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P1. A student walks 30𝑜 south of east for 5 km (𝐴 ⃗⃗  ⃗), and then straight north for 10 km (𝐵 ⃗⃗  ⃗), 

as shown below. The entire motion takes 90 min.  

a. Find the magnitude of the total displacement (𝑫 ⃗⃗⃗⃗ = 𝑨 ⃗⃗  ⃗ + 𝑩 ⃗⃗  ⃗).                              (3 points)          

b. Find the magnitude of the average velocity.                                                          (1 point) 

c. Find the average speed.                                                                                            (1 point) 

(a) 

𝐷𝑥 = 5 cos(30) + 0 = 4.3 𝑘𝑚 

𝐷𝑦 = −5 sin(30) + 10 = 7.5 𝑘𝑚 

𝐷 = √𝐷𝑥
2 + 𝐷𝑦

2 = 8.7 𝑘𝑚 

(b) 𝑣 ̅ =
𝐷

𝛥𝑡
=

8.7

1.5
= 5.8

𝑘𝑚

ℎ
 

(c) 𝑠 ̅ =
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑇𝑖𝑚𝑒
=

(5+10)

1.5
= 10

𝑘𝑚

ℎ
 

  

 

P2. A model rocket starting form rest is uniformly accelerated vertically upwards with 

2 m/s2. At point A the rocket runs out of fuel but continues moving upward for a while until 

it reach a maximum height (point B). It then falls back to earth. Ignore air resistance.  

a. Find the speed of the rocket the moment it run out of fuel (point A).                 (1 point) 

b. Find the maximum altitude (from ground) the rocket had reached.                   (1 point) 

b. Find the time it took for the rocket to fall from (B) to ground.                          (2 points) 

    

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

(a) Ground to (A): 𝑣𝐴
2 = 𝑣𝑜

2 + 2𝑎(𝑦𝐴 − 𝑦𝑜) → 𝑣𝐴 = 55.2 𝑚/𝑠 

(b) (A) to (B): 𝑣𝐵
2 = 𝑣𝐴

2 + 2𝑎(𝑦𝐵 − 𝑦𝐴) → 

𝑦𝐵 =
𝑣𝐵

2 − 𝑣𝐴
2

2(−𝑔)
+ 𝑦𝐴 = 917.5 𝑚 

(c) (B) to ground: 𝑦𝑜 = 𝑦𝐵 + 𝑣𝐵𝑡 +
1

2
(−𝑔)𝑡2 → 

           0 = 917.5 +
1

2
(−9.8)𝑡2 → 𝑡 = 13.7 𝑠 
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P3. A 6 − kg box is pulled upward along a rough incline by a force 𝐹 ⃗⃗  ⃗, as shown. The 

acceleration of the box is 2 m/s2, and the coefficient of kinetic friction between the box and 

the surface is 0.4.  

a. Find the magnitude of the pulling force.                                                                (2 points) 

b. Find the work done by the force of gravity on the box, during its motion from point 

A to point B.                                                         (2 points) 
 

 

(a) 

 y − axis: 𝐹𝑁 − 𝑚𝑔𝑐𝑜𝑠𝜃 = 0 → 𝐹𝑁 = 𝑚𝑔𝑐𝑜𝑠𝜃                                
x − axis: 𝐹 − 𝑚𝑔𝑠𝑖𝑛𝜃 − 𝜇𝑘𝑚𝑔𝑐𝑜𝑠𝜃 = 𝑚𝑎 → 𝐹 = 61.8 𝑁     
(b) 

W𝐹𝐺
= −𝛥𝑃𝐸 = −𝑚 ∙ g ∙ h = −𝑚 ∙ g ∙ d ∙ sin(30) = −58.8 𝐽 

  
P4. A mass 𝑚 = 20 kg is connected to a massless spring with stiffness constant 380 N/m, 

through a massless and frictionless pulley, as shown. The mass is released from rest when the 

spring is in equilibrium. Ignore any frictional force. When the mass has dropped by 𝟎. 𝟒 𝐦, 

find:  

a. The speed of the mass.                                                                                         (3 points) 

b. The net work done on the mass.                                                                             (1 point) 
 

(a) 𝐾𝐸𝑖 + 𝑃𝐸𝑖 = 𝐾𝐸𝑓 + 𝑃𝐸𝑓 → 

0 + 0 =
1

2
𝑚𝑣2 +

1

2
𝑘𝑦2 − 𝑚𝑔𝑦 

→ 𝑣 = √
2𝑚𝑔𝑦 − 𝑘𝑦2

𝑚
= 2.2 𝑚/𝑠 

 
(b) 

𝑊𝑛𝑒𝑡 = 𝛥𝐾𝐸 =
1

2
𝑚𝑣2 − 0 = 48 𝐽 
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P5. A structure made up of three uniform rectangular pieces is shown below. The three pieces 

have mass 𝑀1 = 3 kg,𝑀2 = 1 kg, and 𝑀3 = 2 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 + 𝑥3𝑀3

𝑀1 + 𝑀2 + 𝑀3
 

=
2 × 3 + 7 × 1 + 9 × 2

3 + 1 + 2
 

→ 𝑋𝐶𝑀 = 5.17𝑐𝑚 
 

𝑌𝐶𝑀 =
𝑦1𝑀1 + 𝑦2𝑀2 + 𝑦3𝑀3

𝑀1 + 𝑀2 + 𝑀3
 

=
6 × 3 + 7 × 1 + 3 × 2

3 + 1 + 2
 

→ 𝑌𝐶𝑀 = 5.17 𝑐𝑚 
 

 
 𝑥 (𝑐𝑚) 𝑦 (𝑐𝑚) 

𝑀1 4

2
= 2  

12

2
= 6 

𝑀2 
4 +

6

2
= 7 6 + (

12 − 10

2
) = 7 

𝑀3 
4 + 4 + (

6 − 4

2
) = 9 

6

2
= 3 

 

P6. During a dental procedure, a rotating disk-shaped drill with radius of 2 mm, accelerates 

uniformly about its center from rest to 180,000 rpm in 1.2 s.  

a. Find the angular acceleration of the drill.                                                          (2 points)          

b. At 𝒕 = 𝟏. 𝟐 𝐬, find the radial acceleration of a point at the edge of the disk.     (1 point) 

c. At 𝒕 = 𝟏. 𝟐 𝐬, a small particle (𝒎 = 𝟏𝟎−𝟓 𝐤𝐠) sticks briefly at the edge of the disk. Find 

the magnitude of the radial force on it.                                                                (1 point)   

(a) 𝜔𝜊 = 0
𝑟𝑎𝑑

𝑠
;  𝜔 = 2𝜋𝑓 = 2 ∙ 3.14 ∙

180000

60
= 18,850 𝑟𝑎𝑑/𝑠 

𝜔 =  𝜔𝜊 + 𝛼𝑡 → 𝛼 =
𝜔 −  𝜔𝜊

𝑡
=

18,850

1.2
= 15,708 𝑟𝑎𝑑/𝑠2 

(b) 𝑎𝑅 =
𝑣2

𝑟
= 𝜔2𝑟 = 18,8502 ∙ 0.002 = 7.11 × 105 𝑚/𝑠2  

(c) 𝐹𝑅 = 𝑚𝑎𝑅 = 10−5 ∙ 7.11 × 105 = 7.11 𝑁 
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P7. Α uniform beam of mass 𝑚 = 10 kg and length 𝐿 = 1 m is kept vertical by a massless 

cord attached to the ground from the edge. The structure is balanced when a force 𝐹 = 10 N 

is applied on the beams mid-point as shown.  

a. Find the magnitude of the force of tension at the top-end of the beam.              (2 points)                                                                                        

b. Find x-component of the contact force at the bottom-end of the beam.              (2 points)      

(a) 

The second condition of equilibrium the 
contact point  

 
𝜏𝑛𝑒𝑡
𝐻 = 0 → 

𝐹𝑇 cos(60) 𝐿 − 𝐹
𝐿

2
= 0 → 

𝐹𝑇 =
𝐹

𝐿

2

cos(60) 𝐿
= 10 𝑁 

(b) 

The first condition of equilibrium 
∑𝐹𝑥 = 0 → −𝐹𝑇 cos(60) + 𝐹 − 𝐹𝑐𝑥 = 0 

→ 𝐹𝑐𝑥 = −𝐹𝑇 cos(60) + 𝐹 = 5 𝑁 

 

P8. A patient is given 450 × 10−6 m3 blood transfusion (𝜂 = 0.004 Pa. s, 𝜌 = 1060 kg/m3) 

at a rate of 3.3 × 10−8 m3/s. The needle has 25 mm length, and inner radius 0.4 mm. The 

blood pressure of the patient is 10374 Pa.  

a. Find at what height (𝒉) the bottle should be placed above the needle.              (3 points)                                                                                        

b. Find the time it will take for the transfusion to finish.                                          (1 point)      

     

   𝑄 =
𝜋𝑅4(𝑃1−𝑃2)

8𝜂𝑙
→ 

𝑃1 − 𝑃2 =
8𝜂𝑙𝑄

𝜋𝑅4
= 328.3 𝑃𝑎 → 

𝑃1 = 328.3 𝑃𝑎 + 𝑃2 = 10702.3 𝑃𝑎 

𝑃1 = 𝜌𝑔ℎ → ℎ =
𝑃1

𝜌𝑔
= 1.03 𝑚 

𝛥𝑡 =
𝛥𝑉

𝑄
→ 𝛥𝑡 =

450 × 10−6

3.3 × 10−8

= 13,636.4 𝑠 = 3.8 ℎ 
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P9. Blood (𝜌 = 1060 kg/m3) flows in the main artery of a human body, through a segment 

where the artery narrows from a cross-sectional area 4 × 10−4 m2 to 2 × 10−4  m2. The 

bloods speed at the wider section is 𝑣1 = 0.4 m/s. The height difference between the two 

points is ℎ = 4 mm, with the narrower point being higher.  

a. Find the speed of blood flowing though the narrower section.                             (1 point) 

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

 

(a) 

𝐴1𝑣1 = 𝐴2𝑣2 → 

𝑣2 =
𝐴1

𝐴2
𝑣1 =

4 × 10−4

2 × 10−4
(0.4) = 0.8 𝑚/𝑠 

(b) 

𝑃1 +
1

2
𝜌𝑣1

2 + 𝜌𝑔𝑦1 = 𝑃2 +
1

2
𝜌𝑣2

2 + 𝜌𝑔𝑦2 

𝑃1 − 𝑃2 =
1

2
𝜌𝑣2

2 −
1

2
𝜌𝑣1

2 − 𝜌𝑔ℎ 
𝑃1 − 𝑃2 = 295.95 𝑃𝑎 
  

P10. A mass is attached to a spring and set on a horizontal frictionless surface, performing a 

simple harmonic oscillation. The position of the mass every moment is given by the 

equation 𝑥 = 0.3 ∙ 𝑐𝑜𝑠(8 ∙ 𝑡), where 𝑥 is in meters and 𝑡 is in seconds.                                                                                         

a. Find the maximum speed of the mass.                                                                  (2 points) 

b. Find the magnitude of the maximum acceleration of the mass.                           (2 points) 

 2𝜋𝑓 = 8 𝑟𝑎𝑑/𝑠 → 𝑓 =
4

𝜋
 𝐻𝑧;  𝑇 =

1

𝑓
= 2𝜋√

𝑚

𝑘
→ √

𝑘

𝑚
= 2𝜋𝑓 

(a) 
1

2
𝑘𝐴2 =

𝟏

𝟐
𝑚𝑣𝑚𝑎𝑥

2 → 𝑣𝑚𝑎𝑥 = 𝐴√
𝑘

𝑚
= 0.30× 8 = 2.4 𝑚/𝑠 

(b) 𝑎𝑚𝑎𝑥 =
𝐹𝑠

𝑚𝑎𝑥

𝑚
=

𝑘𝐴

𝑚
= (2𝜋𝑓)2𝐴 = 19.2 𝑚/𝑠2 
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