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Important:

1.

Answer all questions and problem:s.

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

i) 4 Questions

ii) 7 Short Problems

iii) 3 Long Problems.

No solution = no points.

Use SI units.

Check the correct answer for each question.

Assume g =10 m/s2.

Mobiles are strictly prohibited during the exam.

Programmable calculators, which can store equations, are not allowed.
Please write down your final answer in the box shown in each problem.
0 Cheating incidents will be processed according to the university rules.
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Part I: Questions (Choose the correct answer, one point each)

Q1. The graph shows (v versus t) for a car moving along a straight line. The average acceleration of the car

fromt=0stot=20sis:

V(m/s)
* +1.0m/s? 20
@ —1.0m/s? 10—
* —1.2m/s? I 1
* +1.2m/s? 10 20 t(s)

Q2. A string is attached to the ceiling of an elevator and holds a block of 40 N weight. If
the elevator starts to accelerate downward at 2 m/s?, then the tension in the string is:
* 48N * 40N x8N  (an "

2 m/s?
(—

Q3. A box M is pulled upward at a constant speed. The pullies are  ~ f
massless and the cords are light. If Ta, Tsand Tcare the tensions in
the cords A, B and C respectively, then

*Te=Ta=Ts C
* Tc=(Ta—Tg)
PO1c=%Ta

* Tczl/z(TA +TB)

Q4. A solid disc of radius R is free to rotate about an axis passing through the C.M. and perpendicular to the disc
as shown. Two applied forces of equal magnitude F act on the disc. The magnitude of the net torque about

this axis is
* 2RF F l
) | .
* E RF \\ . //, t F
*  Zero o

Part 11: Short Problems (3 points each)

SP1. You start driving your car at time 7:14 a.m. from a point which is 3 km west of your house. At time 7:26
a.m., your car is 15 km at 30° east of north from your house. Find the average velocity (in m/s) of your car
during this time interval in unit vector notation.

7. = —3000im
7 = (15000 sin 30°  + 15000 cos30°) m = (7500 i + 12990.4 j) m

AF = 7 — 7 = (10500 { +12990.4 /) m
G A7 _105000+129904) o
v = AT 12(60) = (14.61+18))m/s

Answer: V,, = (14.6 i + 18 )m/s
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SP2. Two balls of equal mass undergo a perfectly elastic head-on collision. If one ball’s initial speed was 2 m/s

and the other’s was 3.6 m/s in the opposite direction, what will be their speeds (in m/s) after the collision?

Vii=2m/s, V,; = -3.6m/s
sz - Vlf = Vli - Vzi == 2 - _36 = 56 m/S = sz == Vlf + 56

Vli + V2i = Vlf + sz
2-36=Vy;+ (Vi +56) = —1.6 = 2V, + 5.6

= Vi =-3.6m/s

sz = Vlf + 56 = Zm/S
VoF =2m/s

Answer: Vi = 3.6 m/s

Vop =2m/s

SP3. A bullet is fired, horizontally, toward the sea from the top of Kuwait tower that is 320 m above the sea.
The initial speed of the bullet is 250 m/s. How far from the base of the tower (d) (in m) does the bullet strike

the surface of the sea?

Ay =Vyyt—> gt? = —320=0-5¢
~t? =64 =t = 8sec.

d =250 x8=2000m

d=Ax =Vt =

Answer: d = 2000 m

SP4. A conservative force F = (31 + 4j) N is applied to move a particle from point A to point C (see the figure).

What is the work (in J) done by F? Ya
5m
D C
AF = 5i + 3§ 3m
“W =F-AF \
A B
w W= (31 +4)) - (50 +3))

=15+12=27]

Answer: W = 27]
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SP5. Three blocks of equal mass are approaching the origin as they slide on a frictionless air table. The initial

velocities of block A and block B are given in the figure. All blocks arrived at the origin at the same time.

They stick together and move with a speed of 1 m/s in the positive x axis. Calculate the initial velocity

(in m/s) of block C in unit vector notation. y?
R=F
‘mVA)+mV—B)+mVC)=3me) ‘(VB=6m/S
Vit Vg+ V=3V )
—5i— 6]+ V, = 31 ¢ a4

Vo = (81 + 6]) mis V/' Va=5mis
C

Answer: V; = (81 + 6] )m/s

SP6. (From SP5) Find the position vector (in m) for each block and for their center of mass (74, 7'g, ', 7o) 3 S

before the collision.

72 =15im
75 =18 m

7= (—241—18))m

Tom = =31l M

Answer: 7, = 15im

5 = 18jm
72 = (=241 — 18)) m
P = —3im

SP7. A 2 kg wheel (R = 0.6 m) is rolling without slipping on a horizontal floor at constant angular speed of

4 rad/s. Calculate the distance (d) (in m) traveled by the wheel in 3 minutes.

t=3min t=0min

A = wt = 4(180) = 720 rad @)w @)w

s = 1A = 0.6(720) = 432m -

Answer: s = 432m
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Part 111: Long Problems (5 points each)

LP1. Inthe figurem; = 6 kg, m, =4 kg and 8 = 53.1°. The system is

released from rest, and m; moves downward with constant
acceleration of 0.5m/s?. The pulley is massless and

frictionless.
a) Calculate the tension T (in N) in the cord.

mg-T =mya

T =mg—mqa

=60—-3=57N

Answer: T =57 N

b) Calculate the friction force (in N) acting on block m,.

T —mygsinf — f, = mya
57-32—f;, =2
fi =23N

Answer: f, =23 N

c) How long (in s) will it take m4to move down a distance of 9 m?

— 1 .2
Ay_Voyt_E at

=03

t?=36 t=6sec

Answer: t = 6 sec

d) What average power (in watt) is produced by friction as the block m; moves 9 m downward?

B Wr, B —fid
At At
—-23(9

= 6( ) = —34.5 watt

Answer: p = —34.5 watt
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LP2. A 4 kg block is released from rest at point A. The block slides down to pass point B which is 8 m from a

spring as shown. The block hits the spring with speed 6 m/s. The curved track is smooth and the horizontal

track is rough.

A
smooth
rough
\ 5m

koo

=t
1
]

< 8m
C

a) What is the speed (in m/s) of the block when it passes point B?

Ep = Ey4

%mVB2 =mg hy

Vg =.2ghy =10m/s

Answer: Vg =10 m/s

b) Calculate the frictional force (in N) acting on the block.

Ak = wy,

“m (V2 —VE) =—fid

~ (4)(36 — 100) = —8f;
fe=16 N

Answer: f,, =16 N

c) If the block compresses the spring to a maximum compression of 40 cm, what is the spring
constant k (in N/m)?

AK = W, + W,
0—2mVZ = —=kx? — fix
2 2
—72=—-0.08k — 6.4
0.08k = 65.6 = k =820N/m

Answer: k = 820 N/m
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LP3. Two identical uniform rings each of mass m=0.5 kg and radius R = 20 cm are connected to the center of

a uniformrod (L =1.2 mand M = 4 kg), as shown. The moments of inertia of the ring and of the rod about
their centers of mass, respectively are I ., (ring) = mR? and I, (rod) = %MLZ.

a) Calculate the moment of inertia (in kg m?) of this system if it rotates about the z-axis.
yA

4(1.2)2
12

1
I = 21ring + Iroa @
= 2(mR? + mR?) + =M L2 , >
o
= 4(0.5 x 0.2%) + ,
1

= 0.08 + 0.48 = 0.56 kg m?

Answer: [ = 0.56 kg m?

b) TwoforcesF; =3 N and F, = 2 N are applied at the ends of the rod as shown. Find the magnitude

and direction of the initial torque (in N. m ) acting on the system.

T=06F +0.6F,
=18+12=3N.m F,
out of the page l

Answer: T = 3 N.m out of the page

¢) Find the initial angular acceleration (in rad/s?) of the system.

Z_I:_Zr_3_54 d/s?
t=la sa== —0.56—.ra/s

Answer: a = 5.4 rad/s?




