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P1. 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 rough surface of the hoop, as shown. At the lowest point (point A), the block has a speed 6 m/s 

and the normal force exerted on it is 𝐹𝑁 = 12 N.  

a. Find the radius R of the hoop.                                                                                                       (2 points)          

b. Find the minimum speed of the block at the top of the hoop (point B), in order for it to continue 

moving in a circular path without falling.                                                                                  (2 points) 

 

(a) at point A 

 𝐹𝑁 − 𝑚𝑔 = 𝑚
𝑣𝐴

2

𝑅
 

𝑅 =
𝑚𝑣𝐴

2

𝐹𝑁 − 𝑚𝑔
= 0.72 𝑚 

 

(b) 𝐹𝑁 + 𝑚𝑔 = 𝑚
𝑣𝐵

2

𝑅
 (Eq. 1) 

For the minimum speed required  

for circular motion at B, 

𝐹𝑁 = 0 and (Eq. 1) 𝑣𝐵
𝑚𝑖𝑛 = √𝑅𝑔 = 2.7 m/s 
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P2. A force 𝐹 pulls a 30 kg block along a frictionless incline with 

constant speed, as shown.  

a. Find the work done by F as the block moves from bottom to the 

top of the incline.                                                                    (3 points)          

b. Find the average power of the force F if it takes 1 minute to reach 

the top of the incline.                                                           (1 point)          

 

(a)  

𝐹 − 𝑚𝑔 𝑠𝑖𝑛(30𝑜) = 0   ⇒    𝐹 = 𝑚𝑔 𝑠𝑖𝑛(30𝑜) = 147 𝑁 

 𝑠𝑖𝑛(30𝑜) =
20

𝑑
⇒ 𝑑 = 40 𝑚 

𝑊𝐹 = |𝐹||𝑑| cos ( 𝜃) = 147(40) cos(0) = 5880 𝐽 

𝐎𝐑 

∑ 𝑊 = ∆𝐾𝐸 = 0 

𝑊𝑚𝑔 + 𝑊𝐹 = 0   ⇒ 𝑊𝐹 = − 𝑊𝑚𝑔 = 𝑚𝑔ℎ = 30(9.8)(20) = 5880 𝐽    

 

(b)  

𝑃̅ =
𝑊

𝑡
=

5880

60
= 98 𝑤𝑎𝑡𝑡 

𝐎𝐑 

𝑣 ̅ =
𝑑

𝑡
=

40

60
=

2

3
 𝑚/𝑠 

𝑃 ̅ = 𝐹𝑣 ̅ cos(𝜃) = 147
2

3
cos(0𝑜) = 98 𝑤𝑎𝑡𝑡 
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P3. A spring (𝑘 = 200 N/m) is compressed by 𝑥 from its natural length and has a 2 kg mass at one end. The 

spring is released (at point A) and the mass moves from rest along the horizontal surface and enters (at point 

B) a semicircular loop or radius 𝑅 = 1 m. Ignore friction forces. 

a. Find the compression (𝒙) of the spring so that the mass pass from point C with 𝟑 𝐦/𝐬.     (2 points)          

b. Find the work done by the force of gravity on the mass from B to C.                                    (2 points) 

 

(a) 
1

2
𝑘𝑥𝐴

2 + 0 =
1

2
𝑚𝑣𝐶

2 + 𝑚𝑔𝑅 

→ 𝑥𝐴 = √
𝑚𝑣𝐶

2 + 2𝑚𝑔𝑅

𝑘
= 0.53 𝑚 

 

(b) 𝑊𝑚𝑔 = −𝛥𝑃𝐸 = −(𝑃𝐸𝐶 − 𝑃𝐸𝐵) = −𝑚𝑔𝑅 

→ 𝑊𝑚𝑔 = −19.6 𝐽 
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P4. A block (𝑚 = 2 kg) is projected from point A with a speed of 9 m/s and strikes a relaxed spring at point 

B with a speed of 3 m/s. The block compresses the spring a maximum distance of 0.2 m. 

a. Find the work done by friction on the block 

between points A and B.                          (2 points) 

b. Find the spring stiffness constant (𝒌).     (2 points) 

 

(a) 𝐸𝐵 − 𝐸𝐴 = 𝑊𝑓𝑘
 

𝑊𝑓𝑘
=

1

2
𝑚𝑣𝐵

2 −
1

2
𝑚𝑣𝐴

2 = −72 𝐽 

(b) 
1

2
𝑚𝑣𝐵

2 =
1

2
𝑘𝑥𝑚𝑎𝑥

2  

𝑘 =
𝑚𝑣𝐵

2

𝑥𝑚𝑎𝑥
2

 

     =
2(3)2

0.22
= 450 𝑁/𝑚 
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P5. The figure below shows the arm of a person bent at 90𝑜. The mass of each part of the arm is shown in 

the figure. The corresponding centers-of-mass are indicated by " × ". Find the x-coordinate and y-

coordinate of the center-of-mass of the entire arm, measured from the shoulder joint (point O). 

                                                                                                                                                             (4 points) 

𝑋𝐶𝑀 =
𝑥𝑢𝑚𝑢 + 𝑥𝑓𝑚𝑓 + 𝑥ℎ𝑚ℎ

𝑚𝑢 + 𝑚𝑓 + 𝑚ℎ
 

=
(34.2 − 17.1) × 2.5 + 34.2 × 1.6 + 34.2 × 0.64

2.5 + 1.6 + 0.64
 

→ 𝑋𝐶𝑀 = 25.2 𝑐𝑚 

 

𝑌𝐶𝑀 =
𝑦𝑢𝑚𝑢 + 𝑦𝑓𝑚𝑓 + 𝑦ℎ𝑚ℎ

𝑚𝑢 + 𝑚𝑓 + 𝑚ℎ
 

=
0 × 2.5 + 12.4 × 1.6 + (12.4 + 22) × 0.64

2.5 + 1.6 + 0.64
 

→ 𝑌𝐶𝑀 = 8.83 𝑐𝑚 
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P6. A rotating wheel is slowing down at a rate of 1.5 rad/s2. At 𝑡 = 0, the angular velocity of the wheel is 

12 rad/s.  

a. Find the linear velocity of a point which is 𝟒𝟎 𝐜𝐦 from the rotation axis at 𝒕 = 𝟔 𝐬.          (2 points)          

b.   Find the number of revolutions needed for the wheel to come to rest (from 𝒕 = 𝟎).                (2 points)          

 

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

𝑣 = 𝑟𝜔 = 0.40 × 3 = 1.2 𝑚/𝑠 

(b) 𝜔2 = 𝜔𝜊
2 + 2𝛼(𝜃 − 𝜃𝜊) → 𝛥𝜃 =

𝜔2−𝜔𝜊
2

2𝛼
=

02−122

2(−1.5)
= 48 𝑟𝑎𝑑 

𝛮 =
𝛥𝜃

2𝜋
=

48

2𝜋
= 7.64 𝑟𝑒𝑣 
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P7. The figure shows three forces acting on a disk of radius 𝑟 = 40 cm.  

a. Find the initial torque by each force, about the pivot point A.                                                   (3 points) 

b. Find the initial net torque, about the pivot point A.                                                                    (1 point) 

(a)   𝜏𝐹1

(𝐴)
= 0 𝑁. 𝑚 

       𝜏𝐹2

(𝐴)
= −𝑟 𝐹2 =  −4 𝑁. 𝑚 

       𝜏𝐹3

(𝐴)
= (2𝑟) 𝐹3 sin(30𝑜) =  2 𝑁. 𝑚 

(b)  𝜏𝑛𝑒𝑡
(𝐴)

= 𝜏𝐹1

(𝐴)
+ 𝜏𝐹2

(𝐴)
+ 𝜏𝐹3

(𝐴)
= 0 − 4 + 2 = −2 𝑁. 𝑚 
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