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Kuwait University — College of Science — Physics dept. — PHYS 101

Summer 2023/2024 (July 29, 2024)
Part I: Short Problems (3 points each)

SP1. An object has a position vector given by #(t) = [(2 + t3)i + (3 — 4t?)j] m , where t is measured in

seconds. Find the magnitude of the object's acceleration at t = 2 s.
ar

v=_-= (3t%1 —8tj) m/s

i =2 = (6t1 - 8)) m/s?

d(2s) = (6(2)t — 8)) m/s? = (121 — 8)) m/s?

la2s)| = /122 + 8% =14.4m/s?

SP2. A 15 kg block is pushed to the right along a horizontal frictionless surface by a constant force
F =120 N, as shown. Draw the free body diagram of the block and find its acceleration.

F sin 60 = ma,
120 sin 60 = 15a,,

) F
F sin 60°
a, = 6.9m/s?

F cos 60°

motion
mg

SP3. A 2 kg block is pulled across a rough inclined surface by a force F = 18 N, as shown. The block

moves up the incline with constant speed. Find the coefficient of kinetic friction between the block
and the surface.

g
"\0‘\ l
F—mgsinf—f, =0 V ¥

F —mgsinf — u,mg cos37° = 0

F-mgsin @
= ——F=10.37
Hk mg cos37°

37°
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SP4. A 2 kg block rests on a frictionless surface. A 50 g bullet moving at 400 m/s strikes the block and

emerges from it with a speed of 250 m/s, as shown. Find the speed of the block after the collision.

Before the collision After the collision
My V1, + MaVoy, = My Vix, T MaVsy, Vax,
0.05 (400) + 0 = 0.05 (250) + 2v,, ;1:00 s . =;z’so /s
0.05 (400) — 0.05(250)
=3.75m/s

SP5. Two forces, F; = 30 N and F, = 40 N, are applied on a_ massless rod with a length of L = 3m, as

shown. Calculate the net torque about point O due to these forces.

+Y

7, = +1,F; sin90° k = +(1.5)(30)k :

= +45k N.m F; i

7, = —1,F,sin120° k L, L/2_>§
= —(3)(40)sin120°k = —103.9k N.m ——— ,‘ _______ .
60° 0 X

T=7,+7,=-589kN.m !

F, :
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SP6. A block of mass m slides from rest on a frictionless loop-the-loop track, as shown. What is the

minimum release height (h) required for the block to stay in contact with the surface at the top of the

__Gv=0

circular portion of the track?

at the top of the circular portion
2

v \ [N T=2m
mg+n=m— \ \
r h .

n=0=v=.rg=v20m/s

2

1 1lv
mg(h—4)=§mv :>h=§?+4=5m

SP7. A 2 kg box rests on a frictionless inclined surface and attached to a light rope that passes over a
frictionless pulley (R = 0.1 m, I = 0.01 kg - m?), as shown. The rope is pulled from its lower end by a

constant force (F = 25 N). If the block starts from rest at point A, find its speed at point B.

By — E; = Wy > S \% |
\b // F

h+1 2+11v2 0=F(d
mgh +5mv 2(R) =F(d)

0.01
0.12

v=>55m/s > 30°

2(10)(3sin(30°)) +%(2)v2 +%( Yw? = 25(3)
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Part I1: Long Problems (5 points each)

LP1. Two small balls are connected by a very light rigid rod, as shown. The system rotates around the
X — axis.

a) Find the moment of inertia of the system about the axis of rotation. | y (m)

0.2@ m,=0.3kg

_Ao.l—

-0.1-

I =myy? + m,y? = (0.3)(0.2)? + (0.2)(0.3)2 = 0.03 kg - m?

x (m)

-0.2-

—-0.3@ m; =0.2kg

b) The system starts to rotate from rest with a constant angular acceleration of 20 rad/s?. Find the

rotational kinetic energy of the systematt = 3 s.

wf=a)i+at

=0 + 203) = 60rad/s

1 1
Krot = 5107 = 5 (0.03)(60)* = 54]

¢) Find the tangential speed of m; att = 3 s.

v=Rw = 0.2(60) =12 m/s
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LP2. A 2 kg block rests on a frictionless horizontal surface is attached to a spring of force constant
k = 40 N/m, as shown. The spring is relaxed at point A, you move the block by pulling with a constant
horizontal force F = 20 N.

Y™

A\ANANNNNNNNMNNAN NN
VVVVVVVVVIVVYVY\

'— 0.25 m—>|
A B

(@) Find the total work done on the block as it moves from point A to point B.

1
ZW = Wy + Wy, = F(d) + 5 k(e = x})

=20(0.25) +%(40)(0? —0.252) =3.75]

(b) Find the block’s speed when it reaches point B.

ZWzAK

1 1
3.75 = Em(v} —vt) = 5(2)(1:,2 —0%) > v, =1.9m/s

(c) If the surface was rough, then the total work done on the block as it moves from point A to point B
will be

@Iess than the value obtained in part a.
* greater than the value obtained in part a.

* equal to the value obtained in part a.



Kuwait University — College of Science — Physics dept. — PHYS 101 Summer 2023/2024 (July 29, 2024)
LP3. block 1 (m; =3 kg) moves on a horizontal frictionless surface with an initial velocity
Uy, = (51 — 4f) m/s. It collides with block 2 (m, = 2 kg), which is initially at rest. After the collision, the
velocity of m, is ﬁlf = (41 — 2]) m/s.

(a) Find the velocity of block 2 after the collision in unit vector notation.

mlﬁli + mzﬁzi = mlﬁlf + mzﬁzf
3(50— 4)) + 0 = 3(40 — 2)) + 27,

R (151 —12)) — (121 — 6))
vzf = >

= (1.5 —-3j)m/s

(b) If the collision lasts for 0.1s, find the average net force exerted on block 1 during the collision in unit

vector notation.

(Z F) _Ap ™ (vlf B vli) _

AVon block 1 At At

3((41—2j) — (51— 4))
0.1

= (=30i + 60j) N

(c) Find the change in kinetic energy of the two blocks system due to the collision.
vi, = 5% + 4% = 41 (m/s)?
vlzf = 4% + 22 =20 (m/s)?

v, = 1.5% + 3% = 11.25 (m/s)?

1 » 1 2 2 2
AK = (§m1771f + Emzvzf) - (§m1v1i + Emzvzi)

— (1320 + 2 @125 —(1(3)(41)+o)——2025]
\2 2 ' 2 B '
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Part I111: Questions (Choose the correct answer, one point each)

Q1. A box starts from rest at t = 0 s and moves along the positive x-axis with constant acceleration. If the

speed of the box att = 1 sis v, thenitsspeed at t = 3 s is:

* v *2v @317 *9p

Q2. When the bob (mass = m) of a simple pendulum moves from point A to point B, as shown, the work

done on the bob by the tension is equal to
@ero
1
* Img - v))

* —mgh

* mgh

Q3. An object is initially moving to the right along +x-axis with velocity v,;. A net force is exerted on the
object giving it an impulse towards the left. After the impulse, which of following statements is always true

about the final velocity of the object v, ,:
*  Uys isnegative.
*  Uys iszero.
* Uy ispositive.

@ All the above are possible.

Q4. An object is moving in a circular path counterclockwise and speeding up at a constant rate. The object

passes point A and then point B. Which figure represents the total acceleration of the object at these two

points?



