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Part I: Short Problems (3 points each)  

SP1. The position of a particle moving along the x-axis is given by 𝑥 = 4 + 24𝑡 − 3𝑡2, where 𝑥 is in meters 

and 𝑡 is in seconds. Find the average acceleration of the particle between 𝒕 = 𝟏 𝒔 𝐚𝐧𝐝 𝒕 = 𝟑 𝒔. 

 

𝑣𝑥(𝑡) =
𝑑𝑥

𝑑𝑡
= 24 − 6𝑡 

𝑣𝑥(𝑡 = 1 𝑠) = 24 − 6(1) = 18 𝑚/𝑠 

𝑣𝑥(𝑡 = 3 𝑠) = 24 − 6(3) = 6 𝑚/𝑠 

𝑎𝑎𝑣−𝑥 =
𝑣𝑥𝑓

− 𝑣𝑥𝑖

𝑡
=

6 − 18

2
= −6 𝑚/𝑠2 

 

SP2. A stone is thrown from the edge of a cliff with a speed of 5 𝑚/𝑠 at an angle of 53.1𝑜 above the 

horizontal, as shown. With what velocity in unit vector notation does the stone hit the ground? 

𝑣𝑥𝑖
= 𝑣𝑖 cos 53.1𝑜 = 3 𝑚/𝑠 

𝑣𝑦𝑖
= 𝑣𝑖 sin 53.1𝑜 = 4 𝑚/𝑠 

∆𝑥 = 𝑣𝑥𝑖
𝑡 ⇒ 𝑡 =

∆𝑥

𝑣𝑥𝑖

=
6

3
= 2 𝑠 

𝑣𝑦𝑓
= 𝑣𝑦𝑖

− 𝑔𝑡 = 4 − 10(2) = −16 𝑚/𝑠 

𝑣⃗𝑓 = (3𝑖̂ − 16𝑗̂) 𝑚/𝑠 

 

 

 

 

SP3. A particle of mass 4 𝑘𝑔 moves along the x-axis under the influence of a net conservative force. The 

potential energy is given by 𝑈(𝑥) = 𝑥4 − 3𝑥2 + 5, where 𝑥 is in meters and 𝑈 is in Joules. Find the 

acceleration of the particle at 𝒙 = 𝟏 𝒎. 

𝐹𝑥 = −
𝑑𝑈

𝑑𝑥
= −(4𝑥3 − 6𝑥) = −4𝑥3 + 6𝑥 

𝐹(𝑥 = 1 𝑚) = −4(1)3 + 6(1) = 2 𝑁 

𝑎𝑥 =
𝐹𝑥

𝑚
= 0.5 𝑚/𝑠2 
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SP4. A box of mass 20 𝑘𝑔 starts from rest at point A and slides down on a rough surface. The work 

done by friction on the box between point A and point B is −350 𝐽. Find the box’s speed at point B. 

 

𝐸𝐵   −    𝐸𝐴   =    𝑤𝑓𝑘
 

1

2
𝑚𝑣𝐵

2 − 𝑚𝑔𝑦𝐴 = 𝑤𝑓𝑘
 

1

2
(20)𝑣𝐵

2 − 20 (10)(3) = −350 

𝑣𝐵 = 5 𝑚/𝑠 

 

 

 

 

 

 

 

 

SP5. A stone of mass 𝑀 is moving with velocity 𝑣⃗ = (4𝑖̂ + 6𝑗̂) 𝑚/𝑠 explodes into two parts (A and B) each 

of mass 𝑀/2. The velocity of stone A is 𝑣⃗𝐴 = (5𝑖̂ − 3𝑗̂) 𝑚/𝑠, find the velocity of stone B in unit vector 

notation. 

  

∑ 𝑝⃗𝑖     =      ∑ 𝑝⃗𝑓 

𝑀𝑣⃗    =
𝑀

2
𝑣⃗𝐴 +

𝑀

2
𝑣⃗𝐵 

𝑣⃗𝐵 = 2𝑣⃗ − 𝑣⃗𝐴 = (8𝑖̂ + 12𝑗̂) − (5𝑖̂ − 3𝑗̂) = (3𝑖̂ + 15𝑗̂) 𝑚/𝑠   
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SP6. Three forces of magnitudes, 𝐹1 = 50 𝑁, 𝐹2 = 80 𝑁, 𝑎𝑛𝑑 𝐹3 = 140 𝑁, act on a uniform rod of length 

1.2 𝑚, as shown. Find the net torque due to these forces about a vertical axis passing through point O.  

The rod and the three forces lie in the plane of the page. 

 

 

 

∑ 𝜏 = +𝑟1𝐹1 sin 90𝑜 + (0) − 𝑟3𝐹3 sin 30𝑜 

∑ 𝜏 = +(0.6)(50)(1) − (0.6)(140) sin 30𝑜 = − 12 𝑘̂ 𝑁 ∙ 𝑚 

 

 

 

 

SP7. A light cord is wrapped around a pulley (𝑀 = 2 𝑘𝑔, 𝑅 = 20 𝑐𝑚, 𝐼 =
1

2
𝑀𝑅2) and connected to a block 

of mass 𝑚 = 3 𝑘𝑔, as shown. The block is released from rest at point A and slides down a frictionless 

incline. Find the speed of the block at point B. 

𝐸𝐴         =            𝐸𝐵     

𝑚𝑔𝑦𝐴         =            
1

2
𝑚𝑣𝐵

2  +  
1

2
𝐼𝜔𝐵

2      

𝑚𝑔(0.8 sin 30𝑜) =     
1

2
𝑚𝑣𝐵

2  +  
1

2
(
1

2
𝑀𝑅2)(

𝑣𝐵

𝑅
)2 

0.4 𝑚𝑔 = (
1

2
𝑚 +

1

4
𝑀)𝑣𝐵

2 

𝑣𝐵 = √
0.4 𝑚𝑔

1

2
𝑚 +

1

4
𝑀

= 2.45 𝑚/𝑠 
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Part II: Long Problems (5 points each) 

LP1. Three blocks of wood (𝑚1 = 5 𝑘𝑔, 𝑚2 = 9 𝑘𝑔, 𝑚3 = 6 𝑘𝑔) are in contact on a rough horizontal 

surface (𝝁𝒌 = 𝟎. 𝟒). A horizontal force 𝐹 = 120 𝑁 is applied on 𝑚1. 
 

 

 

a) Find the acceleration of the system 

 

𝐹 − 𝜇𝑘𝑀𝑡𝑜𝑡𝑎𝑙𝑔 = 𝑀𝑡𝑜𝑡𝑎𝑙𝑎 

𝑎 =
𝐹 − 𝜇𝑘𝑀𝑡𝑜𝑡𝑎𝑙𝑔

𝑀𝑡𝑜𝑡𝑎𝑙
=

120 − 0.4(200)

20
= 2 𝑚/𝑠2 

 

 

 

 

b)  Find the magnitude of the force exerted on block 3 by block 2 (𝑭𝟐𝟑).   

 

𝒇𝒐𝒓 𝒃𝒍𝒐𝒄𝒌 𝟑:   

 𝐹23 − 𝜇𝑘𝑚3𝑔 = 𝑚3𝑎 

𝐹23 = 𝜇𝑘𝑚3𝑔 + 𝑚3𝑎 = (0.4)(60) + 6(2) = 36 𝑁 

 

 

 

 

 

c)  Find the magnitude of the net force on 𝒎𝟑.   

 

 

∑ 𝐹𝑜𝑛 𝑚3
= 𝑚3𝑎 = 12 𝑁 

OR 

∑ 𝐹𝑜𝑛 𝑚3
= 𝐹23 − 𝜇𝑘𝑚3𝑔 = 36 − (0.4)(6)(10) = 12 𝑁 
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LP2. A system of two particles connected to a rod of length 0.5 𝑚 is rotating about the y-axis, as shown. 

The moment of inertia of the system about y-axis is 𝑰𝒔𝒚𝒔𝒕𝒆𝒎 = 𝟎. 𝟏 𝒌𝒈 ∙ 𝒎𝟐. The angular position of 

the system is given by 𝜃(𝑡) = 2.5𝑡2 − 5𝑡3, where 𝜃 is in radians and 𝑡 is in seconds.  

   a)  Find the rotational kinetic energy of the system at 𝒕 = 𝟐 𝒔. 

 

𝜔(𝑡) =
𝑑𝜃

𝑑𝑡
= 5𝑡 − 15𝑡2 

𝜔(𝑡 = 2𝑠) = 5(2) − 15(22) = −50 𝑟𝑎𝑑/𝑠 

𝐾𝑟𝑜𝑡 =
1

2
𝐼𝑠𝑦𝑠𝑡𝑒𝑚𝜔2 =

1

2
(0.1)(502) = 125 𝐽 

 

 

 

 

 

b) Find the net torque of the system about y-axis at 𝒕 = 𝟐 𝒔. 

 

𝛼(𝑡) =
𝑑𝜔

𝑑𝑡
= 5 − 30𝑡 

𝛼(𝑡 = 2𝑠) = 5 − 30(2) = −55 𝑟𝑎𝑑/𝑠2 

𝜏 = 𝐼𝛼 = 0.1(−55) = −5.5  𝑗̂ 𝑁 ∙ 𝑚 

 

 

 

 

c)  Find the moment of inertia of the rod. 

 

𝐼𝑠𝑦𝑠𝑡𝑒𝑚 = 𝐼𝑟𝑜𝑑 + ∑ 𝑚𝑖𝑟𝑖
2 

⇒ 𝐼𝑟𝑜𝑑 = 𝐼𝑠𝑦𝑠𝑡𝑒𝑚 − ∑ 𝑚𝑖𝑟𝑖
2 = 0.1 − [0.2(0.32) + 0.1(0.22)] = 0.078 𝑘𝑔 ∙ 𝑚2 
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LP3. A bullet of mass 𝑚 = 50 𝑔 moves at a speed of  100 𝑚/𝑠 makes a completely inelastic collision with 

a pendulum bob of mass 𝑀 = 0.45 𝑘𝑔. The bob is suspended by a light rope of length 𝑙 = 1.2 𝑚. After the 

impact, the bob swings through a vertical circle. 

a) Find the speed of the bob immediately after the impact. 

𝑚𝑣1𝑖
+ 𝑀𝑣2𝑖

= (𝑚 + 𝑀)𝑣𝐴 

0.05(100) + 0.45(0) = 0.5 𝑣𝐴 

𝑣𝐴 =
0.05(100)

0.5
= 10 𝑚/𝑠 

 

 

 

 

 

b) Find the speed of the bob at point B. 

 

    𝐸𝐴 = 𝐸𝐵 

1

2
(𝑚 + 𝑀)𝑣𝐴

2 =
1

2
(𝑚 + 𝑀)𝑣𝐵

2 + (𝑚 + 𝑀)𝑔(2𝑙) 

𝑣𝐵 = √𝑣𝐴
2 − 4𝑔𝑙 = √102 − 4(10)(1.2) = 7.2 𝑚/𝑠 

 

 

 

c) Find the tension in the rope at point B. 

at B: 

 𝑇 + (𝑚 + 𝑀)𝑔 = (𝑚 + 𝑀)(
𝑣𝐵

2

𝑙
)   

𝑇 = (𝑚 + 𝑀) (
𝑣𝐵

2

𝑙
− 𝑔) = 16.7 𝑁   
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  Part III: Questions (Choose the correct answer, one point each) 

Q1. A block of mass 𝑚 is held in place on a frictionless incline by a horizontal cable with tension 𝑇, as 

shown. What is the tension in the cable?   

*  𝑇 = 𝑚𝑔 sin 𝜃 

*  𝑇 = 𝑚𝑔 cos 𝜃 

*  𝑇 = 𝑚𝑔 

*  𝑇 = 𝑚𝑔 tan 𝜃 

 

 

Q2. Three blocks are connected as shown. The ropes and pulleys are of negligible mass. When released, 

block C moves downward, block B moves up the ramp, and block A moves to the right. The work 

done by gravity is 

*  Positive on all the blocks.   

*  Negative on all the blocks. 

*  Zero on block A, negative on block B, positive on block C. 

*  Zero on block A, positive on block B, negative on block C. 

 

Q3. The position-time graph of an object traveling along the x-axis is shown in the figure. The average 

acceleration between 𝑡 = 1 𝑠 (point A) and 𝑡 = 3 𝑠 (point B) is 

*  zero     

*  positive     

*  negative      

*  cannot be determined  

 
Q4. A disk is rotating with constant angular acceleration. It changes its direction of rotation from 

clockwise to counter-clockwise. Which of the following graphs describes its angular velocity? 

 
   

* * * * 

 

 

 

 


