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3. Give your final answer in the correct units. 
4. Assume g = 9.8 m/s2. 
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6. Programmable calculators, which can store equations, are not allowed. 
7. Cheating incidents will be processed according to the university rules. 

 
 
 
                 
              Grades: 
 

# P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 Total 

Pts 

4 3 4 4 4 4 5 3 4 5 40 
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P1. A rock is thrown straight up from the top of a 20 m tall building with an initial speed of 

10 m/s. Ignore air resistance. Find: 

a. The speed of the rock just before it hits the ground.                                          (1 point) 

b. The time it takes for the rock to fall from the highest point to the ground.    (1 point)  

c. The average velocity of the rock, for the motion between the highest point to the 

ground.                       (2 points)  

 

Taking +𝑦 direction upwards and origin to be at the top of 

the building. 

(a)𝑣𝑓
2 = 𝑣0

2 + 2𝑎∆𝑦 → 𝑣𝑓 =

√(10)2 + 2 × (−9.8) × (−20) = 22.2 𝑚/𝑠 

(b) 𝑣 = 𝑣𝑜 + 𝑎𝑡 → 𝑡 =
−22.2−0

−9.8
= 2.3 𝑠 

(c) 𝑣𝑓
2 = 𝑣0

2 + 2𝑎∆𝑦 → ℎ𝑚𝑎𝑥 =
𝑣𝑓

2−𝑣0
2

2𝑎
=

0−102

2(−9.8)
= 5.1 𝑚 

𝑣̅ =
𝛥𝑦

𝛥𝑡
=

−20 − (+5.1)

2.3
= −11.1 𝑚/𝑠 

P2. A 1.5 − kg block slides on a horizontal rough surface towards a spring of constant 

650 N/m. At a distance of 0.40 m from the free end of the unstretched spring, the speed of 

the block is 3.0 m/s. The maximum compression of the spring is 0.12 m. Find the coefficient 

of kinetic friction between the block and the surface.                                             (3 points)  

 

𝑊𝑁𝐶 = 𝛥𝐾𝐸 + 𝛥𝑃𝐸 → 𝐹𝑓𝑟(𝐿 + 𝑥) cos(180) = −
1

2
𝑚𝑣2 +

1

2
𝑘𝑥2 → 

−𝜇𝑘𝑚𝑔(𝐿 + 𝑥) = −
1

2
𝑚𝑣2 +

1

2
𝑘𝑥2 

→ 𝜇𝑘 = 0.27   
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P3. A 20 − kg mass is connected to a massless spring (𝑘 = 380 N/m), by a massless cord 

over a frictionless pulley. The spring is initially at equilibrium. A vertical pulling force 𝐹 ⃗⃗  ⃗ lifts 

the mass from rest at point A to point B, 0. 1 m higher. At B, the speed of the mass is 3 m/s.  

a. Find the work done by the force 𝑭 ⃗⃗  ⃗ during this motion.           (2 points) 

b. Find the magnitude of the average power delivered by the force of gravity during this 

motion, taken to be 𝟎. 𝟎𝟕 𝐬.                 (2 points) 

 

(a) 𝑊𝑁𝐶 = 𝛥𝐾𝐸 + 𝛥𝑃𝐸 → 

𝑊𝐹 = (
1

2
𝑚𝑣2 − 0) + (𝑚𝑔𝑦 +

1

2
𝑘𝑥2) = 111.5 𝐽 

(b) 𝑃𝐹𝐺
=

𝑊𝐹𝐺

𝑡
=

𝑚∙𝑔∙𝑦

𝑡
= 280 𝑊 

 

 

 

P4. A 5 − kg block moves on a frictionless incline that 

makes an angle of 60𝑜 with the horizontal. A constant force of magnitude 𝐹 = 60 N is applied 

to the block at an angle of 30𝑜 with respect to the incline, accelerating it uniformly up the 

plane, as shown. The block remains in contact with the surface during the motion.   

a. Draw the free-body diagram of the mass.                                            (1 point) 

b. Find the acceleration of the mass.                 (3 points)                             

                                                                

 

(b)     
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 Σ𝐹𝑥 = 𝑚𝑎𝑥 → 𝐹𝑐𝑜𝑠(30) − 𝑚𝑔𝑠𝑖𝑛(60) = 𝑚𝑎 

𝐹𝑐𝑜𝑠(30) − 𝑚𝑔𝑠𝑖𝑛(60) = 𝑚𝑎 

𝑎 =
𝐹𝑐𝑜𝑠(30) − 𝑚𝑔𝑠𝑖𝑛(60)

𝑚
= 1.9 𝑚/𝑠2 

P5. A structure made up of two uniform rectangular pieces is shown below. The two pieces 

have mass 𝑀1 = 3 kg, and 𝑀2 = 1 kg. Find the x-coordinate and y-coordinate of the 

center-of-mass of the structure, measured from the origin (point O).                  (4 points) 

𝑋𝐶𝑀 =
𝑥1𝑀1 + 𝑥2𝑀2

𝑀1 + 𝑀2
 

=
6 × 3 + 11 × 1

3 + 1
 

→ 𝑋𝐶𝑀 = 7.25𝑐𝑚 

 

𝑌𝐶𝑀 =
𝑦1𝑀1 + 𝑦2𝑀2

𝑀1 + 𝑀2
 

=
2 × 3 + 5 × 1

3 + 1
 

→ 𝑌𝐶𝑀 = 2.75 𝑐𝑚 
 

 

 𝑥 (𝑐𝑚) 𝑦 (𝑐𝑚) 

𝑀1 12

2
= 6  

6 − 2

2
= 2 

𝑀2 
12 + 2 − 6 +

6

2
= 11 4 +

2

2
= 5 

P6. A person holds his arm horizontally in equilibrium, as shown. The mass of the arm is 

𝑚 =  3.5 kg and its center of mass is at point C. The tendon exerts a force 𝐹𝑇
⃗⃗⃗⃗  at an angle of 

12° above the horizontal (point A), while the shoulder joint force is 𝐹𝑆 ⃗⃗ ⃗⃗   (point O). 

a. Find the magnitude of the tendon force (𝑭𝑻).                          (3 points) 

b. Find the vertical component of the shoulder joint force (𝑭𝑺𝒚).                    (1 point) 
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(b)About O:  Σ𝜏 = 0 → 0 + 𝐹𝑇𝑦
× 0.08 − 𝐹𝐺 × 0.29 = 0 → 𝐹𝑇𝑦

= 124.3 N 

𝐹𝑇𝑦
= 124.3 N = 𝐹𝑇 sin(12) → 𝐹𝑇 = 598 𝑁 

(c) Σ𝐹𝑦 = 0 → 𝐹𝑇𝑦 − 𝐹𝑆𝑦
 − 𝑚𝑔 = 0 → 𝐹𝑆𝑦

= 𝐹𝑇𝑦 − 𝑚𝑔 = 90 N 

 

P7. A rotating disk of radius 𝑅 = 1.2 m accelerates uniformly from rest to a tangential (rim) 

speed of 3.0 m/s in 0.5 s.  

a. Find the angular acceleration 𝜶.                  (2 points) 

b. Find the number of revolutions made during this time.                     (1 point) 

c. At 𝒕 = 𝟎. 𝟓 s, find the magnitude of the total acceleration of a point on the rim of 

the disk.                                                                                                                (2 points) 

(a)  𝜔𝑓 =
𝑣𝑓

𝑅
= 2.5

𝑟𝑎𝑑

𝑠
, 𝛼 =

Δ𝜔

𝑡
= 5 𝑟𝑎𝑑/𝑠2 

(b) 𝜔𝑓
2 = 𝜔𝑖

2 + 2𝛼Δ𝜃 ⟶  Δ𝜃 = 0.625 𝑟𝑎𝑑, 𝑁 =
Δ𝜃

2𝜋
= 0.1 

(c) 𝑎𝑅 =
𝑣2

𝑅
= 7.5

𝑚

𝑠2
 , 𝑎𝑡 = 𝑅𝛼 = 6.0 

𝑚

𝑠2
  , 𝑎𝑡𝑜𝑡 = √𝑎𝑅

2 + 𝑎𝑡
2 = 9.6 

𝑚

𝑠2
  

 

 

 

 

P8. Water (𝜌 = 103 kg/m3) fills a tank of height 0.5 m and bottom surface area of 10 m2.  

a. Find the average volume flow rate required to fill the tank in 2 hours.         (2 points) 

b. Find the gauge pressure at the bottom when the tank is full.                   (1 point) 

 

𝑄 =
𝛥𝑉

𝛥𝑡
=

𝐴 ∙ ℎ − 0

𝑡
 

→ 𝑄 = 6.9 ∙ 10−4𝑚3/𝑠 

 

𝑃 = 𝜌 ∙ 𝑔 ∙ ℎ → 𝑃 =  4.9 ∙ 103 𝑃𝑎 
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P9. Water (𝜌 = 103 kg/m3) flows through a pipe that changes in height and cross-sectional 

area. At point 1, the pipe is at height 𝑦1 = 1.0 m and the fluid speed is 𝑣1  =  2 m/s. At point 

2, the pipe is at 𝑦2  =  3.0 m and the fluid speed is 𝑣2  =  4 m/s.  

a. Find the pressure difference (𝑷𝟏 − 𝑷𝟐) between the two points.                     (2 points) 

b. The radius of the pipe at point 2 is 𝟎. 𝟓 𝐦. Find the cross-section area    

at point 1.                                                                                                                  (2 points) 

 

𝑃2 +
1

2
𝜌𝑣2

2 + 𝜌𝑔𝑦2

= 𝑃1 +
1

2
𝜌𝑣1

2

+ 𝜌𝑔𝑦1 

𝑃1 − 𝑃2 =
1

2
𝜌(𝑣2

2 − 𝑣1
2) +

𝜌𝑔(𝑦2 − 𝑦1) = 25600 𝑃𝑎  

𝐴2 ∙ 𝑣2 = 𝐴1 ∙ 𝑣1 → 

→ 𝐴1 =
𝜋𝑟2

2 ∙ 𝑣2

𝑣1
= 1.57 𝑚2 

 

P10. A particle of mass 𝑚 =  1.0 kg is attached to a spring with spring constant 100 N/m. 

The total energy of the system is 5 J. The particle performs simple harmonic motion on a 

surface starting from the equilibrium position. 

a. Find the amplitude of the motion.                 (1 point) 

b. Find the maximum speed of the particle.       (1 point) 

c. Find the maximum acceleration (magnitude) of the particle.                      (1 point) 

d. Find the equation of the particle position as a function of time.                       (2 points) 

 

(a) 𝐸 =
1

2
𝑘𝐴2 → 𝐴 = √

2𝐸

𝑘
= 0.32 𝑚 

(b) 
1

2
𝑘𝑣𝑚𝑎𝑥

2 =
1

2
𝑘𝐴2 → 𝑣max = 𝐴√

𝑘

𝑚
= 3.16 𝑚 

(c) 𝑎𝑚𝑎𝑥 =
𝐹𝑚𝑎𝑥

𝑚
=

𝑘𝐴

𝑚
= 31.6 𝑚/𝑠2 

(d) 𝜔 = √
𝑘

𝑚
= 10

𝑟𝑎𝑑

𝑠
, 𝑥(𝑡) = 0.32 sin (10 𝑡) 
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