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P1. Starting from rest at home, you accelerate uniformly at 0.8 m/s2 to reach a speed of 

108 km/h and then you drive at a constant speed of 108 km/h to reach the University. 

Your total driving time was 5 minutes. How far is the University from your house? (5 points)      

                                                 

 

 

 

 

 

 

 

 

 

P2. A helicopter is descending vertically at a constant speed of 15 m/s. When it is at a 

height of 200 m, a package is dropped from the helicopter. 

a. Find the time when the package lands on the ground.                                         (2 points) 

b. The helicopter continues to descend at the same speed. Find the position of the 

helicopter above the ground when the package lands on the ground.                     (2 points)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑣 = 𝑣0 + 𝑎𝑡 → 30 = 0 + 0.8 × 𝑡 → 𝑡 = 37.5 s 

𝑣 =
108

3.6
= 30 

m

s
 

𝑥1 =
𝑣 + 𝑣0

2
× 𝑡 → 𝑥1 = 562.5 𝑚 

𝑡2 = 𝑡 − 𝑡1 = (5 × 60) − 37.5 = 262.5 𝑠 

𝑥2 = 𝑣 × 𝑡2 = 7875 𝑚 

𝑥 = 𝑥1 + 𝑥2 = 8437 𝑚 

𝑣2 = 𝑣0
2 + 2𝑔(𝑦 − 𝑦0) → 𝑣2 = (−15)2 + 2𝑔(0 − 200) → 𝑣 = − 64.4 

𝑚

𝑠
 

𝑣 = 𝑣0 + 𝑔𝑡 → 𝑡 =
𝑣 − 𝑣0

𝑔
= 5.04 𝑠 

𝑦 = 𝑦0 + 𝑣0𝑡 

𝑦 = 200 + (−15) × (5.04) = 124.  4 𝑚 

 

For the package: 

 

For the helicopter: 

15 
m

s
 

ground 

200 𝑚 
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P3. A hiker walks 4.0 km due north, then 3.0 km due east, and finally 2.0 km at an angle 

of 30° north of east, as shown in the figure. This walk took about 45 minutes. 

a.  Calculate the magnitude of the displacement.                                                (3 points) 

b. What is the average speed and average velocity of this hiker?                         (2 point) 

 

 

𝐴𝑥 = 0, 𝐴𝑦 = 4.0 km 

𝐵𝑥 = 3.0 km, By = 0 

𝐶𝑥 = 2.0 cos 30° = 1.73 km, 𝐶𝑦 = 2.0 sin 30° = 1.0 km 

(a) 𝐷𝑥 = 4.73 km,𝐷𝑦 = 5.0 km D = √𝐷𝑥
2 + 𝐷𝑦

2 = 6.88 km  

(b) �̅� =
𝐷

0.75 h
= 9.17

km

h
, �̅� =

4+3+2

0.75 h
= 12 km/h 

 

 

 

 

P.4 A box with mass 𝑚 = 20 𝑘𝑔 is pushed on a frictionless surface by two forces 𝐹𝐴
⃗⃗⃗⃗  and 𝐹𝐵

⃗⃗⃗⃗  
as shown. The magnitudes of forces are 𝐹𝐴 = 50 𝑁 and 𝐹𝐵 = 70 𝑁.  

a. Determine the magnitude of the net force on the box.                               (3points) 

b. What is the acceleration (size and direction) of the box?                           (1 point) 

 

 

 

 

 

 

 

 

 

 

 

 

 

60° 

𝐹𝐴 𝐹𝐵𝑥  

𝐹𝐵𝑦  

(a) 

𝐹𝐴𝑥 = − 50.0 𝑁 

𝐹𝐵𝑥 = − 70 𝑐𝑜𝑠(60°) = − 35.0 𝑁 

𝐹𝑥 = 𝐹𝐴𝑥 + 𝐹𝐵𝑥 = (−50) + (−35) = −85 N 

  

𝐹𝑥 = 𝑚𝑎𝑥 → 𝑎𝑥 =
−85

20
= −4.25 

m

s2
 

(b) 

60° 

𝐹 𝐴 

𝐹 𝐵  
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P5. A truck is accelerating forward at 3.0 m/s2. A 100 kg crate (box) is resting on the truck 

bed. The coefficient of static friction between the crate and the truck’s bed is 𝜇𝑠 = 0.4. 

a. What is the maximum acceleration the truck can have before the crate starts to slide?                                      

                                                        (2 points) 

b. Will the crate slide in this case?               (1 point) 

(a) 

 

 

 

 

(b) The crate does not slide since the truck’s acceleration is less than 3.92 m/s2. 

 

 

 

P6. Two boxes are connected to each other by a massless rope. They are kept at rest on a 

frictionless structure as shown below by putting the rope over a frictionless pulley. The mass 

𝑀1= 12 kg.  

a. Find the tension in the rope.                        (2 points)          

b. Find the mass 𝑀2.                                 (2 points) 

 

 

 

 

 

 

(a) Box 1 : 𝐹𝑇 − 𝑀1𝑔 sin 25° = 0 ⟹ 𝐹𝑇 = 𝑀1𝑔 sin 25° = 49.7 N 

(b) Box 2 : 𝐹𝑇 − 𝑀2𝑔 sin 50° = 0 ⟹ 𝑀2 =
𝐹𝑇

𝑔 sin 50°
= 6.6 kg 

 

 

 

 

𝐹𝑓𝑟 = 𝜇𝑠𝑚𝑔 = 392 N 

𝐹 = 𝑚𝑎 → 𝐹𝑓𝑟 = 𝑚𝑎 → 𝑎 =
𝐹𝑓𝑟

𝑚
= 3.92 

m

s2
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P7. A box is kept on  𝜃 = 30° rough incline by a massless rope fixed to the top of the 

incline 

as shown. The rope can withstand a maximum tension of 𝐹𝑇= 25 N. The mass of the box is 

gradually increased by adding small objects. The rope breaks when the mass of the box 

becomes M = 15 kg. Then the box accelerates down the incline at a rate of 2.7 m/s2. 

a. Find the coefficient of static friction (𝝁𝒔) between the box and the incline. 

 (2 points) 

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

(2 points) 

 

 

 

(a) y-direction: 

𝐹𝑁 − 𝑀𝑔 cos 𝜃 = 0 ⟹ 𝐹𝑁 = 𝑀𝑔 cos 𝜃 = 127.3 N  

    x-direction: 

    𝑀𝑔 sin 𝜃 − 𝜇𝑠𝐹𝑁 − 𝐹𝑇 = 0 ⟹ 𝜇𝑠 =
𝑀𝑔 sin𝜃−𝐹𝑇

𝐹𝑁
= 0.38  

 

(b)The rope is broken, so there is no tension: 

    x-direction:  

    𝑀𝑔 sin 𝜃 − 𝜇𝑘𝐹𝑁 = 𝑀𝑎 ⟹ 𝜇𝑘 =
𝑀𝑔sin𝜃−𝑀𝑎

𝐹𝑁
= 0.26  

 

 

 

 

 


