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The graph above shows velocity v versus time t for an object in linear motion. Which of the following is a
possible graph of position x versus time t for this object?
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An object is dropped from rest from the top of a 400 m cliff on Earth. If air resistance is negligible, what is
the distance the object travels during the first 6 s of its fall?
(A)30m (B) 60 m (C) 120 m (D) 180 m (E) 360 m

/AT Floor

A 2 kg ball collides with the floor at an angle _and rebounds at the same angle and speed as shown above.
Which of the following vectors represents the impulse exerted on the ball by the floor?
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Three blocks of masses 3m, 2m, and m are connected to strings A, B, and C as shown above. The blocks
are pulled along a rough surface by a force of magnitude F exerted by string C. The coefficient of friction
between each block and the surface is the same. Which string must be the strongest in order not to break?
(A)A (B)B (C)C (D) They must all be the same strength.
(E) It is impossible to determine without knowing the coefficient of friction.
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Questions 5-6

Force (N)
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A block of mass 3 kg, initially at rest, is pulled along a frictionless, horizontal surface with a force
shown as a function of time t by the graph above.

5. The acceleration of the block att=2 s is
(A) 3/4 m/s® (B) 4/3 m/s’ (C) 2 mys? (D) 8 m/s” (E) 12 m/s*

6. The speed of the block att=2 s is
(A) 4/3 m/s (B) 8/3 m/s (C)4 m/s (D) 8 m/s (E) 24 m/s
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A sphere of mass M, radius r, and rotational inertia I is released from rest at the top of an inclined
plane of height h as shown above.

Questions 7-8

7. [If'the plane is frictionless, what is the speed v, of the center of mass of the sphere at the bottom of the
incline?

2Mgoh 2Mohr? 2Mohr? 2Mohr?
(A) 2eh (B Tg (@% (D) % (E) ﬁ

8. Ifthe plane has friction so that the sphere rolls without slipping, what is the speed v,,, of the center of
mass at the bottom of the incline?

2Mgoh 2Mohr? 2Mohr? 2Mohr?
(A) 2gh (B Tg (@% (D) % (E) ﬁ
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9. An object weighing 300 N is suspended by means of two cords, as shown above. The tension in the
horizontal cord is
(A)ON (B) 150N (C)210N (D) 300N (E) 400 N
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Questions 10-12

A small box is on a ramp tilted at an angle _ above the horizontal. The box may be subject to the following
forces: frictional (f) ,gravitational (mg), pulling or pushing (Fp) and normal (7). In the following free-body
diagrams for the box, the lengths of the vectors are proportional to the magnitudes of the forces.

Figure B N

Figure A N Figure C N

Figure D

10. Which figure best represents the free-body diagram for the box if it is accelerating up the ramp?
(A) Figure A (B) Figure B (C) Figure C (D) Figure D (E) Figure E

11. Which figure best represents the free-body diagram for the box if it is at rest on the ramp?
(A) Figure A (B) Figure B (C) Figure C (D) Figure D (E) Figure E

12. Which figure best represents the free-body diagram for the box if it is sliding down the ramp at
constant speed?

(A) Figure A (B) Figure B (C) Figure C (D) Figure D (E) Figure E

13. The momentum p of a moving object as a function of time ¢ is given by the expression p = kr’, where k
is a constant. The force causing this motion is given by the expression
(A) 3k’ (B) 3k£’/2 (C) ki’/3 (D) kt* (E) kt'/4

g

P

14. A spacecraft orbits Earth in a circular orbit of radius R, as shown above. When the spacecraft is at position P
shown, a short burst of the ship's engines results in a small increase in its speed. The new orbit is best
shown by the solid curve in which of the following diagrams?

(D)
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15. A student holds one end of a string in a fixed position. A ball of mass 0.2 kg attached to the other end
of the string moves in a horizontal circle of radius 0.5 m with a constant speed of 5 m/s. How much
work is done on the ball by the string during each revolution?

(A)01J B)0.57 ©1.0J D) 2nJ (E)5m]

16. A wheel of 0.5 m radius rolls without slipping on a horizontal surface. The axle of the wheel advances
at constant velocity, moving a distance of 20 m in 5 s. The angular speed of the wheel about its point of
contact on the surface is

(A) 2 radians » s (B) 4 radians+s'  (C)8radians+s' (D) 16 radians s’ (E) 32 radians » s

Board

Skater

§—-

Top View

17. A long board is free to slide on a sheet of frictionless ice. As shown in the top view above, a skater skates

to the board and hops onto one end, causing the board to slide and rotate. In this situation, which of the
following occurs?

(A) Linear momentum is converted to angular momentum.

(B) Kinetic energy is converted to angular momentum.

(C) Rotational kinetic energy is conserved.

(D) Translational kinetic energy is conserved.

(E) Linear momentum and angular momentum are both conserved.

Questions 18-19

A simple pendulum has a period of 2 s for small amplitude oscillations.

18. The length of the pendulum is most nearly
(A) 1/6 m (B) 1/4m (©)12m (D)1 m (E)2m

19. Which of the following equations could represent the angle 6 that the pendulum makes with the
vertical as a function of time ¢ ?

T
(A) O= Bpnay sin o (B) 0= Opgesin @it (C) = Opag, Sin 271t (D) 0= O sin4nt  (E) 0= Oy sin 8mt

20. Two blocks of masses M and m, with M > m, are connected by a light string. The string passes over a
frictionless pulley of negligible mass so that the blocks hang vertically. The blocks are then released
from rest. What is the acceleration of the block of mass M ?

M - M M M —
We BT © e D) e (B) e

21. For a particular nonlinear spring, the relationship between the magnitude of the applied force /" and the
resultant displacement x from equilibrium is given by the equation F = kx’. What is the amount of
work done by stretching the spring a distance x,, ?

(A) kx,’ (B) _ kx, ©) _kx,’ (D) 1/3 kx,’ (E) 1/3 kx,’
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Questions 22-23

2.0 m's
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1.5 kg $1.0 mis
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Two pucks moving on a frictionless air table are about to collide, as shown above. The 1.5 kg puck is
moving directly east at 2.0 m/s. The 4.0 kg puck is moving directly north at 1.0 m/s.

22. What is the total kinetic energy of the two-puck system before the collision?
A 7 (B)5.07 (C) 707 (D) 107 (E) 117

23. What is the magnitude of the total momentum of the two-puck system after the collision?
(A)1.0kg'm/s (B)3.5kgm/s (C)5.0kgem/s (D)7.0kgem/s (E) 5.54/5 keem/s

24. The position of an object is given by the equation x = 3.0 t* + 1.5 t + 4.5, where x is in meters and ¢ is
in seconds. What is the instantaneous acceleration of the object at = 3.0 s?
(A) 3.0 m/s” (B) 6.0 m/s’ (C) 9.0 my/s? (D) 19.5 m/s* (E) 36 m/s>

25. As shown above, two students sit at opposite ends of a boat that is initially at rest. The student in the
front throws a heavy ball to the student in the back. What is the motion of the boat at the time immedi-
ately after the ball is thrown and, later, after the ball is caught? (Assume that air and water friction are
negligible.)

Immediately
After the Throw After the Catch
(A) Boat moves forward Boat moves forward
(B) Boat moves forward Boat moves backward
(C) Boat moves forward Boat does not move
(D) Boat moves backward Boat does not move
(E) Boat moves backward Boat moves forward
m 7
Mo Friction T,

FFLy

26. Two blocks are joined by a light string that passes over the pulley shown above, which has radius R
and moment of inertia / about its center. 7; and T are the tensions in the string on either side of the
pulley and _is the angular acceleration of the pulley. Which of the following equations best describes
the pulley's rotational motion during the time the blocks accelerate?

AymgR=1_ BT +T)R=1_ (OT:R=1_ (D)((T,-T)R=1_ (E)(m:—m)gR=1_
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27. The graph above shows the force of gravity on a small mass as a function of its distance R from the
center of the Earth of radius R,, if the Earth is assumed to have a uniform density. The work done by
the force of gravity when the small mass approaches Earth from far away and is placed into a circular
orbit of radius R2 is best represented by the area under the curve between

(A)R=0andR =R,, (B)R=0and R =R, (O)R=R,andR =R,
(D)R=R,and R = (E)R=R;andR =0
o
F‘

28. A horizontal force F’ pushes a block of mass m against a vertical wall. The coefficient of friction
between the block and the wall is . What value of F'is necessary to keep the block from slipping
down the wall?

(A) mg B)_mg  (C)mg_ (D) mg(1 - ) (E) mg(1+ )

29. A mass M suspended by a spring with force constant £ has a period 7 when set into oscillation on
Earth. Its period on Mars, whose mass is about 1/9 and radius 1/2 that of Earth, is most nearly
(A 13T B)23T or D)32r (E)3T

30. A 1000 W electric motor lifts a 100 kg safe at constant velocity. The vertical distance through which
the motor can raise the safe in 10 s is most nearly
(A) Im (B)3m (©)I0m (D)32m (E) 100 m

31. A 1.0 kg mass is attached to the end of a vertical ideal spring with a force constant of 400 N/m. The
mass is set in simple harmonic motion with an amplitude of 10 cm. The speed of the 1.0 kg mass at the
equilibrium position is
(A)2m/s (B) 4 m/s (C) 20 m/s (D) 40 nv/s (E) 200 nv/s

32. A student is testing the kinematic equations for uniformly accelerated motion by measuring the time it
takes for light-weight plastic balls to fall to the floor from a height of 3 m in the lab. The student
predicts the time to fall using g as 9.80 m/s” but finds the measured time to be 35% greater. Which of
the following is the most likely cause of the large percent error?

(A) The acceleration due to gravity is 70% greater than 9.80 m/s” at this location.
(B) The acceleration due to gravity is 70% less than 9.80 m/s” at this location.
(C) Air resistance increases the downward acceleration.

(D) The acceleration of the plastic balls is not uniform.

(E) The plastic balls are not truly spherical.
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Mote: Figure not drawn o scale.

An object is thrown with velocity v from the edge of a cliff above level ground. Neglect air resistance.
In order for the object to travel a maximum horizontal distance from the cliff before hitting the ground,
the throw should be at an angle _ with respect to the horizontal of

(A) greater than 60° above the horizontal

(B) greater than 45° but less than 60° above the horizontal

(C) greater than zero but less than 45° above the horizontal

(D) zero

(E) greater than zero but less than 45° below the horizontal

A car travels forward with constant velocity. It goes over a small stone, which gets stuck in the groove
of a tire. The initial acceleration of the stone, as it leaves the surface of the road, is

(A) vertically upward (B) horizontally forward (C) horizontally backward

(D) zero (E) upward and forward, at approximately 45° fo the horizontal

35. The escape speed for a rocket at Earth's surface is v, . What would be the rocket's escape speed from the

surface of a planet with twice Earth's mass and the same radius as Earth?

(A) 2 v, (B) \/Eve (©) ve D) b (B) ve/2

V2

Copyright © 2004 by College Entrance Examination Board. All rights reserved. Posting any of these problems on the Internet is a copyright violation.
College Board, Advanced Placement Program, AP, SAT, and the acorn logo are registered trademarks of the College Entrance Examination Board.





