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PHYSICS C: MECHANICS
SECTIONI
Time-—45 minutes
35 Questions

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 = 10m/ s inall problems.

Questions 1-2 . 3. All of the following are units of power EXCEPT [

Starting from rest, a vehicle accelerates on a (&) watts

i
) B) joul :
straight level road at the rate of 4.0 m/s? for 5.0 5. Ecg i?:czsoﬁcijig(;ng second é%;{%ﬁ‘ﬁ‘ A
' - Nie. o

(D)_newton meters per second j

1. ‘What is the speed of the vehicle at the end of this OE) Kilogram meters per secon:ci’

. I3 {? . - H
;{;[me interval? U,,,, o “ % 4. A dart gun is used to fire two rubber darts with I
(A) (1)3]/111/3 L= G different but unknown masses, M; and 3. :

%
|
- !7/[ 5 /) dart, but its magnitude F is unknown. The J

...... . The gun exerts the same constant force on each s
Dy 80w/ ‘
EE)) 100 m; 20 m !, magnitudes of the accelerations of both darts, g i
- 23 and a,, respectively, are measured. Which of the G
2. What is the total distance the vehicle travels following can be determined from these data?
. . . ' 9 : LL
during this time interval? (A) F only g
(A) 10m y

“® . :

2z (B) M, and M, only ¥

®0m M=yt rlal (C) The ratio of M, aod M, only | f
g L 2 i

Eg% ig m 7and the Tatio of "M andM, only i{
m 1
D) 40m / 2 E) F, M;,and M, f
= 5 (7)5)
o
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5. An object is thrown vertically upward in a region
where g is constant and air resistance is
negligible. Its speed is recorded from the moment
it leaves the thrower’s hand until it reaches its
maximum height. Which of the following graphs
best represents the object’s speed v versus
time t ?
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Physics C: Mechanics

6. If air resistance is negligible, the speed of a 2 kg

sphere that falls from rest through a vertical
displacement of 0.2 m is most nearly

s 77 L 2 AE)L)

(©) 3ms
(D) 4 m/s
(E) 5m/s

U=
oy

7. A person holds a portable fire extinguisher that

ejects 1.0 kg of water per second horizontally at

a speed of 6.0 m/s. What horizontal force in
newtons must the person exert on the extinguisher
in order to prevent it from accelerating?

A) _ON
{(B) 6N F;_méE :zgilf":j((émi%)ﬁ éN
Sy AE S

(E) 36N

8. A disk is free to rotate about an axis perpendicular

to the disk through its center. If the disk starts

from rest and accelerates uniformly at the rate
of 3 radians/s” for 4 s, its angular displacement
during this time is o
(A) ©Oradians /I; 2.
(B)-- 12 radians A@ = %)né 4 E é?{é
(C)_18 radians 2&

{D) 24 radians D 7
By 4% fadians o | (3)(436) :
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Physics C: Mechanics

Questions 9-10

A 2 kg mass connected to a spring oscillates on a
horizontal, frictionless surface with simple harmonic
motion of amplitude 0.4 m. The spring constant is ‘
50 N/m.

9. The period of this motion is

(A} 004z s
(B)OOSﬂ: s

wrm

) 08rs e ,Z’Eg 2T
(B) 1.267s =

z,%

«Zf“”
,5
AT

10. The maximum velocity cccurs where the

(A) potential energy is a maximum

(B) "kinetic energy is a minimum

(C)- displacement from equilibrium is equal to
the amplitude of 0.4 meter

(D) displacement from equilibrium is half the
amplitnde

(E) dlsplacement from equilibrium is equf)
to zero

i
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11. A student is asked to determine the mass of
Jupiter. Knowing which of the following about
Jupiter and one of its moons will allow the
determination to be made?

1. The time it takes for Jupiter to orbit the Sun
II. The time it takes for the moon to orbit
Jupiter
1. The average distance between the moon and
Jupiter

(A) T only
(B) Il only
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/. Physics C: Mechanics

Surface

,f‘“ W%f)
) G S O
Top View 14. An &biect of mass m moves with acceleration g
down a frictionless incline that makes an angle
12. A disk sliding on a horizontal surface that has with the horizontal, as shown above. If N is the
negligible friction collides with a rod that is free normal force exerted by the plane on the block,
to move and rotate on the surface, as shown in the which of the following is correct?
top view above. Which of the following guantities !
must be the same for the disk-rod System before . o (A) N =myg
and after the collision? H[S&‘M (BY N =ma

1. Linear momentum l 4 Vf : égyw&g ; oé;&’{f @5 (C) a =mgsinb

11. Angular momentum " o ues C:%;w& w
HI. Kinetic energy . - - @ (E) a = mgcos8

(A) T only Dty {;W g&m% a3 S
(B) I only Collia St 15. A disc of mass m slides with nqghglble fnct}on
ﬁm “along a flat surface with a velocity v . The disc
(D) ITand 11T only strikes a wall head-on and bounces back in the
() 1,11, and I opposite direction with a kinetic energy one-
fourth of its initial kinetic energy. What is the /f
final velocity of the disc? )
3 . Voot 1V
v (mis) (A) v/4 Ow? é mUs"
4d a1 - (B) v/2 - .
T © - | g‘:

e
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13. The velocity v of an elevator moving upward ﬁ‘f
between adjacent floors is shown as a function

of time ¢ in the graph above. At which of the ' ) ] /"’ﬁ"% "i} :
following times is the force exerted by the K é M % s 7 o
elevator floor on a passenger the least? 7 ‘

OEH F [ v
8. ot flooy = g PR
©) 4s ' &ﬁ prssengey N W y

&«M = Mo + 1§
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Physics C: Mechanics

Questions 16-18

The following pairs of equations show how the
x- and y-coordinates of a particle vary with time 7.
In the equations, A, B, and @ are nonzero constants.
Choose the pair of equations that best answers each
of the following questions. A choice may be used
once, more than once, or not at all.

19. A skier slides at constant speed down a slope
(A) x = Acosot inclined at an angle ¢ to the horizontal, as

y = Asinot ‘ shown above. If air resistance is negligible, the
coefficient of friction u between the skis and

= 4
(B) x=Acosw the snow is eqgual to

y = 2Acos@f » o :
1 e S - ) ;'N.A", , Pey & gy
- o G Sl = LA R CRS 8
© ;z Bt | B g WB S j yhg s e
D) x= A | )
E _ 2 égﬁ{&#
y =Bt iy

(B) x = At - Gondt
y:BIZ é/U(‘: .::’ f@- %

16. Which pair of equations can describe the ijat_ of a T |

particle moving with zero acceleration? {:; ‘ 20. A 2000 kg car, initially at rest, is accelerated :

along a horizontal roadway at 3 m/s?, What is 31'

17. Which pair of equations can describe the path the average power required to bring the car to |

of a particle moving with an acceleration that is a final speed of 20 m/s? i

perpendicular to the velocity of the particle at 3 )

t =0 and remains constant in magnitade and (A) 6x10°W g

direction?(g) ;{5 fwacr —=2 4 o (B) 2 x 10* W ]

— = Quadvedie &E @ 55 (€) 3x10°W |

18. Which pair of quggions can describe the path (D)L Ax 10°W, .

of a particle that moves with a constant speed . {(”E) 6x10*W } !
and with a nonzero acceleration that is constant Y

in magnitude? . e .,# A Qé“'
A=l veentt a3
wew ey o Fwen " =20

Zwsw@) Q, ’

= Qw0 () - 64,2°
ég .
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Section I
Cé}n | ;
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-(i%mgri o’ffﬂ ' kv
; Mass o
Ce;&fter (S,y_s_;tem
| F
! e ! 22. The object of mass m shown above is dropped .~
_ . . from rest near Earth’s surface and experiences-a
21. A person is standing at one eﬂd_f’f a uniform raft resistive force of magnitude kv, where v-is the
of length L that is floating motionless on water, speed of the object and £ is a constant. Which
as shown above. The center of mass of the person- of the following expressions can be used to find
raft system is a distance d from the center of the v as a function of time ¢ ? (Assume that the

raft. The person then walks to the other end of the
raft. If friction between the raft and the water is
negligible, how far does the raft move relative to

direction of the gravitational force is positive.)

| ggiﬁw&%ﬁ,@? ® wVVléE[‘

the water? _ j
N {?M 95 ngg%é@m 46
2 R R |
®) L dees mot wehe Mj*’ v = mde
& f . &%:
©) .fzi e é}myi“ peioYe s My J@%
(D) d

R

/(B) 24

v t
D) J(mg - kv) dv = j-m dt
0 0

T r
E) I(mg —~ kv) dt = _[m dv
g 0
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Physics C: Mechanics

Questions 23-24

A solid cylinder of mass m and radius R has a
string wound around it. A person holding the string
pulls it vertically upward, as shown above, such that
the cylinder is suspended in midair for a brief time
interval At and its center of mass does not move.
The tension in the string is 7, and the rotational

inertia of the cylinder about its axis is %ml'\’2 .

23, The net force on the cylinder during the time
interval Ar is

AT
(B) mg

T—mgR
© e 5{,{5 p@mi@@ﬁ Mean 3

D) ngT 7

24. The ear acceleration of the person’s hand
during the time interval At is

T—mg

) TR = T

(E) zero "

Unauthorized copying of reuse of
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Section 1

25. A figure skater goes into a spin with arms fully
extended. Which of the following describes
the changes in the rotational kinetic energy and
angular momentum of the skater as the skater’s
arms are brought toward the body?

Rotational
Kinetic Energy Angular Momentum

(A) Remains the same  Increases
(B).Remains the same .. Remains the same
/(C) Increases Remains the same
(D) Decreases ~ Increases
(E) Decreases Remains the same

26. Objects 1 and 2 have the same momentum.
Object 1 can have more kinetic energy than
object 2 if, compared with object 2, it

(A) has more mass - : MU, = g, U

(B) has the same mass
(C) is movmg at the same speed

) is moving slower / 2
éﬁ) is moving faster Sf’ﬁ’?{:ﬁ: %f = wﬁ? &

27. A 5 kg object is propelled from rest at time 7=0
by anet force F that always acts in the same
direction. The magnitude of F in newtons is
given as a functon of 7 in seconds by F = 0.5¢.
What.is the speed of the object at t 487

D) 4.0 m/s
(E) 8.0m/s
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Top View
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Physics C: Mechanics

£ ned affer collision,

28. Two balls with masses m and 2m approach each other with equal speeds v on a horizontal frictionless table, as
shown in the top view above. Which of the following shows possible velocities of the balls for a time soon after

the balls collide? : Lrm———

(A) i ' (B)
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Physics C: Mechanics

Section [

29. A projectile is launched from level ground with an _ ' H
- initial speed v, atan angle & with the horizontal. Tabletop A 5
If air resistance is negligible, how long will the P pans F »@
projectile remain in the air? _ / P L
(A) 2v/g ZW:%%Smgéwfﬁé
(B) 2v,cos8/g s e o s
2. Three identical disks are initially atreston a

(C) vgcosbg O = ‘é’ ( U; SiNG wjﬁﬁj frictionless, horizontal table with their edges
7 0 '

(D) vysind/g touching to form a triangle, as shown in the top

S L OV view above. An explosion occurs within the
1 ,, oy - © 208 ﬁ:ﬁ 0 triangle, propelling the disks horizontally along
‘ f - VoS! @// g the surface. Which of the following diagrams
30, One end of a string is fixed. An object attache shows a possible position of the disks at a later
to the other end moves on a horizontal plane time? (In%ﬁ'é”s”é“&iagmms, the triangle is shown in
with uniform circutar motion of radus R and its original position.)

frequency f. The tension in the string is F,.

If both the radius and frequency are doubled, the
tension is

(A)
' 7 ‘ 2
®) %F; E =W} (&fﬁ-’?ﬁﬁfi} Vo = @gﬁf\{ :

(© 2F

OF

OV gt r £ °
o %j &y z 2)
frw20d) = mirirf

=y

31. An object of unknown mass is initially at rest and {O)
dropped from a height /. It reaches the ground
with a velocity v. The same object is then raised
again to the same height £ but this time is thrown

downward with velocity v;. It now reaches the
ground with a new velocity v,. How is v,
related to v 7

(A) v, =v,/2
B) v, =1
27 ! 2
creD S o
(E) 1)2 =4; ‘/' / o 2, _ Iem* . . ‘ W\W mw (X
2o ﬁg = Y, = F ARG -‘f’?&@éﬂf?@gvf@ |
/z o | Lt B | ) @t Y, Stim

é{g =2 vV, | N 2 e do

' ] j%g;é

- (D)
= L t
Wéﬁh ,Z,m i

§
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Section I

33. The figure above represents satellites S, and S5 of
equal mass orbiting Earth in circles of radii 2R,
and 3R, , respectively, where R, is the radius of
Eaith. How do the kinetic energy and the angular

) momentum of S; compare with those of 5, ? mr 2 L) = Z e
Kinetic Energy Angular Momentum ~ ;-:
K(A) Less for S, Greater for Sy E
(B) Greater for S, Greater for S, L el v ¢ N
 (C) The same for both The same for both
D) Lessfor S Lessfor S
((E}) Greater fOi' S, Less for Sj . W A g?

oo L o I M
WW‘@
]/ & r?

L3504
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Physics C: Mechanics

Section 1

34. A caris traveling along a straight, level road when it runs out of gas at time ¢ = (. From this time on, the net
force on the car is a resistive force of —kv, where v is velocity and k is a constant. Which of the following pairs
of graphs best represents the speed v and position x of the car as functions of time after ¢t =07

(A) v x

A 'y
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35. A block of mass m is placed against the inner
wall of a hollow cylinder of radius R that rotates
about a vertical axis with a constant angular
velocity @, as shown above. In order for friction
to prevent the mass from sliding down the wall,
the coefficient of stafic friction ¢ between the

mass and the wall must satisfy which of the -
* following inequalities? M iLM

nx—5

© uzt= e

D) ps——

(E) p<-——

STOP
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