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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 units. 
4. Assume g = 10 m/s2. 
5. Mobiles are strictly prohibited during the exam. 
6. Programmable calculators, which can store equations, are not allowed. 
7. Please box your answers. 
8. Cheating incidents will be processed according to the university rules. 
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Part I: Short Problems (3 points each)  

SP1. A 0.6 kg ball initially moves with velocity 𝑣⃗𝑖 = (6𝑖̂ + 7𝑗̂) 𝑚/𝑠. After being struck, its velocity becomes 

𝑣⃗𝑓 = (2𝑖̂ − 4𝑗̂) 𝑚/𝑠. Find the impulse exerted on the ball in unit vector notation. 

 

𝐽 = ∆𝑝 = 𝑚(𝑣⃗𝑓 − 𝑣⃗𝑖) = 0.6 [(2𝑖̂ − 4𝑗̂) − (6𝑖̂ + 7𝑗̂)] 

𝐽 = (−2.4𝑖̂ − 6.6𝑗̂)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. 

 

𝑚𝑣1𝑥𝑖
+ 𝑀𝑣2𝑥𝑖

= 𝑚𝑣1𝑥𝑓
+ 𝑀𝑣2𝑥𝑓

  

0.02(300) + 2(0) = 0.02(200) + 2𝑣2𝑥𝑓
  

𝑣2𝑥𝑓
= 1 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.    

 

∆𝜃

∆𝑡
=

24

2
=

𝜔𝑖 + 𝜔𝑓

2
=

𝜔𝑖

2
 

𝜔𝑖 = 24 𝑟𝑎𝑑/𝑠       

 

OR: 

𝜔𝑓 = 𝜔𝑖 + 𝛼𝑡 , so 𝛼 =
0−𝜔𝑖

2
= −

𝜔𝑖

2
 

∆𝜃 = 𝜔𝑖𝑡 +
1

2
𝛼𝑡2 = 2𝜔𝑖 −

1

4
𝜔𝑖(4) = 𝜔𝑖 

𝜔𝑖 = 24 𝑟𝑎𝑑/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.  

 

𝑣𝑥𝑓
= 𝑣𝑥𝑖

= 5 𝑚/𝑠 

𝑣𝑦𝑓
= 𝑣𝑦𝑖

− 𝑔𝑡 = 0 − 10(1.2) = −12 𝑚/𝑠 

𝑣𝑓 = √𝑣𝑥𝑓
2 + 𝑣𝑦𝑓

2 = √52 + (−12)2 = 13 𝑚/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.  

 

𝑛𝐵 + 𝑚𝑔 = 𝑚
𝑣𝐵

2

𝑅
 

𝑣𝐵 = √
(𝑛𝐵 + 𝑚𝑔)𝑅

𝑚
= √

(20 + 2)(0.8)

0.2
= 9.4 𝑚/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 |𝐹⃗| = 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 

𝐹𝑑 +
1

2
𝑘(𝑥𝑖

2 − 𝑥𝑓
2) = 𝐾𝑓 − 0 

200 (0.2) +
1

2
(600)(0 − 0.22) = 𝐾𝑓 

𝐾𝑓 = 28 𝐽 

 

 

 

 

 

 

 

 

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 

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

 

 

∑ 𝐹𝑥 = 0 

𝑚𝑔 𝑠𝑖𝑛(30) = 450 𝑁 down the incline 

𝑇 = 400 𝑁 up the incline 

So, the static frictional force is up 

⇒ 𝑓𝑠 = 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 𝜃(𝑡) = 10𝑡2 − 2𝑡3, where 𝜃 is in radians and 𝑡 is 

in seconds. 

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

 

𝐼 = 𝑚1𝑟1
2 + 𝑚2𝑟2

2 = 0.2(22) + 0.1(12) = 0.9 𝑘𝑔 ∙ 𝑚2 

 

 

 

 

 

 

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

𝜔(𝑡) =
𝑑𝜃(𝑡)

𝑑𝑡
= 20𝑡 − 6𝑡2 

𝜔(2𝑠) = 20(2) − 6(22) = 16 𝑟𝑎𝑑/𝑠 

 

 

 

 

 

 

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

𝐾𝑟𝑜𝑡 =
1

2
𝐼𝜔2 =

1

2
(0.9)(162) = 115.2 𝐽 

 

 

 

 

 

d) Find the linear speed (in 𝒎/𝒔) of the 𝟎. 𝟐 𝒌𝒈 ball at 𝒕 = 𝟐𝒔. 

𝑣 = 𝑟𝜔 = 2(16) = 32 𝑚/𝑠 
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LP2. Two blocks, (𝑚1 = 3 𝑘𝑔 and 𝑚2 = 2 𝑘𝑔), are connected by a light rope passing over a frictionless, 

massless pulley, as shown. The surface is rough, with 𝜇𝑘 = 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. 

 

𝑚2𝑔 − 𝜇𝑘𝑚1𝑔 = (𝑚1 + 𝑚2)𝑎 

  

𝑎 =
𝑚2𝑔 − 𝜇𝑘𝑚1𝑔

(𝑚1 + 𝑚2)
=

20 − (0.5)(30)

5
= 1 𝑚/𝑠2 

 

 

 

 

 

 

 

 

 

 

b) Find the tension in the rope. 

𝑚2𝑔 − 𝑇 = 𝑚2𝑎 ⇒ 𝑇 = 𝑚2(𝑔 − 𝑎) = 2(9) = 18 𝑁 

 

 

  

 

 

 

 

 

c) Find the speed of 𝒎𝟐 after it has moved 𝟑 𝒎. 

𝑣𝑦𝑓
2 = 𝑣𝑦𝑖

2 + 2𝑎𝑦∆𝑦 

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

𝑣𝑦𝑓
= √6 = 2.45 𝑚/𝑠 
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LP3.  Block 1 (𝑚1 = 8 𝑘𝑔) is released from rest at a height of 5 𝑚, as shown. It collides with block 2 (𝑚2 =

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. 

a) Find the speed of block 𝒎𝟏 immediately before 

the collision (at point B) using the conservation 

of energy. 

     𝐸𝑖     =      𝐸𝑓 

𝑚1𝑔𝑦 =
1

2
𝑚1𝑣2 

𝑣 = √2𝑔𝑦 = √2(10)(5) = 10 𝑚/𝑠 

 

 

 

 

 

 

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

 

𝑚1𝑣1𝑖
= (𝑚1 + 𝑚2)𝑣𝑓 

𝑣𝑓 =
𝑚1

(𝑚1 + 𝑚2)
𝑣1𝑖

=
8

20
(10) = 4𝑚/𝑠 

 

 

 

 

 

 

 

 

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

𝐸𝑓 − 𝐸𝑖     =  𝑊𝑓𝑘
      

0 −
1

2
(𝑚1 + 𝑚2)𝑣2 = −𝜇𝑘(𝑚1 + 𝑚2)𝑔𝑑 

𝜇𝑘 =
𝑣2

2𝑔𝑑
=

42

2(10)(2)
= 0.4 
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Part III: 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: 

 

 𝜋𝑅𝑇 

 𝜋𝑅 𝑚𝑔 

 2𝑅 𝑚𝑔 

*    zero 

 
 

 

 

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? 

 

 𝑣𝑥 = 0 and 𝑎𝑥 = 0 

 𝑣𝑥 = 0 and 𝑎𝑥 < 0 

 𝑣𝑥 = 0 and 𝑎𝑥 > 0 

 𝑣𝑥 > 0 and 𝑎𝑥 = 0 

 

 

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

Block 𝒎𝟏 accelerates upward. Which of the following statements about the tension (𝑇) in 

the rope is correct? 

 

 𝑚1𝑔 > 𝑇 > 𝑚2𝑔 

 𝑚2𝑔 > 𝑇 > 𝑚1𝑔 

 𝑚1𝑔 = 𝑇 = 𝑚2𝑔 

 

 

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

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

 

 𝜔𝐴 = 𝜔𝐵 

 𝑣𝐴 = 𝑣𝐵 

 𝜔𝐴 > 𝜔𝐵 

 𝑣𝐴 < 𝑣𝐵 
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