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PHYSICS C
SECTION I, MECHANICS -
Time—45 minutes
35 Questyions
Directions: Each of the questions or incomplete statements below is followed by five suggested answers or completions.

Select the one that is best in each case and then fill in the corresponding oval on the answer sheet.

Note: To simplify calculations, you may use g = 10 m/ s? in all problems.

2. The velocity of a projectile at launch has a hori-

zontal component U, and a vertical component D,,.

Air resistance is negligible. When the projectile

is at the highest point of its trajectory, which of the

1. Aforce F isexerted by a broom handle on the following show the vertical and horizontal compo-
bead of the broom, which l.las amass m. The handle nents of its velocity and the vertical component of
is at an angle 8 to the horizontal, as shown-above. =

: H tan? PR
The work done by the force on the head of the its acceleration’
broom as it moves a distance d across a horizontal Vertical Horizontal Vertical
floor is Velocity Velocity Acceleration
(A) Fdsin 6 (A) v, v, 0
(B) Fdcos® (B) v, 0 0
(C) Fmcos 9 (©) 0 v, 0
D) Fm tar.l 6 (D) 0 0 2
E) Fmd sin 6 (E) 0 Uh g

GO ON TO THE NEXT PAGE |
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3. The graph above shows the velocity U as a function of time ¢ for an object moving in a straight line. Which
of the following graphs shows the corresponding displacement x as a function of time ¢ for the same time

interval?

(A) ¥

(B) x

<€ x
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4. The position of a toy locomotive moving on a

straight track along the x-axis is given by the equa-
tion x = £ — 612 + 9, where x is in meters and
¢t is in seconds. The net force on the locomotive is
equal to zero when ¢ is equal to

(A) zero
(B) 2s
(C) 3s
(D) 4s
(E) 5s

3R

i
: F~
F

. A system of two wheels fixed to each other is free

to rotate about a frictionless axis through the
common center of the wheels and perpendicular to
the page. Four forces are exerted tangentially to the
rims of the wheels, as shown above. The magnitude
of the net torque on the system about the axis is

(A) zero
B) FR
C) 2FR
(D) S5FR
(E) 14FR
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A wheel of mass M and radius -R rolls on a level
surface without slipping. If the aagular velocity of
the wheel is @, what is its linear momentum?

(A) MoR
(B) Mw*R
(C) MwR?

Mao*R?
2

(E) Zero

D)

GO ON TO THE NEXT PAGE




Questions 7-8 refer to a ball that is tossed straight up
from the surface of a small, spherical asteroid with no
atmosphere. The ball rises to a height equal to the
asteroid’s radius and then falls straight down toward
the surface of the asteroid.

7. What forces, if any, act on the ball while it is on the

way up?

(A) Only a decreasing gravitational force that acts
downward

(B) Only an increasing gravitational force that acts
downward

(C) Only a constant gravitational force that acts
downward

(D) Both a constant gravitational force that acts
downward and a decreasing force that acts
upward

(E) No forces act on the ball.

. The acceleration of the ball at the topi)f its path is

(A) atits maximum value for the ball’s flight

(B) equal to the acceleration at the surface of the
asteroid

(C) equal to one-half the acceleration at the surface
of the asteroid

(D) equal to one-fourth the acceleration at the
surface of the asteroid

(E) zero

9. The equation of motion of a simple harmonic oscil-

d*x

lator is s = ~Ox, where x is displacement and
t

t is time. The period of oscillation is

(A) 6m
®) 5
© 5
®) 2
® 2
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10.

1.

A pendulum with a period of } son Earth, where
the acceleration due to gravity is g, is taken to
another planet, where its period is 2 s. The accel-
eration due to gravity on the other planet is most
nearly

(A) g/4
(B) g/2
© ¢

(D) 2¢
(E) 4g

A satellite of mass M moves in a circular orbit of
radius R with constant speed V. True statements
about this satellite include which of the following?

I. Its angular speed is U/R.

II. Its tangential acceleration is zero.
III. The magnitude of its centripetal
acceleration is_constant,

(A) Tonly e
(B) I only

(C) Iand Il only

(D) I and U1 only

(E) LI, andIII
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12.

Force (N)
A

10

0 ; = 4’>Time (s)

~104+

The graph above shows the force on an object of

mass M as a function of time. For the time interval

0 to 4 s, the total change in the momentum of the

object is

(A) 40 kg-m/s

(B) 20 kg-m/s

(C)  0kg-m/s

(D) 20 kg-m/s

(E) indeterminable unless the mass M of the
object is known -7 i

. 2
@

Top View

. As shown in the top view above, a disc of mass m

is moving horizontally to the right with speed D on
a table with negligible friction when it collides with
a second disc of mass 2m. The second disc is
moving horizontally to the right with speed % at the
moment of impact. The two discs stick together
upon impact. The speed of the composite body

immediately after the collision is

A %
® 5
© 2
) 2
(E) 2v
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Questions 14-15
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A spring has a force constant of 100 N/m and an
unstretched length of 0.07 m. One end is attached to
a post that is free to rotate in the center of a smooth
table, as shown in the top view above. The other end
is attached to a 1 kg disc moving in uniform circular
motion on the table, which stretches the spring by
0.03 m. Friction is negligible.

14. What is the centripetal force on the disc?

(A) 03N
(B) 3N
(C) 10N
(D) 300N
(E) 1,000N

15. What is the work done on the disc by the spring
during one full circle?

(A) 0J
(B) 947
(©) 1867
(D) 3147
(E) 62817




Questions 16-17 refer to the following graph, which represents a hypothetical potential energy curve for a particle of
mass . : - -

Ulr)
A

.17/

v
~

16. If the particle is released from rest at position 1y, 17. If the potential energy function is given by

its speed at position 2r, is most nearly U(r) = br>? + ¢, where b and ¢ are constants

w0 -

’U R which of the followingmis an expression for the
A) o : AR

m force on the particle?

6U,
®B) 5 (A) %b_ 512

4U, -
© {2 (B) 3L,

3 -2

7 D) 2brV? +er

® % 2% s
E) " +er

0 TH NEXTPAGE
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18.

20.

Physics C: Mechanics Sectlonl

A frictionless pendulum of length 3 m swings with Questions 21-22 ,
an amplitude of 10°. At its maximum displacement, ’ P
the potential energy of the pendulum is 10 J. What o7
is the kinetic energy of the pendulum when its
potential energy is 5] ? , 0]
(A) 331 m
B) 51 [ —
<y 6717 S
(D) 107 ) )
(E) 1517 A block of mass m is accelerated across a rough
surface by a force of magnitude F that is exerted at
Cable an angle ¢ with the horizontal, as shown above. The
| frictional force on the block exerted by the surface has
N magnitude f. ) )
Ul 1,000 ke Elevator
21. What is the acceleration of the block?
_______ V=0
f ' F
8$m A
______________ =0 -
Fcosg- .
3 (B) —— ¢ -
. A descending elevator of mass 1,000 kg is uni-
formly decelerated to rest over a distance of 8 m (©) F-F
by a cable in which the tension is 11,000 N. The "
speed U; of the elevator at the beginning of the D) Fcos¢g - f
8 m descent is most nearly m
(A) 4m/s @) [fsing - me
(B) 10m/s m
(C) 13m/s
(D) 16 m/s 22. What is the coefficient of friction between the block
(E) 21 m/s and the surface?
f
D (A mg
PN m
N ®) “F
Mi o M : ©) mg — Fcosg
v / f
/
N // . f
T (D) mg — F cos ¢
Two identical stars, a fixed distance D apart, ¥
revolve in a circle about their mutual center of (E) g —Fsnd

mass, as shown above. Each star has mass M and
speed V. G is the universal gravitational constant.
Which of the following is a correct relationship
among these quantities?

(A) V' = GM/D
(B) v’ = GM/2D
©) v* = GM/D?
(D) v* = MGD
(B) v* =2GM?*/D

I

| GO ON TO THE NEXT PAGE
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23. This question was not counted when the exam S R

was scored. ; -
P Q
25. A figure of a dancer on a music box moves coun-
terclockwise at constant speed around the path
shown above. The path is such that the lengths of
its segments, PO, OR, RS, and SP, are equal.
Arcs QR and SP are semicircles. Which of the
o _ ' o following best represents the magnitude of the
24. Two people are initially standing still on frictionless dancer’s acceleration as a function of time ¢ during
ice. They push on each other so that one person, of one trip around the path, beginning at pint P ?
mass 120 kg, moves to the left at 2 m/s, while the
other person, of mass 80 kg, moves to the right at (A) a
3 m/s. What is the velocity of their center of mass? .
(A) Zero
(B) 0.5m/stotheleft - : 0 : - — e}
(C) 1 mys to the right S th  ty g g Ip
(D) 2.4 m/s to the left
(E) 2.5 m/s to the right ( (B)
a
0] i |
[P tQ e Iy Ip
©
\
0 , f
tP tQ Ip Z‘S Ip
™
0; A A t
Ip ZQ ZR I‘S Ip
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10 m

=71

3m

. Atarget T lies flat on the ground 3 m from the

side of a building that is 10 m tall, as shown above.
A student rolls a ball off the horizontal roof of the
building in the direction of the target. Air resistance
is negligible. The horizontal speed with which the
ball must leave the roof if it is to strike the target is
most nearly

3

(B) 2 mJ/s -
3

(D) 3 m/s

(E) IOE m/s

27. To stretch a certain nonlinear spring by an amount

x requires a force F givenby F = 40x — 6x2,
where F isin newtons and x is in meters. What
is the change in potential energy when the spring is
stretched 2 meters from its equilibrium position?

(A) 167
(B) 287
(C) 5617
(D) 647
(E) 807

. When a block slides a certain distance down an

incline, the work done by gravity is 300 J. What is
the work done by gravity if this block slides the
same distance up the incline?

(A) 30017

(B) Zero

(C) -3001

(D) It cannot be determined without knowing the
distance the block slides.

(E) It cannot be determined without knowing the
coefficient of friction.

Physics C: Mechanics [ ST

29. A particle moves in the xy-plane with coordinates

given by -~ -
x = Acoswt and y = A sinwy,

where A = 1.5 meters and @ = 2.0 radians per
second. What is the magnitude of the particle’s
acceleration?

(A) Zero
(B) 1.3 m/s?
(€ 3.0 mss’
(D) 4.5 m/s? . -

(E) 6.0m/s*

ﬂ’ll

30. For the wheel-and-axle system shown above, which
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of the following expresses the condition required
for the system to be in static equilibrium?

(A m = m,
(B) am; = bm,._
(C) am, = bm,

(D) azml = b’m,

(B) b*m = a’m,




: —_— e Questions 32-33

— -

31. An object having an initial momentum that may A wheel with rotational inertia / 1s mounted on
be represented by the vector above strikes an object a fixed, frictionless axle. The angular speed @ of
that 1s initially at rest. Which of the following sets - the wheel is increased from zero to @, inatime
of vectors may represent the momenta of the two interval T.
objects after the collision?

(A) 32. What is the average net torque on the wheel during
this time interval?
, o,
(B) — - A -
.
. , ®) % . i
- (C) = . 72
" lo?
f
©) —
D) lo;
8 . D) —
: I -
7 f
\ ® -7~
33. What is the average power input to the wheel during
(E) this time interval?
Iw
S
A -7
lw}
(B) —%
lo?
C S
© 27
D Izw/»
) 277
Fow}?
LT : E) /
e 3 277 -
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34, An objectis released from rest at time t = 0 and

falls through the air, which exerts a resistive force
such that the acceleration a of the object is given
by a = g — bv, where U is the object’s speed
and b is a constant. If limiting cases for large and
small values of ¢ are considered, which of the
following is a possible expression for the speed of
the object as an explicit function of time?

(A v=g(t-e")/b
B) v = (ge")[b

©) v =gr— b

(D) v = (g + aytfb

(E) v=0vg+ g, Up%0

STOP

35. An ideal massless spring is fixed to the wall at one

end, as shown above. A block of mass M attached
to the other end of the spring oscillates with ampli-
tude A on a frictionless, horizontal surface. The
maximum speed of the block is 1,,. The force
constant of the spring is
Mg

A
Mgy,
MU}

2A

(A)

©

D) ——

€) =

END OF SECTION I, MECHANICS

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK
ON-SECTION I, MECHANICS, ONLY.
DO NOT TURN TO ANY OTHER TEST MATERIALS.
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Chapter \ Answers to the 1998 AP Physics C Examination

B Section I: Multiple Choice Section |: Multiple Choice
@ Blank Answer Sheet _ ]
‘ Listed below are the correct answers to the multiple-
B Section II: Free Response choice questions and the percentage of AP candidates

who answered each question correctly.  +

Answer Key and Percent Answering Correctly

Correct- -~ Percent
Answer ... Correct

Dwprwsorwo0m 00 > b

*This question was not counted when the exam was scored. -
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