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P1. An object is dropped from a 2 m height above ground. Ignore air resistance.  

a. Find the time it takes to reach the ground.                                                        (2 points) 

b. Find the speed of the object just before it strikes the ground.                          (1 point)  

 

Taking the origin to be at ground level and the positive y direction to be up. 

(a) 𝑦 ൌ 𝑦଴ ൅ 𝑣଴𝑡 ൅
ଵ

ଶ
𝑎𝑡ଶ → 𝑡 ൌ ට

ଶ௱௬

௚
ൌ ට

ଶሺିଶሻ

ሺିଽ.଼ሻ
ൌ 0.64 𝑠 

(b) 𝑣 ൌ 𝑣௢ ൅ 𝑎𝑡 ൌ 0 ൅ ሺ9.8ሻ0.64 ൌ 6.3 𝑚/𝑠 

 

P2. A 6.4 kg bowling ball is released from the hand of a player with 𝑣௢ ൌ 9.40 m/s and hits 

the pins at the end of a 18.3 m long bowling lane. The player hears the ball hitting the pins 

2.80 s after the ball is released from her hands. Assume the speed of sound is 340 m/s. 

a. Find the acceleration of the ball, assuming that is constant.                              (3 points) 

b. Find the net force applied on the ball during this motion.                                  (1 point)  

 

 

𝑡஻→஺ ൌ
ௗ

௩ೞ೚ೠ೙೏
ൌ

ଵ଼.ଷ

ଷସ଴
ൌ 0.05 𝑠                                                                                           

𝑡஺→஻ ൌ 𝑡௧௢௧௔௟ െ 𝑡஻→஺ ൌ 2.8 െ 0.05 ൌ 2.75 𝑠                                                                
 

𝑥 ൌ 𝑥௢ ൅ 𝑣௢𝑡஺→஻ ൅
ଵ

ଶ
𝑎𝑡஺→஻

ଶ → 𝑎 ൌ 2
ሺ௫ି௫೚ሻି௩೚௧ಲ→ಳ

௧ಲ→ಳ
మ ൌ െ2.0 𝑚/𝑠ଶ                                  

 
𝐹௡௘௧ ൌ 𝑚𝑎 ൌ 6.4 ൈ ሺെ2.0ሻ ൌ െ12.8 𝑁                                                                         
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P3. A student walks with constant speed from point P to point Q, by following the paths  

𝐴 ൌ 200 m, and 𝐵 ൌ 400 m, as shown. The total time of the trip is 0.5 h.  

a. Find the magnitude of vector 𝑫 ሬሬሬሬ⃗ ൌ 𝑨 ሬሬሬ⃗ ൅ 𝑩 ሬሬሬ⃗ .                                                         (3 points)         

b. Find the direction of 𝑫 ሬሬሬሬ⃗ , with respect to the positive x-axis.                                (1 point) 

c. Find the average speed of the student.                                                                   (1 point) 

 

(a) 𝐷௫ ൌ 𝐴௫ ൅ 𝐵௫ ൌ 𝐴௫ ൅ 𝐵𝑐𝑜𝑠ሺ60௢ሻ 

ൌ 0 ൅ 400𝑐𝑜𝑠ሺ60௢ሻ ൌ 200 𝑚 

𝐷௬ ൌ 𝐴௬ ൅ 𝐵௬ ൌ 𝐴௬ ൅ ൫െ𝐵𝑠𝑖𝑛ሺ60௢ሻ൯

ൌ 200 െ 400 sinሺ60௢ሻ ൌ െ146.4 𝑚 

     𝐷 ൌ ඥ𝐷௫
ଶ ൅ 𝐷௬

ଶ ൌ √200ଶ ൅ 146.4ଶ ൌ 247.9 𝑚 

(b) 𝜃 ൌ tanିଵ ቀ
஽೤

஽ೣ
ቁ ൌ 36.2௢ 

→ 𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 ൌ 360଴ െ 36.2௢ ൌ 323.8௢ 

(c) 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑝𝑒𝑒𝑑 ൌ ்௢௧௔௟ ஽௜௦௧௔௡௖௘

்௜௠௘
ൌ ଶ଴଴ାସ଴଴

଴.ହ∗ଷ଺଴଴
ൌ

0.33 m/s 

 

 

P4. A 4 kg box is moving up a smooth incline with an initial speed of 𝑣஺ ൌ 3 m/s (point A). 

It reaches to a maximum height (point B), then returns to the initial position and continues 

it’s motion along a rough horizontal surface until it stops (point C).  

a. How far (𝒅𝟏) does the box move along the incline?                (2 points)         

b. Find the coefficient of kinetic friction (𝝁𝒌) between  

the horizontal surface and the box.  Take 𝒅𝟐 ൌ 𝟏 𝐦.                                             (2 points) 

 

(a) ሺ𝐴ሻ → ሺ𝐵ሻ: 𝐸஺ ൌ 𝐸஻ 

→
1
2

𝑚𝑣஺
ଶ ൅ 0 ൌ 0 ൅ 𝑚𝑔ℎଵ → ℎ1 ൌ

𝑣𝐴
2

2𝑔
ൌ 0.46 𝑚 

𝑠𝑖𝑛30௢ ൌ
ℎଵ

𝑑ଵ
→ 𝑑ଵ ൌ

ℎଵ

𝑠𝑖𝑛30௢ ൌ 0.92 𝑚 

(b) ሺ𝐴ሻ → ሺ𝐶ሻ: 𝑊ே஼ ൌ 𝛥𝛫𝛦 ൅ 𝛥𝑃𝐸 

→ െμ௞mgdଶ ൌ ൬0 െ
1
2

m𝑣𝐴
2 ൰ ൅ 0 

→ μ𝑘 ൌ
𝑣஺

ଶ

2gd2
ൌ 0.46 
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ORሺ𝐵ሻ → ሺ𝐶ሻ: 𝑊ே஼ ൌ 𝛥𝛫𝛦 ൅ 𝛥𝑃𝐸 →

െμ𝑘mgd2 ൌ ሺ0 െ 0ሻ ൅ ሺ0 െ 𝑚𝑔ℎ1ሻ 

→ μ௞ ൌ
ℎଵ

dଶ
ൌ 0.46 

 

P5. The leg of an athlete during a stretching position is bent at 90௢, as shown below. The 

upper leg (ul), lower leg (ll), and feet (f) have masses 𝑚௨௟ ൌ 15.1 kg, 𝑚௟௟ ൌ 6.72 kg, and 

𝑚௙ ൌ 2.38 kg, respectively. The corresponding centers-of-mass are indicated by " 𝐱 ". Find 

the x-coordinate and y-coordinate of the center-of-mass of the leg, measured from the 

origin (point O).                                                                                                                            (4 points) 

 

𝑋஼ெ ൌ
𝑥௨௟𝑚௨௟ ൅ 𝑥௟௟𝑚௟௟ ൅ 𝑥௙𝑚௙

𝑚௨௟ ൅ 𝑚௟௟ ൅ 𝑚௙
 

ൌ
51.3 ൈ 15.1 ൅ ሺ51.3 െ 18.5ሻ ൈ 6.72 ൅ 3.24 ൈ 2.38

15.1 ൅ 6.72 ൅ 2.38
→ 𝑋஼ெ ൌ 41.4 𝑐𝑚 

 
 

𝑌஼ெ ൌ
𝑦௨௟𝑚௨௟ ൅ 𝑦௟௟𝑚௟௟ ൅ 𝑦௙𝑚௙

𝑚௨௟ ൅ 𝑚௟௟ ൅ 𝑚௙
 

ൌ
ሺ42.5 െ 17.3ሻ ൈ 15.1 ൅ 0 ൈ 6.72 ൅ 0 ൈ 2.38

15.1 ൅ 6.72 ൅ 2.38
 

→ 𝑌஼ெ ൌ 15.7 𝑐𝑚 
 

 

P6. A rotating wheel accelerates uniformly from 10 rpm to 40 rpm in 4 s.  

a. Find the angular acceleration.                                                                            (2 points)         

b. Find the magnitude of the total acceleration at 𝟏𝟎 𝐫𝐩𝐦 for a point 𝟏𝟓 𝐜𝐦 from the 

center.                                                                                                                      (3 points)         

(a) 𝜔ఖ ൌ 2𝜋𝑓௢ ൌ 2𝜋 ଵ଴

଺଴
 𝑟𝑎𝑑/𝑠; 𝜔 ൌ 2𝜋𝑓 ൌ 2𝜋 ସ଴

଺଴
 𝑟𝑎𝑑/𝑠; 

𝜔 ൌ 𝜔ఖ ൅ 𝛼𝑡 → 𝛼 ൌ
𝜔 െ 𝜔ఖ

𝑡
ൌ

2𝜋 ଷ଴

଺଴

4
ൌ 0.8 𝑟𝑎𝑑/𝑠ଶ 

(b) 𝑎௧௔௡ ൌ 𝑟𝛼 ൌ 0.15 ൈ 0.8 ൌ 0.12 𝑚/𝑠ଶ 

𝑎௥௔ௗ ൌ 𝜔ఖ
ଶ𝑟 ൌ ൬2𝜋

10
60

൰
ଶ

0.15 ൌ 0.16 𝑚/𝑠ଶ 

𝑎 ൌ ට𝑎௧௔௡
ଶ ൅ 𝑎௥௔ௗ

ଶ ൌ ඥ0.16ଶ ൅ 0.12ଶ ൌ 0.2 𝑚/𝑠ଶ 
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P7. A uniform horizontal beam of mass M and length 𝐿 ൌ 5.0 m is used as a seesaw. Two 

persons with masses m஺ ൌ 80 kg and m஻ ൌ 40 kg are balanced at the two ends of the 

seesaw, as shown.  

a. Find the mass 𝐌 of the seesaw.                                                                              (2 points) 

b. Find the normal force exerted by the fulcrum (at point C) on the beam.          (2 points)   

 

The second condition of equilibrium  

(𝜏௡௘௧ ൌ 0) about fulcrum: 

 

െ𝑀𝑔 ൈ ൬
5
2

െ 2൰ ൅ 𝑚஺𝑔 ൈ 2 െ 𝑚஻𝑔 ൈ ሺ5 െ 2ሻ ൌ 0 

→ 𝑀 ൌ  ଶ௠ಲିଷ௠ಳ

଴.ହ
ൌ 80 𝑘𝑔                        

The first condition of equilibrium (𝐹௡௘௧ ൌ 0): 

𝐹ே െ 𝑀𝑔 െ 𝑚஺𝑔 െ 𝑚஻𝑔 ൌ 0 
→ 𝐹ே ൌ 𝑀𝑔 ൅ 𝑚஺𝑔 ൅ 𝑚஻𝑔 ൌ 1960 𝑁 

 

 

P8. Crude oil (𝜂 ൌ 0.8 Pa. s ) flows from an oil field to a tanker terminal, through a horizontal 

pipe of radius 0.5 m and length 15 km. The flow is laminar, and the oil is delivered at the 

terminal at a rate of 0.5 mଷ/s.  

a. Find the pressure difference necessary to keep oil flowing at that rate.           (2 points) 

b. The time it takes to fill a container of 𝟒𝟎, 𝟎𝟎𝟎 𝐦𝟑 volume.                               (1 point) 

 

(a) 𝑄 ൌ
గோర

଼ఎ

௱௉

௅
→ 𝛥𝑃 ൌ

଼ఎ

గோర 𝑄 𝐿 ൌ 2.4 ൈ 10ହ𝑃𝑎 

 

(b)  𝑄 ൌ ௱௏

௱௧
→ 𝛥𝑡 ൌ ௱௏

ொ
ൌ 80,000 𝑠 
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P9. A pair of vertical, open-ended glass tubes inserted into a horizontal pipe are often used 

together to measure flow velocity in the pipe. Such an instrumentation is shown below, with 

water (𝜌 ൌ 10ଷ kg/mଷ) carried from point 1 (𝑣ଵ ൌ 0.5 m/s) to point 2 (𝑣ଶ ൌ 1.5 m/s), and 

the fluid rises to heights ℎଵ and ℎଶ, in the two open-ended tubes.   

a. Find the pressure difference (𝜟𝑷 ൌ 𝑷𝟏 െ 𝑷𝟐) between points 1 and 2.               (2 points) 

b. Find the height difference (𝜟𝒉 ൌ 𝒉𝟏 െ 𝒉𝟐) of the fluid levels,  

in the two open tubes.                                                                                                   (2 points)           

 

(a) 𝑃ଵ ൅
ଵ

ଶ
𝜌𝑣ଵ

ଶ ൌ 𝑃ଶ ൅
ଵ

ଶ
𝜌𝑣ଶ

ଶ 

→ 𝑃ଵ െ 𝑃ଶ ൌ
1
2

𝜌ሺ𝑣ଶ
ଶ െ 𝑣ଵ

ଶሻ 

→ 𝛥𝑃 ൌ 10ଷ𝑃𝑎 
 

ሺ𝐛ሻ 𝛥𝑃 ൌ 𝜌𝑔ሺℎଵ െ ℎଶሻ 

→ 𝛥ℎ ൌ
𝛥𝑃

𝜌𝑔
ൌ 0.1 𝑚 

 

 

P10. A particle of mass 0.5 kg is attached to a spring with stiffness constant 𝑘 ൌ 200 N/m, 

executing simple harmonic motion. The mechanical energy of the mass-spring system is 9 J.   

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

b. Find at which position the speed of the particle becomes 𝟓 𝐦/𝐬.                      (1 point) 

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

d. At 𝒕 ൌ 𝟎 𝐬 the particle is at the equilibrium position with initial speed 𝒗𝒐. Write the 

equation for the position of the particle as a function of time.                                  (1 point) 

(a) 𝐸 ൌ
ଵ

ଶ
𝑘𝐴ଶ → 𝐴 ൌ ට

ଶா

௞
ൌ 0.3 𝑚 

(b) 𝐸 ൌ
ଵ

ଶ
𝑘𝑥ଶ ൅

ଵ

ଶ
𝑚𝑣ଶ → 𝑥 ൌ ටଶாି௠௩మ

௞
ൌ 0.16 𝑚 

(c) 𝑎௠௔௫ ൌ ிೞ
೘ೌೣ

௠
ൌ ௞஺

௠
ൌ 120 𝑚/𝑠ଶ 

(d) 𝑥 ൌ 𝐴𝑠𝑖𝑛ሺ𝜔𝑡ሻ ൌ 𝐴𝑠𝑖𝑛ሺ2𝜋𝑓𝑡ሻ ൌ 𝐴𝑠𝑖𝑛 ቆ2𝜋 ቆ
ଵ

ଶగ
ට ௞

௠
ቇ 𝑡ቇ ൌ 𝐴𝑠𝑖𝑛 ቆට ௞

௠
𝑡ቇ ൌ

0.3𝑠𝑖𝑛ሺ20𝑡ሻ 


