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Answer all questions and probléns,(No solution = no points).

Full mark = 40 points as arranged in the above table.

Give your final answer in the correct units.

Assume g =10 m/s2

Mobiles are strictly prohibited during the exam.

Programmable calculators, which can store equations, are not allowed.
Cheating incidents will be processed according to the university rules.
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Part I: Short Problems (3 points each)

SP1. A 1.5 kg object moves in the xy plane with a velocity of v = (4i — 3j) m/s. Calculate the angular
momentum of the object relative to the origin in unit vector notation, given that its position vector is
7 = (50 + 2j) m.

L=FxXp=m#xd
{ j k
TXV=|g 2 0
4 -3 0
=0i+0j + [5(=3) — (2Q)@)] %k
= —23km?/s

L=m#x%=345k kg -m?/s

SP2. Two forces act on a block of mass m. The forces are: F; = 8 N along the positive x-axisand F, = 12 N

in a direction 53° north of east. Find the mass m if the magnitude of its acceleration is 6 m/s?.

2 E =8+4+12c0s53°=152N

N y
% FE,=12sin53°=9.6 N \\’4—1—»1-; -I—)x
S

|z ﬁ| =/(152)2+ (9.6)2 = 18N

|Zﬁ IF| 18

ma =>m a 3 g

SP3. A2 kg object starts moving at t = 0 s with an initial velocity of 3 m/s along the +x-axis. If the net

force exerted on the object varies with time as shown in the figure, use the impulse momentum

theorem to find the speed of the objectat t = 8 s. F(N)
] =Ap=Area=6+24+6=36kg-m/s B | ity SRR e e
el i B i ]
m(vf — vi) =36kg-m/s
2.
Ap 3 : : : : s
Vf:vi+§:3+7:21m/s 2 4 6 8 )
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SP4. A 3 kg stone initially moving with velocity v = (Si +4j — BE) m/s, itexplodes into two pieces. After
the explosion, the first piece (m; = 2 kg) has a velocity of o, = (7i + 2j — 14k) m/s. Find the

velocity of the second piece (m, = 1 kg) after the explosion, in unit vector notation.

M‘El = ml‘l-])l + mz'l-;z
3(5i+4f — 8k) =2 (71 + 2] — 14k) + 1(,)

¥, = (151 + 12f — 24k) — (141 + 4] — 28k) = (i + 8] + 4k) m/s

SP5. A disk of radius 0.2 m is rotating with constant angular acceleration around an axis passing through
its center, as shown. It starts rotating at t = 0 s with angular velocity of 12 rad/s. After making
20 revolutions, its angular velocity becomes 40 rad/s. Find the tangential acceleration (in m/s?) of
/4
A® = 20(2m) = 125.6 rad R

( ) \ - = - .P
wf = wf +2a A9 e

point p on the disk.

40% = 122 + 2(a)(125.6)
a = 5.8rad/s?
Argn = Ra = 0.2(5.8) = 1.16 m/s?
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SP6. A 3 kg block rests on a rough horizontal surface. A variable force F(x) = 6x2 + 2, where F(x) is
measured in N and x is measured in m, starts acting on the block. The block starts from rest at the origin
and achieves a speed of 8 m/s when reaching the position x = 4 m. Find the work done on the block by

friction during this motion.

rough

F,
m />

Xf 4
Wg = f E, dx =f (6x% + 2)dx = 2x3 + 2x]¢ =136 ]
x 0

X
i

1 1
AK = Em(v]Z —v?) = E(3)(82 —-0)=96]

We, +wr, =AK = wy, = AK —wp, =96 — 136 = —40 ]

SP7. You throw a stone straight up with an initial speed of 15 m/s. It passes point A on the way up at a height
of 7 m. What is the time required for the stone to travel from point A to point B?

1
Ay = vyt — Egt2

7 = (15)t — %(10)1:2 = t, = 0.58s,t, =2.42s

At=t,—t, =184s T AI‘B

OR o.om

From the ground to point A I
15m/s

vff = vy, — 2gAy = 15> = 2(10)(7) = 85 = vy, =1£9.2m/s = T— T —

FromAtoB
vyf =y — gt

—92=92-10t >t=184s
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Part I1: Long Problems (5 points each)

LP1. Block 1 (m; = 4 kg) slides from rest along a frictionless ramp from a height of 5 m, and block 2
(m, = 6 kg) rests on a frictionless horizontal surface, as shown. The two blocks collide at the bottom of the

ramp and stick together, then they slide into a rough region (i, = 0.25) and come to a stop in distance d.

(a) Find the speed of block 1 just before the collision.

Ui +K; = Uf + Kf T frictionless ~ rough
mlgh+0=0+%m1vf sm

vy =./2gh=10m/s J

(b) Find the speed of the combined blocks immediately after the collision.
m1v1 + O = (ml + mz)vz

(H(10) =4 +6)v, > v, =4m/s

(c) What is the distance d?
Ef — E; = Wy,
1 2
0-— > (my + my)vy = —(my + my)gd

vi (4)? _
T 2ukg  2(0.25)(10) 3.2m
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LP2. An object consists of two small masses (m, = 0.2 kg and m, = 0.3 kg) joined by a massless rigid
rod of length 0.8 m, as shown. The object is pivoted about an axis through point O so that it can rotate in a

vertical circle. The object starts from rest from the horizontal position (position A).

0.8m |

(a) Find the moment of inertia of the object about the «—o04m—>! .
rotation axis (point O). Oe o @ PositionA

(horizontal)

I = myr? + myrf = 0.2(0.4%) + 0.3(0.82)
= 0.224 kg - m?

O
Position B
(vertical)

(b) Find the angular speed of the object at the vertical position (position B).

Ei = Ef
L,
mygy:, + mygy,, =5lwsy

2

0.2(10)(0.4) + 0.3(10)(0.8) = %(0.224)0)]% = w; =5.35rad/s

(c) If v4 is the speed of m, and v, is the speed of m, at the vertical position, then:

* v =, * v >, C*)v1<v2

(d) As the object rotates from the horizontal to the vertical position, the angular acceleration will

* increase @decrease * remain constant
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LP3. Two blocks (m; = 2 kg and m,) are connected by a massless string over a pulley (R = 0.25 m,
[ =0.05 kg -m?), as shown. Block 1 slides to the right on a frictionless horizontal surface with
acceleration of a = 4 m/s? and block 2 slides down a frictionless incline.

(a) Find the angular acceleration of the pulley.

a
—_—
. MR
_ atan _ 4 _ 2 ml . T
a = R — 025 16 rad/s ; \\ L
60° /

(b) Find the tensions (T;and T5) in the string.

To find T4
T1 - mla = 8 N

Tofind T,
Ia +T;R  0.05(16) + 8(0.25)

— = —1 = = .
T,R—T,R = la T, B 035 112N
(c) Find the mass of block 2.
: T,
m,gsin(30°) — T, =mya = m, = =24kg

gsin(60°) —a
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Part I111: Questions (Choose the correct answer, one point each)

Q1. When a man exerts a force of magnitude (F) to push a box of mass (m) on a rough horizontal surface,

the box, exerts a force of magnitude (P) on the man's hand. If the man and the box move with a constant

acceleration of magnitude (a), then

.

)

*F=P+ma-f
*F=P+ma

*F=P+ma+fy

QrF=r

ez

Q2. A disk is rotating at a constant angular acceleration about a fixed axis. Initially, it rotates clockwise,

then it changes its direction of rotation to be counterclockwise. The graph which describes the object’s
angular velocity (w) is:

w w @ w

t / t t
* @ * *

Q3. Three horizontal forces of equal magnitude are applied to a massless rod of length L, which is free to
rotate about a vertical axis passing through point O, as shown. The magnitude of the net torque on the

rod equals

* LF Q Lr " —F
(o) IF

* ZF « 2p

Q4. Two blocks (m; > m,) slide from rest on two frictionless slides, as shown. Both slides have the same

height h. At the slides’ end, the speed of block 1 is v; and the speed of block 2 is v,. Which of the following

my
ek T
v > v, h ’ll

s __
®V1=Vz

*  The relation between v, and v, depends on the curvature of the curved slide.

is correct? m,



