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Part I: Short Problems (3 points each)

SP1. A 0.6 kg ball initially moves with velocity ¥; = (61 + 7f) m/s. After being struck, its velocity becomes

Vg = (21 — 4f) m/s. Find the impulse exerted on the ball in unit vector notation.

J=Ap =m(; — 9;) = 0.6 [(21 — 4)) — (6 + 7)]

J=(—24i—6.6))N-s

SP2. A bullet of mass m = 0.02 kg travels horizontally at a speed of 300 m/s. It strikes a block of mass
M = 2 kg, initially at rest on a frictionless horizontal surface. The bullet passes through the block and exits

with a speed of 200 m/s. Find the speed of the block immediately after the bullet exits.

(a) Before impact M=2kg
(initially at rest)

MV1y, + MVgy, = MUy, + MUy, v:”:;,glgn/s
0.02(300) + 2(0) = 0.02(200) + 2172xf o .
VUax f =1 m/ S (b) Immediately after
m=20g
vy =200 m/s

SP3. A wheel rotates through 24 rad in 2 s as it is uniformly brought to rest. Find the initial angular

velocity (in rad/s) of the wheel before breaking began.

A9_24_wi+a)f_wi

At 2 2 2
w; =24rad/s
OR:
O_Mi__ﬂ
a)f—a)i+at,soa—T— 5

1, 1
Af = wit+§at = 2w; _Zwi(4) = w;

w; =24rad/s
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SP4. A ball is projected horizontally from the edge of a table with a speed of 5 m/s and reaches the ground
after t = 1.2 s, as shown. Find the speed of the ball (in m/s) just before it hits the ground.

5m/s

—i
vxf:vxiZSm/s @-——=.
vy, =y, — gt =0—10(12) = —12m/s TV

vp = ’vff +vy, =452+ (-12)2=13m/s &,

SP5. A small block (m = 0.2 kg) moves inside a frictionless circular track of radius R = 0.8 m, as shown.
At the top of the track (point A), the normal force exerted on the block is 20 N. Find the speed of the block
at point A.

A
vE =
B
ng+mg=m-—

vy = \/(nB +mmg)R _ \/(20 +022)(0.8) —94m/s /
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SP6. A block is attached to a spring (k = 600 N /m ) on a horizontal frictionless surface. Initially, the spring

is unstretched (x = 0), and the block is at rest. A constant horizontal force |17" | = 200 N is applied to the
block, causing the spring to compress. Find the kinetic energy (in J) of the block when the spring is

compressed by x = 0.2 m.
WF+WFS=Kf_Ki
a2y =k -

200 (0.2) +%(600)(0 ~02%) =K,

SP7. A 90 kg block is held at rest on a rough inclined ramp by a light cable, as shown. If the tension in the

cableis T = 400 N. Find the magnitude of the friction force acting on the block.

ZFx=O

mg sin(30) = 450 N down the incline
T =400 N up the incline

So, the static frictional force is up 30°

= f; = 450 — 400 = 50 N up the incline
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Part II: Long Problems (5 points each)

LP1. Two small balls are connected by a thin, massless rod aligned along the y-axis. The system rotates about
the x — axis, as shown. The angular position is given by 8(t) = 10t? — 2t3, where 8 is in radians and t is
in seconds.

a) Find the moment of inertia of the system about the x-axis. y(m)

I =myr? + myr? = 0.2(22) + 0.1(12) = 0.9 kg - m?

b) Find the angular speed of the system at t = 2s.

do(t
w(t) = % = 20t — 6t2

w(2s) = 20(2) — 6(2%) = 16rad/s

¢) Find the rotational kinetic energy of the system at t = 2s.

1 2 1 2
Kroe = 510* =5 (0.9)(16%) = 1152

d) Find the linear speed (in m/s) of the 0.2 kg ball at t = 2s.
v=rw=2(16) =32m/s



Kuwait University — College of Science — Physics dept. — PHYS 101 Summer 2025/2026 (July 27, 2026)

LP2. Two blocks, (m; = 3 kg and m, = 2 kg), are connected by a light rope passing over a frictionless,
massless pulley, as shown. The surface is rough, with p; = 0.5. The blocks are released from rest and

move in the directions shown in the figure.

—
a) Find the acceleration of the two blocks.
my
mpg — emig = (my + my)a
_myg —pemyg 20 —(0.5)(30) 2
= = =1m/s
(my +my) 5 m,

b) Find the tension in the rope.

myg—T=ma=>T=my(g—a)=2(9) =18N

¢) Find the speed of m; after it has moved 3 m.
vy, = vy, + 2a,Ay
=0+2(1)(3) =6

v,, =6 =245m/s

yf
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LP3. Block 1 (m; = 8 kg) is released from rest at a height of 5 m, as shown. It collides with block 2 (m, =

12 kg), which is initially at rest. The two blocks, made of the same material, stick together after the

collision. The combined blocks then slide a distance (d = 2 m) along a rough horizontal surface before

coming to rest at point C.

v=20
a) Find the speed of block m,; immediately before A my
the collision (at point B) using the conservation 1
of energy. frictionless rough
S5m
1 2
mlgy = Emlv N _
B
v =29y =2(10)(5) = 10 m/s e d .

b) Find the speed of the combined blocks immediately after the collision.

mlvli = (ml + mz)vf

my

8
=—7 v, =—(10) = 4
vr (my +my) Y1 20( ) m/s

c) Find the coefficient of kinetic friction (u;) between the blocks and the horizontal rough surface.

Ef - Ei = Wfk
1 2
(U 2 (my + my)v* = =y (my + my)gd

v? 42

=2gd 2000~ 4

Uy



Kuwait University — College of Science — Physics dept. — PHYS 101 Summer 2025/2026 (July 27, 2026)

Part I1I: Questions (Choose the correct answer, one point each)

Q1. An object of mass m is attached to a string and moves along a vertical circular path of radius R, as

shown. The work done by the tension force (T) as the object moves from point A to point B is:

B
* mRT /

* TR mg
* 2Rmg f

Q2. The graph shows the position of a particle moving along the x — axis as a function of time. Which of

the following statements is correct for the particle at point A? )

* p,=0anda, =0 A
@ v, =0anda, <0
* p.,=0anda, >0

* p,>0anda, =0

t(s)

Q3. Two blocks are connected by a light rope passing over a massless pulley, as shown.

Block m, accelerates upward. Which of the following statements about the tension (T') in Q%

the rope is correct?

* mug>T >m,g
®m2g>T>m1g ‘4@

* mg =T =myg @l&

Q4. A solid disc rotates about its centre with angular velocity w. Points A and B are located at different

distances from the centre, as shown. Which one of the following statements is correct?

@ o1 = o5 /

* Vy = Vp R\ - »
-

* Wy > wg -~ B

* v, <vp




      v →  i = ( 6   i ^ + 7   j ^ )   m / s


      v →  f = ( 2   i ^ − 4   j ^ )   m / s


    J → = ∆   p → = m  (     v →  f −     v →  i ) = 0 . 6    [  ( 2   i ^ − 4   j ^ ) −  ( 6   i ^ + 7   j ^ ) ]


    J → =  ( − 2 . 4   i ^ − 6 . 6   j ^ ) N ∙ s


    J → =  ( − 2 . 4   i ^ − 6 . 6   j ^ ) N ∙ s


  m = 0 . 02   k g


  300   m / s


  M = 2   k g


  200   m / s


  m   v    1 x  i + M   v    2 x  i = m   v    1 x  f + M   v    2 x  f


  0 . 02  ( 300 ) + 2  ( 0 ) = 0 . 02 ( 200 ) + 2   v    2 x  f


    v    2 x  f = 1   m / s


  24   r a d


  2   s


  r a d / s


    ∆ 𝜃  ∆ t =  24 2 =     𝜔  i +   𝜔  f 2 =     𝜔  i 2


    𝜔  i = 24   r a d / s            


    𝜔  i = 24   r a d / s            


    𝜔  f =   𝜔  i + 𝛼 t


  𝛼 =   0 −   𝜔  i 2 = −     𝜔  i 2


  ∆ 𝜃 =   𝜔  i t +  1 2 𝛼   t 2 = 2   𝜔  i −  1 4   𝜔  i  ( 4 ) =   𝜔  i


    𝜔  i = 24   r a d / s            


    𝜔  i = 24   r a d / s            


  5   m / s


  t = 1 . 2   s


  m / s


    v    x  f =   v    x  i = 5   m / s


    v    y  f =   v    y  i − g t = 0 − 10  ( 1 . 2 ) = − 12   m / s


    v    y  f =   v    y  i − g t = 0 − 10  ( 1 . 2 ) = − 12   m / s


    v  f =    v    x  f 2 +   v    y  f 2 =   5 2 +   ( − 12 ) 2 = 13   m / s


    v  f =    v    x  f 2 +   v    y  f 2 =   5 2 +   ( − 12 ) 2 = 13   m / s


  m = 0 . 2   k g


  R = 0 . 8   m


    n  B + m g = m     v  B 2  R


    v  B =      ( n  B + m g ) R  m =     ( 20 + 2 ) ( 0 . 8 )  0 . 2 = 9 . 4   m / s


    v  B =      ( n  B + m g ) R  m =     ( 20 + 2 ) ( 0 . 8 )  0 . 2 = 9 . 4   m / s


  k   = 600   N / m


  𝒙 = 𝟎


  |   F → | = 200   N


  𝑱


  x = 0 . 2   m


    W  F +   W    F  s =   K  f −   K  i


  F d +  1 2 k (   x  i 2 −   x  f 2 ) =   K  f − 0


  F d +  1 2 k (   x  i 2 −   x  f 2 ) =   K  f − 0


  200    ( 0 . 2 ) +  1 2  ( 600 )  ( 0 −   0 . 2 2 ) =   K  f


  200    ( 0 . 2 ) +  1 2  ( 600 )  ( 0 −   0 . 2 2 ) =   K  f


    K  f = 28   J


    K  f = 28   J


  90   k g


  T = 400   N


   ∑    F  x = 0


  m g   s i n  ( 30 ) = 450   N   down   the   incline


  m g   s i n  ( 30 ) = 450   N   down   the   incline


  T = 400   N  


  ⇒   f  s = 450 − 400 = 50   N   up   the   incline


  x − a x i s


  𝜃  ( t ) = 10   t 2 − 2   t 3


  𝜃


  t


  I =   m 1   r 1 2 +   m 2   r 2 2 = 0 . 2  (  2 2 ) + 0 . 1  (  1 2 ) = 0 . 9   k g ∙   m 2


  𝒕 = 𝟐 𝒔


  𝜔  ( t ) =   d 𝜃  ( t )  d t = 20 t − 6   t 2


  𝜔  ( 2 s ) = 20  ( 2 ) − 6  (  2 2 ) = 16   r a d / s


  𝜔  ( 2 s ) = 20  ( 2 ) − 6  (  2 2 ) = 16   r a d / s


  𝒕 = 𝟐 𝒔


    K  r o t =  1 2 I   𝜔 2 =  1 2  ( 0 . 9 )  (  16 2 ) = 115 . 2   J


  𝒎 / 𝒔


  𝟎 . 𝟐   𝒌 𝒈


  𝒕 = 𝟐 𝒔


  v = r 𝜔 = 2  ( 16 ) = 32   m / s


  (   m 1 = 3   k g


    m 2 = 2   k g )


    𝜇  k = 0 . 5 .


    m 2 g −   𝜇  k   m 1 g =   ( m 1 +   m 2 ) a


  a =     m 2 g −   𝜇  k   m 1 g    ( m 1 +   m 2 ) =   20 − ( 0 . 5 ) ( 30 ) 5 = 1   m /   s 2


    m 2 g − T =   m 2 a ⇒ T =   m 2  ( g − a ) = 2  ( 9 ) = 18   N


    𝒎  𝟐


  𝟑   𝒎


    v    y  f 2 =   v    y  i 2 + 2   a  y ∆ y


                  = 0 + 2  ( 1 )  ( 3 ) = 6


                  = 0 + 2  ( 1 )  ( 3 ) = 6


    v    y  f =  6 = 2 . 45   m / s


    v    y  f =  6 = 2 . 45   m / s


    m 1 = 8   k g


  5   m


    m 2 = 12   k g


  d = 2   m


    𝒎  𝟏


    E  i         =             E  f


    m 1 g y =    1 2 m 1   v 2


  v =  2 g y =  2 ( 10 ) ( 5 ) = 10   m / s


  v =  2 g y =  2 ( 10 ) ( 5 ) = 10   m / s


    m 1   v   1  i =   ( m 1 +   m 2 )   v  f


    v  f =     m 1    ( m 1 +   m 2 )   v   1  i =  8 20  ( 10 ) = 4 m / s


    v  f =     m 1    ( m 1 +   m 2 )   v   1  i =  8 20  ( 10 ) = 4 m / s


    𝝁  𝒌


    E  f −   E  i         =     W    f  k          


  0 −    1 2 ( m 1 +   m 2 )   v 2 = −   𝜇  k (   m 1 +   m 2 ) g d


  0 −    1 2 ( m 1 +   m 2 )   v 2 = −   𝜇  k (   m 1 +   m 2 ) g d


    𝜇  k =     v 2  2 g d =    4 2  2 ( 10 ) ( 2 ) = 0 . 4


    𝜇  k =     v 2  2 g d =    4 2  2 ( 10 ) ( 2 ) = 0 . 4


  m


  𝑻


  𝜋 R T


  𝜋 R   m g


  𝜋 R   m g


  2 R   m g


  2 R   m g


  x − a x i s


    v  x = 0   and     a  x = 0


    v  x = 0   and     a  x < 0


    v  x = 0   and     a  x > 0


    v  x = 0   and     a  x > 0


    v  x > 0   and     a  x = 0


    v  x > 0   and     a  x = 0


    𝒎  𝟏


  T


    m 1 g > T >   m 2 g


    m 2 g > T >   m 1 g


    m 1 g = T =   m 2 g


    m 1 g = T =   m 2 g


  𝜔


    𝜔  A =   𝜔  B


    v  A =   v  B


    v  A =   v  B


    𝜔  A >   𝜔  B


    𝜔  A >   𝜔  B


    v  A <   v  B


    v  A <   v  B

