢ = 751 — 1.25x%

(E) None of the above

A beam of 102 protons per second is ingident on a
target containing 107 nuclei per squate centimeter.
At an angle of 10 degrees, there are 107 protons per
second elastically scattered into a detector that
subtends a solid angle of 104 steradians. What is
the differential elastic scattering cross section, in
units of square centimeters per steradian?

(A) 107%
8 10°%
(C 107%
(D) 107%
(E) 108

GO ON TO THE NEXT PAGE.



Movable 97. Lattice forces affect the motion of electrons in a
Mirror metallic erystal, so that the relat:onshlp between the
""" energy E and wave number & is not the classical
equation E = #k?/2m, where m is the electron
mass. Instead, it is possibile to use an effective mass
m* given by which of the following?
3 om
R e AP
Source | l-—‘
l . o Bk
To Vacuum (B) m e
Puny
(&)
dzk 3
Ob: C) m* 2
server (C) m* = &%k ( P
96. A gas-filled cell of length 5 centimeters is inserted in .

one arm of & Michelson interferometer, as shown in
the figure above. The interferometer is illuminated
by light of wavelength 500 nanomsaters, As the gas
is evacuated from the cell, 40 fringes cross a point
in the field. of view, The refractive index of this gas
is most nearly

(A) 1.02
(B) 1,002
(€) 1.0002
(D) 1.00002
(E) 0.98

D) m* = (dzE)
dk*

) m* = L E(ﬁ)

01 0
98, The matrix 4 = (0 0 1
1 00

has three cigenvalues A; defined by Av; = Ay
Which of the-following statements is NOT true?

Ay A4+ + ;=0

(By Ay, 4y, and 33 are all real numbers.
{C) Ady = 41 for some pair of roots,
(D) Mds + Aghy + Asdy =0

B) Al=+1i=123

(GO ON TO THE NEXT PAGE.
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99,

70

In perturbation theory, what is the first order
correction to the energy of a hydrogen atom
{Bohr radius ap) in its ground state due to
the presence of & static electric field £7?

(A) Zero
(B) efap
(C) 3eEay
(o) B

8e*E%,’
® ~5

10m
20kg

A A AN AT AT ML S

S N

20kg 40 kg

100. A uniform rod of length 10 meters and mass 20 kilo-
grams is balanced on a fulcrum with a 40-kilogram
mass on one end of the rod and a 20-kilogram mass
on the other end, as shown above, How far is the
fulcrum located from the center of the rod?

(A) Om
{(B) Im
(€) 1.25m
(D) 1.5m
(E} 2m

IF YOU FINISH BEFORE TIME 1S CALLED, YOU MAY CHECK YOUR WORK ON THIS TEST.



HOW TO SCORE YOUR TEST (GR9277)

Total Subject Test scores 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, how-
ever, may be smaller. Physics Test scores typically range frofm 400 to 990. The
tange for different editions of a given test may vary because different editions are
not of precisely the same difficulty, The differences in ranges among different
editions of a given test, however, usually are small. This should be taken into-
account, especially when comparing two very high scores. The score conver-
sions table provided shows the score range for this edition of the test only,
The work sheet on page 40 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. This is the adjust- -

ment made for guessing. Then round the result to the nearest whole number. This
will give you your raw total score. Use the total score convetsion table to find the
scaled total score that corrésponds to your raw total score.

Example: Suppose you chos¢ the correct answers to 44 questions and incor-
rect 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 670,
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WORK SHEET for the PHYSICS Test, Form GR9277
Answer Key and Percentages* of Examinees Answering Each Question Correctly

QUESTION . TOTAL OUESTION TOTAL
‘Number Answor [ P+ | O 1 Number Answer } Pe | G 1
1 c 68 81 A 41
2 [ a9 52 B B8
3 A )] 53 B 43
4 ¢ g7 54 E 43
5 C 42 55 C 40
-] D 38 58 ¢+] 74
7 A A3 57 A 29
8 [+) 89 58 v} a2
9 A o7 59 A 28
10 E 34 60 [5] 20
11 E 49 81 A 18
12 B &6 62 E a9
13 D 35 83 b 48
14 G B4 64 B 51
18 c 25 65 £ 42
16 A 44 B8 o 46
17 A 10 o7 c 5t
18 [« &9 &8 c 24
19 A e 89 0 50
20 [»] 7 70 D 88
2 E 28 71 2] 38
22 D 37 72 A 38
23 E 20 73 c 77
24 E 53 4 B 30
25 b B4 75 E o1
25 8 57 78 A 25
27 B 59 77 E 25
b1} E 58 78 [ 24
29 8 65 FEl A 5Q
3a E 31 40 B 33
31 B 16 81 [~ 38
32 A as 82 o] o4
33 A 50 83 A 28
34 D 4 B4 C a7
a5 B 18 85 9] 49
86 c 34 86 B 41
a7 A 55 a7 c 7
38 B 43 [:] E 24
a9 8 | 22 ag E 31
40 C # 80 B ]
41 D 73 91 E 23
42 b 10 92 8] 39
43 B B0 83 E 28
44 A 50 o4 C 31
45 4] a3 a5 G 22
48 B 80 96 G 16
47 B a8 a7 b ]
48 G 88 g8 B 14
49 B 48 98 A 21
50 B 59 100 [¥ 63
Gorrect (C)
Incarract {1}
Total Bodre!
C-¥i=
Bealed Score (55) = —

*The P+ coluri ind'cates the percent o Physics Test axarminass who angwered sach fuestion carrectly; il I8 basadona
sample of Octobst 1591 axaminees selected to roprasent 4l Piysics Test exarnineas {asted betwaen October 1, 1888 and
Seplember 30, 1981,



'SCORE CONVERSIONS AND PERCENTS BELOWS
FOR GRE PHYSICS TEST, Form GR9277

TOTAL 8COHE
RewScors  SealdScore % | Fawdoors  GesledSoors %
76100 %m0 97 39 60 56
75 980 96 38 680 54
7374 970 96 87 670 52
72 980 95 | 3536 680 49
71 950 o4 34 850 47
70 040 04 33 840 46
69 930 93 32 830 43
67-68 920 o2 a1 620 M@
66 910 91 | 2980 610 38
65 200 80 28 600 36
64 80 8 27 550 84
62:63 830 68 28 &80 41
61 870 67 | 2425 570 28
€0 860 BB 23 560 20
59 850 85 22 850 24
56 840 83 21 540 21
56-57 830 62 20 5% 19
55 820 80 | 1819 520 17
54 810 7o | 7 510 15
53 go 77 18 500 13
5152 790 75 15 400 11
50 780 74 [ 1314 450 9
49 7 72 12 470 8
48 780 70 1 460 6
47 750 68 10 450 5
4546 740 68 9 440 4
4 730 84 7-8 430 3
43 720 62 8 420 2
42 710 60 5 410 1
4041 T 58 4 400 1
23 390 0
1 a8 0
370  ©

*Parient gooring below tho soaled ssore 1o hased onthe performance of
14,084 axaminees who-ook 1he Physices Tost batween Celober 1, 1988 and
Septembaer-30, 1991, This percent balow Information was used for scors
raports during the 1862-83 testing vear,



