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Important Instructions to the Students: 
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1. A small disk of mass 𝑀 = 0.3 kg is rotating in a circle of radius 𝑅 = 0.6 m on a frictionless horizontal 

table at a constant speed. The disk is connected by a light string through a central hole to a suspended 

block of mass 𝑚 = 1.8 kg that remains at rest, as shown. Find the speed of the rotating disk. [4 Points] 

 

 

 

 

 

𝐹𝑇 = 𝑚𝑔 

𝐹𝑇 =
𝑀𝑣2

𝑅
 

𝑣 = √
𝑅𝑚𝑔

𝑀
= √

0.6 × 1.8 × 9.8

0.3
= 5.9 𝑚/𝑠 

 

 

 

 

2. A small block of mass 𝑚 = 0.150 kg slides down a frictionless surface that is bent at the end 

into a semicircle of radius 𝑅 = 20 cm as shown. If the normal force on the block at point 𝐴 (bottom 

of the semicircle) is 8.0 N,  

a) what is the speed of the block at point 𝐴?                   [2 Points] 

b) What is the speed of the block at point 𝐵 (top of the semicircle)?                [2 Points] 

 

 

a) 𝐹𝑁 − 𝑚𝑔 = 𝑚
𝑣2

𝑅
 

𝑣𝐴 = 2.95 m/s 

b) 
1

2
𝑚𝑣𝐴

2 = 𝑚𝑔(2𝑅) +
1

2
𝑚𝑣𝐵

2 

𝑣𝐵 = 0.93 m/s 

 

 

 

 

 

 

 

 

m 

𝐴 

𝐵 

𝑅 
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3. A block of mass 𝑚 = 0.8 kg is attached to a light spring (𝑘 = 100 N/m) on a rough inclined surface 

with 𝜃 = 30° and 𝜇𝑘 = 0.2. An applied force 𝐹 = 30 N acts on the block as shown. The block is 

lowered down a distance of 𝑑 = 0.4 m from point 𝐴 to point 𝐵. At point 𝐴 the spring is relaxed. Find 

the change in the kinetic energy of the block going from 𝐴 to 𝐵.       [4 Points] 

 

 

 

∆𝐾𝐸 = 𝑊𝑛𝑒𝑡 

𝑊𝑛𝑒𝑡 = 𝑚𝑔𝑠𝑖𝑛𝜃 ∙ 𝑑 − 𝜇𝑘𝑚𝑔𝑐𝑜𝑠𝜃 ∙ 𝑑 + 𝐹𝑑 −
1

2
𝑘𝑑2

 

𝑊𝑛𝑒𝑡 = 5 J 

 

 

 

 

 

 

 

 

4. The three thin uniform beams shown in the figure have the same mass and length. Find the position of 

the center of mass of the structure (𝑥𝑐𝑚, 𝑦𝑐𝑚).            [4 Points] 

 

 

 

        𝑥𝑐𝑚 =
12𝑚+12𝑚+24𝑚

3𝑚
= 16 cm           

            𝑦𝑐𝑚 =
12𝑚−12𝑚+0

3𝑚
= 0 cm                   

 

 

 

 

 

 

 

 

 

 

 

12 cm 

12 cm 

24 cm 

24 cm 

𝑥 

𝑦 

d 
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5. A rotating wheel is slowing down at a rate of 1.5 rad/s2 due to friction. At 𝑡 = 0 its angular velocity 

is 12 rad/s. At 𝑡 = 6 s, for a point that is 40 cm from the center of the wheel, 

a) find the radial acceleration.           [2 Points] 

b) Find the magnitude of the tangential and total acceleration.         [2 Points] 

 

a) 𝜔 = 𝜔0 + 𝛼𝑡 = 12 − 1.5 × 6 = 3 rad/s                                                  

           𝑎𝑅 = 𝑟𝜔2 = 3.6 m/s2                                                   

b) 𝑎𝑡𝑎𝑛 = 𝑟𝛼 = 0.6 m/s2                                               

           𝑎 = √3.62 + 0.62 = 3.65 m/s2                                 

 

 

 

 

 

 

 

6. A small wheel (𝐴) of radius 𝑅𝐴 = 8.0 cm is used to rotate a bigger wheel (𝐵) of radius 𝑅𝐵 = 25.0 cm 

through a belt. The smaller wheel turns at a constant angular velocity of 15.0 rad/s.  

a) Find the angular velocity of the wheel 𝐵.       [2 Points] 

b) How many revolutions does the wheel 𝐵 make in 2 min?    [2 Points] 

 

a) 𝑣𝐴 = 𝑣𝐵 = 𝑅𝐴𝜔𝐴 = 1.2 m/s 

𝜔𝐵 =
𝑣𝐵

𝑅𝐵
= 4.8 rad/s 

b) ∆𝜃 = 𝜔𝐵𝑡 = 576 rad 

𝑁 =
∆𝜃

2𝜋
= 91.7 

 

 

 

 

 

 

 

𝜔 

𝐴 

𝐵 

𝑅𝐴 

𝑅𝐵 


