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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. Cheating incidents will be processed according to the university rules. 
 

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

Q1. A ball of mass m strikes a vertical wall with initial speed 𝒗 and rebounds with 

the same speed 𝒗 as shown. The impulse given to the ball by the wall is: 

*     ‒2𝑚𝑣 𝑖̂                        * 2𝑚𝑣 𝑠𝑖̂𝑛 𝜃 𝑖̂                * ‒2𝑚𝑣 𝑠𝑖̂𝑛 𝜃 𝑖̂                 * ‒2𝑚𝑣 𝑐𝑜𝑠 𝜃 𝑖̂  

 

Q2: Three identical blocks connected by very light cords are given an upward acceleration by 

a constant force 𝐹, as shown. 𝑇1 and 𝑇2 are the tensions in the connecting cords. Which of the 

following is correct? 

 

*  𝑇1 < 𝑇2                            *  𝑇1 = 𝑇2                              *  𝑇1 > 𝑇2                       *  𝐹 < 𝑇1                                                         
 

Q3. a particle moves along the x-axis under the influence of a single 

conservative force. The potential energy of the system as a function of 

position is shown. Rank the labeled regions according to the 

magnitude of the net force acting on the particle, smallest to largest. 
 

 

*  1, 3, 2                    * 2, 3, 1                * 3, 2, 1                 * 1, 2, 3 

 

Q4. In the figure, the inclined plane is smooth.  If the extension in the spring is 𝑥 at the equilibrium position 

(acceleration 𝒂 = 𝟎), then the spring constant (𝒌) is:  

*  𝑘 =
𝑚𝑔𝑠𝑖𝑛𝜃

𝑥
       *  𝑘 =

𝑚𝑔𝑐𝑜𝑠𝜃

𝑥
    

*  𝑘 =
𝑚𝑔𝑡𝑎𝑛𝜃

𝑥
    *  𝑘 =

𝑚𝑔

𝑥
 

 
 

 

 Part II: Short Problems (3 points each)  

SP1: A 20 kg block moves on a rough horizontal surface (𝜇𝑘 = 0.4) under the influence of a constant 

horizontal force 𝐹 = 120 𝑁 as shown. Find the acceleration of the block. 

 

120 − 𝜇𝑘𝑚𝑔 = 𝑚𝑎 

⇒ 𝑎 =
120 − 𝜇𝑘𝑚𝑔

𝑚
=
120 − (0.4)(200)

20
= 2 𝑚/𝑠2 

 

Answer:  𝑎 = 2 𝑚/𝑠2 
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SP2: A uniform solid sphere (𝑅 = 0.5 𝑚, 𝑀 = 4 𝑘𝑔, 𝐼𝑐𝑚 =
2

5
𝑀𝑅2) rotates about an axis that is tangent to 

its surface with constant angular speed 𝜔 = 6 𝑟𝑎𝑑/𝑠, as shown. Find the rotational kinetic energy of the 

sphere. 

𝐼 = 𝐼𝑐𝑚 +𝑀𝑅2 =
2

5
𝑀𝑅2 +𝑀𝑅2 =

7

5
𝑀𝑅2 

𝐾 =
1

2
𝐼𝜔2 =

7

10
𝑀𝑅2𝜔2 =

7

10
(4)(0.52)(62) = 25.2 𝐽 

 

 

 

 

SP3: A ball is projected from the top of a cliff at 45° above the horizontal and lands 7 𝑚 away as shown. 

What is the initial speed of the ball? 

∆𝑥 = 𝑣𝑥𝑖𝑡 = 𝑣𝑖 cos 45
𝑜 (𝑡) ⇒ 𝑡 =

7

𝑣𝑖 cos 45𝑜
 

∆𝑦 = 𝑣𝑦𝑖𝑡 −
1

2
𝑔𝑡2 

−2.5 = 𝑣𝑖 sin 45
𝑜 (

7

𝑣𝑖 cos 45𝑜
) − 5(

7

𝑣𝑖 cos 45𝑜
)2 

−9.5 =
−245

𝑣𝑖
2 cos2 45𝑜

⇒ 𝑣𝑖 = 7.2 𝑚/𝑠 

 

 

 

SP4: A 0.1 𝑘𝑔 ball collides with a wall. The figure shows a plot of the force 𝑭 exerted on the ball during the 

collision versus time 𝒕. The ball is given initial speed 𝒗 perpendicular to the wall and rebounds directly 

back with the same speed in the opposite direction. What is the initial speed of the ball? 

 

𝐴𝑟𝑒𝑎 = ∆𝑝 = 𝑚𝑣 −𝑚(−𝑣) = 2𝑚𝑣 

0.01(150) + 0.02(150) + 0.01(150) = 6 𝑘𝑔 𝑚/𝑠 

2𝑚𝑣 = 6 ⇒ 𝑣 =
6

2𝑚
= 30 𝑚/𝑠 

 

 

 

 

Answer: 𝐾 = 25.2 𝐽 

 

 

Answer: 𝑣𝑖 = 7.2 𝑚/𝑠 

 

 

Answer:  𝑣 = 30 𝑚/𝑠 
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SP5. A 4 𝑘𝑔 box is connected by a light cord that runs over a frictionless and massless pulley, to a spring 

(𝑘 = 200 𝑁/𝑚), as shown. The box is released from rest when the spring is unstretched, find the 

speed of the box when it moves 0.1 m down. 

        

       𝐸𝑖 =  𝐸𝑓 

        𝑚𝑔𝑦 =
1

2
𝑚𝑣2 +

1

2
𝑘𝑥2 

   𝑣 = √
𝑚𝑔𝑦−

1

2
𝑘𝑥2

1

2
𝑚

 

         𝑣 = 1.2 𝑚/𝑠 

 

 

SP6: A child sits in a boat and the boat rests on water. The boy throws a 5 𝑘𝑔 package out horizontally with 

a speed of 6 𝑚/𝑠 along the positive x-axis as shown. Find the velocity of the boat immediately after 

throwing the package. The mass of the child is 20 𝑘𝑔 and the mass of the boat is 40 𝑘𝑔.  

(ignore friction between the boat and water) 

 

𝑚1𝑣⃗1𝑖 +𝑚2𝑣⃗2𝑖 = 𝑚1𝑣⃗1𝑓 +𝑚2𝑣⃗2𝑓 

0 = 5 (+6𝑖 ) + (60) 𝑣⃗2𝑓 

𝑣⃗2𝑓 =
−30𝑖 

60
= −0.5 𝑖  𝑚/𝑠  

 

 

SP7. Two forces act on a pulley (𝐼 = 0.2 𝑘𝑔 ∙ 𝑚2) as shown. The forces are applied at radial distances         

𝑟1 = 0.25 𝑚 and 𝑟2 = 0.5 𝑚 respectively. Find the angular acceleration of the pulley.  

 

∑𝜏 = 𝐼𝛼 ⇒ 𝐹2𝑅2 − 𝐹1𝑅1 = 𝐼𝛼     

⇒     𝛼 =
𝐹2𝑅2 − 𝐹1𝑅1

𝐼
    =

18(0.5) − 12(0.25)

0.2
= 30 𝑟𝑎𝑑/𝑠2  

 

 

 

 

 

 

Answer:  𝑣⃗2𝑓 = −0.5 𝑖  𝑚/𝑠 

 

 

 

 

Answer:      𝑣 = 1.2 𝑚/𝑠 

 

 

Answer:  𝛼 = 30 𝑟𝑎𝑑/𝑠2 
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Part III: Long Problems (5 points each) 

LP1. A solid disk of radius 0.06 𝑚 rotates about its center with constant angular acceleration. The angular 

speed of the disk changes from 2 𝑟𝑎𝑑/𝑠 at 𝑡 = 0 𝑠 to 17 𝑟𝑎𝑑/𝑠 at 𝑡 = 3 𝑠.  

a) Find the magnitude of the angular acceleration of the disk. 

   

  𝜔𝑓 = 𝜔𝑖 + 𝛼𝑡  

   17 = 2 +  𝛼(3)    ⟹  𝛼 = 5 𝑟𝑎𝑑/𝑠2    

 

    

 

 

 

 

 

b) How many revolutions does the disk make during the first 𝟑 𝒔? 

 

 ∆𝜃 =  𝜔𝑖𝑡 +
1

2
 𝛼 𝑡2 

        = 2(3) +
1

2
(5)(3)2 = 28.5 𝑟𝑎𝑑 

       𝑛 =
∆𝜃

2𝜋
=

28.5

2(3.14)
= 4.54 revolutions 

 

 

 

 

 

 

c) Find the magnitude of the radial acceleration of a point at the rim of the disk at 𝒕 = 𝟑 𝒔. 

 

  

   𝑎𝑅 = 𝑅𝜔2 = 0.06 (17)2 = 17.3   𝑚/𝑠2 

 

 

 

 

 

 

Answer: 𝛼 = 5 𝑟𝑎𝑑/𝑠2 

 

 

Answer: 𝑎𝑅 = 17.3   𝑚/𝑠2 

 

Answer:  𝑛 = 4.54 revolutions 
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LP2.  Two balls (𝑚1 = 2 𝑘𝑔 and 𝑚2 = 4 𝑘𝑔) collide on a horizontal frictionless surface and stick 

together after the collision as shown. 

a) What is the speed of the sticked balls after the collision? 

 

   

  ∑ 𝑝𝑥𝑖 =  ∑𝑝𝑥𝑓 

         𝑚1(𝜈1𝑖) + 0 =  (𝑚1 +𝑚2) 𝑣𝑥𝑓 

          24 = 6 𝑣𝑓 cos 37
𝑜 

           𝑣𝑓 = 5 𝑚/𝑠 

 

 

 

 

 

 

b) What is the initial speed of m2? 

             ∑𝑝𝑦𝑖 =  ∑𝑝𝑦𝑓  

    0 + 𝑚2 (𝜈2𝑖) = (𝑚1 +𝑚2) 𝑣𝑓 sin 37
𝑜 

  ⇒ 𝜈2𝑖 = 
(𝑚1+𝑚2)

𝑚2
  𝑣𝑓 sin37

𝑜 = 4.5 𝑚/𝑠 

 

 

 

 

 

c) Find the change in the kinetic energy of the system.  

∆𝐾 =
1

2
(𝑚1 + 𝑚2) 𝑣𝑓

2

 
− (

1

2
𝑚1 𝑣1𝑖̂

2 +
 

1

2
𝑚2 𝑣2𝑖̂

2 )
 
 

=
1

2
(6) 52 − [

1

2
2 (12)2 +

 

1

2
4(4.5)2] = −109.5 𝐽 

 

 

 

Answer: 𝜈2𝑖 = 4.5 𝑚/𝑠  

 

Answer: 𝑣𝑓 = 5 𝑚/𝑠 

  

 

Answer: ∆𝐾 = −109.5 𝐽 
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LP3. A 50 𝑘𝑔 block is pulled by the force 𝐹 along a rough incline (µ𝑘 = 0.5) as shown. The block moves 

with constant speed from point A to point B in 20 𝑠𝑒𝑐𝑜𝑛𝑑𝑠.  The distance between A and B is 15 𝑚. 

 

a) Find the work done on the block by the 

frictional force between points A and B. 

 

  𝑊𝑓𝑘 = −𝑓𝑘𝑑 =  −𝜇𝑘 𝑚𝑔 cos 𝜃 (𝑑) 

   = −0.5 (50)(10) cos(30°)(15) 

      = −3247.6 𝐽 

 

 

 

b) Find the work done on the block by the force 𝑭 between points A and B. 

∑𝑊 =𝑊𝐹 + 𝑊𝑓𝑘 + 𝑊𝑚𝑔 = ∆𝐾 = 0 

𝑊𝐹 = −( 𝑊𝑓𝑘 + 𝑊𝑚𝑔) = −(−3247.6 − 𝑚𝑔𝑑 𝑠𝑖̂𝑛30𝑜) 

        = 3247.6 + 50(10) sin(30°)(15) = 6997.6  𝐽 

     

 

 

c) Find the average power delivered by the force 𝑭 between points A and B. 

 

     𝑃 =  
𝑊𝐹

∆𝑡
= 

6997.6

20
= 350  𝑊 

 

Answer: 𝑊𝑓𝑘 = −3247.6 𝐽 

               −1804.2 𝐽 

Answer:  𝑊𝐹 = 6997.6  𝐽 

                3445.9  𝐽 

 

Answer: 𝑃 = 350  𝑊 

                3445.9  𝐽 


