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3. Give your final answer in the correct units. 
4. Assume g = 10 m/s2. 
5. Mobiles are strictly prohibited during the exam. 
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Part I: Short Problems (3 points each)  

SP1: Three blocks (𝑚1 = 20 𝑘𝑔, 𝑚2 = 15 𝑘𝑔, 𝑚3 = 5 𝑘𝑔) are connected by two light ropes, as shown.       

A constant horizontal force acts on block 1 and the three blocks move to the right on a frictionless horizontal 

surface. Find the tension in rope 2.  

 

 

 

 

∑ 𝐹 = 𝑚𝑡𝑜𝑡𝑎𝑙𝑎 ⇒ 𝑎 =
∑ 𝐹

𝑚𝑡𝑜𝑡𝑎𝑙
=

120

40
= 3 𝑚/𝑠2 

𝑇2 = 𝑚3𝑎 = 15 𝑁 

 

 

SP2. Two balls of equal mass moving with the same initial speed (𝑣1𝑖
= 𝑣2𝑖

= 3 𝑚/𝑠), as shown. The 

two balls collide at point O and stick together, what is their common velocity in unit vector notation 

after the collision? 

 

𝑣⃗1𝑖
= +3 𝑖 ̂𝑚/𝑠 

𝑣⃗2𝑖
= (+3 sin 53.1𝑜 𝑖 ̂ + 3 cos 53.1𝑜 𝑗̂) 𝑚/𝑠 

       = (+2.4𝑖 ̂ + 1.8𝑗̂) 𝑚/𝑠 

𝑚𝑣⃗1𝑖
+ 𝑚𝑣⃗2𝑖

= 2𝑚𝑣⃗𝑓 

𝑣⃗𝑓 =
𝑣⃗1𝑖

+ 𝑣⃗2𝑖

2
= (2.7𝑖̂ + 0.9𝑗̂) 𝑚/𝑠 

 

 

 

SP3. A 0.3 𝑘𝑔 ball is released from rest. If the magnitude of the ball’s momentum just before it hits the 

ground is 2.4 𝑘𝑔 ∙ 𝑚/𝑠, from what height was the ball released? (Ignore air resistance) 

         

𝑝𝑓 = 𝑚𝑣𝑓 ⇒ 𝑣𝑓 =
𝑝𝑓

𝑚
=

2.4

0.3
= 8 𝑚/𝑠 

𝑣𝑓
2 = 𝑣𝑖

2 − 2𝑔∆𝑦 ⇒ 𝑣𝑓
2 = 2𝑔ℎ ⇒ ℎ =

𝑣𝑓
2

2𝑔
= 3.2 𝑚 
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SP4. A particle moves in the xy-plane under the influence of a net conservative force.  The potential energy 

associated with this force is given by 𝑈(𝑥, 𝑦) = 3(𝑥4 + 𝑦4) , where 𝑥 and 𝑦 are measured in m and 𝑈 is 

measured in J. Find the work done by the net force on the particle when moving from (2 m, 3 m) to      

(4 m, 5 m).   

 

𝑊𝐹 = −∆𝑈 

= 𝑈𝑖 − 𝑈𝑓 = 3(24 + 34) − 3(44 + 54) 

= 291 − 2643 = −2352 𝐽 

 

 

 

 

 

 

 

 

 

 

SP5. A 7 kg block starts moving at point A with a speed of 3 m/s on a rough horizontal surface                 

(µ𝒌 = 𝟎. 𝟐𝟓), as shown. The block moves to the right and compresses a spring a maximum distance of    

0.2 m, find the force constant of the spring.  

 

𝐸𝑓   −   𝐸𝑖    =    𝑊𝑓𝑘
 

1

2
𝑘𝑥𝑚𝑎𝑥

2  −  
1

2
𝑚𝑣2 =   −𝜇𝑘(𝑚𝑔 (1.4)) 

1

2
𝑘(0.22) −  31.5 =   −24.5 ⇒ 𝑘 = 350 𝑁/𝑚 
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SP6. A light rope is wrapped around the rim of a solid disk that is free to rotate about a horizontal axis 

through its center. We tie the free end of the rope to a stone and release the stone from rest at a height    

32 cm from the floor, as shown. Find the speed of the stone just before it touches the floor if the 

rotational kinetic energy of the disk at this instant is 𝟎. 𝟔 𝑱.  

 

 

𝑚𝑔ℎ =
1

2
𝑚𝑣𝑓

2 + 𝐾𝑟𝑜𝑡 

 𝑣𝑓 = √
2

𝑚
(𝑚𝑔ℎ − 𝐾𝑟𝑜𝑡) 

      = √
2

0.5
((0.5)(10)(0.32) − 0.6) = 2 𝑚/𝑠 

 

 

 

 

 

 

SP7. A 20 kg block rests on a rough incline (µs = 0.4). A spring of force constant 𝑘 = 1150 𝑁/𝑚  is 

connected to the block, as shown. The spring is pulled with a gradually increasing force. Find the extension 

in the spring when the block starts moving up the incline. 

 

𝑘𝑥 = 𝑚𝑔 sin(36.9𝑜) + 𝑓𝑠𝑚𝑎𝑥
 

𝑘𝑥 = 𝑚𝑔 𝑠𝑖𝑛(36.9𝑜) + 𝜇𝑠 𝑚𝑔 cos(36.9𝑜) 

𝑥 =
𝑚𝑔 𝑠𝑖𝑛(36.9𝑜) + 𝜇𝑠 𝑚𝑔 cos(36.9𝑜)

𝑘
=

184

1150
 

    = 0.16 𝑚 = 16 𝑐𝑚 
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Part II: Long Problems (5 points each) 

LP1. Only two forces 𝑭⃗⃗⃗𝟏 and 𝑭⃗⃗⃗𝟐 act on a block of mass 𝑚 = 0.5 𝑘𝑔 that is moving in the xy-plane. The 

velocity of the block is given by  𝒗⃗⃗⃗(𝒕) = [𝟒𝟎𝒊̂ + (𝟐𝟎 − 𝟏𝟎𝒕)𝒋̂] 𝒎/𝒔, where 𝑡 is measured in seconds.  

a) Find the net force on the block in unit vector notation.  

𝑎⃗ =
𝑑𝑣⃗⃗

𝑑𝑡
= −10 𝑗̂ 𝑚/𝑠2                                 

∑ 𝐹⃗ = 𝐹⃗ = 𝑚𝑎⃗ = 0.5(−10𝑗̂) = −5𝑗̂ 𝑁                                             

 

 

 

 

 

 

b) If  𝑭⃗⃗⃗𝟏 = 𝟏𝟓𝒊̂ 𝑵, find the magnitude of  𝑭⃗⃗⃗𝟐. 

 

𝐹⃗2 = ∑ 𝐹⃗ − 𝐹⃗1 = (−5𝑗̂ − 15𝑖)̂ 𝑁 

   𝐹⃗⃗⃗2 = (−15𝑖̂ − 5𝑗̂) 𝑁                                            

         |𝐹⃗2| = √152 + 52 = 15.8 𝑁 

 

 

 

 

 

 

 

 

c)  Find the total work done on the block during the time interval from 𝒕 = 𝟎 𝒔 𝒕𝒐 𝒕 = 𝟐 𝒔. 

 

𝛴𝑤 = 𝛥𝑘 =
1

2
𝑚(𝑣2(2 𝑠) − 𝑣2(0 𝑠))                                                                                                            

𝑣⃗(2 𝑠) = 40 𝑖̂ + (20 − 20)𝑗̂ = 40 𝑖̂ 𝑚/𝑠 ⟹ 𝑣2(2 𝑠) = 1600 (
𝑚

𝑠
)

2

                      

 𝑣⃗(0 𝑠) = (40𝑖̂ + 20 𝑗̂)
𝑚

𝑠
  ⟹ 𝑣2(0 𝑠) = 2000 (

𝑚

𝑠
)

2

                                             

 𝛴𝑊 =
1

2
(0.5)(1600 − 2000) = −100 𝐽                                                                

                

 

 

 

 



Kuwait University – College of Science – Physics dept. – PHYS 101                                                                                                   Fall 2021/2022 (January 24, 2022) 

5 
 

LP2. Three small balls (𝑚1 = 0.5 𝑘𝑔, 𝑚2 = 0.3 𝑘𝑔, 𝑎𝑛𝑑 𝑚3 = 0.2 𝑘𝑔) are connected by massless rigid 

rods, as shown. The system starts to rotate from rest about the x-axis with a constant angular acceleration 

of 2 rad/s2. 

 

a) Find the moment of inertia of the system 

about the axis of rotation. 

 

 

 

 

          I = m1𝑟1
2 + m2𝑟2

2 + m3𝑟3
2 = (0.5)(0.6)2 + (0.3)(0)2 + (0.2)(0)2 = 0.18  𝑘𝑔 ∙ 𝑚2 

 

 

 

 

b) Find the angular speed of the system at 𝒕 = 𝟒 𝒔. 

 

ωf = ωi + αt 

     =0 + 2(4) = 8 rad/s 

 

 

c) Find the rotational kinetic energy of the system at 𝒕 = 𝟒 𝒔. 

 

Krot =
1

2
Iω2 =

1

2
 (0.18)(8)2 = 5.76 J 

 

 

 

 

 

d) Find the net torque exerted on the system about the axis of rotation. 

 

∑ 𝜏 = 𝐼𝛼 = 0.18 (2) = 0.36 𝑁 ∙ 𝑚 
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LP3. Block 1 moves with a speed of 2 m/s on a frictionless tabletop, as shown. It collides elastically with 

block 2 (𝑚2 = 0.7 𝑘𝑔) that is initially at rest. After the collision block 2 moves horizontally to the right at 

a speed of 0.8 m/s and leaves the table and then land on the ground.  

a) Find the velocity of block 1 immediately after the collision. 

𝑣2𝑥𝑓
− 𝑣1𝑥𝑓

= 𝑣1𝑥𝑖
− 𝑣2𝑥𝑖

 

0.8 − 𝑣1𝑥𝑓
= 2 − 0 

𝑣1𝑥𝑓
= −1.2 𝑚/𝑠 

 

 

 

 

b) Find the impulse on block 2? 

 

𝐽 = ∆𝑝⃗ = 𝑚2𝑣⃗2𝑓
− 𝑚2𝑣⃗2𝑖

= 0.7(0.8𝑖̂) − 0 = +0.56 𝑖̂  𝑘𝑔 ∙
𝑚

𝑠
 

 

 

 

 

c) How far away (x) from the bottom of the table does block 2 land? 

∆𝑦 = 𝑣𝑦𝑖
𝑡 −

1

2
𝑔𝑡2 ⇒ 𝑡 = √

−2∆𝑦

𝑔
= √

3.6

10
= 0.6 𝑠 

∆𝑥 = 𝑣𝑥𝑖
𝑡 = 0.8(0.6) = 0.48 𝑚 
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  Part III: Questions (Choose the correct answer, one point each) 

Q1. A car travels along the x-axis with constant speed. Which of the following graphs represents the motion 

of the car? 

    

* * * * 
 

     

Q2. Two horizontal forces of equal magnitude (𝐹) act on two blocks, as shown. The blocks remain at rest 

on a frictionless horizontal surface. The magnitude of the contact force between the two blocks is 

𝐹12. Which of the following is true? 

 *  𝑭𝟏𝟐 = 𝟎 

*  𝑭𝟏𝟐 = 𝟐𝑭 

*  𝑭𝟏𝟐 = 𝑭/𝟐 

*  𝑭𝟏𝟐 = 𝑭 

 
 

 

Q3.  Consider the path ABCA shown in the figure.  If the work done by a 

conservative force 𝑭⃗⃗⃗ from A to B is 6 J, and the work done by 𝑭⃗⃗⃗ from 

B to C is 8 J, then the work done by 𝑭⃗⃗⃗ from C to A is:  

*  𝟎 𝑱 

* −𝟏𝟎 𝑱 

*  −𝟏𝟒 𝑱 

*  𝟏𝟎 𝑱 

 

Q4. A baseball bat balances when placed on a stand, as shown. The relation between the mass of the bat to 

the left of the stand (𝑚𝑙𝑒𝑓𝑡) and its mass to the right of the stand (𝑚𝑟𝑖𝑔ℎ𝑡) is: 

 *   𝒎𝒍𝒆𝒇𝒕 > 𝒎𝒓𝒊𝒈𝒉𝒕 

 *   𝒎𝒍𝒆𝒇𝒕 = 𝒎𝒓𝒊𝒈𝒉𝒕 

       *   𝒎𝒍𝒆𝒇𝒕 < 𝒎𝒓𝒊𝒈𝒉𝒕 

 

 

 

 


