1. If the mass of a simple pendulum is doubled but its length remains constant, its period is multiplied by a factor of
1 1
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2. Avrailroad flatcar of mass 2,000 kilograms rolls to the right at 10 meters per second and collides with a flatcar of

mass 3,000 kilograms that is rolling to the left at 5 meters per second. The flatcars couple together. Their speed
after the collisionis (A)1lm/s (B)25m/s (C)bm/s (D)7m/s (E)7.5m/s
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3. The graph above shows the velocity versus time for an object moving in a straight line. At what time after
t = 0 does the object again pass through its initial position?
(A) BetweenOand1ls (B)ls (C)Betweenland2s (D)2s (E)Between2and3s

4. Which of the following is true for a system consisting of a mass oscillating on the end of an ideal spring?
(A) The Kkinetic and potential energies are equal to each other at all times.
(B) The kinetic and potential energies are both constant.
(C) The maximum potential energy is achieved when the mass passes through its equilibrium position.
(D) The maximum Kinetic energy and maximum potential energy are equal, but occur at different times.
(E) The maximum Kinetic energy occurs at maximum displacement of the mass from its equilibrium position
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5. A ball of mass m is suspended from two string! of unequal length as shown above. The tensions T, and T, in the

strings must satisfy which of the following relations?
AT=T, B)T:>T, (C)T:<T, ([D)T+T,=mg (E) T+-T,=mg

Questions 6 - 7

A 2-kilogram block slides down a 30° incline as shown above with an acceleration of 2 meters per second squared.

6. Which of the following diagrams best represents the gravitational force W. the frictional force f, and the normal
force N that act on the block?
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7. The magnitude of the frictional force along the plane is most nearly
(A)25N (B)5N (C)6N (D)ION (E)16N

8. When a person stands on a rotating merry-go-round, the frictional force exerted on the person by the
merry-go-round is



10.

11.

12.

13.

(A) greater in magnitude than the frictional force exerted on the person by the merry-go-round
(B) opposite in direction to the frictional force exerted on the merry-go-round by the person
(C) directed away from the center of the merry-go-round

(D) zero if the rate of rotation is constant

(E) independent of the person’s mass

Each of five satellites makes a circular orbit about an object that is much more massive than any of the satellites.
The mass and orbital radius of each satellite are given below. Which satellite has the greatest speed?
Mass  Radius

(A)¥-m R
(B) m %R
C)m R
(D) m 2R
(E) 2m* R

From the top of a high cliff, a ball is thrown horizontally with initial speed v,. Which of the following graphs
best represents the ball's kinetic energy K as a function of time t ?
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When the frictionless system shown above is accelerated by an applied force of magnitude the tension in the
2 1 1
string between the blocksis (A)2F (B)F (C) 3F (D) 2F (E) 3F

When a mass is attached to a spring, the period of oscillation is approximately 2.0 seconds. When the mass
attached to the spring is doubled, the period of oscillation is most nearly
(A)05s (B)10s (C)l4s (D)20s (E)28s
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A 5-meter uniform plank of mass 100 kilograms rests on the top of a building with 2 meters extended over the

edge as shown above. How far can a 50-kilogram person venture past the edge of the building on the plank

before the plank just begins to tip?

(A)0.5m (B)1m (C©)15m (D)2m

(E) It is impossible to make the plank tip since the person would have to be more than 2 meters from the edge
of the building.
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(A) Speed  (B) Angular momentum  (C) Total energy (D) Kinetic energy  (E) Potential energy

15. The electron volt is a measure of

(A) charge (B)energy (C)impulse (D) momentum  (E) velocity

16. A solid conducting sphere is given a positive charge Q. How is the charge Q distributed in or on the sphere?

(A) Itis concentrated at the center of the sphere.

(B) It is uniformly distributed throughout the sphere.

(C) Its density decreases radially outward from the center.

(D) Its density increases radially outward from the center.

(E) Itis uniformly distributed on the surface of the sphere only.

17. A parallel-plate capacitor is charged by connection to a battery. If the battery is disconnected and the separation

between the plates is increased, what will happen to the charge on the capacitor and the voltage across it?
(A) Both remain fixed.  (B) Both increase.  (C) Both decrease.
(D) The charge increases and the voltage decreases.  (E) The charge remains fixed and the voltage increases.
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18. Which two arrangements of resistors shown above have the same resistance between the terminals?

A landIll  B)landlVvV (C)llandlll  (D)Hand IV  (E) Il and IV

Questions 19-20. A point P is 0.50 meter from a point charge of 5.0 X 10® coulomb.

19.

20.

21.

22.

The intensity of the electric field at point P is most nearly
(A)25x108N/C  (B)25x10°N/C (C)9.0x10°N/C (D)1.8x10°N/C (E)7.5x10®N/C

The electric potential at point P is most nearly
(A)25x10%V  (B)25x10'V  (C)9.0x10°V (D)1.8x10°V (E)7.5x 10°V
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There is a counterclockwise current | in a circular loop of wire situated in an external magnetic field directed out
of the page as shown above. The effect of the forces that act on this current is to make the loop

(A) expand insize  (B) contract insize  (C) rotate about an axis perpendicular to the page

(D) rotate about an axis in the plane of the page  (E) accelerate into the page
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In the circuit shown above, what is the value of the potential difference between points X and Y if the 6-volt
battery has no internal resistance? (A)1V (B)2V (C)3V (D)4V (E)6V




23. One joule of work is needed to move one coulomb of charge from one point to another with no change in
velocity. Which of the following is true between the two points?
(A) The resistance is one ohm. (B) The current is one ampere.
(C) The potential difference is one volt. (D) The electric field strength is one newton per coulomb.
(E) The electric field strength is one joule per electron.

Questions 24-25

Two positive charges of magnitude g are each a distance d from the origin A of a coordinate system as shown above.

24. At which of the following points is the electric field least in magnitude?
(A) A (B)B ©cC (D) D (E)E

25. At which of the following points is the electric potential greatest in magnitude?
AMA (BB (©C OD ([BE

26. A lamp, a voltmeter V, an ammeter A, and a battery with zero internal resistance are connected as shown above.
Connecting another lamp in parallel with the first lamp as shown by the dashed lines would
(A) increase the ammeter reading (B) decrease the ammeter reading
(C) increase the voltmeter reading (D) decrease the voltmeter reading
(E) produce no change in either meter reading

Questions 27-28 relate to the five incomplete circuits below composed of resistors R, all of equal resistance, and
capacitors C, all of equal capacitance. A battery that can be used to complete any of the circuits is available.
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27. Into which circuit should the battery be connected to obtain the greatest steady power dissipation?
(A) A (B) B ©c (D)D (E)E
28. Which circuit will retain stored energy if the battery is connected to it and then disconnected?
(A) A (B)B ©c (D)D (E)E
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29. The figure above shows a rectangular loop of wire of width I and resistance R. One end of the loop is in a
uniform magnetic field of strength B at right angles to the plane of the loop. The loop is pulled to the right at a
constant speed v. What are the magnitude and direction of the induced current in the loop?

Magnitude Direction
(A) BIVR Clockwise
(B) BIVR Counterclockwise
(C) BIVIR Clockwise
(D) BIVIR Counterclockwise
(E) O Undefined

30. A 2-kilogram block of metal with a specific heat of 100 joules per kilogram*Kelvin falls from rest through a
distance of 100 meters to the Earth's surface. If half of the potential energy lost by the fallen block is converted
to internal energy of the block, the temperature change of the block is most nearly
(A)1K (B)5K (C)10K (D)25K  (E)45K

31. The maximum efficiency of a heat engine that operates between temperatures of 1500 K in the firing chamber
and 600 K in the exhaust chamber is most nearly (A) 33% (B)40% (C)60% (D)67% (E)100%

32. An ideal gas is made up of N diatomic molecules, each of mass M. All of the following statements about this gas
are true EXCEPT:
(A) The temperature of the gas is proportional to the average translational kinetic energy of the molecules.
(B) All of the molecules have the same speed.
(C) The molecules make elastic collisions with the walls of the container.
(D) The molecules make elastic collisions with each other.
(E) The average number of collisions per unit time that the molecules make with the walls of the container
depends on the temperature of the gas.

Questions 33-34

0| ’

A thermodynamic system is taken from an initial state X along the path XYZX as shown in the PVV-diagram above.

33. For the process X—Y, AU is greater than zero and
(A)Q<0andW=0 (B)Q<0andW>0 (C)Q>0andW<0 (D)Q>0andW=0 (E)Q>0and W>0

34. For the process Y—Z, Q is greater than zero and
(A) W<0and AU=0 (B) W=0and AU<0 (C)W=0and AU>0 (D)W >0and AU=0 (E) W>0 and AU>0
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35. A small vibrating object S moves across the surface of a ripple tank producing the wave fronts shown above.
The wave fronts move with speed v. The object is traveling in what direction and with what speed relative to the
speed of the wave fronts produced?

Direction Speed
(A) To the right Equal tov
(B) To the right Less than v

(C) To the right Greater than v



(D) To the left Less than v
(E) To the left Greater than v

36. The critical angle for a transparent material in air is 30°. The index of refraction of the material is most nearly
(A)0.33 (B)050 (C)10 (D)15 (E)20
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37. An object is placed as shown in the figure above. The center of curvature C and the focal point F of the
reflecting surface are marked. As compared with the object, the image formed by the reflecting surface is
(A) erect and larger (B) erect and the same size (C) erect and smaller
(D) inverted and larger (E) inverted and smaller

38. When one uses a magnifying glass to read fine print, one uses a
(A) converging lens to produce a virtual image of the print
(B) converging lens to produce a real image of the print
(C) mirror to produce a virtual image of the print
(D) diverging lens to produce a real image of the print
(E) diverging lens to produce a virtual image of the print

39. Two point sources in a ripple tank radiate waves in phase with a constant wavelength of 0.02 meter. The
first-order interference maximum appears at 6° (use sin 6° = 0.1). The separation of the sources is most nearly
(A) 0.001 m (B) 0.002 m (C)0.06 m (D)0.1m (E)0.2m

40. A cord of fixed length and uniform density, when held between two fixed points under tension T, vibrates with a
fundamental frequency f. If the tension is doubled, the fundamental frequency is

f i
A2 ®)J2f ©Ff (D)V2 (B2

41. Which color of light emitted from an atom would be associated with the greatest change in energy of the atom?
(A)Blue (B)Green (C)Red (D) Violet (E) Yellow

Questions 42-43 relate to photoelectric effect and the five graphs below
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42. Which graph best shows the maximum kinetic energy K of the photoelectrons as a function of the frequency of
incident light?
(A) A (B)B ©c (D) D B)E

43. Which graph best shows the maximum kinetic energy K of the photoelectrons as a function of the intensity of
incident light?
(A) A (B)B ©c (D) D B)E

a4 2BU+¢n —»33n+182Ba +
The additional product of the nuclear fission reaction shown above is



45.

46.

1 92 93 93 94
A) 36Kr  (B) 38Br  (C) 36K (D) 53R () 37Rb
(A) (B) (©) (D) (E)

The deuteron mass myq is related to the neutron mass m, and the proton mass m, by which of the following
expressions?

(A)mg=m,-m, (B) mg=m,+m, (C) mg=2(my+my)

(D) mg=m, + m, - (mass equivalent to deuteron binding energy)

(E) mg = m, + m, + (mass equivalent to deuteron binding energy)

Electrons that have been accelerated from rest through a potential difference of 150 volts have a de Broglie
wavelength of approximately 1 Angstrom (10™ meter). In order to obtain electrons whose de Broglie
wavelength is 0.5 Angstrom (5 x 10" meter), what accelerating potential is required?

(A) 375V (B)75V (C)300V  (D)600V (E)22,500 V

Questions 47-49

47.

48.

49,

50.

51.

52.

53.

A 1.0-meter stick and a clock move with speed 0.8 ¢ relative to an observer.

If the stick is aligned parallel to the direction of motion, its observed length is most nearly
(A)0.6m (B)0.8m (C)1.0m (D) 1/(0.8) m (E) 1/(0.6) m

If the stick is aligned perpendicularly to the direction of motion, its observed length is most nearly
(A)O6m (B)0.8m (C)1.0m (D) 1/(0.8) m  (E) 1/(0.6) m

Compared to clocks at rest relative to the observer, the moving clock will seem to the observer to run
(A) slower, at about 0.6 times the rate of the clocks at rest

(B) slower, at about 0.8 times the rate of the clocks at rest

(C) at the same rate as the clocks at rest

(D) faster, at about 1/(0.8) times the rate of the clocks at rest

(E) faster, at about 1/(0.6) times the rate of the clocks at rest

An ideal gas confined in a box initially has pressure p. If the absolute temperature of the gas is doubled and the
volume of the box is quadrupled, the pressureis (A)p/8 (B)p/4 (C)p/2 (D)p (E)2p

A ball attached to a string is whirled around in a horizontal circle having a radius r. If the radius of the circle is
changed to 4r and the same centripetal force is applied by the string, the new speed of the ball is which of the

following?
(A) One-quarter the original speed (B) One-half the original speed
(C) The same as the original speed (D) Twice the original speed

(E) Four times the original speed

A person pushes a box across a horizontal surface at a constant speed of 0.5 meter per second. The box has a
mass of 40 kilograms, and the coefficient of sliding friction is 0.25. The power supplied to the box by the person
is (A)0.2W (B)5W (C)50W (D)100W (E) 200 W

In each of the following situations, a bar magnet is aligned along the axis of a conducting loop. The magnet and
the loop move with the indicated velocities. In which situation will the bar magnet NOT induce a current in the
conducting loop?
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54. A parallel-plate capacitor has a capacitance C,. A second parallel-plate capacitor has plates with twice the area
and twice the separation. The capacitance of the second capacitor is most nearly
(A)7C,  (B)%C, (C)C, (D)2C,  (E)4C,

55. A vibrating tuning fork sends sound waves into the air surrounding it. During the time in which the tuning fork
makes one complete vibration, the emitted wave travels
(A) one wavelength  (B) about 340 meters
(C) a distance directly proportional to the frequency of the vibration
(D) a distance directly proportional to the square root of the air density
(E) a distance inversely proportional to the square root of the pressure

56. Two planets have the same size, but different masses, and no atmospheres. Which of the following would be the
same for objects with equal mass on the surfaces of the two planets?
I. The rate at which each would fall freely
I1. The amount of mass each would balance on an equal-arm balance
I11. The amount of momentum each would acquire when given a certain impulse
(A)lonly (B)Illonly (C)landllonly (D) llandlIllonly (E)I, II,and Il

57. The five resistors shown below have the lengths and cross-sectional areas indicated and are made of material
with the same resistivity. Which has the greatest resistance?
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58. According to the Bohr model of the atom, electrons orbit the nucleus in definite orbits. According to the laws of
classical physics, this model would be impossible because
(A) the positively charged nucleus attracts the electrons (B) Coulomb's law applies
(C) accelerating electrons radiate energy (D) there is a centripetal force on the electrons
(E) angular momentum is conserved
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59. Two identical conducting spheres are charged to +2Q and -Q. respectively, and are separated by a distance d
(much greater than the radii of the spheres) as shown above. The magnitude of the force of attraction on the left
sphere is F;. After the two spheres are made to touch and then are reseparated by distance d, the magnitude of
the force on the left sphere is F,. Which of the following relationships is correct?

(A) 2F1 = F2 (B) Fl = Fz (C) Fl = 2F2 (D) F|:4F2 (E) Fl = 8 F2
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63.

64.

65.

Which of the paths above represents the path of an electron traveling without any loss of energy through a
uniform magnetic field directed into the page?
AMA (BB (©C (DD (BE

A push broom of mass m is pushed across a rough horizontal floor by a force of magnitude T directed at angle 6
as shown above. The coefficient of friction between the broom and the floor is p. The frictional force on the
broom has magnitude

(A) w(mg + TsinB) (B) w(mg-Tsin®)  (C) w(mg+ Tcose)

(D) n(mg-Tcosd)  (E) pmg
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Two capacitors are connected in parallel as shown above. A voltage V is applied to the pair. What is the ratio of
charge stored on C; to the charge stored on C,, when C, = 1.5C, ?
(A)49 (B)2/13 (C)1 (D)3/2 (E)9/4

Two long, parallel wires, fixed in space, carry currents I, and I,. The force of attraction has magnitude F. What
currents will give an attractive force of magnitude 4F?
(A) 21, and ¥4I, (B) I and ¥al, (C) %l and ¥al, (D) 21, and 21, (E) 41, and 41,

Plwatts)
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The circuit shown above left is made up of a variable resistor and a battery with negligible internal resistance. A
graph of the power P dissipated in the resistor as a function of the current I supplied by the battery is given
above right. What is the emf of the battery?

(A)0.025V (B)067V (C)25V (D)6.25V (E)40V

A body moving in the positive x direction passes the origin at time t = 0. Between t = 0 and t = 1 second, the
body has a constant speed of 24 meters per second. Att =1 second, the body is given a constant acceleration of
6 meters per second squared in the negative x direction. The position x of the body at t = 11 seconds is
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68.

69.

70.

(A)+99m  (B)+36m (C)-36m  (D)-75m  (E)-99m

A person weighing 800 newtons on Earth travels to another planet with twice the mass and twice the radius of
Earth. The person's weight on this other planet is most nearly

(A)400N  (B)800/V2 N (C)800N (D)800V2 N (E)1,600 N

View of Track from Above
A racing car is moving around the circular track of radius 300 meters shown above. At the instant when the car's
velocity is directed due east, its acceleration is directed due south and has a magnitude of 3 meters per second
squared. When viewed from above, the car is moving

(A) clockwise at 30 m/s ( B) clockwise at 10 m/ s (C) counterclockwise at 30 m/ s
(D) counterclockwise at 10 m/s (E) with constant velocity
Temperature
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Heat is added at a constant rate to a sample of pure substance that is initially a solid at temperature T,. The
temperature of the sample as a function of time is shown in the graph above. From the graph, one can conclude
that the

(A) substance sublimes directly from the solid phase to the vapor phase

(B) melting point is T,

(C) specific heat is greater for the liquid phase than for the solid phase

(D) heat of fusion and heat of vaporization are equal

(E) specific heat of the solid increases linearly with temperature

An illuminated object is placed 0.30 meter from a lens whose focal length is -0.15 meter. The image is
(A) inverted, real, and 0.30 meter from the lens on the opposite side from the object

(B) upright, virtual, and 0.30 meter from the lens on the opposite side from the object

(C) upright, real, and 0.10 meter from the lens on the same side as the object

(D) upright, virtual, and 0.10 meter from the lens on the same side as the object

(E) inverted, real, and 0.10 meter from the lens on the same side as the object

0 . s lonization State
leV

JeV
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10eV

14eV Ground State

The energy level diagram above is for a hypothetical atom. A gas of these atoms initially in the ground state is
irradiated with photons having a continuous range of energies between 7 and 10 electron volts. One would
expect photons of which of the following energies to be emitted from the gas?

(A) 1, 2,and 3 eV only (B) 4,5,and 9 eV only

(©) 1, 3,5,and 10 eV only (D) 1,5,7,and 10 eV only



(E) Since the original photons have a range of energies, one would expect a range of emitted photons with no
particular energies.



