2. A ball falls straight down through the air under the
h
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SECTION 1
Time—90 minutes

70 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 oval on the answer sheet.

1. In which of the following situations would an object 3. An ideal spring obeys Hooke’s law, F= —kx.
be accelerated? : . A mass of 0.50 kilogram hung vertically from this
spring stretches the spring 0.075 meter. The value of

>s in a strai ine at constant . T
I. Tt moves in a straight line onstant speed the force constant for the spring is most nearly

I1. It maves with uniform circular motion.

I11. It travels as a projectile in a gravitational field (A) 0.33 Njm
with negligible air resistance. R - (B) 0.66 N/m
(A) T only (€) 6.6 N/m
(B) Il only (ED)) 22 g/_m
(C) Tand 1T only ( fm

(D) II and 11T only
(E) LL1I,and Il

influence of gravity. There is a retarding force F on

'}"{ﬂ’ 64// W, 4i'r'lagnitude given by F = b¥, where ¥
ts the Sp@&y 04 the ball and b is a positive constant.
A mgﬁz'fu’.ﬁéot‘ the acceleration « of the ball at
any time is equal to which of the following?

g 4. The figure above shows a rough semicircular track

(A)y «—é) _ whose ends are at a vertical height /. A block

placed at point P at one end of the track is released
, AV from rest and slides past the bottom of the track.

'-\-U}j o Which of the following is true of the height to which
the block rises on the othier side of the track?

©) g+ Q (A) Itisequal to h/27.

m (B) ITtisequalto h/4.

(C) Itisequalto A/2.

(D) % : ~ (D) Ttisequal to A. :

(E) Itis between zero and h; the exact height
depends on how much energy is lost to
friction.




. An object is released from rest on a planet that has
no atmosphere. The object falls freely for 3.0 meters
in the first second. What is the magnitude of the
acceleration due to grav1ty on the planet?

A) 1.5 m/s
(B) 3.0 m/s?
(C) 6.0m/s?

(D) 10.0 m/s?
(E) 12.0 m/s?

. If Spacecraft X has twice the mass of Spacecraft
Y, then true statements about X and Y include
which of the following?

1. On Earth, X experiences twice the gravita-
tional force that Y experiences.
I1. On the Moon, X has twice the weight of Y.
II1.- When both are in the same circular orbit, X has
twice the centripetal acceleration of Y.

(A) Ionly

(B) 71T only

(C) { and 11 only
(D) 11 and TII only
(E) T; 11, and I
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7. Fwe pucks are attached by a stretched spring and

are initially held at rest on a frictionless surface, as
shown above. The pucks are then released simulta-
neously. If puck I has three times the mass of puck
1, which of the fol]owmg quantities is the same for
both pucks as the spring pulls the two pucks toward
each other?

(A) Speed

(B) Velocity

(C) Acceleration

(D) Kinetic energy

(E) Magnitude of momentum
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8. The two Spheres pictured above have equal densities

and are subject only to their mutuval gravitational
attraction. Which of the following quantities must
have the same magnitude for both spheres?

(A) Acceleration

~ (B) Velocity

(C) Kinetic energy
(D) Displacement from the center of mass
(E) Gravitational force

9. When an object oscillating in simple harmonic

motion is at its maximum displacement from the
equilibrium position, which of the following is true
of the values of its speed and the magnitude of the
restoring force?

Speed -Restoring Force
(A) Zero Maximum
‘(-B) Zero Zero
(C) max1mum %maximum
(D) Maximum %maximum
(E) Maximum Zero




10. Which of the following is true when an object of

.

mass m moving on a horizontal frictionless surface
hits and sticks to an object of mass M > m, which
is initially at rest on the surface?

(A) The collision is elastic.

(B) All of the initial kinetic energy of the less-
massive object is lost.

(C) The momentum of the objects that are stuck
together has a smaller magnitude than the
initial momentum of the less-massive object.

(D) The speed of the objects that are stuck together
will be less than the initial speed of the less-
massive object.

(E) The direction of motion of the objects that are
stuck together depends on whether the hit is
a head-on collision.

Two objects having the same mass travel toward
each other on a flat surface, each with a speed of
1.0 meter per second relative to the surface. The
objecis collide head-on and are reported to rebound
after the collision, each with a speed of 2.0 meters
per second relative to the surface. Which of the
following assessments of this report is most accu-
rate?

{A) Momentum was not conserved, therefore the

vepcit is false.
By i p)(mzﬂfxa);nergy was released to the objects
Au:5 . the collision, the report could be true.
(C) If the objects had different masses, the report
could be true.
(D) TIf the surface was inclined, the report could be
true. ’
{83 I ¢hers was no friction between the objects and
the suriace, the report could be true.
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12. An automobile moves at constant speed down one

hill and up another hill along the smoothly curved
surface shown above. Which of the following
diagrams best represents the directions of the
velocity and the acceleration of the automobile at
the instant that it is at the lowest position, as shown?

(A) —_—p

(B) —_— D

e —v

® —>v

E) //110




13.- Which- of the following will-cause the electrical resis-
tance of certain materials known as superconductors

to suddenly decrease to essentially zero?

(A) Increasing the voltage applied to the material
beyond a certain threshold voltage

 (B) Increasing the pressure applied to the material

beyond a certain threshold pressure

(C) Cooling the material below a certain threshold
temperature

(D) Stretching the material to a wire of sufficiently
small diameter

(E) Placing the material in a sufficiently large
magnetic field

. Kirchhoff's loop rule for circuit analysis is an

expression of which of the following?

(A) Conservation of charge
(B) Conservation of energy

(C) Ampére’s law

(D) Faraday's law
(E) Ohm’s law
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15.

Questions 15-16 refer to the circuit shown below.

2uF

1100 V

B _S—uF

L
_[3pF

The equivalent capacitance for this network is most
nearly

(A) 10/7 uF
(B) 3/2pF
(C) 7/3uF
(D) 7uF
(E) 14 pF

. The charge stored in the 5-microfarad capacitor is

most nearly

(A) 360 uC
(B) 500 pC
(C) 710 pC

(D) 1,100 pC
(E) 1,800 uC

60 ON'T0 THE NEXT PAGE.
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17. Two large parallel conducting plates P and Q are
connected to a battery of emf €, as shown above.
A test charge is placed successively at points I, 1I,
and V1L If edge effects are negligible, the force on
the charge when it is at point IIT is

Gy

of equal magnitude and in the same direction as
the force on the charge when it is at point I
(B) of equal magnitude and in the same direction as
the force on the charge when it is at point II
(C) equal in magnitude to the force on the charge
when it is at point I, but in the opposite
direction )
(D) much greater in magnitude than the force on
thi charge when it is at point II, but in the
_ same direction
(E) much less in magnitude than the force on the
charge when it is at point II, but in the same

T ogeangs e
GO

X
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18. The direction of the magnetic field at point R
caused by the current 7 in the wire shown above is

(A) to theleft

(B) to the right

(C) toward the wire
(D) into the page
(E) out of the page
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. Two long, parallel wires are separated by a distance d,

as shown above. One wire carries a steady current /
into the plane of the page while the other wire carries
a steady current / out of the page. At what points
in the plane of the page and outside the wires,
besides points at infinity, is the magnetic field due to
the currents zero?

(A) Only at point P

(B) Atall points on the line S’

(C) At all points on the line connecting the two
wires

(D) At all points on a circle of radius 24 centered
on point P

(E) Atno points




Questions 20-22 relate to the following circuit diagram,

which shows a battery with an internal resistance of 4.0
ohms connected to a 16-ohm and a 20-ohm resistor in

series. The current in the 20-ohm resistor is 0.3 amperes.

16 Q
X —ANN—

i

€ 1=03A
4 Ql
Internal 20Q
Resistance
S

20. What is the emf of the battery?

(A) 1.2V
(B) 6.UV
(C) 10.8V
(D) 12.0V
™ 3.2

V/i. i fhe potential difference across the terminals
X and ¥ of the battery?

(A) 12V
(B) 6.0
(1 jOgY

NN ]‘.2 7

& 132

22. What power is dissipated by the 4-ohm internal
resistance of the battery?

(A) 0.36 W
(B) 1.2W
(C) 3.2W
(D) 3.6 W
(E) 48 W
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23. If the gas in a container absorbs 275 joules of heat,
has 125 joules of work done on it, and then does
50 joules of work, what is the increase in the internal
energy of the gas?

(A) 100J
(B) 2007
(C) 3507
(D) 4001J
(E) 4507

Questions 24-25

A piece of metal with a mass of 1.50 kilograms, specific
heat of 200 J/kg - C°, and initial temperature of 100° C
is dropped into an insulated jar that contains liquid with
a mass of 3.00 kilograms, specific heat of 1,000J/kg-C,
and initial temperature of 0° C. The piece of metal is
removed after 5 seconds, at which time its temperature is
20° C. Neglect any effects of heat transfer to the air or to
the insulated jar.

24. The temperature of the liquid after the metal is
removed is

(A) 0°C
(B) 4°C
(C) & C
(D) 10°C
(E) 20° C

25. The average rate at which heat is transferred while
the piece of metal is in the liquid is

(A) 4,000 J/s
(B) 4,800 J/s
(C) 6,000 I/s
(D) 9,600 J/s
" (E) 16,000 I/s
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26. Which three of the glass lenses above, when placed
in air, will cause parallel rays of light to converge?

(A) 1, 11, and 11X
(B) I,III,and V
(O) 1,1V, and V
(D) Ii, 11, and IV
(E) H,IV,and V

Questions 27-28

A standing v-ave of frequency 5 hertz is set up on a
ateine 7 melers long with nodes at both'ends and in the
center, as showir above.

27. The speed at which waves propagate on the string is
(A) 0.4m/fs
(B} 2:Em/s
(< gm/s
(Fry J@m/s
(E) 20 m/s

28. The fundamental frequency of vibration of the string
is '

(A) 1Bz
(B) 2.5Hz
(C) 5Hz
(D) 7.5Hz
(E) 10 Hz
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29.

30.

Radio waves
Infrared radiation
Visible light
Ultraviolet radiation
Gamma radiation

For the five types of electromagnetic radiation listed
above, which of the following correctly describes the
way in which wavelength, frequency, and photon
energy change as one goes from the top of the list to
the bottom?

Wavelength  Frequency  Photon Energy

(A) Decreases Decreases Increases
(B) Decreases Increases Increases
(C) Increases Decreases Decreases
(D) Increases Decreases Increases
(E) Increases Increases Increases

Sound in air can best be described as which of the
following types of waves?

(A) Longitudinal

(B) Transverse

(C) Torsional

(D) Electromagnetic

"(E) Polarized




oA

o(C

oD

Mirror

Object \o oE

31. An object is placed near a plane mirror, as shown
above. Which of the labeled points is the position of
the image?

(A) 4
(B B
(ONe
) D
E).- E

Guestions 2737 -leal with nuclear fission for which the
it reaciiet s a good example.

85 b, _BY

+ gzKr + neutrons + released energy

32. The total number of free neutrons in the products of
this veaction is

A2
(B) 3
(C) 4
(D) 5
(B) 6

Which of the following statements is always true for
. . . . . 13s
neutron-induced fission reactions involving 92U ?

I. The end products always include Ba and Kr.
I1. The rest mass of the end products is less than
that of Z;ZU + (l)n.

The total number of nucleons (protons plus
neutrons) in the end products is less than that

. 235 1
I
in 921_ + 0

33.

1.

(A) I only
(B) I only

Questions 34-35

-1 n=4
-2 n=3
—~ —37
C
;;3 —4 n=2
(%]
& s
—6
-7 n=1
—8-

A hypothetical atom has four energy states as shown
above.

34. Which of the following photon energies could NOT
be found in the emission spectra of this atom after it
has been excited to the n = 4 state?

< (A) eV
(B)2eV’
/(-.C)(,?:—euV"
(D) 4eV
(B)-5eV:

35. Which of the following transitions will produce the

photon with the longest wavelength?

Ayn=21ton=1
B)n=3ton=1
QO n=31w0n=2
MDyn=4twn=1
E)yn=4ton=3

16



36.

" 37,

~ 38.

39.

40.

Cobalt 60 is a radioactive source with a half-life of
about 5 years. After how many years will the
activity of a new sample of cobalt 60 be decreased to

-1/8 its original value?

(A) 2.5 years

(B) 5years

(C) 10 years

(D) 15 years

(E) It depends on the original amount of cobalt 60.

Of the following phenomena, which provides the
best evidence that light can have particle properties?

(A) Intericrence of light in thin films
(B) Electromagnetic radiation

(C) Photoelectric effect

(D) Electron diffraction

(E) X-ray diffraction

Of the following phenomena. which provides the best
evidence that particles can have wave properties?

(A) The absorption of photons by electrons in an
atom

(B) The a-decay of radioactive nuclei

(C) The interference pattern produced by neutrons
incident on a crystal

(D) The production of x-rays by electrons striking a
metal rarget

(E) The scattering of photons by electrons at rest

A muon. with a lifetime of 2 x 1079 second in its -
‘rame of reference, is created in the upper atmo-
sphers with a velocity of 0.998¢ toward the Earth.
The Lfetime of the muon, as measured by an
observer on the Earth, is most nearly

(A) 3 x 107" s
(B) 3 x 1077
(C) 3 x 10775
(D) 3 x 1077
(E) 3 s

X X X X

10°°

The operator of a space station observes a space
vehicle approaching at a constant speed ». The
operator sends a light signal at speed ¢ toward the
space vehicle. The speed of the light signal relative to
the space vehicle is

A c+v
B c—v
© ¢

(D) v/ /1 — v¥/c?
(E) ¢ /1 — t¥/c?

Magnetic Field

, |
e

41. A wire of constant lerigth is moving in a constant

17

magnetic field, as shown above. The wire and the
velocity vector are perpendicular to each other and
are both perpendicular to the field. Which of the
following graphs best represents the potential differ-
ence £ between the ends of the wire as a function of
the speed v of the wire? ‘

@ &

0 s
®) &

0 v
o ¢

0 ot/
® &

o v

[

0 v
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44.

Forces between two objects which are inversely
proportional to the square of the distance between

the objects include which of the following?

I. Gravitational force between two celestial bodies
1L Electrostatic force between two electrons
I1I. Nuclear force between two neutrons

(A) T only

A(B) I only

(C) Tand IT only
(D) 11 and IIT only
(E) 1.1I, and III

y(cm)

i

<l :
AT N N
o~ 4

A particle oscillates up and down in simple
harmonic motion. Its height v as a function of time
i“ s Az in the diagram above. At what time ¢
ﬂﬂgj/ﬂi paﬁﬁfévachieve its maximum positive accel-
eration?

(A) 1s

By 2s

() 35

(D) 45

(E) ™one of the above, because the acceleration is
constant

A weight lifter lifts 2 mass m at constant speed to a
height /i intime . What is the average power
output of the weight lifter?

(A) mg
(BY mh .
(C) mgh

(D) mght
(E) mghA

45.

46.

3m
e

2,

A block of mass 3m can move without friction on a
horizontal table. This block is attached to another
block of mass m by a cord that passes over a fric-
tionless pulley; as shown above. If the masses of the
cord and the pulley are negligible, what is the
magnitude of the acceleration of the descending
block?

(A) Zero

(B) g/4

©) &3

(D) 2g/3

(E) ¢

A car initially travels north and then turns to the left
along a circular curve. This causes a package on the
seat of the car to slide toward the right side of the
car. Which of the following is true of the net force
on the package while it is sliding? *

(A) The force is directed away from the center of
the circle.

(B) The force is directed north. .

(C) There is not enough force directed north to
keep the package from sliding.

(D) There is not enough force tangential to the car’s
path to keep the package from sliding.

(E) There is not enough force directed toward the
center of the circle to keep the package from
sliding.

& GO.ON T0 THE NEXT PAGE,,



=547, A block of mass m slides on a horizontal fric-

48.

49.

tionless table with an initial speed vg. It then
compresses a spring of force constant k and is
brought to rest. How much is the spring compressed
from its natural length?

2
L20)

A_.

OFr

®) 7 v

m

© % v

m

D [% o

K,
m 0

(E)

The planet Mars has mass 6.4 x 10 kilograms and
radius 3.4 % 10° meters. The acceleration of an
object in free-fall near the surface of Mars is most
nearly

(A) zero

(B) 4,0 my/s’
(C) 1,3 m/s
(D) 3.7 m/s>
(E) 9.8 m/s?

Rods P and Q are at rest in an inertial reference
frame and oriented as shown above. Both rods have
length L in this reference frame. A person moves at
a relativistic speed in the y direction. Which of the
following would be the lengths, as compared to L,
observed for these rods by the person?

P Q

(A) Lessthan L Less than L
(B) Lessthan L L

(C) Lessthan L Greater than L
D)L Less than L
(E) L ‘ L
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50.

51

52.

£
Ry
R, Ry
R,
Series Parallel
Connection Connection

In the diagrams above, resistors R, and R. are
shown in two different connections to the same
source of emf & that has no internal resistance. How
does the power dissipated by the resistors in these
two cases compare? '

' (A) It is greater for the series connection.

(B) Ttis greater for the parallel connection.

(C) Ttis the same for both connections.

(D) Tt is different for each connection, but one must
know the values of R, and R, to know which
is greater.

(E) Itis different for each connection. but one must
know the value of € to know which is greater.

The product
2 amperes X 2 volts X 2 seconds

is equal to
A) 8 coulombs

~(B) 8 newtons

YC) 8 joules
(D) 8 calories
(E) 8 newton-amperes

A radar operates at a wavelength of 3 centimeters.
The frequency of these waves is

V(A) 10719Hz
(B) 10¢Hz
(C) 10® Hz
(D) 3 x 10® Hz
\E) 10"°Hz




= 53,

In the photoelectric effect, the maximum speed of
the electrons emitted by a metal surface when it is
illuminated by light depends on which of the
following?

I. Intensity of the light
II. Frequency of the light
III. Nature of the photoelectric surface

~ (A) Tonly

54.

55.

56.

(B) III only

(C) Tand II only
(D) 11 and TII only
(E) LI, and TIT

Adomis of isotopes of the same element contain the
same number of

{A) protons but a different number of neutrons
(B) electrons but a different number of protons
{C) neutrons but a different number of protons
(D) nentrons as electrons

(E) protons as neutrons

In each cycie of a Carnot engine, 100 joules of heat
iy, - ‘zzvbed {rom the high-temperature reservoir and
&Dd.xi,.»ﬁg &Xxhausted to the low-temperature reser-
vour. Whal s the efficiency of the engine?

(A 90
(B) 6%
€y &pn
(D) 150%

(T3 b6F

In the Bohr model of the atom, the postulate stating
that the orbital angular momentum of the electron is
quantized can be interpreted in which of the
following ways?

(A) An integral number of electron wavelengths
must fit into the electron’s circular orbit.

(B) Only one electron can exist in each possible
electron state,

(C) An electron has a spin of 1/2.

(D) The atom is composed of a small, positively
charged nucleus orbited by electrons.

(E) An incident photon is completely absorbed

when it causes an electron to move to a
higher energy state.

20
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57. Twe objects, of masses 6 and § kilograms, are hung

58.

from the ends of a stick that is 70 centimeters long
and has marks every 10 centimeters, as shown
above. If the mass of the stick is negligible, at which
of the points indicated should a cord be attached if
the stick is to remain horizontal when suspended
from the cord?

(A) 4
(B) B
€ C
(D) D
(E) E

In the Doppler effect for sound waves, factors that
affect the frequency that the observer hears include
which of the following?

I. The speed of the source
I1. The speed of the observer
III. The loudness of the sound

(A) I only

(B) III only

(C) I'and 1l only
(D) II and III only
(E) L II, and III




N

- 59,

60.

=
TR ol ]

The figure above shows two wave pulses that are
approaching each other. Which of the following best
shows the shape of the resultant pulse when the
centers of the pulses, points P and @, coincide?

P

(A)
®) ] )
©
o)

I I
®) J“—

Observations that indicate that visible light has a
wavelength much shorter than a centimeter include
which of the following?

I. The colored pattern seen in a soap bubble
II. The colored pattern seen when light passes
through a diffraction grating
The bending of light when it passes from one
medium to another medium

(A) 1 only

(B) III only

(C) Iand I only
(D) IT and III only
(B) L1, and III

I1.
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Questions 61-63

[*S)

A

}4—————4ﬁl—>—

A plane 5 meters in length is inclined at an angle of 37°,
as shown above. A block of weight 20 newtons is placed
at the top of the plane and allowed to slide down.

61.

63.

The mass of the block is most nearly

(A) 1.0kg
(B) 1.2kg
(C) 1.6kg
(D) 2.0 kg
(E) 2.5kg

. The magnitude of the normal force exerted on the

block by the plane is most nearly

(A) 10N
(B) 12N
(C) 16N
(D) 20N
(E) 33N

The work done on the block by the gravitational
force during the 5-meter slide down the plane is
most nearly

(A) 207
(B) 607
(C) 807
(D) 100J
(E) 1307J




Questions 64-66

A ball is thrown and follows the parabolic path shown above. Air friction is negligible. Point Q is the highest point on
_the path. Paints P and R are the same height above the ground.

64. How do the speeds of the ball at the three points 66. Which of the following best indicates the direction
compare? of the net force, if any, on the ball at point @ ?
(A) vp <ty <v

B .f < ° < ‘R ) l

( ) LR UQ LP

(C) vg <vg<vp (B) ~—
(D) Lo <vp =7vp

(B) ¥p = vg < < —

65 Whieh of the following diagrams best shows the (D) \
direetion of Une acceleration of the ball at point P ?

(A) .‘/ (E) There is no net force on the ball at point Q.
®

o, T

® N\

®) 1
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67. A square loop of wire of resistance R and side a is
oriented with its plane perpendicular to a magnetic
field B, as shown above. What must be the rate of
change of the magnetic field in order to produce a

curreri / in the loop?
(A) TR [t
(B) Ia*/R
(C) IafR
(D) Raff
(E) IRa
A B
e ——— ———— — — - — —
+0
4% The viagrao, asove shows an isolated. positive

charge ¢J. Point B is twice as far away from Q as
point 4 The -atio of the electric field strength at
point A = the electric field strength at point B is

(A) ?{a’o

(B) o]

Y oL

B0 Ny
~ 1hﬂ\.. — ,;“

"

o
i) /

69. If the object distance for.a converging thin lens is
more than twice the focal length of the lens, the
image is
(A) virtual and erect
(B) larger than the object
(C) located inside the focal point
(D) located at a distance between f and 2f

from the lens
(E) located at a distance more than 2f from
the lens

70. Two conducting spheres of different radii, as shown
above, each have charge — Q. Which of the
following occurs when the two spheres are
connected with a conducting wire?

(A) No charge flows.
(B) Negative charge flows from the larger sphere to
_ the smaller sphere until the electric field at
the surface of each sphere is the same.

(C) Negative charge flows from the larger sphere to
the smaller sphere until the electric potential
of each sphere is the same.

(D) Negative charge flows from the smaller sphere
to the larger sphere until the electric field at
the surface of each sphere is the same.

(E) Negative charge flows from the smaller sphere
to the larger sphere until the electric potential
of each sphere is the same.

STOP

END OF SECTION I

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY
CHECK YOUR WORK ON THIS SECTION.

DO NOT GO ON TO SECTION I UNTIL YOU ARE TOLD TO DO SO.

MAKE SURE YOU HAVE PLACED YOUR AP NUMBER LABEL ON YOUR
ANSWER SHEET AND HAVE WRITTEN AND GRIDDED YOUR NUMBER
CORRECTLY IN SECTION C OF THE ANSWER SHEET.
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