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

Q1. The condition necessary for the linear momentum to be conserved, in a given closed system is that:
* one body should be at rest
@the net external force is zero
* internal forces equal external forces

* there is a positive change in the kinetic energy

Q2. When a man pushes a box (with a mass M) up a rough ramp with a force of magnitude (F), the box is pushing
back on the man’s hand with a force of magnitude (P). If the man and the box are moving up with a

constant acceleration of magnitude (a), then E

Qr=r N

*F=P+Ma P
*F= P+ Ma+ Mgsinf + f;
*F= P+ Ma— Mgsinf — f 4

Q3. A boy wishes to swim across a river to a point directly opposite as shown. The river is flowing at 1 m/s and

the speed of the boy relative to the water is 2 m/s. At what angle (0) with respect to the line joining the

starting and finishing points should he swim? \ ﬁTSh
* 60° :
Oao BAYAYN : NN
AN N T AN —>
* 53° \\K—% 1 m/s
AVAVANIIN AN
*27°
*
start

Q4. A block is released from rest at point A of a circular frictionless vertical track as shown. As the block slides
down to point B, the block speed and the magnitude of its tangential acceleration respectively, are:

* decreasing, decreasing . vl
90°

@increasing, decreasing
* decreasing , increasing 0.40 m

* increasing, increasing

Part I1: Short Problems (3 points each)

SP1. Att = 0's, a 4 Kg block has a velocity of v = (4i — 3j) m/s. Att = 3 s, its velocity is v = (2i + 3j) m/s.
Calculate the total work done on the block during this time interval.

v} =4*43% =25

vf =22+3%=13

Wiotar = AK
= % mvf —% mv?
=26 — 50
= =241

Answer:  Wiota = —24]
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SP2. A 2 Kg block is pushed across a rough incline by two applied forces (50 N and 30 N) as shown. The block

moves up the incline with a constant velocity. Find the magnitude of the frictional force on the block.

F=ma=0 ”5()ﬂ
50—-30—-mgsinf —f, =0

fr =20 —20sin30
=10N

Answer:  f, =10N

SP3. A wheel (I = 0.1 Kg.m?) starts with initial angular speed of 6 rad/s and rotates through 4 rad as it is

uniformly brought to rest by a constant angular acceleration. What is the magnitude of the net torque
on the wheel?

wf = wf + 2aAf
0=62+2a(4) = a=—45 Tad/s2

|7 =Ila = 0.1 Xx4.5=045 N-m

Answer: |7] =045 N-m

SP4. Two small masses, my = 0.2 Kg and mg = 0.1 Kg, are connected by a 0.5 m rod of mass M= 0.3 kg as
shown. Calculate the moment of inertia of the system about an axis through the center of B.
Hint: the moment of inertia of the rod about its center of mass is: I, = %ML2
I = Xmir? + I(rod) A 5
2 1 2 L 2 |(— 05m —)|
=m, (0.5)2 + =ML* + M (5)
1
= mA (05)2 + _MLZ
3 Axis of rotation

= 0.2 (0.5)? +%(o.3)(o.5)2

=0.075 kg - m?

Answer: 1= 0.075 kg - m?
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SP5. Two blocks are placed on a frictionless horizontal surface. They forced together, compressing a spring

between them; then the blocks are released from rest as shown. After the spring is relaxed, block A moves to
the left with a speed of 6 m/s. How much potential energy was stored in the spring before the blocks were

released?
Hint: Assume the total mechanical energy is conserved.
ay 1 kg 3 kg

ZPi=ZPf
0 =myv, + mpvp

0=1(—6) + 3vy

vg =2 % to the right
Ei = Ef
1 2 1 2
Uer =5 muvj + - mpvj
1 1
Ue =5 (D) (6)* +5(3)(2)°

Ue = 24]

Answer: U, = 24]

SP6. A 2 kg box is connected by a light cord that runs over a frictionless pulley (radius R = 0.1 m, and moment
of inertia I = 0.03 Kg- m?), to a light spring of spring constant (k = 120 N/m), as shown. The box is

released from rest when the spring is unstretched.

What is the speed of the box when it has moved down 0.1 m? q
E; = Ef ‘ -

1 s 1 v2 1, 5 oI
mgh =-mv® +-I—+-kx J"‘
_ mgy—%kx2
= |2

TRz
v=0.75m/s

Answer: v =0.75m/s

SP7. At the same instant a 0.5 Kg ball is dropped from 40 m above the ground, a second ball, with a mass of 0.25
Kg, is thrown upward from the ground with an initial speed of 15 m/s. They move along nearby lines without

colliding. What is the magnitude and direction of the velocity of the center of mass of the two-ball

system at 2s? _f 0.5 kg ( )

vip=vy; — gt =0—10(2) = —20m/s wm  w=o)

Uy = Vg — gt = 15— 10(2) = =5 m/s | /T)Vio:szmls
_ mMv+myv, I e LS

va - mq+my

0.5X—20+0.25X—-5
0.5+0.25

= —15m/s (Downward)

Answer: v, = —15m/s (downward)
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Kuwait University — Science College — Physics dept. — PHYS 101
Part 111: Long Problems (5 points each)
LP1. A bullet of mass m = 0.05 kg is travelling with a speed of v; = 80 m/s when it strikes a block of a mass
M = 1.95 kg, which is at rest on a smooth part of a horizontal surface as shown. The bullet embeds itself

in the block and after the impact they slide together and then enter a rough surface.

a) What is the speed of the block immediately after the collision?

myv; = (m+ M)y
Vi
_——
m

(0.05)(80) = (2)vf
vy =2m/s

B
:’IIIIIIIIIIIIII
0.5

rough, px=0.

Answer: vy =2m/s

b) Calculate the change in the kinetic energy of the system (AK) as a result of the collision.

Ak = kp —k; = - (m + M)v} — 2 mv}
Ak = %(2)(2)2 - %(0.05)(80)2

= —156 ]

Answer: Ak = —156]

¢) If the rough part has a coefficient of kinetic friction of y, = 0.5. At what distance from B will the

block stop? P wmg
E E. = [Or] azz_ m =_lukg=_5m/52
F— BT Wrk 2 _ .2
Vg = v; + 2ad
0— %mtotvz = —HMeorgd d = viovi _ 0=(2)?
2a —-10

1,2 =04m

d=%2—-=04m
Hig

Answer:

d=04m
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LP2: A 60 kg skier starts from rest at point A and slides on a frictionless ramp until point B (end of the ramp)

and then leaves the ramp at angle 6 = 30°, as shown in the figure.

(a) Find the skier’s speed at point B. s
T;‘\

20m End of

vg = /29y = /2(10)(20) = 20 m/s

Answer: v =20m/s

(b) What is the maximum height (h) of his jump?

Vyg = Vg sin @ = 20 sin 30° = 10 m/s
vyr = Vg — 2gh
0 = (10)2 -=2(10)(h)

h=5m

Answer: h=5m

(c) If another skier with mass M = 80 Kg make the same ski jump, the maximum height h will be
* greater

* |ess

@the same
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LP3. A wheel of mass m = 4 Kg, radius R = 0.3 m, and a moment of inertia | = 0.18 kg-m? rotates against a

horizontal and a vertical surfaces about a fixed axis as shown in the figure. The coefficient of kinetic

friction between the wheel and both surfaces is of = 0.2. The initial angular speed of the wheel at

the instant it is placed in the corner is ®; = 20 rad/s.

a) Draw a free body diagram for the wheel.

vmg

b) If the frictional force between the wheel and the horizontal surface is (f; ) and between the wheel

and the vertical surface is (fi2). Find the magnitudes of f;, and fy.,.

XF=0

N~ fia =0 =ny = fig = meny - @

N+ fio—mg =0 =n, = mg — n, - @
Solve@& (D = fin =222 =769 N

n, = fr1 =7.69N
fiz = pxnz = 1.54 N

Answer: fi4 = 7.69 N

Answer: fi, = 1.54 N

c) Find the magnitude of the angular acceleration of the wheel?

Xt =la
=R fi1 — Rfiz = la
I 0.18 N
ol = 154 £
Answer: |a| =15.4 r—f
S




