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# Q1 Q2 Q3 Q4 SP1 SP2 SP3 SP4 SP5 SP6 SP7 LP1 LP2 LP3 Total 

Pts 

1 1 1 1 3 3 3 3 3 3 3 5 5 5 40 

         

 

     

 

Important: 

 
1. Answer all questions and problems. 
2. Full mark = 40 points as arranged in the above table. 

i)    4 Questions 
ii) 7 Short Problems 
iii) 3 Long Problems. 

3. No solution = no points. 
4. Use SI units. 
5. Check the correct answer for each question. 
6. Assume g = 10 m/s2. 
7. Mobiles are strictly prohibited during the exam. 
8. Programmable calculators, which can store equations, are not allowed. 
9. Cheating incidents will be processed according to the university rules. 
 

GOOD LUCK 
 
 

For Instructors use only 
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 Part I: Questions (Choose the correct answer, one point each)  

Q1. Two blocks (𝐦𝟏 > 𝐦𝟐) are placed on two identical vertical springs which are compressed by the same 

distance x. When the blocks are released they are projected vertically upward. At their maximum height, both 

blocks will have:  

* the same maximum height.  

* the same gravitational potential energy. 

* different kinetic energies.     

* different total mechanical energies.    
                                                                                                                        

Q2. The position-time graph of an object moving along the x axis is shown in the figure. The velocity and 

acceleration of the object at the instant tA are: 

*  V = 0, a < 0. 

*  V = 0, a = 0. 

*  V = 0, a > 0. 

*  V > 0, a = 0. 
 

 

Q3. m
1
and m

2 
are two equal masses. m

1
moves with speed v toward a stationary mass m

2 
on a frictionless 

horizontal surface. The maximum energy transferred to m
2 

occurs if the collision is a:  

* one dimensional elastic collision.  

* one dimensional inelastic collision.  

* completely inelastic collision.  

* two-dimensional inelastic collision.  
 

 

Q4. For a force F⃗  to be conservative when applied to a particle 

* F⃗   must have the same value at all points of the particle path. 

* F⃗  must have the same direction at all points of the particle path. 

* F⃗   must be always parallel to the displacement of the particle. 

*  The work done by F⃗   for motion in closed paths must be zero. 
 

SP1. A 2 kg block is subject to a single force Fx that varies with position as shown in the figure. If the speed 

of the block at x=10 m is 9 m/s find its speed (in m/s) at x=0 m. 

 𝑊𝑡𝑜𝑡𝑎𝑙 = ∆𝐾 

1

2
(5)(6) + (5)(6) =

1

2
𝑚𝑉𝑓

2 −
1

2
𝑚𝑉𝑖

2 

45 = (9)2 − 𝑉𝑖
2 

Vi=6 m/s 

 

 

 

 

 

 

Answer:  Vi=6 m/s 
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SP2. Bader rides an escalator which moves at a speed of 5 m/s and Ali rides an elevator which moves up at a 

speed of 6 m/s as shown in the figure. Find the velocity (in m/s) of Bader with respect to Ali in unit vector 

notation. 

V⃗⃗ A/G = +6 ĵ m/s 

V⃗⃗ B/G = [5 cos(37𝑜) î + 5 sin(37𝑜)ĵ]m/s =(4î + 3ĵ)m/s 

V⃗⃗ B/A = V⃗⃗ B/G − V⃗⃗ 𝐴/𝐺 = (4î − 3ĵ)m/s 

 

 

 

 

SP3. A stationary object in free space explodes into three pieces as shown in the figure. What is the velocity 

(in m/s) of the top right piece (m2) after the explosion? Express your answer in unit vector notation. 

∑𝑝 𝑖                =                ∑𝑝 𝑓 

0 = m1V⃗⃗ 1f + m2V⃗⃗ 2f + m3V⃗⃗ 3f 

0 = 2(−6î) + 2V⃗⃗ + 4(−9ĵ) 

V⃗⃗ = (6î + 18ĵ) m/s 

 

 

 

SP4. A 3 kg block is suspended from the free end of a light rope which is wrapped around a frictionless pulley 

(R = 0.2 m) as shown in the figure. If the block is released from rest when it is 60 cm above the floor and its 

speed just before it touches the floor is 3 m/s, calculate the moment of inertia of the pulley (in kg m2). 

 

         𝐸𝑖    =         𝐸𝑓 

mgh =
1

2
𝑚 𝑉𝑓

2 +
1

2
 𝐼 𝜔𝑓

2 =
1

2
𝑚 𝑉𝑓

2 +
1

2
 𝐼 (

𝑉𝑓

𝑅
)2 

I =
2mgh𝑅2

𝑉𝑓
2 − 𝑚 𝑅2=

2(3)(10)(0.6)(0.2)2

32 − 3(0.2)2 =0.04 kg m2 

      

 

 

 

 

 

 

 

Answer: V⃗⃗ = (6î + 18ĵ) m/s 

 

    

 

Answer: V⃗⃗ B/A = (4î − 3ĵ)m/s 

    

 

 

Answer: I=0.04 kg m2    
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SP5. A stone is projected from the ground level at an angle θ above the horizontal. If the initial speed (Vo) of 

the stone is five times greater than its speed at the maximum height, find the angle θ.  

V0 = 5V0cos(θ) 

cos(θ) =
1 

5
  

θ = cos−1 (
1 

5
) = 78.5o    

 

 

 

 

 

SP6. A box resting on a smooth horizontal surface is attached to a light rope that passes over a frictionless 

pulley (R=0.1 m, I = 0.01 kg m2). The rope is pulled from its lower end by a constant force (F= 7 N) and the 

block accelerates to the right at 3 m/s2 as shown in the figure. Find the tension force (T) (in N) exerted on 

the block by the rope.  

 

 

α =
a

R
=

3

0.1
= 30 rad/s2 

∑𝜏 = 𝐼 α = (F − T)R 

T = F −
Iα

R
= 7 −

0.01(30)

0.1
= 4 N 

 

 

 

SP7. A 4 kg block slides down a rough incline plane then compresses a spring of force constant k= 500 N/m           

a distance of 0.4 m before stopping. If µs=0.8 and µk=0.4, will the block move back up the incline? Justify 

your answer. (No points without drawing the free body diagram) 

 

 

Fspring = kx = 500(0.4) = 200 N 

mg sin(θ) + (𝑓𝑠)𝑚𝑎𝑥 = mg(sin(θ) + μ𝑠cos(θ)) = 49.6N 

Since Fspring > (mg sin(θ) + (𝑓𝑠)𝑚𝑎𝑥), then the block will move back 

up the incline. 

 

 

 

 

 

Answer: θ = 78.5o    

     

 

 

Answer: 𝑇 = 4 N 

 

T 
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Part III: Long Problems (5 points each) 

LP1. Two small balls with masses M=0.4 kg and m=0.2 kg are connected by a very light rigid rod of length 

L=1.2 m as shown in the figure.  

a) Find the position (in m) of the center of mass of the 

system of the two balls with respect to the origin. 

 

xcm =
Mx1 + mx2

M + m
=

(0.4)(0) + (0.2)(1.2)

0.4 + 0.2
= 0.4 m 

 

 

 

 

 

b) Find the moment of inertia (in kg m2) of the system about the center of mass. 

 

          Icm = M𝑥1
2 + m𝑥2

2 = (0.4)(0.4)2 + (0.2)(0.8)2 = 0.192  𝑘𝑔 𝑚2 

 

 

 

 

 

 

 

 

 

c) The system starts to rotate from rest with a constant acceleration of 2 rad/s2 about an axis which 

passes through its center of mass. Find the rotational kinetic energy (in J) of the system at t=3 s. 

 

 

ωf = ωi + αt 

     =0 + 2(3) = 6 rad/s 

Krot =
1

2
Iω2 =

1

2
 (0.192)(6)2 = 3.5 J 

 

 

 

 

 

 

 

Answer: 𝑋𝑐𝑚 = 0.4 m 

 

Answer:    Icm = 0.192  𝑘𝑔 𝑚2 

 

Answer: Krot = 3.5 J 
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LP2. A 2 kg stone rests on a frictionless horizontal surface. A ball of mass 0.5 kg traveling horizontally at 

12 m/s strikes the stone and deflects at right angle relative to its original direction as shown in the figure. 

The stone moves after the collision in the shown direction. 

 

a) Find the velocity of the center of mass of the system after 

the collision in unit vector notation. 

𝑉⃗ 𝑐𝑚𝑖
= 𝑉⃗ 𝑐𝑚𝑓

=
𝑚1𝑉⃗ 1𝑖 + 𝑚2𝑉⃗ 2𝑖

𝑚1 + 𝑚2
=

0.5(12𝑖̂) + 0

0.5 + 2

= +2.4𝑖̂ 𝑚/𝑠 

 

 

 

 

 

 

 

 

b) Find the speed (Vf) (in m/s) of the stone after the collision. 

∑pyi                =                ∑pyf 

              0      +      0    =  2Vf sin 30o − 0.5(7) 

 

                       𝑉𝑓 = 3.5 𝑚/𝑠   

   

 

 

 

 

 

 

 

 

 

 

 

c) Calculate the change in the kinetic energy (in J) of the system due to the collision. 

 

                   ∆𝐾 =       ∑  𝐾𝑓           −                    ∑𝐾𝑖 

                                   [
1

2
(0.5)(7)2 +

1

2
(2)(3.5)2] − [

1

2
(0.5)(12)2] = −11.5 𝐽 

 

 

 

 

 

Answer: 𝑉⃗ 𝑐𝑚𝑓
= +2.4𝑖̂ 𝑚/𝑠 

 

 

 

Answer: 𝑉𝑓 = 3.5 𝑚/𝑠 

 

 

Answer: ∆𝐾 = −11.5 𝐽 
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LP3. Three blocks are in contact with one another on a rough horizontal surface (µk=0.4), a constant 

horizontal force F is applied to the first block as shown in the figure.  

a) Find the magnitude of the acceleration of the blocks.  

F − μkMg = Ma 

a =
F − μkMg

M
=

54 − 0.4(9)(10)

9
= 2 m/s2 

 

 

 

 

 

 

 

 

 

 

 

b) Find the magnitude of the contact force between m1 and m2. 

For m1:       F − μkm1g − F21 = m1a 

                 F21 = F − μkm1g − m1a = 54 − 0.4(2)(10) − 2(2) = 42 N 

 

 

 

 

 

 

 

 

 

c) Find the total work done on the three blocks as they move 6 m to the right. 

 

                  Wtotal = WF+Wfk
 

                              

F(r) + 𝑓𝑘(r) = (F − μ𝑘Mg)(r)

= (54 − 0.4(9)(10))(6) = 108 J   
 

 

 

 

 

 

 

Answer:  𝑎 = 2 𝑚/𝑠2 

Answer: F21 = 42 N 

 

Answer: Wtotal = 108 𝐽 

 

 


