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Part I: Short Problems (3 points each)  

SP1. The position vector of an object moving in xy-plane is given by: 𝑟(𝑡) = (𝑡2 − 1.2𝑡)𝑖̂ + (0.3𝑡3 + 1.5𝑡)𝑗 ̂  

where 𝑟 is in meters and 𝑡 is in seconds.  Find the magnitude of object’s acceleration at 𝒕 = 𝟐𝒔. 

           �⃗�(𝑡) =
𝑑𝑟(𝑡)

𝑑𝑡
= [(2𝑡 − 1.2)𝑖̂ + (0.9𝑡2 + 1.5)𝑗̂] 𝑚/𝑠 

�⃗�(𝑡) =
𝑑�⃗�(𝑡)

𝑑𝑡
= [(2)𝑖̂ + (1.8𝑡)𝑗̂] 𝑚/𝑠2 

�⃗�(2) = [(2)𝑖̂ + (3.6)𝑗̂] 𝑚/𝑠2 

|�⃗�(2)| = √22 + 3.62 = 4.1 𝑚/𝑠2 

 

 

 

SP2. A force �⃗� = (2𝑖̂ − 3𝑗̂)𝑁 is applied to an object located at the position 𝑟 = (2𝑖̂ − 3𝑗̂ + 4�̂�) 𝑚. What 

are the magnitude and direction of the torque, with respect to the positive x-axis? 

 

𝜏 = 𝑟 × �⃗� = [
𝑖̂ 𝑗̂ �̂�
2 −3 4
2 −3 0

] = (0 − −12)𝑖̂ − (0 − 8)𝑗̂ + (−6 − −6)�̂� 

𝜏 = (12𝑖̂ + 8𝑗̂) 𝑁. 𝑚 

|𝜏|⃗⃗⃗ ⃗ = √122 + 82 = 14.4 𝑁. 𝑚 

𝜃 = 𝑡𝑎𝑛−1 (
8

12
) = 33.7° 

 

 

 

 
 

  

SP3.  The figure shows a plot of the time dependent force 𝐹𝑥 acting on a particle in motion along the x-axis. 

What is the change in the particle’s linear momentum between 𝒕 = 𝟎 𝒔 and 𝒕 = 𝟐 𝒔 due to this force? 

∆�⃗⃗� = 𝐽 = ∫ 𝐹
2

0

𝑑𝑡 = 𝑎𝑟𝑒𝑎 𝑢𝑛𝑑𝑒𝑟 𝑡ℎ𝑒 𝑐𝑢𝑟𝑣𝑒 

∆�⃗⃗� =
1

2
× 2 × 2 = 2 𝑘𝑔 ∙ 𝑚/𝑠 
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SP4. A collision occurs between a particle with mass  𝑚1 = 2 𝑘𝑔 traveling with velocity                                     

�⃗�1 = (−4𝑖̂ − 3𝑗̂) 𝑚/𝑠   and another particle with mass 𝑚2 = 3 𝑘𝑔 traveling with velocity �⃗�2 =

(6𝑖̂ − 2𝑗̂) 𝑚/𝑠. The two particles stick together after the collision. What is the final (common) velocity 

just after the collision in unit vector notation? 

 

∑ �⃗⃗�𝑖 = ∑ �⃗⃗�𝑓 

𝑚1�⃗�1𝑖 + 𝑚2�⃗�2𝑖 = 𝑚𝑡𝑜𝑡𝑎𝑙�⃗�𝑓 

2(−4𝑖̂ − 3𝑗̂) + 3(6𝑖̂ − 2𝑗̂) = 5�⃗�𝑓 

�⃗�𝑓 = (2𝑖̂ − 2.4𝑗̂) 𝑚/𝑠 

 

 

 

 

 

 

 

 

 

 

SP5. A wheel with a radius of 𝑅 = 0.3 𝑚 starts to rotate from rest about an axis through its center. It 

accelerates with a constant angular acceleration of 𝛼 = 0.8 𝑟𝑎𝑑/𝑠2. Find the magnitude of the total 

acceleration (in 𝒎/𝒔𝟐) of point A at 𝒕 = 𝟐𝒔. 

 

𝜔𝑓 = 𝜔𝑖 + 𝛼𝑡 = 0 + 0.8(2) = 1.6 𝑟𝑎𝑑/𝑠 

𝑎𝑟 = 𝑅𝜔𝑓
2 = 0.3(1.6)2 = 0.77 𝑚/𝑠2 

𝑎𝑡𝑎𝑛 = 𝑅𝛼 = (0.3)(0.8) = 0.24 𝑚/𝑠2 

|�⃗�𝑡𝑜𝑡| = √𝑎𝑟
2 + 𝑎𝑡𝑎𝑛

2 = √0.772 + 0.242 = 0.81 𝑚/𝑠2 
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SP6. A puck of mass 𝑚 = 1.5 𝑘𝑔 rotates in a circle of radius 𝑟 = 0.2 𝑚 on a frictionless table while attached 

to a hanging cylinder of mass 𝑀 = 3 𝑘𝑔 by a light cord that extends through a hole in the table, as shown. 

The cylinder M is at rest. Find the speed of the puck (m).  

for 𝑚:      𝑇 =
𝑚𝑣2

𝑟
 

for 𝑀:      𝑇 = 𝑀𝑔 

 ⇒
𝑚𝑣2

𝑟
= 𝑀𝑔    ⇒ 𝑣 = √

𝑀

𝑚
𝑅𝑔 = √

3

1.5
(0.2)(10) = 2  𝑚/𝑠 

 

 

 

 

 

 

 

 

 

SP7. A roller-coaster track is shown. Between two frictionless hills, the horizontal track of length 𝑑  𝑖𝑠 rough 

with 𝜇𝑘 = 0.1. At position A, the sled has a speed of 𝑣𝐴 = 12 𝑚/𝑠 and when it reaches position B, its speed 

becomes 𝑣𝐵 = 9 𝑚/𝑠. Find the length 𝒅. 

 

𝐸𝑓 − 𝐸𝑖 = 𝑊𝑜𝑡ℎ𝑒𝑟 

(
1

2
𝑚𝑣𝑓

2 + 𝑚𝑔𝑦𝑓) − (
1

2
𝑚𝑣𝑖

2 + 𝑚𝑔𝑦𝑖) = 𝑊𝑓𝑘
 

1

2
𝑚 × 81 + 𝑚 × 10 × 6 − (

1

2
𝑚 × 144 + 𝑚 × 10 × 10) = −0.1 × 𝑚 × 10 × 𝑑 

𝑑 = 71.5 𝑚 
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Part II: Long Problems (5 points each) 

LP1. A block of mass 𝑀 = 5 𝑘𝑔 is placed against a rough vertical wall (𝜇𝑘 = 0.3) and a constant force  

𝐹 =  80 𝑁 is applied on the block at an angle  𝜃 = 30°, as shown. The block starts moving upward with 

constant acceleration.  

(a) Draw a clear free-body diagram for the block. 

 

 

 

 

 

 

 

(b) What is the magnitude of the normal force exerted on the block by the wall? 

∑ 𝐹𝑥 = 0 

𝑛 − 𝐹 𝑠𝑖𝑛𝜃 = 0 

𝑛 = 𝐹𝑠𝑖𝑛𝜃 = 80 𝑠𝑖𝑛30° = 40𝑁 

 

 

 

 

 

(c) What is the magnitude of the block’s acceleration? 

∑ 𝐹𝑦 = 𝑀𝑎 

𝐹 𝑐𝑜𝑠𝜃 − 𝑀𝑔 − 𝑓𝑘 = 𝑀𝑎 

80 𝑐𝑜𝑠30𝑜 − 50 − 𝜇𝑘(40) = 5𝑎 

𝑎 = 1.46 𝑚/𝑠2 

 

 

 

 

 

 

 

  

 

mg 
𝒇𝒌 

n 𝑭𝒔𝒊𝒏𝜽 

𝑭𝒄𝒐𝒔𝜽 
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LP2. A ball (𝑚1 = 0.25 𝑘𝑔), suspended on the end of a wire, is released from rest from height ℎ = 0.45 𝑚 

and collides with a block (𝑚2 = 0.5 𝑘𝑔) which is at rest on a frictionless horizontal surface, as shown. After 

the collision the block moves on a rough portion of the surface (between A and B) and stops at B. 

a) Find the ball’s speed just before it collides with the block.  

 

𝐸𝑖 = 𝐸𝑓 

𝑚1𝑔ℎ =
1

2
𝑚1𝑣𝑖

2 

 𝑣𝑖 = √2𝑔ℎ = √9 = 3 𝑚/𝑠 

 

 

 

 

 

b) If the ball rebounds back at a speed of 𝟏 𝒎/𝒔 after the collision, find the speed of the block 

after the collision.  

 

∑ 𝑃𝑥𝑖 = ∑ 𝑃𝑥𝑓 

𝑚1(+3) = 𝑚1(−1) + 𝑚2𝑣2𝑥𝑓 

0.75 = −0.25 + 0.5𝑣2𝑥𝑓 

𝑣2𝑥𝑓 = +2 𝑚/𝑠 

 

 

 

 

c) Find the work done by friction on the block between points A and B.  

 

𝑊𝑓𝑘
= ∆𝐾 =

1

2
𝑚2(𝑣𝑓

2 − 𝑣𝑖
2) =

1

2
(0.5)(02 − 22) = −1 𝐽 
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LP3. The figure shows a uniform solid disk, with (𝑀 = 8 𝑘𝑔, 𝑅 = 0.3 𝑚, 𝐼 = 0.36 𝑘𝑔. 𝑚2), mounted on a 

fixed frictionless horizontal axle. A block of mass 𝑚 = 0.6 𝑘𝑔 hangs from a massless cord that is wrapped 

around the rim of the disk. The system is released from rest and the block moves vertically downward a 

distance ℎ = 1.5 𝑚 with a constant acceleration of 𝑎 = 1.3 𝑚/𝑠2.  

a) What is the rotational kinetic energy of the disk when the block reaches point 

B? 

 

𝐸𝐴 = 𝐸𝐵 

𝑚𝑔ℎ =
1

2
𝑚𝑣𝐵

2 +
1

2
𝐼𝜔𝐵

2  

 6(1.5) = 0.3(𝑅2𝜔𝐵
2 ) +  0.18(𝜔𝐵

2 ) +

  𝜔 = 6.59 𝑟𝑎𝑑/𝑠 

𝐾𝑅 =
1

2
𝐼𝜔𝐵

2 =
1

2
× 0.36 × 6.592

= 7.82 𝐽 

 

𝑣𝑓
2 = 𝑣𝑖

2 + 2𝑎∆𝑦 

      = 0 + 2(1.3)(1.5) = 3.9 (𝑚/𝑠)2 

𝜔𝑓 =
𝑣𝑓

𝑅
=

√3.9

0.3
= 6.59 𝑟𝑎𝑑/𝑠 

𝐾𝑅 =
1

2
𝐼𝜔𝐵

2 =
1

2
× 0.36 × 6.592

= 7.82 𝐽 

 

 

 

 

b) Find the tension in the cord. 

 

∑ 𝐹𝑦 = 𝑚𝑎 

𝑚𝑔 − 𝑇 = 𝑚𝑎 

6 − 𝑇 = 0.6(1.3) 

𝑇 = 5.22 𝑁 

 

 

 

c) Find the work done by the cord’s tension on the block as it moves the distance 𝒉.   

 

𝑊𝑇 = �⃗⃗�. 𝑆 = |𝑇|(ℎ) 𝑐𝑜𝑠 180𝑜 = −5.22 × 1.5 = −7.83 𝐽 

 

 

 

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

Q1. It always requires less force to pull a block of mass M on a rough horizontal surface instead of pushing 

it, as shown.  

Why F(pull) < F(push)?        

        

   * Because the normal force becomes less while pulling  

   * Because the normal force becomes more while pulling  

   * Because the normal force becomes zero while pulling  

   * Because the gravitational force becomes less while pulling 
   

 

 

 

Q2.  A man pushes a box up a rough inclined plane at constant speed. Which one of the following statements 

is FALSE?  

 

* The gravitational potential energy of the box increases.  

* The work done on the box by the gravitational force is zero.  

* The net work done by all the forces acting on the box is zero.  

* The man does positive work in pushing the box up the incline.  

      

  

Q3. The linear momentum of a system of colliding particles is conserved only if:  

 

* The external forces equal to the internal forces.  

* The kinetic energy is conserved.  

* The collision is elastic. 

* The net external force acting on the system is zero.  

 

 

Q4. The figure shows a circular path taken by a particle traveling counterclockwise. If the instantaneous 

velocity of the particle is �⃗� = −2𝑖̂ + 2𝑗̂, through which quadrant is the particle moving at that instant? 

 

* First quadrant      * Second quadrant  

* Third quadrant   * Fourth quadrant  

 

 

 

 

 


