
 

 

EXAM 3 

MECHANICS 
40% of the final grade 

 
Winter 2022                                                       Name: ___________________________  
  
 
Each multiple-choice question is worth 2 points. 
 
1. What is the direction of the net force acting on an astronaut in the space station? 
 

___ % a) Towards the centre of the Earth. 
___ % b) In a direction opposite to the centre of the Earth. 
___ % c) In the same direction as the velocity of the station around the Earth. 
___ % d) In the opposite direction to the velocity of the station around the Earth. 
___ % e) It is a trap, there is no direction since the net force is zero. 

 
 
 
2. Louis wants to unscrew a bolt with a 

wrench. Among the situations shown 
on the right, in which case is the torque 
exerted on the bolt the greatest? 

 
___ % a 
___ % b 
___ % c 
___ % d 
___ % e 
___ % f) It is the same in all 

5 situations. 
 
 
 
 
 
 
3. The driver of a car travelling at 40 km/h brakes. After 60 m, the car lost half of its 

speed. What will be the total stopping distance? (It is assumed that the force exerted 
by the brakes remains the same, and the friction of the air is neglected.) 
 
 

Answer: _______________ 
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4. Which of these ropes has the greatest tension? 

 
___ % a) Rope 1. 
___ % b) Rope 2. 
___ % c) It is the same for both. 

 
 
 
 
 
 
5. If the position of an object as a function of time is given by the graph 

to the right, which of the following graphs correctly represents the 
velocity as a function of time? 
 
 
 

 
 
 ___ % ___ % ___ % ___ %  ___ % 
 

 
6. Here is the graph of the potential energy U of a force as a function of position. Where 

should an object be placed so that there is no force acting on the object? (Give all 
positions where there is no force if there are several.) 

   

 
 
 

Answer(s): _____________________________ 

Rope 1 Rope 2 
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7. There is a gravitational force between the Earth and the Sun. Which of these 
statements is true? 

 
___ % a)  The force made on the Earth by the Sun is greater than the force made 

on the Sun by the Earth. 
___ % b)  The force made on the Earth by the Sun is smaller than the force made 

on the Sun by the Earth. 
___ % c)  The force made on the Earth by the Sun is of the same magnitude as the 

force made on the Sun by the Earth. 
___ % d)  There is a force made by the Sun on the Earth, but the Earth does not 

exert a force on the Sun. 
___ % e) There is a force made by the Earth on the Sun, but the Sun does not 

exert a force on the Earth. 
 
 

 
8. Two projectiles are launched with the same speed from a ship. Projectile A is launched 

at an angle of 70° with the horizontal while projectile B is launched at an angle of 40° 
with the horizontal. If air friction is neglected, which of these projectiles has the highest 
speed when they are at their maximum height? 

 
___ % a)  Projectile A. 
___ % b) Projectile B. 
___ % c)  They have the same speed, 

and this speed is not zero. 
___ % d)  They have the same speed, and this speed is zero. 

 
 
 
9. An object is subjected to a force that changes as a function of time as depicted on the 

graph. What does the area under the curve in this graph represent? 
 
 
 
 

 
 
 

 
___ % a) The change of kinetic energy of the object. 
___ % b) The change of momentum of the object. 
___ % c) The displacement of the object. 
___ % d) The change of velocity of the object. 
___ % e) The change of angular momentum of the object. 

Time (s) 
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10. In space, very far from any star or planet, Megan is in her 

ship that accelerates towards the right. What is the direction 
of Megan’s apparent weight? 

 
 

 
 

 ___ % ___ % ___ % ___ % 
 

 ___ % e) There is no direction since the apparent weight is zero. 
 
 

11. A 15 kg box is pushed on a horizontal surface. As there is friction between the box 
and the ground, a 50 N force must be applied so that it moves with a constant speed 
of 5 m/s. What force will have to be applied to move this box with a constant speed of 
10 m/s? (Neglecting air friction.)   

 
 

Answer: _______________ 
 
 
 
 
 
12. This is the graph of the force acting on an 

object as a function of position. The object is 
initially at x = 0 m and has a kinetic energy of 
4 J. If the object is moving towards the 
positive x-axis, what is its kinetic energy when 
it is at x = 12 m? 

  
___ % a) It is greater than 4 J. 
___ % b)  It is still 4 J. 
___ % c)  It is less than 4 J. 
___ % d)  It is a trap, the object cannot 

reach x = 12 m. 
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13. When a roller coaster cart is at the position shown on 
the diagram, which force(s) play(s) the role of the 
centripetal force? 
 
 Answer(s): 

 _____________________________ 

 _____________________________ 

 _____________________________ 

 
(Name the force(s), and for each force if there are several, specify whether all the 
force or only part of the force plays the role of the centripetal force.) 

 
 
14. These two objects are made of the same substance and have the same length and 

mass. However, the mass is not distributed in the same way in the 2 objects. Which 
of these objects has the greatest moment of inertia? 
 
 
 
 

 
___ % a) Object A. 
___ % b) Object B. 
___ % c) They have the same moment of inertia. 
___ % d) It’s a trap. They do not have a moment of inertia, because they do not 

rotate. 
 
 
15. What is the x-position of the centre of mass of these 3 boxes? 

 
 
 

Answer: ______________ 
 
 
 
 
 
Answers: 1a   2c   3: 80 m   4b   5b   6: 4 m,12m and 16m   7c   8b   9b   10a  
 11: 50 N   12a   13: all the normal force   14b   15: x = 3.33 m 
 
 

Axis Axis 
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16. (12 marks) 
 

A rocket is attached to a turtle to propel it 
towards a precipice. The rocket will 
operate for 5 seconds, ejecting 1 kg of 
gas per second at a speed of 50 m/s. 
Once it has reached its final speed, the 
turtle arrives at the 10 m high precipice. 
Initially, the turtle with its rocket has a 
total mass of 15 kg. There is no friction. 

 
a) What is the speed of the turtle when the rocket has ejected all its gas? 
b) What is the flight time of the turtle? 
c) How far from the bottom of the cliff will the turtle fall? 
d) What is the kinetic energy of the turtle (with the rocket on its back) just before 

hitting the ground? 
 
 

Answers: a) 20.27 m/s     b) 1.429 s     c) 28.96 m     d) 3035 J 
 
 
 
 
 
 
17. (12 marks) 

 
The diagram shows two boxes initially at rest connected by a rope passing through a 
pulley (which is a cylinder). Box 1 can slide without friction on the ground. The pulley 
has a mass of 4 kg and a radius of 5 cm, and the values of the masses are 𝑚1 = 6 kg 
and 𝑚2 = 2 kg.  

 
a) What is the acceleration of boxes? 
b) What is the tension of the rope (two answers)? 
c) How many revolutions will the pulley do during the 

first 2 seconds of the motion?  
 
 
 

Answers: a) 1.96 m/s²     b) 11.76 N and 15.68 N 
 c) 12.48 revolutions 
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18. (12 marks) 
 

A 10 g beetle is on a turntable. It is 20 cm from the axis 
of rotation and the plate has a radius of 30 cm and a 
mass of 12 kg. The plate rotates with an angular 
velocity of 4 rad/s. 

 
a) What is the speed of the beetle? 
b) What is the value of the frictional force that must 

be exerted on the beetle so that it does not slip? 
c) What is the minimum value of the static coefficient of friction needed so that the 

beetle does not slip? 
d) If the friction makes a torque of 0.02 Nm opposed to the rotation of the plate, 

how many turns will the plate make before stopping? (Neglect the mass of the 
beetle in this part.) 

 
 

Answers: a) 0.8 m/s     b) 0.032 N     c) 0.3265     d) 34.38 tours 
 
 
 
 
 
 
19. (10 marks) 

 
A rifle bullet hits, from below, a 3 kg block initially at rest, as 
shown in the diagram. The collision is completely inelastic. 

 
a) What is the speed of the block after the collision? 
b) How high will this block go up? 
c) What is the flight time of the block? 

 
 
 

Answers: a) 0.4660 m/s     b) 1.108 cm     c) 0.09511 s 
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20. (14 marks) 
 

A 10 kg box initially at rest is pressed against 
a spring. The compression of the spring is 
24 cm, and the spring constant is 1000 N/m. 
After being pushed by the spring on a 
frictionless surface, the box arrives on a 
surface where the coefficient of friction 
between the box and the ground is 0.25. 
 

a) What is the speed of the box when it leaves the spring? 
b) What is the work done by the spring on the box? 
c) What is the acceleration (magnitude and direction) of the box when there is 

friction? 
d) What is the stopping distance of the box? 
e) What is the number of g’s experienced by a mouse trapped in this box when 

the box is stopping? 
 
 

Answers:  a) 2.4 m/s     b) 28.8 J     c) 2.45 m/s² towards the left  
d) 1.1755 m      e) 1.0308 

 
 
  
   

 
 
 
 
 

21. (10 marks) 

 
In the following situation, determine the tension of the two ropes. The block W has a 
mass of 50 kg, and the beam has a mass of 20 kg. The distance between the ropes 
is L = 5 m, and the distance x is 2 m. 
 

 
 
 

Answers: TL = 392 N     TR = 294 N 
 
 

 

No friction µk = 0.25 


