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7. Cheating incidents will be processed according to the university rules. 
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Part I: Short Problems (2 points each)  

SP1. The velocity of a 4 𝑘𝑔 object moving in the xy plane as a function of time is given by                                   

𝑣⃗ = [3𝑡3𝑖̂ − (7 + 𝑡2)𝑗̂] m/s, where 𝑡 is measured in seconds. Find the net force on the object in unit vector 

notation at 𝒕 = 𝟐 s. 

 

𝑎⃗ =
𝑑𝑣⃗⃗

𝑑𝑡
= [9𝑡2𝑖̂ − 2𝑡 𝑗̂] m/𝑠2 

𝑎⃗(𝑡 = 2𝑠) =
𝑑𝑣⃗⃗

𝑑𝑡
= [9(2)2𝑖̂ − 2(2) 𝑗̂] m/𝑠2 = (36 𝑖̂ − 4 𝑗̂) m/𝑠2 

𝐹⃗𝑛𝑒𝑡 = 𝑚𝑎⃗ = (144𝑖̂ − 16𝑗̂)𝑁 

 

 

 

 

SP2. Blocks A and B (𝑚𝐴 = 30 𝑘𝑔 and  𝑚𝐵 = 10 𝑘𝑔) are in contact on a horizontal frictionless surface. A 

horizontal force 𝐹 = 120 𝑁 is exerted on block A, as shown. What is the magnitude of the force that block 

B exerts on block A? 

𝐹 = (𝑚𝐴 + 𝑚𝐵)𝑎 ⇒ 𝑎 =
𝐹

(𝑚𝐴 + 𝑚𝐵)
=

120

40
= 3 𝑚/𝑠2 

𝐹𝐵𝐴 = 𝐹𝐴𝐵 = 𝑚𝐵𝑎 = 10(3) = 30 𝑁 

 

 

 

 

 

SP3. A 0.5 𝑘𝑔 block is moving with a velocity of 3 𝑚/𝑠 along a frictionless, horizontal surface toward a 

spring with force constant 𝑘 = 450 𝑁/𝑚 which is attached to a wall. Find the maximum distance the 

spring will be compressed. 

 

                𝐸𝑖      =        𝐸𝑓 

1

2
𝑚𝑣𝑖

2             =             
1

2
𝑘𝑥𝑓

2                                    

(0.5)(3)2 = (450)𝑥𝑓
2 ⇒ 𝑥𝑓 = 0.1 𝑚 
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SP4. An elevator has a mass of 900 𝑘𝑔 is carrying passengers having a combined mass of 300 𝑘𝑔. A constant 

friction force of 5000 𝑁 acts on the elevator. What power delivered by the motor is required to lift the 

elevator upward at a constant speed of 𝟐 𝒎/𝒔?  

 

Σ𝐹𝑦 = 𝑇 − 𝑚𝑔 − 𝑓𝑘 = 0  

𝑇 = 𝑚𝑔 + 𝑓𝑘 = (900 + 300)(10) + 5000 = 17000𝑁 

𝑃 = 𝑇𝑣 = (17000)(2) = 34000 𝑊 

 

 

 

 

 

 

 

 

 

SP5. Two blocks are connected to a light rope passing over a massless, frictionless pulley, as shown.  If the 

inclined surface is frictionless, find the ratio 𝒎𝟏/𝒎𝟐 such that the blocks move with constant velocity. 

 

∑ 𝐹𝑥 = 0 

𝑚1𝑔 sin(36.9𝑜) − 𝑚2𝑔 = 0 

𝑚1 sin(36.9𝑜) = 𝑚2  ⇒
𝑚1

𝑚2
=

1

sin(36.9𝑜)
= 1.67 
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Part II: Long Problems (3 points each) 

LP1. A 5 kg block is set into motion up an inclined plane with an initial speed of 8 m/s, as shown. The block 

comes to rest after traveling 3 m along the plane. 

a) Find the change in the block’s kinetic energy. 

 

∆𝐾 =
1

2
𝑚𝑣2

2 −
1

2
𝑚𝑣1

2 

       = 0 −
1

2
(5)(8)2 = −160𝐽 

 

 

 

 

b) Find the change in the gravitational potential energy. 

∆𝑦 = 𝑑 sin 𝜃 = 3 sin 30° = 1.5𝑚                           

∆𝑈𝑔 = 𝑚𝑔∆𝑦 = (5)(10)(1.5) = 75𝐽 

 

 

c)  Find the magnitude of the friction force exerted on the block (assumed to be constant). 

𝑊𝑓𝑘
= ∆𝐾 + ∆𝑈𝑔 = −160 + 75 = −85𝐽 

𝑊𝑓𝑘
= −𝑓𝑘𝑑 = −3𝑓𝑘 = −85 

⟹ 𝑓𝑘 = 28.3𝑁 

                      OR 

𝑣𝑥𝑓
2 = 𝑣𝑥𝑖

2 + 2𝑎(∆𝑥)       ⇒      𝑎 =
𝑣𝑥𝑓

2 − 𝑣𝑥𝑖
2

2∆𝑥
=

0 − 82

6
= −10.67 𝑚/𝑠2 

𝐹𝑛𝑒𝑡 = 𝑚𝑎 = 𝑚𝑔 sin(30𝑜) + 𝑓𝑘 

⇒ 𝑓𝑘 = 𝑚𝑎 − 𝑚𝑔 𝑠𝑖𝑛 (30𝑜) = 5(10.67) − 5(10)(0.5) = 28.3 𝑁 
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LP2. A ball of mass 𝑚 = 0.4 𝑘𝑔 is attached to a light rope and a spring, as shown.  The ball rotates in a 

horizontal circle of radius 𝑅 =  3 𝑚 with a constant speed of 𝑣 =  2 𝑚/𝑠.  The spring is compressed a 

distance 𝒙 = 𝟎. 𝟐 𝒎. 

a) Draw a free body diagram for the ball. 

 

 

 

 

 

 

 

 

 

 

 

b) Find the tension in the rope. 

 

𝑇𝑐𝑜𝑠 𝜃 = 𝑚𝑔 ⇒ 𝑇 =
𝑚𝑔

𝑐𝑜𝑠𝜃
=

4

cos (37𝑜)
= 5 𝑁  

 

 

 

 

 

 

 

c) Find the value of the spring constant k. 

 

𝑇𝑠𝑖𝑛 𝜃 − 𝑘𝑥 = 𝑚
𝑣2

𝑅
⇒ 𝑘 =

1

𝑥
(𝑇𝑠𝑖𝑛 𝜃 − 𝑚

𝑣2

𝑅
) = 12.4 𝑁/𝑚 
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 Part III: Questions (Choose the correct answer, one point each) 

Q1. The work done by a centripetal force (𝑭𝒓) on an object moving in a circle at constant speed is: 

*  zero. 

*  equal to the force exerted on it. 

*  equal to the kinetic energy of the object. 

*  equal to the force exerted multiplied by the displacement. 

 

 

Q2. An applied force accelerates block B towards the right, as shown. Block A, which does not slip with 

respect to block B, also accelerates to the right. The direction of the static friction between the two blocks 

is  

* to the right on both A and B.  

* to the left on both A and B. 

* to the right on A, to the left on B.  

* to the left on A, to the right on B.  

 

 

Q3. A man stands on a scale in an elevator. If the man’s apparent weight is less than his real weight, 

then the elevator moves 

 * upward with decreasing speed.  

* downward with decreasing speed. 

 * upward with increasing speed.  

* upward with constant speed.  

 

 

 Q4. A box slides down an incline at constant speed. Which of the following statements is true?  

*  Friction acting on the block is negligible. 

*  Mechanical energy is conserved in this system. 

*  Mechanical energy is not conserved in this system.  

*  The weight of the box equals the frictional force.  

 

 

𝐹𝑟 

 

 


