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1. Answer all questions and problems (No solution = no points). 
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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. 
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 (2 points each)  

SP1. The vectors 𝐴 and 𝐵⃗⃗ are shown in the figure. Find 𝑩⃗⃗⃗ − 𝑨⃗⃗⃗  in unit vector notation.   

𝐴 = −5 sin(37°) 𝑖̂ + 5 cos(37°) 𝑗̂ = −3𝑖̂ + 4𝑗̂ 

𝐵⃗⃗ = 4𝑖̂ 

𝐵⃗⃗ − 𝐴 = 7𝑖̂ − 4𝑗̂ 

   

 

 

 

 

 

SP2. Given three vectors: 𝐴 = 2𝑖̂ + 3𝑘̂ ;           𝐵⃗⃗ = 2𝑖̂ + 4𝑗̂ ;          𝐶 = 3𝑗̂ + 𝑘̂.   Find  𝑨⃗⃗⃗ ∙ (𝑩⃗⃗⃗ × 𝑪⃗⃗⃗) 

 𝐵⃗⃗ × 𝐶 = [
𝑖̂ 𝑗̂ 𝑘̂

2 4 0

0 3 1

] = 4𝑖̂ − 2𝑗̂ + 6𝑘̂ 

 𝐴. (𝐵⃗⃗ × 𝐶) = 8 + 18 = 26 

 

 

 

 

 

 

SP3. A cat runs along a straight line from point A to point B and then turns back to point C, as shown. 

The entire motion took 8 𝑠. Find the cat’s average velocity for the entire trip.  

 

 

 𝑣̅ =
Δ𝑥

Δ𝑡
=

𝑥𝑐−𝑥𝐴

𝑡𝑐−𝑡𝐴
 

𝑣̅ =
−10 − 0

8
= −1.25 𝑚/𝑠 
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SP4. A ball is projected from the top of a building with 𝑣𝑖 = 4 𝑚/𝑠 at an angle of 60° and hits a wall at point 

A, as shown. What is the height of the building (𝒉) if the travel time is 2 seconds? 

 

∆𝑦 = 𝑣𝑦𝑖
𝑡 −

1

2
𝑔𝑡2 

−(ℎ − 5) = −2𝑣𝑖𝑠𝑖𝑛30 − 5(2)2 

ℎ = 29 𝑚 

 

 

 

 

 

 

 

 

 

 

 

SP5. A ball is thrown vertically upward from the ground. Its height after 2 seconds is 6 𝑚 above the ground. 

Find the maximum height of the ball (𝒉𝒎𝒂𝒙). 

 

𝑦𝑓 = 𝑦𝑖 + 𝑣𝑦𝑖
𝑡 −

1

2
𝑔𝑡2 

6 = 0 + 2𝑣𝑦𝑖
− 5(2)2 

𝑣𝑦𝑖
= 13 𝑚/𝑠 

𝑣𝑓
2 = 𝑣𝑖

2 − 2𝑔(𝑦𝑓 − 𝑦𝑖) 

0 = 169 − 20(𝑦𝑓 − 0) 

𝑦𝑓 = ℎ = 8.45 𝑚 
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Part II: Long Problems (3 points each) 

LP1. A particle moves along the y-axis. Its position as a function of time is given by 𝑦(𝑡) = 6 + 12𝑡 − 5𝑡2 

where 𝑦 is in 𝑚 and 𝑡 is in 𝑠. 

a) What is the velocity of the particle at 𝒕 = 𝟎 𝒔 and at 𝒕 = 𝟐 𝒔. 

 

𝑣𝑦(𝑡) =
𝑑𝑦

𝑑𝑡
= 12 − 10𝑡  

𝑣𝑦(0) = 12 − 10(0) = 12 𝑚/𝑠 

𝑣𝑦(2) = 12 − 10(2) = −8 𝑚/𝑠 

 

 

 

 

b) At what time does the particle change its direction? 

 

 

𝑣𝑦(𝑡) = 0 = 12 − 10𝑡  

𝑡 = 1.2 𝑠  

 

 

 

 

 

 

 

 

 

c) Find the distance that the particle covers from 𝒕 = 𝟎 𝒔 to 𝒕 = 𝟐 𝒔. 

 

Δ𝑦1 = 𝑦(1.2) − 𝑦(0) = [6 + 12(1.2) − 5(1.2)2] − [6 + 12(0) − 5(0)2] = 7.2 𝑚 

Δ𝑦2 = 𝑦(2) − 𝑦(1.2) = [6 + 12(2) − 5(2)2] − [6 + 12(1.2) − 5(1.2)2] = −3.2 𝑚 

𝑑 = |Δ𝑦1| + |Δ𝑦2| = 7.2 + 3.2 = 10.4 𝑚 
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LP2. At 𝑡 = 0, a particle starts from the origin with an initial velocity of  𝑣⃗𝑖 = (9 𝑗̂) 𝑚/𝑠 and moves in the 

x-y plane with a constant acceleration of  𝑎⃗ = (2𝑖̂ − 4𝑗̂)  𝑚/𝑠2.  

a) Find the time at which the particle reaches 𝒙 = 𝟏𝟓 𝒎. 

𝑥𝑓 = 𝑥𝑖 + 𝑣𝑥𝑖
𝑡 +

1

2
𝑎𝑥𝑡2 

15 = 0 + 0 +
1

2
(2)𝑡2 

𝑡 = 3.87 𝑠 

 

 

 

 

 

 

b) Find the particle’s speed at 𝒕 =  𝟑 𝒔 .  
 

𝑣⃗𝑓 = 𝑣⃗𝑖 + 𝑎⃗𝑡 = 9 𝑗̂ + (2𝑖̂ − 4𝑗̂)(3) = (6𝑖̂ − 3𝑗̂)  

|𝑣| = √(6)2 + (−3)2 = 6.7 𝑚/𝑠 

OR 

 

𝑣𝑥 = 𝑣𝑥𝑖
𝑡 + 𝑎𝑥𝑡 = 0 + 2(3) = 6 𝑚/𝑠 

𝑣𝑦 = 𝑣𝑦𝑖
𝑡 + 𝑎𝑦𝑡 = 9 − 4(3) = −3 𝑚/𝑠 

 |𝑣| = √(6)2 + (−3)2 = 6.7 𝑚/𝑠 

 

 

 

 

 

c) Which of the following graphs best represents the particle’s vertical velocity 𝒗𝒚 versus 𝒕?  

 

 

 

 

 

 

 

 

  

               

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

Q1. Which of the following figures satisfies the relation 𝑩⃗⃗⃗ = 𝑨⃗⃗⃗ + 𝑫⃗⃗⃗ − 𝑪⃗⃗⃗ : 

  

 

 

 

 

 

 

 

           *      *         *           *    

 

Q2. The figure shows the velocity-time graph for a particle moving along the x-axis. During which time 

intervals is the particle speeding up?  

 

∗   [0 −  4], [4 −  5] 

∗   [0 −  4], [5 −  6] 

∗   [4 −  5], [5 −  6] 

∗   [0 −  4] only 

 

Q3. A projectile is fired from the ground with an initial velocity (𝑣⃗0) at an angle (𝜃) with the horizontal, as 

shown. At point C, what are the signs of (𝑣𝑥 and 𝑣𝑦), respectively? 

*  (+, +)   

*  (−, +)   

*  (+, −)   

* (−, −) 

 

Q4. Two objects are moving with the same constant speed (𝒗𝑨 = 𝒗𝑩) in two concentric circles, as shown. 

If the magnitude of acceleration for object A is 𝑎𝐴 and for object B is 𝑎𝐵, then which of the following 

statements is correct: 

*  𝑎𝐴 = 𝑎𝐵 = 0     

*  𝑎𝐴 = 𝑎𝐵 ≠ 0 

*  𝑎𝐴 > 𝑎𝐵   

*  𝑎𝐴 < 𝑎𝐵 

 

 

C 

 

 

y(m) 

x(m

) 

 


