10

Rest mass of the electron
Magnitude of the electron charge
Avogadro’s number

‘Universal gas constant
Beltzmann's constanf

Speed of light

Planck’s constant -

Vacuum permittivity

Vacuum permeability
Universal gravitational constant
Acceleration due to gravity

1 atmosphere pressure

1 angstrom

TABLE OF INFORMATION

my = 9,11 x 10~ kilogram = 9.11 x 102 gram
Ny = 6.02 x 102 per mole
R = 831 joules/(mole - K) |
k =138 x 1072 joule/K = 1.38 x 10~ erg/K
¢ =3.00 x 103 m/s = 3.00 x 10 cm/s
h = 6,63 x 1073 joule - second = 4.14 x 1015 ¢V . second
# = hi2n '
€y = 8.85 x 10712 coulomb¥/(newton - meter?)
Bo = 47t X 1077 weber/{ampere . meter)
G = 6.67 x 107! meter¥/(kilogram - second?)
-g = 5.80 m/s? = 980 cm/s?
1 atm = 1.0 X 10° newton/meter? = 1.0 X 10° pascals (Pa)
. 1A =1x 10" meter

1 weber/m? = 1 tesla = 104 gauss

Moments of inertia about center of mass

1 202
Rod MY
Disc Lare
2

Sphere %MRZ



@VV’?‘ A‘mﬁ’&%@_} ' ‘Q‘é}’?/’)/ﬂi')%")
PHYSIC§ TEST T TTT——

Time minutes

= ( .\MQuestions

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

A

Y
R
14

Vi 1: §R . RH“D )
L -

Figure 1 Figure 2

Current

1. The capacitor shown in Figure | above is charged by connecting switch S to contact a. If switch §.is thrown
to contact b attime ¢ = 0, which of the curves in Figure 2 above represents the magnitude of the current
through the resistor R as a function of time?

(A) A
(B) B
€ C
(D) D
(B) E

10 cm

2. The circuit shown above is in a uniform magnetic field that is into the page and is decreasing in magnitude at the
rate of 150 tesla/second. The ammeter reads
(A) 0.15 A
(B) 035 A
(C) 0.50 A
D) 065 A
(E) 0.80 A

GO ON TO THE NEXT PAGE.
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Questions 3-4 refer to a thin, nonconducting ring of radius R, as shown below, which has a charge Q uniformly
spread out on it.

...!_.y-u

3. The electric potential at a point P, which is located on the axis of symmetry a distance x from the center of

14

the ring, is given by

2
®) Ane,YR? + x2

X
© T rIT Y

X
) 4ngo(R2 + x1)7?

QR
(E) 4nee(R? + x%)

. A small particle of mass m and charge —g is placed at point P and released. If R >> x, the particle will

undergo oscillations along the axis of symmetry with an angular frequency that is equal to

W Vo

B) 4neorf1Rz '
© 41'580ij

qQx
D) dne,mR
(E) a@x 1

deqm R + x2

GO ON TO THE NEXT PAGE.
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3.

A car travels with constant speed on a circular road
on level ground. In the diagram above, F,,, is the
force of air resistance on the car. Which of the
other forces shown best represents the horizontal
force of the road on the car’s tires?

(A) K4

(B) Fy

(C) Fe

(D) Fp

(E) Fg
.
Jn

8

A block of mass m sliding down an incline at
constant speed is initially at a height h above the
ground, as shown in the figure above. The coeffi-
cient of kinetic friction between the mass and the
incline is pt. If the mass continues to slide down the
incline at a constant speed, how much energy is
dissipated by friction by the time the mass reaches
the bottom of the incline?

T(AY mghi/p

16

(B) mgh

(C) wmgh/sing
(D) mghsiné
B 0

N
N

TETTETETTIN

7. As shown above, a ball of mass m, suspended on

the end of a wire, is released from height A and
collides elastically, when it is at its lowest point,
with a block of mass 2m at rest on a frictionless
surface. After the collision, the ball rises to a final
height equal to

(A) 119 h
(B) /8 b
©) 113 h
D) 172 h
(B)-2/3..h

. A particle of mass m undergoes harmonic oscilla-

tion with period T,. A force f propaortional to the
speed v of the particle, f=—bu, is introduced, If
the particle continues to oscillate, the period with
f acting is

(A} larger than T,

(B} smaller than T,

(C) independent of b

(D) dependent lincarly on &
(E) constantly changing

. In the spectrum of hydrogen, what is the ratio of

the longest wavelength in the Lyman series (ny= 1)
to the longest wavelength in the Balmer series

(ap=2) 7

(A) 5127
(B) 1/3

(C) 419

DY 312

B 3

GO ON TO THE NEXT PAGE.
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10.

1L

12,

18

Internal conversion is the process whereby an excited
nucleus transfers its energy directly to one of the
most tightly bound atomic electrons, causing the
electron to be gjected from the atom and leaving the
atom in an excited state. The most probable process

—after-an-internal conversien-electron-is-ejected from

an atom with a high atomic number is that the

(A) atom returns to its ground state through inelastic
collisions with other atoms

(B) atom emils one or several x-rays

(C) nucleus emits a y-ray

(D) nucleus emits an electron

(E) nucleus emits a positron

A beam of neutral hydrogen atoms in their ground
state is moving into the plane of this page and
passes through a region of a strong inhomogengous
magnetic field that is directed upward in the plane
of-the page—After the-beam-passes-through-this
field, a detector would find that it has been

{A) deflected upward

(B) deflected to the right

(C} undeviated

(D) split vertically into two beams
(E) split horizontally into three beams

The ground-state energy of positronium is most:
nearly equal to

(A) —27.2 eV
(B) ~13.6 eV
(€) -68eV
(D) -3.4eV
(E) 13.6eV

13. A 100-watt electric heating ¢lement is placed in a

pan containing one liter of water. Although the
heating element is on for a long time, the water,
though close to boiling, does not boil. When the

long-witl-it-takethe-water-to-cool-by-12- -7
(Assume that the specific heat for water is
4.2 kilojouies/kilogram °C.)

(A) 20s
(B) 40s
(C) 60s
(D) 130s
(E) 2005

14. Two identical 1.0-kilogram blocks of copper metal,

one initially at a temperature T =0° C and the
other initially at a temperature T, = 100° C, are
enclosed in a perfectly insulating container. The

—two-bloeks-arcinitially-separated. When- the blocks

are placed in contact, they come to equilibrium at
a final temperature Ty. The amount of heat
exchanged between the two blocks in this process
is equal to which of the following? (The specific
heat of copper metal is equal to 0.1 kilocalorie/
kilogram °K.)

(A) 50 kcal
(B) 25 kcal
(C) 10 kcal
(D) 5 keal
(E) 1 keal

GO ON TO THE NEXT PAGE.
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15. Suppose one mole of an ideal gas undergoes the
reversible cycle ABCA shown in the P-V
diagram above, where AB is an isotherm. The
molar heat capacities are Cp al constant pressure
-and..Cy at constant volume. The net heat added to
the gas during the cycle is equal to

(A) RT,V,/V,
®B) =Cp(Ty-T¢)

(©C) Co(Th-T¢)

(D) RTpInVy/V; = Cp(Th ~Te)
(E) RTpnV,/V, ~ R(T,—T,)

20

16. The mean free path for the molecules of a gas is
approximately given by -r-;—o, where 7 is the number
density and o is the collision cross section. The mean

——free path for-air molecules at room conditions-is

approximately
(A) 10~ m
(B) 107" m
(C) 10°m
(D) 1078 m
(B) 107% m
v
SO SO S SO O
i 1 ] i I
| I t I i
- =t e — R S
| | i !
3 I I I
- —— —fF-—F——b-
R I 1 (-
! | !
! A —te
1 | | I
! ¥ 1 i F
I N R
1 2 3 4 5 6

17. The wave function for a particle constrained to
move in one dimension is shown in the graph above
(¥ =0 for x<0 and x25). What is the proba-
bility that the particle would be found between
x=2 and x=4?

(A) 17764
(B) 25/64
() 58

(D) V5/8
(E) 13/16

GO ON TO THE NEXT PAGE.
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Vo C 19. When alpha particles are directed onto atoms in a
thin metal foil, some make very close collisions
R - B with the nuclei of the atoms and are scattered at
large angles. If an alpha particle with an initial
kinetic energy of 5 MeV happens to be scattered
~through-an-angle-of 180°%-which of the following-
must have been its distance of closest approach to

x=a x=b the scattering nucleus? (Assume that the metal foil
is made of silver, with Z = 50,) :
18. Consider a potential of the form (A) 1.22 % 50 fm
V(x)=0, x<a (B) 29x 10" m
Vix)=V,, a<x<bhb (C) 1L.0x10"?
Vix)=0, x2b (D) 3.0x10%m

=7
as shown in the figure above. Which of the fol- (B) 17x10%m

lowing wave functions is possible for a particle

incident from the left with energy E < V; 7 20. A helium atom, mass 4u, travels with nonrela-
tivistic speed v normal to the surface of a certain
material, makes an elastic collision with an (essen-

(A) Y(x) ! | tially free) surface atom, and leaves in the opposite
: ! . direction with speed "0.6%. The atom on the
E/\= surface must be an atom of
al ib X (A) hydrogen, mass 1u
: : (B) helium, mass 4u
(B) ¥(x) \ , (C) carbon, mass 12u
! ! : (D) oxygen, mass 16u
! (E) silicon, mass 28u
(&)
¥(x) ! |
i 1
| GO ON TO THE NEXT PAGE.
al b *
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21. The period of a physical pendulum is 27NT/mgd,
where I is the moment of inertia about the pivot
point and d is the distance from the pivot to the
center of mass. A circular hoop hangs from a nail
on a barn wall. The mass of the hoop is 3 kilo-
grams-and-its-radius-is 20-centimeters.-If-it-is dis-
placed slighitly by a passing breeze, what is the
period of the resulting oscillations?

{A) 063 s
(B) 1.0 s
(C) 1.3
(D) 1.8
(E) 2.1

25

@ oW

22. The curvature of Mars is such that its surface drops

a vertical distance of 2.0 meters for every 3600 meters
tangent to the surface. In addition, the gravitationat
acceleration near its surface is 0.4 times that near

the surface of Earth. What is the speed a golf ball
would need to orbit Mars near the surface, ignoring

the effects of air resistance?

(A) 0.9 km/s
(B) 1.8 km/s
(C) 3.6 km/s
(D) 4.5 km/s
(E) 5.4 km/s

23. Suppose that the gravitational force law bstwczene
two massive objects were Ky = F1,Gmymy/r 5t
where ¢ is a small positive number. Which of the

following statements would be FALSE?

(A) The total mechanical energy of the planet-Sun
system would be conserved,

(B) The angular momentum of a single planet
moving about the Sun would be conserved.

(C) The periods of planets in circular orbits would
be proportional to the (3 + €)/2 power of
their respective orbital radii.

(D) A single planet could move in a stationary
noncircular elliptical orbit about the Sun.

(E) A single planet could move in a stationary
circular orbit about the Sun.

24. Two identical conducting spheres, A and B,
carry equal charge. They are initially separated by
a distance much Iarger than their diameters, and the
force between them is F. A third identical con-
ducting sphere, C, is uncharged. Sphere C is first
touched to A, thento B, and then removed. As a

result, the force between A and B is equal to

A O

(B) Fil16
C) Fi4
(D) 3F/8
(E) F2

24

5

L L,
T 1B

+ Two real capacitors of equal capacitance (€, =Cy)
are shown in the figure above. Initially, while the
switch § is open, one of the capacitors is uncharged
and the other carries charge Q. The energy stored
in the charged capacitor is U,. Sometime after the
switch is closed, the capacitors €, and C, carry
charges Q, and Q,, respectively; the voltages
across the capacitors are V; and V,; and the ener-
gies stored in the capacitors are U, and U,, Which
of the following statements is INCORRECT?

&) Qo =5(Q1 + Q)
® 0 =0,

© V=V,

®) U, = U,

B) Up=U, +U,

==

. A series RLC circuit is used in a radio to tune to
an FM station broadcasting at 103.7 MHz. The -
resistance in the circuit is 10 ohms and the induc-
tance is 2.0 microhenries, What is the best estimate
of the capacitance that should be used?

(A) 200 pF
(B) 50 pF
(C) 1pF

(D) 02pF
(B) 0.02pF

GO ON TO THE NEXT PAGE.
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27. In laboratory experiments, graphs are employed to determine how one measured variable depends on another.

26

given in the first and second columns?

—Relation—
{A) dN/dt oc ¢72!

(B) eVo=h-W
(C) 50 12

(B} Pe<T*

These graphs generally fal) into three categories: linear, semilog (logarithmic versus linear), and log-log. Which

type of graph listed in the third column below would NOT be the best for

plotting data to test the relationship

“Variables Plotted “Type of Graph
Activity vs. time for a radio- Semilog
active isotope '
Stopping potential vs. frequency Linear
for the photoelectric effect
Distance vs. time for an object Log-log
undergoing constant acceleration
Gain vs, frequency for a low-pass Linear
filter
Power radiated vs. temperature Log-log
-for-blackbody radiation -

cm
5 -
4 -
3 -
2 -
l -
1 1 i 1 1 1 cm

1 2 3 4 5§

28—Thefigure-above-represents-the-trace-on-the screen-of

a cathode ray oscilloscope. The screen is graduated in
centimeters, The spot on the screen moves horizontatly
with a constant speed of 0.5 centimeter/millisecond,
and the vertical scale is 2 volts/centimeter. The signal
is a superposition of two oscillations. Which of the
following are most nearly the observed amplitude

‘and frequency of these two oscillations?

Oscillation 1 Oscillation 2

(A) 5V, 250Hz 2.5V, 1000Hz
(B) 1.5V, 250Hz 3V, 1500Hz
(C) 5V, 6Hz 2V,  2Hz
D) 2.5V, 83Hz 1.25V, 500Hz
(E) 6.14V, 98Hz 135V, 257Hz

GO ON TO THE NEXT PAGE.
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29. The characteristic distance at which quantum gravi-
tational effects are significant, the Planck length,
can be determined from a suitable combination of
the physical constants G, #, and ¢. Which of
the following correctly gives the Planck length?

(A -GHic
(B) G#H:*
(C) G%ic
(D) G%ﬁzc

1
(B) (GHlc)?

30. An open-ended U-tube of uniform cross-sectional
area contains water (density 1.0 gram/centimeter?)
standing initially 20 centimeters from the bottom in
each arm. An immiscible liquid of density 4.0
grams/centimeter? is added to one arm until a layer
5 centimeters high forms, as shown in the figure
above. What is the ratic h,/h; of the heights of the
liguid in the two arms?

(A) 31
(B) 52
(©) 211
(D) 312
(B) 111

28

31, A sphere of mass m is released from rest in a stationary

viscous medium. In addition to the gravitational force
of magnitude mg, the spherc experiences a retarding
force of magnitude bp, where v is the speed of the
sphere and b is a constant. Assume that the buoyant

force is negligible. Which of the following statements
about the sphere is correct?

-(A) Its kinetic energy decreases due to the retarding

force,
(B} Its kinetic energy increases to a maximum, then
decreases to zero due to the relarding force.
(C) Hs speed increases to a maximum, then decreases
back to a final terminal speed. '
(D) Its speed increases monotonically, approaching a
terminal speed that depends on & but not on m.
(E) Its speed increases monotonically, approaching a
terminal speed that depends on both b and m,

GO ON TO THE NEXT PAGE.



