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Important: 

 
1. Answer all questions and problems (No solution = no points). 
2. Full mark = 30  points as arranged in the above table. 
3. Assume g = 10 m/s2. 
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5. Programmable calculators, which can store equations, are not allowed. 
6. Please write down your final answer in the box shown in each problem. 
7. Cheating incidents will be processed according to the university rules. 
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Part I: Questions (Choose the correct answer, 1 point each) 

Q1. A projectile is fired, as shown. Which of the following 

statements is correct? 

  

*  ∆𝑣𝑥 = 0, ∆𝑣𝑦 = 0                *   ∆𝑣𝑥 = 0, ∆𝑣𝑦 = −𝑔∆𝑡 

*  ∆𝑣𝑥 = −𝑔∆𝑡, ∆𝑣𝑦 = 0        * ∆𝑣𝑥 = −𝑔∆𝑡, ∆𝑣𝑦 = −𝑔∆𝑡 

  

Q2. Which of the following figures describes the velocity and acceleration vectors of a speeding up particle 

moving through the point P on a carved path.  

  
  

* * * * 

     

Q3. A woman with masss (𝑚) stands on a bathroom scale in an elevator. While the elevator is 

accelerating downword, the scale reads (𝒏) 

 *  𝑛 > 𝑚𝑔             *   𝑛 = 𝑚𝑔            

 *   𝑛 < 𝑚𝑔      *   𝑛 = 0    

 

Q4. The figure shows two blocks of mass (𝑚1 = 2𝑚) and (𝑚2 = 𝑚) acted on by an external horizontal force 

𝑭. Assume that the surface is frictionless. Which of the following statements about the magnitude of 

the force that one block exerts on the other (𝑭𝟏𝟐 ) is correct? 

*   𝐹12 =
𝐹

3
    *   𝐹12 =

2𝐹

3
 

*   𝐹12 =
3𝐹

2
    *  𝐹12 = 𝐹 

Q5. A block of mass m is released from rest at point A, and slides down a frictionless 

surface in the shape of a quarter circle, as shown. As the block passes point B, 

which of the following is true about the magnitude of the normal force (𝒏)?  

∗   𝑛 =  𝑚𝑔 𝑐𝑜𝑠 𝜃                          ∗   𝑛 <  𝑚𝑔 𝑐𝑜𝑠 𝜃 

∗   𝑛 >  𝑚𝑔 𝑐𝑜𝑠 𝜃                           ∗   𝑛 =  0                           

Part II: Short Problems (3 points each)  

SP1.  An object is thrown horizontally from the open window of a building. If the initial speed of the object 

is 20 𝑚/𝑠 and it hits the ground 2 𝑠 later, from what height was it thrown?  

𝑣𝑦0 = 0, 𝑣𝑥0 = 20 𝑚/𝑠 

𝑦 = 𝑦0 + 𝑣𝑦0𝑡 −
1

2
𝑔𝑡2 

𝑦 = 0 + 0 − 5(2)2 = −20 𝑚 

ℎ = 20 𝑚 
Answer: ℎ = 20 𝑚 
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SP2. A particle moves with constant speed on a circle (𝑟 = 2 𝑚), as shown. The particle passes the point 𝑝 

at 𝑡 = 0 𝑠 and completes one revelution in 20 𝑠. Find the particle’s position, velocity and accelartaion at 

𝒕 =  𝟏𝟓 𝒔, in unit vector notation. 

 

After 15 sec, the particle is on the negative x-axis: 

 𝑟 = −2𝑖̂ 

𝑣⃗ = −
2𝜋𝑅

𝑇
𝑗̂ = −

2 (3.14) (2)

20
= −0.63 𝑗 ̂

𝑎⃗ =
𝑣2

𝑅
𝑖̂ =

0.632

2
𝑖̂ = 0.2 𝑖̂ 

 

 

 

SP3. Bader rides an escalator which moves at a speed of 5 m/s and Ali rides an elevator which moves up 

at a speed of 6 m/s, as shown. Find the speed of Bader with respect to Ali. 

𝑣⃗𝐴/𝐺 = 6 𝑗̂ 𝑚/𝑠 

𝑣⃗𝐵/𝐺 = 5 𝑐𝑜𝑠(37𝑜)𝑖̂ + 5 𝑠𝑖𝑛(37𝑜) 𝑗̂ = (4 𝑖̂ + 3 𝑗̂) 𝑚/𝑠 

𝑣⃗𝐵/𝐴 = 𝑣⃗𝐵/𝐺 − 𝑣⃗𝐴 𝐺⁄ = (4 𝑖̂ − 3 𝑗̂) 𝑚/𝑠 

|𝑣⃗𝐵/𝐴| = √(4)2 + (3)2 = 5 𝑚/𝑠 

 

 

 

 

 

SP4. Two blocks (m1 and m2) are connected by a light rope that passes over a massless pulley as shown. The 

surface of the incline is rough and m2 moves downward. Draw two free-body diagrams, one for 

𝒎𝟏 and one for 𝒎𝟐.    

 

 

 

 

 

Answer: |𝑣⃗𝐵/𝐴| = 5 𝑚/𝑠 
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SP5.  In the figure, block A has mass 𝑚𝐴 = 25 𝐾𝑔 and block B has mass 𝑚𝐵 = 10 𝐾𝑔. Both blocks move 

with constant acceleration 𝑎 =  2 𝑚/𝑠2 to the right. The coefficient of static friction between the two 

blocks is 𝜇𝑠 = 0.8. Find the magnitude and direction of the static frictional force acting on block B.  

  

𝑓𝑠 = 𝑚𝐵𝑎 = 10 (2) = 20 𝑁 

 |𝑓𝑠| = 20 N 

Direction: to the right 

 

 

 

Part III: Long Problems (5 points each) 

LP1. A block (𝑀 = 20 𝐾𝑔) is pushed by a force (𝐹 = 50 𝑁), as shown. The surface is rough (𝜇𝑠 = 0.4,     

𝜇𝑘 = 0.3 ).  

a) What is the magnitude of the normal force acting on the block? 

𝑛 = 𝑚𝑔𝑐𝑜𝑠𝜃 

𝑛 = 200 cos (40°) = 153.2 𝑁 

 

 

b) What is the magnitude and direction of the acceleration of the block? 

𝑚𝑔𝑠𝑖𝑛𝜃 − 𝐹 − 𝑓𝑘 = 𝑚𝑎 

200 sin(40°) − 50 − 𝜇𝑘(153.2) = 20 𝑎 

𝑎 = 1.6 m/𝑠2 down the incline 

 

 

 

 

 

c) If the applied force is removed, then the magnitude of the blook’s acceleration will  

*  increase 

*  decrease 

*  stay the same 

Answer: 20𝑖̂ N 

Answer : 𝑎 =  1.6 𝑚/𝑠2      

down the incline 

Answer: 𝑛 =  153.2 𝑁 
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LP2. For the canonical pendulum shown in the figure, a bob of mass (𝑚 = 0.2 𝐾𝑔) is attached to a string and 

rotates in a horizontal circle with constant speed (𝑣 = 0.8 𝑚/𝑠). The string makes an angle                 

(𝜃 = 15°) with the vertical.  

a) What is the tension in the string? 

 

𝑇𝑐𝑜𝑠𝜃 = 𝑚𝑔 

𝑇 =
𝑚𝑔

𝑐𝑜𝑠𝜃
=

2

cos 15𝑜
= 2.1 𝑁 

 

 

 

 

b) What is the radius of the circle? 

 

𝑇𝑠𝑖𝑛𝜃 =
𝑚𝑣2

𝑅
 

𝑅 =
𝑚𝑣2

𝑇𝑠𝑖𝑛𝜃
=

0.2 (0.8)2

2.1 sin( 15𝑜)
= 0.24 𝑚 

 

 

 

 

 

 

 

 

c) The net force acting on the bob equals: 

*   𝑭𝒏𝒆𝒕 =
𝒎𝒗𝟐

𝑹
 

*   𝑭𝒏𝒆𝒕 = 𝑻 − 𝒎𝒈 

*  𝑭𝒏𝒆𝒕 = 𝑻𝒄𝒐𝒔𝜽 

*  𝑭𝒏𝒆𝒕 = 𝟎 

 

Answer: 𝑅 = 0.24 𝑚  

Answer: 𝑇 = 2.1 𝑁  

https://www.google.com/search?sxsrf=ALeKk03TkO8zIpQQFODCNY2SUGUWRUd8fw:1629823632022&q=canonical+pendulum&spell=1&sa=X&ved=2ahUKEwjp7YeVjsryAhWt3eAKHUk1Bx0QkeECKAB6BAgBEDA

