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Q1.
A car, of mass 2300 kg, reaches a speed of 29.0 m/s in 6.10 s starting from rest. What
is the average power used by the engine during the period of acceleration?

A) 159 kW

B) 52.3 kW

C) 267 kW

D) 352 kW

E) zero
Ans.

0
1 2

W mvf 2300 x (29)?
Py =—= =

=—= = = 159 kW
Y9 At 2At 2x6.10

Q2.
Two masses M1 and mp = 2y start from rest from the same height from the top of two
frictionless inclines of angles 30° and 60° (see Figure 1). When the masses reach the
bottom of the inclines:

Figure 1
A) Both masses are moving with
the same speed. m m/
B) mu moves faster than me. s
C) mz moves faster than m. 1m
D) Both masses have the same 30° 60°

kinetic energy.
E) mu has more kinetic energy than mp.
0
AK + AUy = Wyt

Ans.

AK = —AU,

1
Emv2 = —(—mgh)

=v=,/2gh

Independent of mass
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Q3.
A 500 kg elevator is pulled upward with a constant force of 5500 N for a distance of 50
m. What is the net work done on the elevator by all forces acting on it?

A) +3.0% 10%]
B) —5.2x10]
C) —3.6 x 1057
D) +2.1 x10%J
E) + 1.7 x 10*]

Ans:
Wr = 5500 X 50 = 275 x 103 ]
W, = =500 x 9.8 x 50 = —245 x 103 ]
Whet = Wr + W, = 430 x 10°] = + 3.0 x 10*]
Q4.
A simple pendulum is 1.30 m long. The mass at its end is pulled to one side until the
pendulum makes an angle of 29.0° with the vertical and then released from rest. If the
kinetic energy of the mass at the lowest point of its motion is 0.360 J, what is the value
of the mass?
A) 0.225 kg
B) 0.106 kg
C) 0.140 kg
D) 0.980 kg
E) zero
Ans:

Take the lowest point as the reference of gravitational potential energy.
Ui + &-/L Ur +/K? {i — release; f — lowest point)
mgh = K = mgL (1 — cos8;) = K;

~ K; ~ 0.36
M= GL(1 = cosh;) 9.8 x 1.3 x (1 — cos 299)

= 0.225 kg
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Q5.
A ball falls from the top of a building to the floor. At the moment when it is 0.70 m
above the floor, its gravitational potential energy equals its kinetic energy. What is the
speed of the ball at that moment? Take the floor as the reference of gravitational
potential energy.
A) 3.7m/s
B) 6.9 m/s
C) 9.8 m/s
D) 14 m/s
E) zero
Ans:
U, =mgh
9 1
- K — 242
e Ll oUs= K:jhgh o
v=2gh=V2Xx98x07=37m/s
Q6.
A block slides along the track shown in Figure 2. The curved portion of the track is
frictionless, but for the horizontal part the coefficient of kinetic friction is 0.40. The
block is released from rest from a height of 2.0 m above the horizontal part of the track.
Find the distance d that the block moves on the horizontal part before it stops. Treat the
block as a particle.
Figure 2
A) 5.0 m at rest
B) 0.80 m N frictionless
C) 24 m )\ et
D) 7.5 m 2m atres
E) 1.5 m LL ~ < d —F
Ans: T Jy(p‘;‘;\_a{s“y‘)c:ct"(} <<<<<<<<<<<< £
= 04

0
AU, + }yﬂ' = W,,

~mgh = Wy = —f,

mgh = y,mg -d
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Q7.
As shown in Figure 3, a 4.0-kg block has speed 8.5 m/s at point C. Tracks CA and BD

are frictionless, but track AB (of length 7.0 m) is rough (uk = 0.35). The block runs into
and compresses a spring (K= 2400 N/m) until it momentarily stops. By what distance
is the spring compressed when the block stops?

Figure 3
A) 020m
B) 0.45m v K
C) 0.35m B — Tm —

D) 0.57 m C A / B
E) 0.15m = 0.35
Ans:
AK + AU = Wyt

0
1 2
%—Kl'l'zkd =V|/f

1 2 1 2
—Emv +§ kd* = —pmgx

1200d? = —96.04 + 1445=d =02 m

Q8.
A 6.0-kg object, initially at rest, explodes into three pieces A, B, and C. After the

explosion, A (2.0 kg) has velocity +3.01 (m/s), and B (3.0 kg) has velocity —1.03
(m/s). Find the velocity of C.

A) —6.01+3.0] (m/s)

B) +3.01+6.0] (m/s)

C) +6.01—3.0] (m/s)

D) +6.01i+3.0] (m/s)

E) +3.01—-6.0] (m/s)
Ans,

—

Pi: f

0=ﬁA+ﬁB+ﬁc

23C:—PA—P

(Do, =—-2x31)—Bx%x—-j)=-6i+3j(m/s)
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Qo.

A 0.15 kg ball, moving along a straight line, has a velocity of +201 (m/s). It collides

with a wall and rebounds with a velocity of ~10i (m/s). If the ball is in contact with
the wall for 0.005 s, what is the average force exerted by the wall on the ball?

A) 9001 (N)
B) +900i (N)
C) —3001 (N)
D) +300i (N)

E) zero
Ans:
p; = 0.15x 201 =31(N.s)
Pr=015x(=101) = —1.51(N.s)
5 AP Pr— D 1.51—31 .
Fag = 3¢ =7ac = “oo005 -~ P00
Q10.
Figure 4 shows an overhead view of four particles on which external forces act as
shown. What are the X and y components of the force acting on the fourth particle if the
center of mass of the system moves with constant velocity?
l Figure 4
A) F,=+5N,F =-2N
B) F,=+5N, F, =+8N 2 “IN
C) F,=0,F, =0 ! 1
D) F,=-5N, F,=—8N a
E) F,=-5N,F =-2N
SNe—s .
Ans: 3 4

Constant Velocity = a,,,,, =0 = ﬁnet =

ﬁnet=ﬁ1+ﬁ2+ﬁ3+ﬁ4=0
ﬁﬁ4=—(ﬁ1+ﬁ2+ﬁ3)
=—(6j—4j — 51)

=51—2§(N)
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Q11
Block 1 of mass 1 kg slides along a frictionless surface and undergoes a one
dimensional elastic collision with stationary block 2 of mass 3 kg. Before the collision,
the center of mass of the two-block system had a speed of 3 m/s. After the collision,
what is speed of block 2?
A) 6 m/s
B) 2 m/s
C) 4m/s
D) 8 m/s
E) 3m/s
Ans:
Before Collison: v,; =?, vy; =0
Vo= My Vy; + MUy
com my +m,
D) +0
3= 1—+l3:> v1i=12 m/s
. 2my 2
After Collison: v, = —— Vi = g X12=6 m/s
Q12.
The force Fx on a 5.0-kg particle varies with time as shown in Figure 5. If the particle
is initially (t = 0) moving along the X-axis with a velocity of — 3.0 m/s, find its velocity
att=28.0s.
Figure 5
A) +9.0 m/s F: (9 8
B) +5.0 m/s
C) +3.0m/s
D) — 15 m/s
E) —3.0m/s
Ans: t(s)

Ap = ] = area under (F — t) curve
1 1
= <§x2x10)+(4x10)+<z><2x10>

=10+40+10=60(N-s)

Ap = pr —pi = Ps — Po

Ps = Po + Ap

mvg = myy + Ap
Ap 60

vg=vg+ —=-3.0+—= 49.0 m/s
m 5
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Q13.
A disk, initially rotating at 42 rad/s, stops after 10 s (assume constant angular
acceleration). Through what angle does the disk turn during this time?

A) 210 rad
B) 320 rad
C) 150 rad
D) 440 rad
E) 900 rad
Ans:
2 tma=2 2 22 raqs?
%Zl—wia a—t—lo—.ra/s
1 1
0 = w;t — > X at? = (42)(10) — (E X 4.2 X 100) =420 — 210 = 210 rad
Q14.
A uniform rod, of mass 1.2 kg and length 0.80 m, is free to rotate in a vertical plane
about one end, where a force F = 5.0 N acts on the rod as shown in Figure 6. What is
the net torque on the rod about the pivot at the instant shown in the figure?
Figure6
A) 2.1 N.m, clockwise \ g
B) 2.6 N.m, counterf:lockwise § F=5N
C) 4.7 N.m, clockwise i L )
D) 7.3 N.m, clockwise \3 s e 3402
E) 7.3 N.m, counterclockwise pivot
Q M=12ke
Ans: N L=08m

1
Tg=—Exmg=—0.4><1.2><9.8=—4.70 N-m

Tp =L-F-sinf = 0.8 X5 X sin40° = + 2.57 (N - m)

Thet =Tg+ Tp = —213N'm
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Q15.

A massless string is wound around a uniform disk (see Figure 7). The disk is released
from rest with the string vertical. Find the magnitude of the acceleration of the center

of mass of the disk.

A) 6.53 m/s?
B) 3.23 m/s?
C) 8.34 m/s?
D) 1.13 m/s?
E) 9.25 m/s?
Ans:
ma=mg—T — (1)

T=1«a

1 a
IéT= EmRAZ

ma
r=5-®

Adding (1) and (2):

_ maﬁBma_
ma = mg > > =mg
2g 2
=—=-=Xx98=6. 2
a 3 3 9.8 = 6.53 m/s

Figure7
P/ T

g

7
o

S

Mg
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Q16.
A uniform rod of length 0.98 m is free to rotate in a vertical plane about a frictionless
pin through one end (point O in Figure 8). The rod is released from rest when it is in
the horizontal position. What is the angular speed of the rod at its lowest position?

Figure8
A) 5.5rad/s
B) 3.4 rad/s < L-098m —>
C) 6.8 rad/s o[ . ]
D) 4.0 rad/s =
E) 7.9 rad/s 5
Ans:
i — horizontal position P
f — vertical position 5
(0]
Conservation of mechanical energy: -
0 O
Ko+ =K + Uy
1 w? = L
y lom=~(=mg 5

3
® = Tg — 55 rad/s
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Q17.
A solid sphere, of radius R, rolls without slipping, as shown in Figure 9. As the

sphere passes point A of height H = 5.3 R, the speed of its center of mass is \/gR . If
the sphere comes momentarily to rest at point B, then the height h of point B is

A) 6R Figure9 B

B) 2R

C) 8R b

D) 9R v=yJeR

E) 10R l
Ans 0 ¥

KA+UA: %'l‘UB
K, + mgH = mgh

K4y = Kir + Krot

= mv? + = pmw?

2 2

1 1 2 v2
T S Rt il
=5 mv +/2,><51VLR2><2

= 0.7 mv? = 0.7 mgR

0.77@3 +7§H =7éh

0.7R+53R=nh
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Q18.
The torque about the origin on a particle located at (0, — 4.0, 3.0) m due to the force

F=6.01(N)is:

A) +18j+24k (N.m)

B) —18]+24k (N.m) Oi
C) —18j-24k (N.m) 7N\
D) +18j—24k (N.m) Ro<—10
E) zero
Ans:
= xF= (—4j+3k) x (61)
=24k +18j (N-m)
Q19.
A particle Q with a mass of 2.00 kg has a position vector 7(of magnitude 5.00 m) and
velocity ¥ (of magnitude 4.00 m/s) oriented as shown in Figure 10. Calculate the
angular momentum of the particle (in units of kg.m?/s) about the origin.
A y .
A) —37.6k Figure 10
B) +17.6k .
A QI(| 7"0
C) +37.6k
D) —17.6k
E) +7.68] .
Ans:

From the right-hand rule:

[ - (-k)

l=r-p-singp =rmv sing
=5X2x4xsin70°=37.6

>1=-376k
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Q20.
A man stands at the center of a frictionless rotating disk. His arms are extended and he
holds a weight in each hand. The rotational inertial of the system (man + weights +
disk) about the central axis is 6.0 kg.m?. The man pulls the weights toward himself,
reducing the rotational inertia of the system to 2.0 kg.m?, and changing the angular
speed to 3.6 rad/s. What was the initial angular speed of the system?

A) 1.2 rad/s

B) 2.5 rad/s

C) 3.6 rad/s

D) 7.2 rad/s

E) 0.36 rad/s
Ans:

Li = Lf Iiwl- = Ifwf

2
= w; = I—ia)fz gx3.6=1.2rad/s
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