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Part I: Short Problems (3 points each)  

SP1. The angular position of a rotating disc is described by 𝜽(𝒕) = 𝟐𝒕𝟑 − 𝟔𝒕𝟐, where 𝜃 is in 𝑟𝑎𝑑𝑖𝑎𝑛𝑠 and 𝑡 

is in 𝑠𝑒𝑐𝑜𝑛𝑑𝑠. Find the angular acceleration of the disc at 𝒕 = 𝟓𝒔. 

𝜔(𝑡) =
𝑑𝜃(𝑡)

𝑑𝑡
= 6𝑡2 − 12𝑡 

𝛼(𝑡) =
𝑑𝜔(𝑡)

𝑑𝑡
= 12𝑡 − 12 

𝛼(𝑡 = 5𝑠) = 12(5) − 12 = 48 𝑟𝑎𝑑/𝑠2 

 

 

 

SP2. A constant force 𝐹⃗ = (20𝑖̂ + 35𝑗̂ − 40𝑘̂) 𝑁 acts on a 4 𝑘𝑔 block while it is moving along the 𝑥 − 𝑎𝑥𝑖𝑠. 

Calculate the work done by the force 𝑭⃗⃗⃗ when the block moves from 𝒙 = 𝟐 𝒎 to 𝒙 = 𝟗 𝒎. 

 

∆𝑟 = +7𝑖̂ 𝑚                   

𝑊 = 𝐹⃗ ∙ ∆𝑟 = (20)(7) + 0 + 0 = +140 𝐽 

 

 

 

 

 

SP3. A stone is projected from the edge of a vertical cliff and hits the ground 2 s later. The stone's initial 

velocity is 𝒗𝒊 = 𝟐𝟎 𝒎/𝒔 directed at 37° below the horizontal, as shown. Find the height (𝒉) of the 

cliff. 

𝑣𝑦𝑖
= −𝑣𝑖 sin(37𝑜) = −20 sin(37𝑜) = −12 𝑚/𝑠 

∆𝑦 = 𝑣𝑦𝑖
𝑡 −

1

2
𝑔𝑡2 = −12(2) − 5(22) = −44 𝑚 

ℎ = |∆𝑦| = 44 𝑚 
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SP4. A constant force 𝐹 =  63 𝑁 is applied to a 3 𝑘𝑔 block, which is connected to a 6 𝑘𝑔 block by a light 

rope, as shown. The two blocks accelerate together on a rough horizontal surface (𝜇𝑘 = 0.4). Find the 

magnitude of the net force on the 𝟑 𝒌𝒈 block. 

 

𝐹 − 𝜇𝑘(𝑚1 + 𝑚2) 𝑔 = (𝑚1 + 𝑚2) 𝑎 

𝑎 =
𝐹 − 𝜇𝑘(𝑚1 + 𝑚2) 𝑔 

(𝑚1 + 𝑚2)
= 3 𝑚/𝑠2 

𝐹𝑛𝑒𝑡(𝑜𝑛 𝑚1) = 𝑚1𝑎 = 9 𝑁 

 

 

 

 

 

 

 

 

 

 

SP5. A disc starts from rest and rotates with constant angular acceleration. The disc completes 225 

revolutions during the first 6 𝑠. Find the tangential acceleration of point A at 𝒕 = 𝟔 𝒔. 

∆𝜃 = 𝜔𝑖𝑡 +
1

2
𝛼𝑡2 

225(2)(3.14) = 0 +
1

2
𝛼(6)2 ⇒ 𝛼 = 78.5 𝑟𝑎𝑑/𝑠2 

𝑎𝑡𝑎𝑛 = 𝑅𝛼 = 0.2(78.5) = 15.7 𝑚/𝑠2 
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SP6. A rocket (𝑀 = 80 𝑘𝑔) initially moves at 500 𝑚/𝑠. Due to an explosion, the rocket separates into two 

parts (𝑚𝐴 = 50 𝑘𝑔 and 𝑚𝐵 = 30 𝑘𝑔 ). After the explosion part A moves at a speed of 620 m/s to the right, 

as shown.  Find the velocity of part B. 

 

𝑀𝑣𝑥𝑖
= 𝑚𝐴𝑣𝐴𝑥𝑓

+ 𝑚𝐵𝑣𝐵𝑥𝑓
 

𝑣𝐵𝑥𝑓
=

𝑀𝑣𝑥𝑖
− 𝑚𝐴𝑣𝐴𝑥𝑓

𝑚𝐵
 

         =
(80)(500)−(50)(620)

30
= +300 𝑚/𝑠      (To the right) 

 

 

 

 

 

 

 

 

SP7. Starting at 𝑡 =  0 𝑠, a net external force 𝐹⃗(𝑡) = (4𝑡𝑖̂ − 9𝑡2𝑗̂) , where 𝐹 is in 𝑛𝑒𝑤𝑡𝑜𝑛𝑠 and 𝑡 is in 

𝑠𝑒𝑐𝑜𝑛𝑑𝑠, is applied to a box that has an initial momentum 𝑝⃗𝑖 = (−3𝑖 + 4𝑗) 𝑘𝑔 ∙ 𝑚/𝑠. Find the momentum 

of the box at 𝒕 = 𝟐 𝒔 in unit vector notation. 

𝐽 = ∫ 𝐹⃗(𝑡)𝑑𝑡 = ∫ (4𝑡𝑖̂ − 9𝑡2𝑗̂) 𝑑𝑡 = [(2𝑡2𝑖̂ − 3𝑡3𝑗̂)]
2

0

2

0

𝑡𝑓

𝑡𝑖

= (8𝑖̂ − 24𝑗̂) 𝑘𝑔 ∙ 𝑚/𝑠 

𝐽 = 𝑝𝑓 − 𝑝𝑖 ⇒ 𝑝𝑓 = 𝐽 + 𝑝𝑖 

𝑝𝑓 = 𝐽 + 𝑝𝑖 = (8𝑖̂ − 24𝑗̂) + (−3𝑖 + 4𝑗) = (5𝑖̂ − 20𝑗̂) 𝑘𝑔 ∙ 𝑚/𝑠 
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Part II: Long Problems (5 points each) 

LP1. Two identical objects (𝑚1 = 𝑚2 = 2  𝑘𝑔) move on a frictionless horizontal surface with velocities 

𝑣⃗1𝑖
= (4𝑖̂ − 6𝑗̂) 𝑚/𝑠 and 𝑣⃗2𝑖

= (8𝑖̂ + 2𝑗̂) 𝑚/𝑠. The two objects collide, stick together, and move with 

velocity 𝑣⃗𝑓 . 

(a) Find the total kinetic energy of the system before the collision. 

∑ 𝐾𝑖 =
1

2
𝑚1𝑣1𝑖

2 +
1

2
𝑚2𝑣2𝑖

2  

           =
1

2
(2)(42 + 62) +

1

2
(2)(82 + 22) = 120 𝐽 

 

 

 

 

 

 

 

 

(b) Find the common velocity of the two objects after the collision (𝒗⃗⃗⃗𝒇) in unit vector notation. 

 

𝑚1𝑣⃗1𝑖
+ 𝑚2𝑣⃗2𝑖

= (𝑚1 + 𝑚2)𝑣⃗𝑓 

𝑣⃗𝑓 =
𝑚1𝑣⃗1𝑖

+ 𝑚2𝑣⃗2𝑖

(𝑚1 + 𝑚2)
=

2(4𝑖̂ − 6𝑗̂) + 2(8𝑖̂ + 2𝑗̂)

4
= (6𝑖̂ − 2𝑗̂) 𝑚/𝑠 

 

 

 

 

 

 

(c) Find the change in kinetic energy due to the collision. 

∆𝐾 =
1

2
(𝑚1 + 𝑚2)𝑣𝑓

2 − (
1

2
𝑚1𝑣1𝑖

2 +
1

2
𝑚2𝑣2𝑖

2 ) 

=
1

2
(4)(62 + 22) − (120) = −40 𝐽 
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LP2. Two blocks (𝑚1 = 3 𝑘𝑔, 𝑚2 = 5 𝑘𝑔) are raised vertically by a force 𝐹 = 96 𝑁, as shown.  

 

(a) Draw a Free body diagram for each block. 

 

 

 

 

 

 

 

(b) Find the contact force between the two blocks. 

𝐹 − (𝑚1 + 𝑚2)𝑔 = (𝑚1 + 𝑚2)𝑎 

𝑎 =
𝐹 − (𝑚1 + 𝑚2)𝑔

(𝑚1 + 𝑚2)
=

96 − (80)

8
= 2 𝑚/𝑠2 

𝐹21 − 𝑚1𝑔 = 𝑚1𝑎 ⇒ 𝐹21 = 𝑚1(𝑔 + 𝑎) = 36 𝑁 

 

OR       𝐹 − 𝐹12 − 𝑚2𝑔 = 𝑚2𝑎 ⇒ 𝐹12 = 𝐹 − 𝑚2𝑔 − 𝑚2𝑎 = 96 − 50 − 10 = 36 𝑁 

 

 

 

 

 

 

 

 

 

 

(c) If the surface between the two blocks is rough with coefficients of friction (𝝁𝒔 𝒂𝒏𝒅 𝝁𝒌), then the 

friction force acting on m1 equals (ignore air resistance). 

 

   * 𝜇𝑘𝑚1𝑔                         * 𝜇𝑠𝑚1𝑔                         * 𝜇𝑠(𝑚1 + 𝑚2)𝑔                      * zero       
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LP3. A 4 kg block is released from rest at point A when the spring (𝑘 = 600 𝑁/𝑚) is compressed 20 𝑐𝑚. 

The block leaves the spring and slides down a frictionless incline, and then a rough horizontal surface, 

as shown. Finally, the block stops at point C. 

(a) Find the total work done on the block 

between points A and B. 

               𝑊𝑡𝑜𝑡𝑎𝑙(𝐴 ⟶ 𝐵) = 𝑊𝑚𝑔 + 𝑊𝐹𝑠

= 𝑚𝑔ℎ +
1

2
𝑘(𝑥𝑖

2 − 𝑥𝑓
2) 

         = 4(10)(1.2) +
1

2
(600)(0.22 − 0) = 60 𝐽 

 

 

 

 

 

(b) Find the speed of the block at point B. 

𝑊𝑡𝑜𝑡𝑎𝑙(𝐴 ⟶ 𝐵) =
1

2
𝑚(𝑣𝐵

2 − 𝑣𝐴
2) 

60 =
1

2
(4)(𝑣𝐵

2 − 0) ⇒ 𝑣𝐵 = 5.48 𝑚/𝑠 

 

 

 

 

 

 

 

(c)  Find the distance (d) between points B and C. 

 

𝑊𝑡𝑜𝑡𝑎𝑙(𝐵 ⟶ 𝐶) =
1

2
𝑚(𝑣𝐶

2 − 𝑣𝐵
2) 

−𝜇𝑘𝑚𝑔𝑑 =
1

2
𝑚(0 − 𝑣𝐵

2) ⇒ 𝑑 =
𝑣𝐵

2

2𝜇𝑘𝑔
= 3.75 𝑚 
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  Part III: Questions (Choose the correct answer, one point each) 

Q1. A stone is thrown vertically up. Which of the following graphs correctly represents its velocity? 

  

    
* * * * 

  

Q2. Three blocks with masses 𝑚1 > 𝑚2 > 𝑚3  rest on a frictionless table at position A. Three forces of 

equal magnitude (F) act on the blocks, and the blocks move the same distance to position B, as shown. Which 

block will have the highest kinetic energy at position B. 

 𝑚1 

 𝑚2 

 𝑚3 

 all the same 

 

Q3. For the completely inelastic collision shown in the figure, what can be said about the kinetic energy (K) of 

the system.  

 𝐾𝑏𝑒𝑓𝑜𝑟𝑒 = 𝐾𝑎𝑓𝑡𝑒𝑟 

 𝐾𝑏𝑒𝑓𝑜𝑟𝑒 > 𝐾𝑎𝑓𝑡𝑒𝑟 

 𝐾𝑏𝑒𝑓𝑜𝑟𝑒 < 𝐾𝑎𝑓𝑡𝑒𝑟 

 𝐾𝑏𝑒𝑓𝑜𝑟𝑒 + 𝐾𝑎𝑓𝑡𝑒𝑟 = 0 

 

Q4. A solid disc is rotating about its center with angular velocity 𝜔. Points A and B are two points on the disc's 

surface. Which one of the following statements is correct? 

 𝜔𝐴 = 𝜔𝐵 

 𝑣𝐴 = 𝑣𝐵 

 𝜔𝐴 > 𝜔𝐵 

 𝑣𝐴 < 𝑣𝐵 

 

 

 

 

 


