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Part I: Short Problems (3 points each)

SP1. The position of a particle moving along the x-axis is given by x = 4 + 24t — 3t?, where x is in meters

and t is in seconds. Find the average acceleration of the particle betweent = 1sand t = 3 s.

dx
v, (1) :E: 24 — 6t

(t=1s)=24—-6(1)=18m/s
1 (t=3s)=24—-6(3)=6m/s

Uxf — Uy, 6—18 2
Aav-x = t = > =—6m/s

SP2. A stone is thrown from the edge of a cliff with a speed of 5m/s at an angle of 53.1° above the

horizontal, as shown. With what velocity in unit vector notation does the stone hit the ground?

Uy, = ;€05 53.1° =3 m/s

vy, = v;sin53.1° =4m/s
Ax=vx.t$t=A—x=é=25

' vy, 3
Uy, =y, —gt=4- 10(2) = —16m/s
vy = (31 — 16j) m/s

SP3. A particle of mass 4 kg moves along the x-axis under the influence of a net conservative force. The
potential energy is given by U(x) = x* — 3x? + 5, where x is in meters and U is in Joules. Find the

acceleration of the particle at x = 1 m.

du
E, = = —(4x3 — 6x) = —4x3 + 6x

Fix=1m) = —4(1)3+6(1) =2 N

a, = Ex = 0.5m/s?
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SP4. A box of mass 20 kg starts from rest at point A and slides down on a rough surface. The work
done by friction on the box between point A and point B is —350 J. Find the box’s speed at point B.

EB - EA = Wf

1 2
EmvB —mgys = wy,

k

%(20)173 — 20 (10)(3) = =350

vg=5m/s

SP5. A stone of mass M is moving with velocity v = (41 + 6j) m/s explodes into two parts (A and B) each
of mass M /2. The velocity of stone A is v, = (5 — 3f) m/s, find the velocity of stone B in unit vector

notation.

Yho= )
M

MUV =—v,+—7V
2 4T 7B

Bs = 20 — B, = (8i + 12§) — (51 — 3)) = (31 + 15)) m/s
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SP6. Three forces of magnitudes, F; = 50 N, F, = 80 N, and F; = 140 N, act on a uniform rod of length
1.2 m, as shown. Find the net torque due to these forces about a vertical axis passing through point O.

The rod and the three forces lie in the plane of the page.

| 0.6m | 06m —
z 2 = 47,F, sin 90° + (0) — r3F; sin 30°

7 = 4+(0.6)(50)(1) — (0.6)(140)sin30° =—12kN-m

SP7. A light cord is wrapped around a pulley (M =2 kg,R =20 cm, I = %MRZ) and connected to a block

of mass m = 3 kg, as shown. The block is released from rest at point A and slides down a frictionless

incline. Find the speed of the block at point B.

EA = EB ;
1 ) 1 5 '
mgya = EmUB + EIwB
M
mg(0.8sin30°) = 1mvz + l(lMRZ)(v_B)Z 05“\
g . - 2 B 2 2 R /
X \30"

11
0.4 mg = (Em +ZM)UB

0.4mg
vp = |[T——
-m+-M

—— =2.45m/s
2 4
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Part I1: Long Problems (5 points each)

LP1. Three blocks of wood (m, =5 kg,m, =9 kg,m; = 6 kg) are in contact on a rough horizontal

surface (u; = 0.4). A horizontal force F = 120 N is applied on m;.

a) Find the acceleration of the system

F — wMiotar9 = Meotar@

_ F - “kMtOtalg _ 120 - 0.4‘(200) _ 2

m/s?
Mtotal 20

a

b) Find the magnitude of the force exerted on block 3 by block 2 (F,3).

for block 3:
Fy3 — ppmzg = mza

Fy3 = wymsg + msza = (0.4)(60) + 6(2) =36 N

¢) Find the magnitude of the net force on m.

ZFonm3 =mza=12N

OR

> Fanmy = Fas — temag = 36 = (0.)(6)(10) = 12 N
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LP2. A system of two particles connected to a rod of length 0.5 m is rotating about the y-axis, as shown.
The moment of inertia of the system about y-axis is Isystem = 0.1 kg - m?. The angular position of

the system is given by 6(t) = 2.5t% — 5t3, where 6 is in radians and ¢ is in seconds.

a) Find the rotational kinetic energy of the system att = 2 s. y
.
do
w(t) = — = 5t — 15¢t2 x=-03m x=0.2m
dt
w(t = 25) = 5(2) — 15(2%) = =50 rad/s Q 0| O_}
0.1kg

0.2kg

1 2 1 2
Kot = Elsystemw = 5(0'1)(50 ) =125]

b) Find the net torque of the system about y-axis at t = 2 s.

a(t)=—(:=5—30t
a(t = 2s) =5—30(2) = =55 rad/s?

d
d

?=Ila=0.1(=55=-55jN'm

¢) Find the moment of inertia of the rod.

— 2
Isystem = lyoa T Z m;r;

= lroa = lsystem — Z m;r# = 0.1 —[0.2(0.3%) + 0.1(0.22)] = 0.078 kg - m?
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LP3. A bullet of mass m = 50 g moves at a speed of 100 m/s makes a completely inelastic collision with

a pendulum bob of mass M = 0.45 kg. The bob is suspended by a light rope of length [ = 1.2 m. After the

impact, the bob swings through a vertical circle.

a) Find the speed of the bob immediately after the impact. °
mv,, + Mvzi = (m+ M)v, Before collision €
0.05(100) + 0.45(0) = 0.5 v, m
0.05(100) =—>— —
vy=———=10m/s 100 m/s
0.5 A

P — ~ \
¥ \
\
\
Immediately ® I
b) Find the speed of the bob at point B. after collision /
€ /
/7
E, =Ep e;/)
1 1
5 (m+ M)v3 = = (m + M)v} + (m + M)g(2) A

Vg = /vj —4gl = /102 — 4(10)(1.2) = 7.2 m/s

¢) Find the tension in the rope at point B.

atB:
T+ (m+M)g = (m+M)(D)

T=m+M)(2-g)=167N
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Part I111: Questions (Choose the correct answer, one point each)

Q1. A block of mass m is held in place on a frictionless incline by a horizontal cable with tension T, as
shown. What is the tension in the cable?
*T=mgsinb
* T =mgcosf
*T=mg
C*) T =mgtanb

Q2. Three blocks are connected as shown. The ropes and pulleys are of negligible mass. When released,
block C moves downward, block B moves up the ramp, and block A moves to the right. The work
done by gravity is

* Positive on all the blocks.

* Negative on all the blocks. s .
$ 8|

@ Zero on block A, negative on block B, positive on block C.

N6

* Zero on block A, positive on block B, negative on block C.

Q3. The position-time graph of an object traveling along the x-axis is shown in the figure. The average
acceleration between t = 1 s (point A) and t = 3 s (point B) is

x(m)
@ Zero
A
s -
* positive 6
* negative 41
- 2 B
* cannot be determined
1 2 3 4 ¢(s)

Q4. A disk is rotating with constant angular acceleration. It changes its direction of rotation from

clockwise to counter-clockwise. Which of the following graphs describes its angular velocity?

e

t
t
¢ / .




