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# SP1 SP2 SP3 
SP4 

SP5 SP6 SP7 LP1 LP2 LP3 Q1 Q2 Q3 Q4 Total 

Pts 

3 3 3 3 3 3 3 5 5 5 1 1 1 1 40 

    

  

         

 
 

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. 
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Part I: Short Problems (3 points each) 

SP1. A wheel slows down from 𝜔𝑖 = 20 𝑟𝑎𝑑/𝑠 to 𝜔𝑓 = 12 𝑟𝑎𝑑/𝑠 in 5 𝑠 under a constant angular 

acceleration. Find the angular displacement (𝚫𝜽), in radians, during these 𝟓 𝒔.  

𝜔𝑓 = 𝜔𝑖 + 𝛼𝑡 

𝛼 =
12 − 20

5
= −1.6𝑟𝑎𝑑/𝑠2 

Δ𝜃 = 𝜔𝑖𝑡 +
1

2
𝛼𝑡2 = 20 × 5 + 0.5 × −1.6 × 25 = 80 𝑟𝑎𝑑  

OR 

Δ𝜃 = (
𝜔𝑖 + 𝜔𝑓

2
) Δ𝑡 = (

20 + 12

2
) 5 = 80 𝑟𝑎𝑑 

 

SP2. A rocket moves along the x-axis.  Its position as a function of time is given by 𝑥(𝑡) = 4𝑡 − 5𝑡3, where 

𝑡 is in seconds and 𝑥 is in meters.  Find the average acceleration (in 𝒎/𝒔𝟐) between 𝒕 = 𝟎 𝒔 and 𝒕 = 𝟐 𝒔. 

 

 𝑣 =
𝑑𝑥

𝑑𝑡
= 4 − 15𝑡2  

 �̅� =
Δ𝑣

Δ𝑡
=

𝑣(2)−𝑣(0)

2−0
=

[4−15(22)]−[4−10(02)]

2
= −30 𝑚/𝑠2 

 

 

 

SP3. A ball is projected from a window of a building of height (ℎ). The ball is given an initial speed of 

8 𝑚 𝑠⁄ , as shown. If the horizontal distance Δ𝑥 = 22.6 𝑚, find the height 𝒉 (in 𝒎).   

 

 Δ𝑥 = 22.6 𝑚 = 𝑣0𝑠𝑖𝑛(70°)(𝑡) = 8 × 0.94 × 𝑡 

 𝑡 = 3 𝑠 

Δ𝑦 = −𝑣0𝑐𝑜𝑠(70°)𝑡 −
1

2
𝑔𝑡2 

 Δ𝑦 = −8.2 − 5(9) = −53.2 𝑚 

 ℎ = 53.2 𝑚 
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SP4: A 0.4 𝑘𝑔 block compresses a spring (𝑘 = 370 𝑁/𝑚) a distance 𝑥 = 20 𝑐𝑚, then the block is released 

from rest at point A. Find the speed (in 𝒎/𝒔) of the block when the spring is relaxed (at point B). 

 𝐸𝐴 = 𝐸𝐵  

 
1

2
𝑘𝑥2 =

1

2
𝑚𝑣2 + 𝑚𝑔𝑥 

 
1

2
× 370 × 0.22 =

1

2
× 0.4 × 𝑣2 + 0.4 × 10 × 0.2 

𝑣 = 5.74 𝑚/𝑠 

   

 

 

 

 

 

 

 

SP5. A 6 𝑘𝑔 stone rests at the origin explodes into two masses 𝑚1 = 2 𝑘𝑔 and 𝑚2 = 4 𝑘𝑔, as shown.  After 

the explosion, 𝑚1 moves with a speed 𝑣1𝑓 = 5 𝑚/𝑠, 30° north of east. Find the final velocity of  𝒎𝟐, in 

unit vector notation. 

 

  

∑ 𝑝𝑖 = ∑ �⃗�𝑓 

  

𝑀�⃗�𝑖 = 𝑚1�⃗�1𝑓 + 𝑚2�⃗�2𝑓 

0 = 2(5𝑐𝑜𝑠30𝑖̂ + 5𝑠𝑖𝑛30𝑗̂) + 4(�⃗�2𝑓) 

  �⃗�2𝑓 = (−2.17𝑖̂ − 1.25𝑗̂) 𝑚/𝑠 

 

 

 

𝑣 
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SP6. A system consists of three small disks rotating about an axis that passes through disk C and parallel to 

the line connecting B and A as shown.  The angular position of the disk B is given by 𝜃(𝑡) = −5𝑡 + 2𝑡3, 

where 𝑡 is in seconds and 𝜃 is in radians.  Find the rotational kinetic energy (in 𝑱) of the system at 𝒕 = 𝟐𝒔. 

 

𝐼 = 𝑚𝐴𝑟𝐴
2 + 𝑚𝐵𝑟𝐵

2 = 1 × 0. 42 + 2 × 0. 42 = 0.48 𝑘𝑔𝑚2 

 𝜔(𝑡) =
𝑑𝜃

𝑑𝑡
= −5 + 6𝑡2 

 𝜔(2) = −5 + 6 × 22 = 19 𝑟𝑎𝑑/𝑠 

 𝐾 =
1

2
𝐼𝜔2 =

1

2
× 0.48 × 361 = 86.6 𝐽 

 

 

 

 

 

 

 

 

SP7: Two masses, 𝑚1 = 4 𝑘𝑔 and 𝑚2 = 14 𝑘𝑔, are connected by a light rope that passes over a fixed 

frictionless and massless pulley, as shown. 𝒎𝟏 rests on 𝒎𝟐 and a force |�⃗⃗⃗�| = 𝟐𝟖 𝑵 is applied on 𝒎𝟏. 

The surface between the two blocks is rough ( 𝜇𝑘 = 0.25). The surface on which 𝑚2 rests is frictionless. 

Find the magnitude of the system’s acceleration (in 𝒎/𝒔𝟐). 

For 𝒎𝟏 

𝐹 − 𝑇 − 𝜇𝑘𝑚1𝑔 = 𝑚1𝑎 

18 − 𝑇 = 4𝑎 

For 𝒎𝟐 

𝑇 − 𝜇𝑘𝑚1𝑔 = 𝑚2𝑎 

𝑇 − 10 = 14𝑎 

𝑎 = 0.44 𝑚/𝑠2 

 

  

 
�⃗⃗⃗� 

 

 𝒎𝟏 

𝒎𝟐 
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Part III: Long Problems (5 points each) 

LP1. A bullet of mass of 𝑚1  =  50 𝑔 moves horizontally with a speed of 𝑣1  =  250 𝑚/𝑠 makes a 

completely inelastic collision with a ball of mass 𝑚2  =  4 𝑘𝑔, suspended like a pendulum from a rope of 

length 𝐿 = 2 𝑚. After the impact, the system swings up to a maximum height ℎ, as shown. 

a) What is the speed of the system 𝒗𝟐 immediately after the collision? 

 

∑ 𝑝𝑖 = ∑ �⃗�𝑓 

𝑚1𝑣1 = (𝑚1 + 𝑚2)𝑣2 

𝑣2 =
𝑚1𝑣1

𝑚1 + 𝑚2
=

0.05(250)

4.05
= 3.1 𝑚/𝑠 

 

 

 

 

(b) Find the tension in the rope immediately after the collision (at point A). 

 

𝑇 − 𝑀𝑔 = 𝑀
𝑣2

2

𝐿
         

𝑇 = 𝑀 (𝑔 +
𝑣2

2

𝐿
) = 4.05 (10 +

3.12

2
) = 60 𝑁 

 

 

 

(c) Find the maximum height (𝒉) of the system. 

 

𝐸𝑖 = 𝐸𝑓          

       
1

2
𝑀𝑣2

2 = 𝑀𝑔ℎ 

ℎ =
𝑣2

2

2𝑔
=

3.12

2(10)
= 0.48 𝑚 

 

 

 

 

A 
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LP2. Two blocks (𝑚1 = 6 𝑘𝑔, 𝑚2 = 4 𝑘𝑔) are connected by a light rope passing over a frictionless pulley 

with a radius 𝑅 = 0.3 𝑚 and a moment of inertia 𝐼 = 1.44 𝑘𝑔 ⋅ 𝑚2. The rope does not slip on the disk rim. 

The masses 𝑚1 and 𝑚2 are released from rest.  The tabletop is rough (𝜇𝑘 = 0.2).  

(a) If the tension in the vertical rope 𝑻𝟏 = 𝟒𝟖 𝑵,  

find the acceleration of the system. 

 

𝑚1𝑔 − 𝑇1 = 𝑚1𝑎 

𝑎 = 𝑔 −
𝑇1

𝑚1
= 10 −

48

6
= 2 𝑚/𝑠2 

 

 

 

 

 

(b) Find the tension in the horizontal part of the rope, 𝑻𝟐. 

 

𝑇2 − 𝜇𝑘𝑚2𝑔 = 𝑚2𝑎 

𝑇2 = 𝑚2(𝑎 + 𝜇𝑘𝑔) = 4(2 + 0.2(10)) = 16 𝑁 

 

 

 

 

 

 

(c) Find the net torque (magnitude and direction) generated on the pulley. 

 

∑ 𝜏 = 𝐼𝛼 = 𝐼
𝑎

𝑅
 

∑ 𝜏 = 1.44 ∗
2

0.3
= 9.6 𝑁. 𝑚 

into the page 

or 

∑ 𝜏 = (𝑇1 − 𝑇2)𝑅 = (48 − 16)0.3 = 9.6 𝑁. 𝑚, into the page. 

 

 

𝑇1 

𝑇2 
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LP3. A 2 𝑘𝑔 block slides along a smooth surface before entering a rough path in the shape of a quarter circle 

of radius 𝑅 = 6 𝑚, as shown.  The work done by friction between point B and point C is −36 𝐽. 

 

(a) Find the speed of the block at point C. 

 

 

𝑊𝑓𝑟 = 𝐸𝑐 − 𝐸𝐴       

                                                                            

𝑊𝑓𝑟 =
1

2
𝑚𝑣𝑐

2 + 𝑚𝑔𝑦𝐶 −
1

2
𝑚𝑣2 

 

      −36 =
1

2
(2)𝑣𝑐

2 + 2(10)(3) −
1

2
(2)(11.3)2 

𝑣𝑐 = 5.63 𝑚/𝑠 

 

 

(b) Draw a free-body diagram for the block at point C.  

 

 

 

 

 

 

  

(c) Find the magnitude of the normal force at point C. 

𝑛𝑐 − 𝑚𝑔 cos 60 =
𝑚𝑣𝑐

2

𝑅
 

 𝑛𝑐 = 𝑚(
𝑣𝑐

2

𝑅
+ 𝑔 cos 60) = 2 (

5.632

6
+ 10 cos 60) = 20.7 𝑁 

 

 

 

(d) Which of the following vectors represents the block's tangential acceleration direction at point C?  

 

 

*        *      *     *   

 

 

𝑛 

𝑚𝑔𝑐𝑜𝑠𝜃 𝑚𝑔𝑠𝑖𝑛𝜃 

𝑚𝑔 

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

Q1. Which of the following is NOT an example of a conservative force? 

      *  Gravitational force. 

      *  Elastic force. 

*  Friction force. 

*  All of the above are examples of conservative forces. 

 

Q2. A velocity-time graph for an object moving along the x-axis is shown below. At 𝑡 = 2 s, the acceleration 

of the object is:  

 

       *  Increasing in the +𝑥 direction.  

       *  Decreasing in the +𝑥 direction. 

       *  Constant in the −𝑥 direction. 

       *  Zero. 

 

 

Q3. A and B are two wheels connected by a belt that does not slip and runs with a constant linear speed 𝒗. 

If  𝑅𝐴 = 2𝑅𝐵 , then the relation between their angular accelerations 𝛼 is:  

 

      *  𝛼𝐴 = 𝛼𝐵 = 0. 

      *  𝛼𝐴 = 𝛼𝐵 ≠ 0. 

      *  𝛼𝐴 = 2𝛼𝐵. 

      *  𝛼𝐴 =
1

2
𝛼𝐵. 

 

 

Q4. The linear momentum as a function of time is shown for an object moving along the +x axis.  In which 

region is the magnitude of the net force |�⃗⃗⃗�| on the object the greatest? 

 

       *  Region 1. 

       *  Region 2. 

       *   Region 3. 

       *  Region 4. 

 

 


