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Part I: Short Problems (2 points each)  

SP1. A block of mass (𝑀 = 35 𝑘𝑔) rests on a frictionless surface.  A constant force (𝐹 = 140 𝑁) is applied 

to the block at an angle 𝜃 = 60° with the horizontal, as shown. Find the magnitude of the block’s 

acceleration. 

𝐹 cos 60𝑜 = 𝑚𝑎 

𝑎 =
𝐹 cos 60𝑜

𝑚
= 2𝑚/𝑠2 

 

 

 

 

  

SP2. A vertical hoop of radius (𝑅) is fixed to the ground. A small block of mass 𝑚 =  0.2 𝑘𝑔 is sliding along 

the inside surface of the hoop without friction, as shown. At the lowest point (point A), the block has a 

speed  𝑣𝐴 = 2 𝑚/𝑠 and the normal force on it from the hoop is 𝑛𝐴 = 4 𝑁. Find the radius R of the hoop. 

 

 𝑛𝐴 − 𝑚𝑔 = 𝑚
𝑣𝐴

2

𝑅
 

𝑅 =
𝑚𝑣𝐴

2

𝑛𝐴 − 𝑚𝑔
= 0.4 𝑚 

 

 

 

 

SP3. A football player kicked a ball with an initial speed 𝑣𝑖  =  20 𝑚/𝑠 at an angle 37º above the horizontal. 

The ball left his foot at a height of 𝟏 𝒎 above the ground, as shown. Find the speed of the ball just before 

it hits the ground.  

 

𝑣𝑥𝑖
= 𝑣𝑖 cos 𝜃 = 20 cos37𝑜 = 16 𝑚/𝑠 

𝑣𝑦𝑖
= 𝑣𝑖 sin 𝜃 = 20 sin37𝑜 = 12 𝑚/𝑠 

𝑣𝑦𝑓
2 = 𝑣𝑦𝑖

2 − 2𝑔∆𝑦 = 122 − 20 (−1) = 164 

𝑣𝑦𝑓
= −12.8 𝑚/𝑠 

𝑣𝑥𝑓
= 𝑣𝑥𝑖

= 16 𝑚/𝑠 

𝑣𝑓 = √−12.82 + 162 = 20.5 𝑚/𝑠 
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SP4. A block of mass 𝑚 = 2 𝐾𝑔 is initially at rest at 𝒙 = 𝟎 𝒎 on a horizontal frictionless surface.                  

A horizontal force along the 𝑥 − 𝑎𝑥𝑖𝑠, 𝐹(𝑥) = 4 + 3𝑥2 where 𝑥 is in 𝑚, is applied to the block. Use the 

work energy theorem to find the speed of the block as it passes through 𝒙 = 𝟐 𝒎.  

 

𝑤𝑡𝑜𝑡𝑎𝑙 = ∆𝐾 

∫ 𝐹(𝑥) 𝑑𝑥
𝑥𝑓

𝑥𝑖

=
1

2
𝑚(𝑣𝑓

2 − 𝑣𝑖
2) 

∫ (4 + 3𝑥2)𝑑𝑥 = [4𝑥 + 𝑥3]0
2 =

1

2
(2)(𝑣𝑓

2 − 0) ⇒ 𝑣𝑓 = 4 𝑚/𝑠
𝑥𝑓

𝑥𝑖

 

 

 

 

SP5. The figure shows a block of mass 𝑚 = 2 𝑘𝑔 moving on a horizontal rough surface (𝜇𝑘 = 0.3) and an 

uncompressed spring (𝑘 = 1500 𝑁/𝑚) with one end attached to a wall. The speed of the block before it 

touches the spring is 4 𝑚/𝑠. Find the speed of the block at the instant the spring has been compressed 

𝒙 = 𝟎. 𝟏𝟐 𝒎. 

𝑤𝑡𝑜𝑡𝑎𝑙 = ∆𝐾 

𝑤𝐹𝑠
+ 𝑤𝑓𝑘

= ∆𝐾 

1

2
𝑘(𝑥𝑖

2 − 𝑥𝑓
2) − 𝜇𝑘𝑚𝑔𝑑 =

1

2
𝑚(𝑣𝑓

2 − 𝑣𝑖
2) 

1

2
(1500)(0 − 0.122) − (0.3)(20)(0.12) =

1

2
(2)(𝑣𝑓

2 − 42) 

𝑣𝑓 = 2.1 𝑚/𝑠 

 

 

 

SP6. A 2 kg block starts from rest and slides up a rough incline (𝜇𝑘 = 0.5)  while a horizontal force      

(𝐹 = 50 𝑁) acts on it, as shown.  Find the acceleration of the block. 

 

𝑛 = 𝐹 sin 𝜃 + 𝑚𝑔 cos 𝜃 = 46.1 𝑁 

𝐹 cos 𝜃 − 𝑚𝑔 sin 𝜃 − 𝑓𝑘 = 𝑚𝑎 

𝐹 cos 𝜃 − 𝑚𝑔 sin 𝜃 − 𝜇𝑘𝑛 = 𝑚𝑎 

𝑎 =
𝐹 cos 𝜃 − 𝑚𝑔 sin 𝜃 − 𝜇𝑘𝑛

𝑚
= 2.4 𝑚/𝑠2 
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Part II: Long Problems (4 points each) 

LP1. Three blocks (𝑚1 = 3.5 𝐾𝑔,𝑚2 = 1 𝐾𝑔,𝑚3 = 2.5 𝐾𝑔) are connected by two ropes and block 2 moves 

to the left on a rough table (𝜇𝑘 = 0.3), as shown. The pulleys are frictionless and massless. 
 

a) Plot a free-body diagram for each block. 

 

 

 

b) Find the acceleration of the system.  

 

𝑭𝒐𝒓 𝒎𝒕𝒐𝒕𝒂𝒍 

𝑚1𝑔 − 𝜇𝑘𝑚2𝑔 − 𝑚2𝑔 = (𝑚1 + 𝑚2 + 𝑚3) 𝑎 

𝑎 =
𝑚1𝑔 − 𝜇𝑘𝑚2𝑔 − 𝑚2𝑔

𝑚1 + 𝑚2 + 𝑚3
= 1𝑚/𝑠2 

 

 

 

 

 

 

c) Find the tension in each of the two ropes (𝑻𝟏 and 𝑻𝟐). 

 

𝑭𝒐𝒓 𝒎𝟏 

𝑚1𝑔 − 𝑇1 = 𝑚1𝑎 ⇒ 𝑇1 = 𝑚1(𝑔 − 𝑎) = 31.5 𝑁 

 

𝑭𝒐𝒓 𝒎𝟐 

𝑇2−𝑚2𝑔 = 𝑚2𝑎 ⇒ 𝑇2 = 𝑚2(𝑔 + 𝑎) = 27.5 𝑁 
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LP2 A small block of mass 𝑚 = 0.4 𝐾𝑔 is sent through point A with a speed of 7 𝑚/𝑠. Its path is frictionless 

until it reaches the section of length 𝐿 = 12 𝑚, where the coefficient of kinetic friction is 𝜇𝑘 = 0.7. The 

indicated heights are ℎ1 = 6 𝑚 and ℎ2 = 2 𝑚.  

 

a) Find the work done by the gravitational force 

during the displacement from A to B. 

 

𝑤𝑚𝑔 = +𝑚𝑔ℎ1 = +0.4(10)(6) = +24 𝐽 

 

 

 

 

b) Find the speed of the block at point C. 

∑𝑤 = ∆𝐾 

𝑤𝑚𝑔 = 𝐾𝐶 − 𝐾𝐴 

𝑚𝑔(ℎ1 − ℎ2) =
1

2
𝑚(𝑣𝐶

2 − 𝑣𝐴
2) 

16 =
1

2
(0.4)(𝑣𝐶

2 − 72) ⇒ 𝑣𝐶 = 11.4 𝑚/𝑠 

 

 

 

 

c) Does the block reach point D? If so, what is its speed there; if not, how far through the rough 

section does it travel? 

|𝑤𝑓𝑘
|
𝑓𝑜𝑟 𝑡ℎ𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 𝑳

= 𝜇𝑘𝑚𝑔𝐿 = 0.7(4)(12) = 33.6 𝐽 

𝐾𝐶 =
1

2
𝑚𝑣𝐶

2 = 25.8 𝐽 

Since 𝐾𝐶 < |𝑤𝑓𝑘
| then the block will not reach point D, it will reach a point at distance d from the first edge 

of the rough portion and stops there. 

𝐾𝐶 = |𝑤𝑓𝑘
|
𝑓𝑜𝑟 𝑡ℎ𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 𝒅

 

25.8 𝐽 = 𝜇𝑘𝑚𝑔𝐿 = 0.7(4)(𝑑) ⇒ 𝑑 = 9.2 𝑚 
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Part III: Questions (Choose the correct answer, one point each)  

Q1. A ball of mass 𝑚 = 0.15 𝑘𝑔 is thrown at an angle of 𝜃 = 45° above the horizontal with an initial speed 

of 𝑣𝑖 = 12 𝑚/𝑠. At its highest point, the net force on it is:  

 

       *   zero       *   10 N, up  

       *   10 N, down      *   1.5 N, down 

 

 

Q2. A particle moves contraclockwise with constant speed (𝑣) around the circle of radius (𝑟), as shown. 

When it is at point A, its velocity (𝒗⃗⃗ ) and acceleration (𝒂⃗⃗ ) are: 

* 𝑣 = 𝑣𝑖̂  ,  𝑎 =
𝑣2

𝑟
𝑖̂    * 𝑣 = −𝑣𝑗̂  ,  𝑎 =

𝑣2

𝑟
𝑖̂  

* 𝑣 = −𝑣𝑗̂  ,  𝑎 = −
𝑣2

𝑟
𝑖̂    * 𝑣 = 𝑣𝑗̂  ,  𝑎 = −

𝑣2

𝑟
𝑖̂ 

 

Q3. A block of mass 𝑚 is at rest on an incline that makes an angle 𝜃 with the horizontal, as shown. Which 

of the following statements about the magnitude of the static friction force is true? 

 

*  𝑓𝑠 = 𝑚𝑔𝑐𝑜𝑠𝜃   *   𝑓𝑠 < 𝑚𝑔𝑠𝑖𝑛𝜃 

*  𝑓𝑠 = 𝑚𝑔𝑠𝑖𝑛𝜃   *  𝑓𝑠 > 𝑚𝑔𝑠𝑖𝑛𝜃 

 

 

Q4. Which of the following forces always produce zero work? 

        *  radial force (𝐹 𝑟) in a circular motion    *  tangential force (𝐹 𝑇) in the circular motion 

        *  static frictional force  (𝑓 𝑠)              *  normal force (𝑛⃗ ) 

          

Q5. The figure shows the trajectories of three projectiles. Which trajectory has the greatest initial vertical 

component of velocity (𝐕𝐲𝐢).  

* 1 

        *  2 

        *  3 

        *  All the same 

 

 

 

 

 

 


