Kuwait University

Student’s Namie: ..ot e

-
Physics 101 2
Summer Semester )

Final Exam :
Monday, August 15, 2022

2:00 PM - 4:00 PM A

N\,

Serial Number: ..........

Physics Department

Student’'s Number: .........coovveiiiiiiiii.. \ 4 Section: ...ovveeeeaaiin
Choose your Instructor’s Name: \
Dr. Fatema Aldossari \]31‘. Belal Salameh
Dr. Abdul Khaleq
P
]
For Instructors use <
Grades: \J
# [l sp1 | sp2 | sP3 | sp4 ts ‘[’6 sp7 ff et | tp2 | p3 i Q1 | Q@ | @ | ™ Total
3 3 3 3 3 3 5 5 5 1 1 1 1 40
Pts Q
Important:
1. Answer all questions and problems (No solution = no points).
2. Full mark = 40 points as arranged in the above table.
3. Give your final answer in the correct unit.
4. Assume g=10m/s2.
5. Mobiles are strictly prohibited during the exam.
6. Programmable calculators, which can store equations, are not allowed.
7. Cheating incidents will be processed according to the university rules.

GOOD LUCK




Kuwait University — College of Science — Physics dept. — PHYS 101 Summer 2021/2022 (August 15, 2022)

Part I: Short Problems (3 points each)

SP1. A4 Kg block is pushed across a rough horizontal surface (i, = 0.4) by two applied forces, as shown.

The block moves to the right with acceleration of 2 m/s?. Find the magnitude of the force F,.

Direction of motion

JF =ma <

Fl_FZ_Mkmgzma F, F1=60N
F, = F, — uymg —ma -

=60 — (0.4)(40) — (4)(2) =36 N

SP2. A stone is projected from the ground level, as shown. If the speed of the stone at the maximum

height is 4 m/s, find the maximum height (h,,,,) of the stone.

Vyi = V;CO0S0 = v; = Uxi % =8m/s yom)
X " cos® cos60° v=4m/s
v)%f = v)%i o ZgAy Qe hlmx
0 = (v;5in 60°)2 — 20h,,4y 60° |
(8 sin 60°)? x(m)
S hpyy =~ =24m

20

SP3. Two blocks (m; = 8 kg, m, = 12 kg) rest on a frictionless incline are connected by a string and

tied to a wall by another string, as shown. Find the tension in each string (T and T5).

T, = m,gsin30° = 40 N
T, = (my + my)gsin30% = 100 N 8

o)
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SP4. Two small masses, mp =03Kg and mg=0.2Kg, are connected by a rod
(Lyoqg = 0.6 m, M,,;, = 0.4 kg), as shown. The system rotates about a vertical axis that passes
through the center of the rod with angular speed w = 40 rad/s. Find the rotational kinetic energy
of the system.

Hint: the moment of inertia of the rod about its center is: I,,4 = % ML?

A B
I = Xmy? +1(rod) le— 06m ———>

=m, (0.3)2 +mp (0.3)2 + —ML?
2 2 1 2 2 Axis of rotation
= 0.3(0.3)*+ 0.2 (0.3)* + ﬁ (0.4)(0.6) = 0.057 kg-m

K,op = %Iwz = %(0.057)(402) =456]

SP5. A fan is rotating at 12 rad/s. When turned off, it slows uniformly and stops in 60 s. How many

revolutions does the fan make during this time?

a= ; =0 " 2rad/s

1 1
AD = w;t + Ea’tz = 12(60) + E(—O.Z)(602) =360 rad

rev = 57.3rev

b luti =
number of revolutions 2G.14)
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SP6. Car A is moving due east with a constant speed of 20 m/s. Car B starts moving from rest when the
distance between the two cars is 900 m to the west with a constant acceleration of 2 m/ s2, as shown.

Find the time before the two cars pass each other? -
&AD —
, — «Bd
vy =20m/s ag =2m/s vg. =0 ! 900 m |

4

900 = Axy + Axp
= vat +>ap t2
900 = 20t + t2
t2 + 20t —900 =0

_ —20+/400-4(-900

¢ = )= 2165
2

SP7. A ball (m = 0.5 kg) rests on the ground. A boy kicked the ball by his foot and the average force
exerted on the ball during the kick is 270 N. If the ball’s speed immediately after the kick is 5.4 m/s. Find
the contact time between the foot and the ball. .

e
e ©

|AB| = (Z F) At

av A

=)= (1), -

0.5(5.4 — 0) = 270 At = At = 0.01s
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Part 11: Long Problems (5 points each)

LP1. A 1.6 kg stone is attached to a light wire that is wrapped around the rim of a uniform solid disk
(M=2kg,R=10cm,I = %MRZ), as shown. The stone is released from rest at point A. The rotational

kinetic energy of the disk when the stone reaches point B is 8

a) Find the speed of the stone when it reaches point B.

1 1/1 w2 1
Koo = = lw? = —(—MRZ) (5) = ZMv?

v = \]41;;“ = \/4(28) =4m/s

b) Find the height h.

El = Ef
1
mgh = K, + Emv2
Koor +-mv? 8+ =(1.6)(4?)
= 2 = 2 =13m
mg 16

¢) Find the change in the gravitational potential energy of the system when the stone moves from

point A to point B.

AU, = Uy(B) — Uy(A) = 0 — mgh = —(1.6)(10)(1.3) = —20.3 ]
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LP2. A ball (m, = 0.5 kg) traveling along the x-axis at 4 m/s collides elastically with a stone

(mg = 0.3 kg) that rests on a frictionless horizontal surface. After the collision, the ball and the stone move

as shown in the figure.

a) Find the speed of the ball after the collision (vbf).

% = Yk
Z l ! bl 4m/s stone -3
1 2 +0 1 2 +1 2 @ g
—MpVy,. = -—myv —mgv, — " \

2 b ¥b; 2 b ¥by T 5 s sy mp = 0.5 kg ms = 0.3kg "

0.5(4%) = +0.5 vgf + 0.3(4.47%)

Upg =2m/s

b) Find the angle 6.

z Px, = z Pxy

myvp, +0 = MpVp . COS 36.9° + msvs, cos 6
0.5(4) = 0.5(2)(0.8) + 0.3(4.47) cos 6
0 = 26.5°

OR

z Py, = Z Py

0= mpVp, sin 36.9° — msvs, sin 6

myv, . sin 36.9° 0.5(2)(.6
0 = sin~! i =sin~! <&> = 26.5°
msvs, 0.3(4.47)

¢) Find the momentum of the system after the collision in unit vector notation.
zﬁi - Zﬁf = my By, +0 = 0.5 (4) = 21 kg -m/s

OR

zpf =mbvbf + Mg Vs,

= 0.5[2 cos 36.9°7 + 2sin 36.9°))] + 0.3[4.47 c0s26.5°7 — 4.47 sin 26.5°]] = 21 kg -

i
r'e

36.9°
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LP3. A 1.2 kg block initially compresses a spring a distance x = 0.2 m before being released from rest at
point A. The block then slides along a frictionless horizontal surface until point B, then on a rough incline

(ur = 0.5) between point B and point C. The block stops momentarily at point C.

a) Find the speed of the block at point B. rough

From Bto C S &\\
Ef — E; = wy, e \ frictionless
2 Y,

1 -\
mgyc — Emvg = — ppmg cos(30°)d e (“’\‘x&, .\\\\\I

vg = +/2gyc + 29 ux d cos(30°) =,/2g(0.8sin(30°)) + 29(0.5)(0.8) cos(30°) = 3.86 m/s

b) Find the force constant of the spring.

FromAtoB

EA = EB

1 1

Ekxj = Emvé

k = v§—12 3.86° =448 N
mxﬁ_ “\o02z ) /m

c) Find the total work done on the block between point B and point C.

FromBto C

1 1
Zw =AK=K,—Kz=0 —Emvé =-5(1.2)(386°) = -89

OR
Z W = Wpg +wp, = —mg(0.8sin30°) — y,mg cos 30° (0.8)

= —12(0.85in30°) — 0.5(12) cos 30° (0.8) = —8.9]
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Part I111: Questions (Choose the correct answer, one point each)

Q1. The ball of a conical pendulum is rotating in a horizontal plane with constant speed, as shown. The

A A A FEEEEE S E T

work done on the ball by gravity during one complete revolution equals
* F(2mr sin®)

* F(2mr cosB)

* [F(2nr tanB)

® zero

Q2. A block is released from rest at point A and slides inside a frictionless hemispherical track, as shown.
The normal force (n) exerted by the track on the block as the block moves from point A to
point B

@ increases

* decreases

A

* remains constant B

Q3. In each figure, the force F acts on a rod of length L that is free to rotate about an axis through point O,

as shown. Both the force F and the rod lie in the xy-plane. The magnitude of the torque about point O is

maximum in
& l 5| F
I« U/2>|<1/2>] 0 | —s] 60.0°
o€ 0
120.0° F 30.0° 0
F = F |<l/2>|<1/2>]

. ® . .

Q4. Three balls with different masses are thrown with the same initial speed v,, but at different angles
relative to the horizontal, as shown. Ignoring air resistance, which of the following statements is correct
at the dashed level
* ball 3 has the lowest speed -
* ball 1 has the lowest speed

@all three balls have the same speed

* the speed of each ball depends on its mass.




