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Part I: Questions (Choose the correct answer, one point each)

Q1. A particle moves along the positive x-axis and slows down at a rate of 1 m/s?. The graph which correctly
represents its velocity is:

5 10 (s)

5 10¢s) v

: O) * :

Q2. A block is moving at a constant velocity due north. What can you conclude?

v, (m/s) '

v, (m/s)

* There is just one force acting on the block toward the north.
@The net force on the block is zero.
* The net force on the block is due north.

* There are only two non-equal forces acting on the block.

Q3. Two carts (A and B) with different masses, collide elastically as shown. Cart A is initially moving to the
right and cart B is initially at rest. At the instant when the separation between the carts is a minimum
during the collision, one of the following is true:

*VB = 0.

—
* j—
va=0. A (i) B
*Kp = Kg \ \ \ \

@(KA + Kg) is minimum.

Q4. Three blocks with different masses (im, > m, > m3) rest on a frictionless table. Each block is acted on by
a constant horizontal force of magnitude 10 N for 0.1 s, as shown in the figure. If J1, J2 and Js are the

impulses imparted on m1, m2 and ms, respectively, then one of the following is correct:

*Ji>]2> s RILE=10N
* >3 >]h.
F=10 N
* ]3 > ]2 > ]1' mz_
@]1 =] =3 F=10 N

Part 11: Short Problems (3 points each)

Spl. A disc of radius 0.5 m starts from rest and rotates with a constant angular acceleration of 2 rad/s? about
its center as shown in the figure. Find the magnitude of the centripetal acceleration (in m/s?) of the point A
which is at the edge of the disc when it has turned through 1.6 rad.
wf = wf + 2048

=0+ 2(2)(1.6) = 6.4 (rad/s)?

-
WA

a, = Rw? = 0.5(6.4) = 3.2 m/s?

Answer: a, = 3.2 m/s?
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SP2. A block of mass M on a rough incline is pulled by a constant force F as shown in the figure. If the block

slides down the incline at a constant speed, draw a free body diagram of this block.

SP3. One end of a 2 m cord is fixed and the other end is attached to a 0.5 kg ball. The ball swings in a vertical

circle as shown in the figure. If the speed of the ball at point A is 3 m/s, find the tension (in N) in the cord at

point A.

At point A

VZ
T—mg—mE

T=m(g+s

9
—05 (10 + E) = 725N

Answer: T =7.25N

SP4. A spring is fixed at the edge of a rough table (uk=0.3) as shown in the figure. A 2 kg block is moving with

a speed of 4 m/s toward the relaxed spring from a point which is at a distance of 1.2 m from it. If the block stops

momentarily when it has compressed the spring 0.5 m, what is the work (in J) done by the spring during this

compression.
YW = AK

1
WK+W@=O—Emﬁ
1 2
Wgs — Wmgd = — Emvi

W = pemgd — %mv2 = 0.3(2)(10)(1.7) —%(2)(4)2 = —-5.8]

Answer: Wiy = —5.8]
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SP5. A uniform rod (mr¢=2 kg, L=0.8 m) is connected to a uniform disk (maisc=3 kg, R=0.2 m), as shown in the
figure. Find the x-component of the center of mass of the system as measured from the origin

m,; = 2kg

E
x; =04 m s
m, = 3kg X, =1m
m;X; + m,X,
Xem = m; + m,
_H09430

Answer: X., = 0.76 m

SP6. A 2 kg block rests on a frictionless surface. A 50 g bullet moving at 400 m/s strikes the block and emerges

ollision?

from it with a speed of 250 m/s, as shown in the figure. What is the speed (in m/s) of the block after the
C :

Before the collision

After the collision
m;Viy, + MyVoy, = MyViy, + MpVoy,

0.05 (400) + 0 = 0.05 (250) + 2vyy,

VZXF

_0.05 (400) — 0.05(250)

2

=3.75m/s

Answer: v,y

=3.75m/s

SP7. Two blocks are connected by a light rope that passes over a pulley, as shown in the figure. The system is

released from rest and the rope does not slip on the pulley rim. If the speed of the 4 kg block is 3 m/s just before
it strikes the ground, calculate the rotational kinetic energy (in J) of the pulley at that instant

E; . E,
mEh = mgh g On v K
Kror = (my —m;) gh = (my +my) vi "/
= 2(10)(5) — 5 (6)(3)
=73]

4 kg

s
3
5
¥)
s

aa

Answer:

Krot = 73]
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Part 111: Long Problems (5 points each)

LP1. A single force (F) is acting on a 0.5 kg box. The velocity of the box is given by
v(t) = [401+ (20 — 10t)j] m/s (0 < t < 4s), where t is in seconds.

a) Find the force F (in N) in unit vector notation at t=3 s.

5=_=_10j\m/52 2(35)2(40’1\—10]\)111/5
dt v(0s) = (4014 20)) m/s
SF=F=m3 OR J = m(V¢ — V;) = 0.5(—30§) = —15jN-s
- A ~ - T _15]\
(—1079) j F=x=3-(0="5N

Answer: F = —5jN

b) Find the power (in W) which is delivered by the force F to the box at t=3 s.

~

V(3s) =401+ (20— 10(3))j = (401 — 10f) m/s

P=F V= (-5])" (401 — 10j) = +50 W

Answer: P = +50 W

c) Find the total work (in J) which is done on the box during the time interval from t=0 s to t=2s.

Iw = Ak = %m(VZ(Z s) —v2(05s))

- m\ 2
V(2's) = 401+ (20 — 20)] = 40im/s = v2(2's) = 1600 (;)
- A A\ M m 2

¥(0's) = (401+20)) 2 = v?(0's) = 2000 (:)

W = %(0.5)(1600 —2000) = —100]

Answer:XW = —100]
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LP2. A uniform rod of a length of 0.8 m and a mass of 6 kg (I, = %MLZ) lies on a horizontal frictionless

table, as shown in the figure. The rod is free to rotate about a pivot which passes through it at the point O.

Two horizontal forces are acting on the rod as shown.

a) Calculate the moment of inertia (in kg m?) of the y"‘
rod about the point O. X
|¢0.1m-] |
I, = lom + Md? I 08m —

1
= —ML? + Md? 0
M ! 1

1
= E(6)(0.8)2 + 6(0.3)% = 0.86 kg m?

Answer: I, = 0.86 kg m?

b) Find the net torque (in N - m) on the rod.

Z? = F1R1 - F2R2
=76(0.7) —60(0.1) = +47.2N-m

Answer: Xt =+47.2N'm

c) Find the magnitude of the initial angular acceleration (in rad/s?) of the rod.

||
1Zt| = Ila| = |«f =
la| = 222 = 54.9 rad/s?
0.86

Answer: |a| = 54.9 rad/s?
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LP3: A cannon of mass M = 200 kg rests on the top of a vertical cliff fires a 10 kg cannon ball horizontally at a

speed of 80 m/s, as shown in the figure.
a) Find the recoil speed (in m/s) of the cannon.

myViy, + MpVay, = MyVig, + MpVoy,

0+ 0 = 200 vy, + 10 (80)

—-800
Vi,.=——=—-4m/s
1x¢ 200 /

= |V1Xf| = 4m/s

Answer: |vyy | = 4m/s

b) If the cannon slides back and stops 0.8 s after firing the cannon ball. Assuming a constant friction force, find
the distance (xc) (in m) which is travelled by the cannon.

Vye = Vx, +axt
0=4+a,(08) = a, = —5m/s?
Vi = Vi + 2a,Ax

0=(4)?+2(-5)Ax = x.=Ax=16m

Answer: x. = 1.6 m

¢) Find the horizontal distance (xo) (in m) which is travelled by the cannon ball before it hits the ground.

Ay = —12.8m

1
Ay = Vyt—= gt?
—12.8 = 0 — 5t2

t = /ﬁ=1.6s
5

Xp = Ax = V, .t = 80 (1.6)=128 m

Answer: x, =128 m




