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P1. An ant travels from point O to point P by following paths 𝐴 = 2 m and 𝐵 and 𝐶 as shown 

in figure in total time of 4 minutes. The magnitude of the displacement of the ant is 𝐷 = 2 m. 

Find the average speed of the ant’s whole trip from point O to point P.                         (4 points) 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 

P2. An air balloon moving upward with a constant acceleration of 𝑎 = − 0.3 m 𝑠2⁄ . When 

the balloon is at 12 m above the ground and has a velocity of 1.8 m s⁄ , a box is released from 

the balloon. Find the height of the balloon when the box reaches the ground.             (4 points) 
  
 
 

 

 

 

 

 

 

 

 

 

 

𝑥 

𝑦 

O P 

𝐴Ԧ 

𝐵ሬԦ 

𝐶Ԧ 
60° 

𝐷𝑥 = 𝐴𝑥 + 𝐵𝑥 = −𝐴𝑐𝑜𝑠60° + 𝐵 → 𝐵 = 𝐷𝑥 + 𝐴𝑐𝑜𝑠60° = 3 m 

𝐷𝑦 = 0 

𝐷 = √𝐷𝑥
2 + 𝐷𝑦

2 → 2 = √𝐷𝑥
2 → 𝐷𝑥 = 2 m 

𝐶 = 𝐴𝑠𝑖𝑛60° = 2 × 0.86 = 1.73 m 

𝑆𝑝𝑒𝑒𝑑 =
𝐴 + 𝐵 + 𝐶

𝑡
=

2 + 3 + 1.73

4 × 60
= 0.028 ≅ 0.03 

m

s
 

ground 

12 m 

1.8 m s⁄  

Time for box to reach the ground: 

𝑣2 = 𝑣0
2 + 2𝑔(𝑦 − 𝑦0) → 𝑣2 = 1.8 + 2(−9.8)(0 − 12) → 𝑣 = −15.4 m

s⁄  

𝑣 = 𝑣0 + 𝑔𝑡 → −15.4 = 1.8 + (−.9.8)𝑡 → 𝑡 = 1.75 s 

Height of the balloon for 𝑡 = 1.75 s: 

ℎ = 𝑦0 + 𝑣0𝑡 +
1

2
𝑎𝑡2 → ℎ = 12 + (1.8)(1.75) +

1

2
(−0.3)(1.75)2 

ℎ = 14.7 m 
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P3.  A box of mass 𝑚 = 5 kg is sliding downward on rough surface of an incline while a force 

perpendicular to the surface of incline with magnitude 𝐹 = 34 N is applied on it as shown. 

The kinetic coefficient of friction is 𝜇𝑘 = 0.2. Calculate the acceleration of the box?                                                                                                                          

B                                                                                                                                    (4 points) 

  
 

 
 

 

 

 

 

 

 

 

 

 

 

 

P4: Two boxes 𝑚1 = 10 kg and 𝑚2 = 28 kg are connected with a massless cord and two 

frictionless pullies as shown in figure. The kinetic coefficient of friction between the wall and 

box 1 is  𝜇𝑘 = 0.2. Find the magnitude of the applied force 𝐹Ԧ to allow box 2 to move downward 

with a constant velocity.                                                                                                (4 points) 

                                                                                                 

      
                                                                                                                     

 

 

 

 

 

 

 

 

 

 

 

 

60° 

𝑚 

𝑭 

𝐹𝑁 = 𝐹 + 𝑚𝑔𝑐𝑜𝑠60° 

𝐹𝑓𝑟 = 𝜇𝑘 × 𝐹𝑁 = 𝜇𝑘 × (𝐹 + 𝑚𝑔𝑐𝑜𝑠60°) → 𝐹𝑓𝑟 = 11.7 N  

𝑚𝑔𝑠𝑖𝑛60° − 𝐹𝑓𝑟 = 𝑚𝑎 → 𝑎 =
𝑚𝑔𝑠𝑖𝑛60° − 𝐹𝑓𝑟

𝑚
 

𝑎 =
(5)(9.8)(0.86) − 11.7

5
= 6.1 m s2⁄  

60° 

𝒎 

𝑭 

𝑭𝒇𝒓 𝑭𝑵 

𝒎𝒈 

𝑚𝑔𝑠𝑖𝑛60° 

𝑚𝑔𝑐𝑜𝑠60° 

Ground 

. . 

𝑚1 

𝑚2 
𝑭ሬሬԦ 

50° 

Box 2: 

𝑇 − 𝑚2𝑔 = 0 → 𝑇 = 𝑚2𝑔 

Box 1: 

𝐹𝑓𝑟 = 𝜇 𝐹𝑁 = 𝜇 𝐹𝑐𝑜𝑠50° 

𝑇 − 𝐹𝑠𝑖𝑛50° − 𝑚1𝑔 − 𝐹𝑓𝑟 = 0 → (𝑚2 − 𝑚1)𝑔 − 𝐹(𝑠𝑖𝑛50° + 𝜇 𝑐𝑜𝑠50°) = 0 

𝐹 =
(𝑚2 − 𝑚1)𝑔

𝑠𝑖𝑛50° + 𝜇 𝑐𝑜𝑠50°
= 198.6 N 
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P5. A box of mass 250 g is connected to a fixed point by a cord of length 𝑅 = 15 cm. It is 

made to move at a constant speed of 𝑣 = 3 m s⁄  on a vertical circle, as shown.                                                                    
 

a) Find the tension force on the cord at point A.                                                     (2 points) 

b) What is the tension force on the cord at point B.                                               (2 points) 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

P6.  A frictionless track is in a vertical plane as shown. A box of mass 𝑚 = 1.2 kg leaves point 

A with speed 𝑣𝐴 = 25 m s⁄  and arrives at point B with speed 𝑣𝐵 = 12 m s⁄ . Find the height 

difference (ℎ)  between points A and B.                                                                      (3 points) 

 
 

  
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

∑ 𝐹𝑅 =
𝑚𝑣2

𝑅
→ 𝑇 − 𝑚𝑔𝑐𝑜𝑠30° =

𝑚𝑣2

𝑅
 

𝑇 = 𝑚 (
𝑣2

𝑅
+ 𝑔𝑐𝑜𝑠30°) = 17.1 N 

𝑣𝐴 

𝑣𝐵 

𝒉 

A 

B 

Ground 

𝑊𝑚𝑔 = 𝐾𝐸𝐵 − 𝐾𝐸𝐴 

𝑊𝑚𝑔 =
1

2
𝑚(𝑣𝐵

2 − 𝑣𝐴
2) = −288.6 𝐽 

𝑊𝑚𝑔 = −𝑚𝑔ℎ → ℎ =
𝑊𝑚𝑔

−𝑚𝑔
→ 

 ℎ = 24.5 𝑚 

𝑹 

A 
30° 

. 

B 𝑇 − 𝑚𝑔 =
𝑚𝑣2

𝑅
 

𝑇 = 𝑚 (
𝑣2

𝑅
+ 𝑔) = 17.45 N 
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P7. A block of mass 𝑚 = 1.5 kg is projected on a rough horizontal ground with coefficient of 

kinetic friction 𝜇𝑘 = 0.2 from point A with a speed of 12 m s⁄  and strikes a relaxed spring 

with stiffness constant of 𝑘 = 450 N m⁄ . The block compresses the spring by 𝑥 = 0.1 m and 

come to the rest at point B as shown. Find the distance between points A and B.                                                                                                                                   

b                                                                                                                                      (4 points) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P8. Two identical disks A and B with radius 𝒓 = 10 𝑐m and mass 𝒎 are shown. Find the 

center of mass coordinates 𝑋𝐶𝑀 and 𝑌𝐶𝑀 of the system.                                             (4 points)    
                                                      
  
   

Disk 𝑥 𝑦 

A   

B   
 

 

 

 

 

 

 

 

 

  

A 

𝑣 

B 

𝑑 

𝑊𝑓𝑟 = ∆𝐸 = 𝐸𝐵 − 𝐸𝐴 

𝑊𝑓𝑟 =
1

2
𝑘𝑥2 −

1

2
𝑚𝑣2 = −105.75 J 

𝐹𝑓𝑟 = 𝜇𝑘 × 𝐹𝑁 = 𝜇𝑘 × 𝑚𝑔 = 2.94 N 

𝑊𝑓𝑟 = −𝐹𝑓𝑟 × 𝑑 → 𝑑 =
−𝑊𝑓𝑟

𝐹𝑓𝑟
=

105.75

2.94
= 36 m 

. 
. 

40° 
𝑥 

𝑦 

A 

B 

𝑥𝐴 = 0 ;  𝑦𝐴 = 0 

𝑥𝐵 = 2𝑟𝑐𝑜𝑠40°  ;  𝑦𝐵 = 2𝑟𝑠𝑖𝑛40° 

𝑋𝐶𝑀 =
2𝑚𝑟𝑐𝑜𝑠40°

2𝑚
= 𝑟𝑐𝑜𝑠40° = 7.6 cm 

𝑌𝐶𝑀 =
2𝑚𝑟𝑠𝑖𝑛40°

2𝑚
= 𝑟𝑠𝑖𝑛40° = 6.4 cm 
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P9. A uniform beam of mass 𝑚 = 100 kg and length 𝐿 leans against a smooth frictionless wall 

at angle 𝜃 to the ground as shown. The friction force between beam and ground with static 

coefficient of friction 𝜇𝑠 = 0.3 prevents the beam from slipping.  

a) Find the normal force 𝐹𝑁.                                                                                  (1 point) 

b) Find the friction force 𝐹𝑓𝑟                                                                                  (1 point) 

c) What is the minimum value of angle 𝜃 for which the beam will remain static?  (3 points)                                                                                        

  
 
 
 
 
 

 

 

 

 

 

 

 

P10. Water (𝜌 = 1000 kg m3⁄ ) flows in a pipeline with two different cross section areas as 

shown. The water speed at the wider section with area 𝐴1 = 0.5 m2 is 𝑣1 = 1.5 m s⁄  and at 

the narrow section 𝑣2 = 7.5 m s⁄ . The pressure difference between narrow and wide sections 

in the pipeline is 𝑃1 − 𝑃2 = 36800 Pa. 

a) What is the area of the narrow section of the pipeline?                                    ( 1 point) 

b) Find the height difference ℎ = 𝑦2 − 𝑦1 between wide and narrow sections.   (3 points) 
 

 
 

 

𝑭𝒇𝒓 

𝑭𝑾 

𝑭𝑵 

𝜃 
𝑚𝑔 

∑ 𝐹𝑦 = 0 → 𝐹𝑁 = 𝑚𝑔 → 𝐹𝑁 = 980 N 

∑ 𝜏 = 0 → 𝜏𝑚𝑔 = 𝜏𝐹𝑊
→

𝐿

2
× 𝑐𝑜𝑠𝜃 × 𝑚𝑔 = 𝐿 × 𝑠𝑖𝑛𝜃 × 𝐹𝑊 → tan 𝜃 =

𝑚𝑔

2𝐹𝑊
 

𝜃 = 𝑡𝑎𝑛−1 (
𝑚𝑔

2𝐹𝑊
) → 𝜃 = 59° 

𝐹𝑓𝑟 = 𝐹𝑁 × 𝜇𝑠 = 980 × 0.3 = 294 N  

∑ 𝐹𝑥 = 0 → 𝐹𝑓𝑟 = 𝐹𝑊 = 294 N 

𝐴1𝑣1 = 𝐴2𝑣2 → 𝐴2 =
𝑣1

𝑣2
𝐴1 =

1.5

7.5
(0.5) → 𝐴2 = 0.1 m2 

𝑃1 +
1

2
𝜌𝑣1

2 + 𝜌𝑔𝑦1 = 𝑃2 +
1

2
𝜌𝑣2

2 + 𝜌𝑔𝑦2 

𝑦2 − 𝑦1 =
𝜌(𝑣1

2 − 𝑣2
2) + 2(𝑃1 − 𝑃2)

2𝜌𝑔
 

ℎ = 𝑦2 − 𝑦1 = 1 m 


