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Part I: Short Problems (3 points each)  

SP1. A 4 𝐾𝑔 block is pushed across a rough horizontal surface (𝝁𝒌 = 𝟎. 𝟒) by two applied forces, as shown. 

The block moves to the right with acceleration of 2 𝑚/𝑠2. Find the magnitude of the force 𝑭𝟐. 

 

 𝛴𝐹 = 𝑚𝑎 

 𝐹1 − 𝐹2 − 𝜇𝑘𝑚𝑔 = 𝑚𝑎 

 𝐹2 = 𝐹1 − 𝜇𝑘𝑚𝑔 − 𝑚𝑎 

       = 60 − (0.4)(40) − (4)(2) = 36 𝑁 

 

 

SP2. A stone is projected from the ground level, as shown. If the speed of the stone at the maximum 

height is 4 m/s, find the maximum height (𝒉𝒎𝒂𝒙) of the stone. 

𝑣𝑥𝑖 = 𝑣𝑖 cos 𝜃 ⇒ 𝑣𝑖 =
𝑣𝑥𝑖

cos 𝜃
=

4

cos 60𝑜
= 8 𝑚/𝑠 

𝑣𝑦𝑓
2 = 𝑣𝑦𝑖

2 − 2𝑔∆𝑦 

0 = (𝑣𝑖 sin 60𝑜)2 − 20ℎ𝑚𝑎𝑥 

⇒ ℎ𝑚𝑎𝑥 =
(8 sin 60𝑜)2

20
= 2.4 𝑚 

 

 

 

 

SP3. Two blocks (𝑚1 = 8 𝑘𝑔, 𝑚2 = 12 𝑘𝑔) rest on a frictionless incline are connected by a string and 

tied to a wall by another string, as shown. Find the tension in each string (𝑻𝟏 and 𝑻𝟐).  

 

𝑇1 = 𝑚1𝑔 sin 300 = 40 𝑁 

𝑇2 = (𝑚1 + 𝑚2)𝑔 sin 300 = 100 𝑁 
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SP4. Two small masses, mA = 0.3 Kg and mB = 0.2 Kg, are connected by a rod                                              

(𝐿𝑟𝑜𝑑 = 0.6 𝑚, 𝑀𝑟𝑜𝑑 = 0.4 𝑘𝑔), as shown.  The system rotates about a vertical axis that passes 

through the center of the rod with angular speed 𝜔 = 40 𝑟𝑎𝑑/𝑠. Find the rotational kinetic energy 

of the system. 

Hint: 𝐭𝐡𝐞 𝐦𝐨𝐦𝐞𝐧𝐭 𝐨𝐟 𝐢𝐧𝐞𝐫𝐭𝐢𝐚 𝐨𝐟 𝐭𝐡𝐞 𝐫𝐨𝐝 𝐚𝐛𝐨𝐮𝐭 𝐢𝐭𝐬 𝐜𝐞𝐧𝐭𝐞𝐫 𝐢𝐬:  𝐈𝐫𝐨𝐝 =
𝟏

𝟏𝟐
𝐌𝐋𝟐 

 

 𝐼 =  Σ 𝑚𝑖𝑟𝑖
2 + 𝐼(𝑟𝑜𝑑) 

    = 𝑚𝐴 (0.3)2 + 𝑚𝐵 (0.3)2 +
1

12
𝑀𝐿2 

     = 0.3 (0.3)2 + 0.2 (0.3)2 +
1

12
(0.4)(0.6)2 =  0.057 kg ∙ m2 

 𝐾𝑟𝑜𝑡 =
1

2
𝐼𝜔2 =

1

2
(0.057)(402) = 45.6 𝐽 

 

 

 

 

 

 

 

SP5. A fan is rotating at 12 𝑟𝑎𝑑/𝑠. When turned off, it slows uniformly and stops in 60 s. How many 

revolutions does the fan make during this time? 

 

𝛼 =
𝜔𝑓 − 𝜔𝑖

𝑡
=

0 − 12

60
= −0.2 𝑟𝑎𝑑/𝑠2 

∆𝜃 = 𝜔𝑖𝑡 +
1

2
𝛼𝑡2 = 12(60) +

1

2
(−0.2)(602) = 360 𝑟𝑎𝑑 

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛𝑠 =
360

2(3.14)
𝑟𝑒𝑣 = 57.3 𝑟𝑒𝑣 

 

 

 

 

 

 

A 
B 

0.6 𝑚 

Axis of rotation 
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SP6. Car A is moving due east with a constant speed of 20 𝑚/𝑠.  Car B starts moving from rest when the 

distance between the two cars is 900 m to the west with a constant acceleration of 2 𝑚/ 𝑠2, as shown.  

Find the time before the two cars pass each other? 

 

𝑣𝐴 = 20 𝑚/𝑠           𝑎𝐵 = 2 𝑚/𝑠2             𝑣𝐵𝑖
= 0 

  900 = ∆𝑥𝐴 + ∆𝑥𝐵    

         = 𝑣𝐴𝑡 +
1

2
𝑎𝐵 𝑡2     

   900 = 20𝑡 + 𝑡2      

    𝑡2 + 20𝑡 − 900 = 0 

    𝑡 =
−20±√400−4(−900)

2
= 21.6 𝑠 

 

 

 

 

 

 

SP7. A ball (𝑚 = 0.5 𝑘𝑔) rests on the ground. A boy kicked the ball by his foot and the average force 

exerted on the ball during the kick is 270 𝑁. If the ball’s speed immediately after the kick is 5.4 𝑚/𝑠. Find 

the contact time between the foot and the ball. 

 

|∆𝑝⃗| = (∑ 𝐹)
𝑎𝑣

∆𝑡 

𝑚(𝑣𝑓 − 𝑣𝑖) = (∑ 𝐹)
𝑎𝑣

∆𝑡 

0.5(5.4 − 0) = 270 ∆𝑡 ⇒ ∆𝑡 = 0.01 𝑠  
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Part II: Long Problems (5 points each) 

LP1. A 1.6 𝑘𝑔 stone is attached to a light wire that is wrapped around the rim of a uniform solid disk        

(𝑀 = 2 𝑘𝑔, 𝑅 = 10 𝑐𝑚, 𝐼 =
1

2
𝑀𝑅2), as shown. The stone is released from rest at point A. The rotational 

kinetic energy of the disk when the stone reaches point B is 8 𝐽  

a) Find the speed of the stone when it reaches point B. 

 

𝐾𝑟𝑜𝑡 =
1

2
𝐼𝜔2 =

1

2
(

1

2
𝑀𝑅2) (

𝑣

𝑅
)

2

=
1

4
𝑀𝑣2 

𝑣 = √
4𝐾𝑟𝑜𝑡

𝑀
= √

4(8)

2
= 4 𝑚/𝑠 

 

 

 

 

 

 

b) Find the height h. 

 

𝐸𝑖      =        𝐸𝑓 

𝑚𝑔ℎ = 𝐾𝑟𝑜𝑡 +
1

2
𝑚𝑣2 

ℎ =
𝐾𝑟𝑜𝑡 +

1

2
𝑚𝑣2

𝑚𝑔
=

8 +
1

2
(1.6)(42)

16
= 1.3 𝑚 

 

 

 

 

c) Find the change in the gravitational potential energy of the system when the stone moves from 

point A to point B. 

 

∆𝑈𝑔 = 𝑈𝑔(𝐵) − 𝑈𝑔(𝐴) = 0 − 𝑚𝑔ℎ = −(1.6)(10)(1.3) = −20.3 𝐽 
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LP2. A ball (𝑚𝑏 = 0.5 𝑘𝑔) traveling along the x-axis at 𝟒 𝒎/𝒔 collides elastically with a stone           

 (𝑚𝑠 = 0.3 𝑘𝑔) that rests on a frictionless horizontal surface. After the collision, the ball and the stone move 

as shown in the figure.  

a) Find the speed of the ball after the collision (𝒗𝒃𝒇
). 

∑ 𝐾𝑖       =       ∑ 𝐾𝑓 

1

2
𝑚𝑏𝑣𝑏𝑖

2 + 0 =
1

2
𝑚𝑏𝑣𝑏𝑓

2 +
1

2
𝑚𝑠𝑣𝑠𝑓

2  

0.5(42) = +0.5  𝑣𝑏𝑓

2 + 0.3(4.472) 

𝑣𝑏𝑓
= 2 𝑚/𝑠 

 

b) Find the angle 𝜽. 

∑ 𝑝𝑥𝑖
    =        ∑ 𝑝𝑥𝑓

 

𝑚𝑏𝑣𝑏𝑖
+ 0 = 𝑚𝑏𝑣𝑏𝑓 cos 36.9𝑜 + 𝑚𝑠𝑣𝑠𝑓

cos 𝜃 

0.5(4) = 0.5(2)(0.8) + 0.3(4.47) cos 𝜃 

𝜃 = 26.5𝑜 

OR 

∑ 𝑝𝑦𝑖
    =        ∑ 𝑝𝑦𝑓

 

0 = 𝑚𝑏𝑣𝑏𝑓 sin 36.9𝑜 − 𝑚𝑠𝑣𝑠𝑓
sin 𝜃 

𝜃 = sin−1 (
𝑚𝑏𝑣𝑏𝑓 sin 36.9𝑜

𝑚𝑠𝑣𝑠𝑓

) = sin−1 (
0.5(2)(.6)

0.3(4.47)
) = 26.5𝑜 

 

c) Find the momentum of the system after the collision in unit vector notation. 

∑ 𝑝⃗𝑖      =        ∑ 𝑝⃗𝑓 = 𝑚𝑏𝑣⃗𝑏𝑖
+ 0 = 0.5 (4𝑖̂) = 2 𝑖̂  𝑘𝑔 ∙ 𝑚/𝑠 

OR 

∑ 𝑝⃗𝑓 = 𝑚𝑏𝑣⃗𝑏𝑓
+ 𝑚𝑠𝑣⃗𝑠𝑓

 

= 0.5[2 cos  36.9𝑜𝑖̂ + 2 sin  36.9𝑜𝑗̂)] + 0.3[4.47 𝑐𝑜𝑠26.5𝑜𝑖̂ − 4.47 sin 26.5𝑜𝑗̂] = 2 𝑖̂  𝑘𝑔 ∙ 𝑚/𝑠 
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LP3. A 1.2 kg block initially compresses a spring a distance  𝑥 = 0.2 𝑚 before being released from rest at 

point A.  The block then slides along a frictionless horizontal surface until point B, then on a rough incline 

(𝝁𝒌 = 𝟎. 𝟓) between point B and point C. The block stops momentarily at point C.  
 

a) Find the speed of the block at point B. 

From B to C 

𝐸𝑓 − 𝐸𝑖 = 𝑤𝑓𝑘
 

𝑚𝑔𝑦𝐶 −
1

2
𝑚𝑣𝐵

2   = − 𝜇𝑘𝑚𝑔 𝑐𝑜𝑠(30𝑜)𝑑     

𝑣𝐵 = √2𝑔𝑦𝐶 + 2𝑔 𝜇𝑘  𝑑 𝑐𝑜𝑠(30𝑜) = √2𝑔(0.8 sin(30𝑜)) + 2𝑔(0.5)(0.8) 𝑐𝑜𝑠(30𝑜) = 3.86 𝑚/𝑠 

 

 

 

b) Find the force constant of the spring. 

From A to B 

𝐸𝐴   =    𝐸𝐵 

1

2
𝑘𝑥𝐴

2   =    
1

2
𝑚𝑣𝐵

2 

𝑘  =    𝑚
𝑣𝐵

2

𝑥𝐴
2 = 1.2 (

3.862

0.22 ) = 448 𝑁/𝑚 

 

 

c) Find the total work done on the block between point B and point C. 

 

From B to C 

∑ 𝑤 = ∆𝐾 = 𝐾𝐶 − 𝐾𝐵 = 0 −
1

2
𝑚𝑣𝐵

2 = −
1

2
(1.2)(3.86 2) = −8.9 𝐽 

 

OR 

∑ 𝑤 = 𝑤𝑚𝑔 + 𝑤𝑓𝑘
= −𝑚𝑔(0.8 sin 30𝑜) − 𝜇𝑘𝑚𝑔 cos 30𝑜 (0.8) 

= −12(0.8 sin 30𝑜) − 0.5(12) cos 30𝑜 (0.8) = −8.9 𝐽 
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  Part III: Questions (Choose the correct answer, one point each) 

Q1. The ball of a conical pendulum is rotating in a horizontal plane with constant speed, as shown.  The 

work done on the ball by gravity during one complete revolution equals 

 𝐹(2𝜋𝑟 𝑠𝑖𝑛𝜃)   

 𝐹(2𝜋𝑟 𝑐𝑜𝑠𝜃)    

  𝐹(2𝜋𝑟 𝑡𝑎𝑛𝜃)    

 zero 

 

Q2. A block is released from rest at point A and slides inside a frictionless hemispherical track, as shown. 

The normal force (n) exerted by the track on the block as the block moves from point A to          

point B 

 increases 

 decreases 

 remains constant 

 

Q3. In each figure, the force F acts on a rod of length 𝐿 that is free to rotate about an axis through point O, 

as shown. Both the force F and the rod lie in the xy-plane. The magnitude of the torque about point O is 

maximum in 

 

 
  

 

* * * * 
 

 

Q4. Three balls with different masses are thrown with the same initial speed 𝒗𝒐, but at different angles 

relative to the horizontal, as shown. Ignoring air resistance, which of the following statements is correct 

at the dashed level 

* ball 3 has the lowest speed 

* ball 1 has the lowest speed 

* all three balls have the same speed 

* the speed of each ball depends on its mass. 
 

 

F 

r 

θ 

 


