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PART A 

FOR EACH OF THE FOLLOWING QUESTIONS IN PART A, ENTER THE MOST 
APPROPRIATE RESPONSE ON THE OMR SHEET. 
 
  A1. Vector v


 has a magnitude of 4.5 m/s and a direction 24° below the positive x-axis. Assume that 

the positive x-axis points to the right and the positive y-axis points upwards. What are the x and 
y components of v


? 

 (A)  vx = +4.1 m/s, vy = –1.8 m/s (B)  vx = +3.1 m/s, vy = +2.2 m/s 
 (C)  vx = +2.0 m/s, vy = –3.7 m/s (D)  vx = +2.0 m/s, vy = –3.1 m/s 
 (E)  vx = –1.8 m/s, vy = –3.1 m/s 

 
  A2. Zero net force is applied to an object which is moving with a positive velocity in the x direction.  

Which one of the following statements is true? 

 (A) There are no forces applied to the object. 
 (B) The object’s velocity remains constant. 
 (C) The object’s velocity gradually decreases in magnitude. 
 (D) The object stops. 
 (E) The object will slow down if there is a frictional force acting on it. 

 
  A3. Mars’ biggest moon, Phobos, orbits Mars at a distance from the centre of Mars of 

approximately 9400 km.  If this distance was increased by a factor of 2.5, by what factor would 
the gravitational force of Mars on Phobos change? 

 (A)  0.16 (B)  2.5 (C)  6.2 (D) 0.40  (E)  0.30 
 
  A4. The magnitude of the force F exerted by a spring that is stretched a distance x is given by the 

equation F = kx.  Letting [M] represent the dimension of mass, [L] represent the dimension of 
length, and [T] represent the dimension of time, the constant k has the dimensions 

 (A)  [M] / [L] (B)  [M][L] (C)  [M] / [T]2 (D)  [L] / [T] (E)  [M][L]2 / [T]2 
 
  A5. A man who weighs 600 N is sitting in a chair with his feet on the floor and arms resting on the 

armrests.  The chair weighs 100 N.  Each armrest exerts an upward force of 25 N on his arms and 
the seat exerts an upward force on him of 500 N.  What force does the floor exert on his feet? 

(A)  75 N upward (B)  500 N upward (C)  525 N upward 
(D)  50 N upward (E)  0 N 

 
  A6. An object is thrown vertically upward. Which one of the following statements is false? 

(A) When the object is moving upwards, the velocity vector and the acceleration vector are in 
opposite directions. 

(B) When the object is moving downwards, the velocity vector and the acceleration vector are 
in the same direction. 

(C) At the top of the trajectory, the velocity vector is zero. 
(D) At the top of the trajectory, the acceleration vector is zero. 
(E) If the object returns to the position from which it was thrown, the displacement vector is 

zero. 
 
  A7. Two children are standing at the edge of a cliff.  One child throws a stone horizontally into the 

canyon.  At the same time, the other child drops a stone over the edge.  Neglecting air resistance, 
which one of the following statements is true? 

(A) The thrown stone hits the ground first. 
(B) The dropped stone hits the ground first. 
(C) Both stones hit the ground at the same time. 
(D) Which stone hits first depends on the speed of the thrown stone. 
(E) Which stone hits first depends on the height of the cliff above the canyon floor. 
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  A8. Which one of the following statements concerning the velocity versus time graph below is false? 

 
 

(A) In the time interval from 0 to 5 seconds, the velocity is constant. 
(B) The position at time t = 0 s and the position at time t = 14 s must be identical. 
(C) The acceleration is positive in the time interval 5 to 9 seconds. 
(D) The position vectors at t = 13 seconds and t = 14 seconds are the same. 
(E) The acceleration is negative in the time interval 9 to 13 seconds. 

 
  A9. Consider a spaceship in deep space, where the force of gravity is negligible.  Which one of the 

following phrases best completes the sentence, “The spaceship’s engines must be fired…” 

(A) all the time in order to keep moving. 
(B) only when the spaceship changes direction. 
(C) only when the spaceship changes speed. 
(D) only when the spaceship increases its speed. 
(E) whenever the spaceship speeds up, slows down, or changes direction. 

 
A10. A student is riding her motorcycle in a straight line.  The initial position is –125 m and the 

initial velocity is –35.0 km/h.  Her final velocity is 0 km/h and final position is –173 m.  
Which one of the following statements is false? 

(A) Her average velocity is negative. 
(B) Her displacement is negative. 
(C) Her average acceleration is negative. 
(D) She is slowing down. 
(E) The distance travelled is 48 m. 

 
A11. An object moves along a circular path with an increasing speed.  The total acceleration of the 

object is directed 

(A) radially inward. 
(B) radially outward. 
(C) with a component radially inward and a component along the direction of the velocity. 
(D) with a component radially inward and a component opposite to the direction of the velocity. 
(E) with a component radially outward and a component along the direction of the velocity. 

 
A12. Consider a frictionless dart gun that uses an ideal spring to propel the dart.  The mass of the dart 

is m, the spring constant is k and the spring is compressed a distance x when the gun is loaded.  
When the gun is held horizontally and fired, the speed of the dart when it leaves the barrel of the 
gun is given by: 

 (A)  
m

kx
 (B)  

m

kx
2  (C)  
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kx
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A13. Consider the rotating CD shown in the figure. 

 

  Which one of the following statements is false? 

(A) The angular speeds of the points 1, 2, 3 and 4 are equal. 
(B) The linear speed is proportional to the distance from the centre of rotation. 
(C) The linear speed is greater nearer the centre of rotation. 

(D) The angular displacement of point 1 moving to point 1 is 
2


 radians. 

(E) An acceptable unit for the angular velocity is rad/s. 
 
A14. A wheel is rolling without slipping. It has radius r and a period of rotation of T.  What is the 

linear speed v, of the wheel? 

 (A)  
T

r
v  (B)  

T

r2
v  (C)  
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2
v  (D)  

r

T

2
v   (E)  

T

r

2
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A15. Which one of the following statements is false? 

(A) Energy stored as potential energy by a conservative force during displacement can be 
recovered as kinetic energy. 

(B) A force is conservative if the work done by the force is independent of the path taken. 
(C) Gravity is a conservative force. 
(D) Friction is a conservative force. 
(E) If a system is acted upon only by conservative forces, then the total mechanical energy 

of the system is constant. 
 
 
 
 
 
 
 
 

PART B 

IN EACH OF THE FOLLOWING QUESTIONS, GIVE THE COMPLETE SOLUTION AND 
ENTER THE FINAL ANSWER IN THE BOX PROVIDED. 

THE ANSWERS MUST CONTAIN THREE SIGNIFICANT FIGURES AND THE UNITS MUST 
BE GIVEN. 

NO CREDIT WILL BE GIVEN FOR ANSWERS ONLY, SHOW AND EXPLAIN YOUR WORK.   

EQUATIONS NOT PROVIDED ON THE FORMULA SHEET MUST BE DERIVED. 
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B1. You wish to slide your Yamaha baby grand piano a small distance along the floor.  The piano 

has a mass of 249 kg, the coefficient of static friction between the piano and the floor is 0.300 
and the coefficient of kinetic friction between the piano and the floor is 0.200.  You and a few 
friends push horizontally on the piano and slowly increase the applied force.  Remember to 
include a free body diagram and choice of coordinates for each of the following parts. 

(a) Calculate the magnitude of the applied horizontal force at the instant that the piano starts 
to slide. 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Once the piano starts to slide, the applied horizontal force is changed to 5.50 × 102 N.  
Calculate the net force acting on the piano as it is sliding. 
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B2. A duck has a mass of 2.50 kg.  There are two forces acting on the duck:  a force of 0.100 N due 

East (caused by the water reacting to the duck’s paddling) and a force of 0.200 N in a direction of 
52.0° South of East due to the current.  The duck has an initial velocity of 0.110 m/s due East. 

 (a)  Calculate the displacement (magnitude and direction) of the duck in a time of 3.00 s. 

magnitude:  

direction:  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (b)  Calculate the instantaneous velocity (magnitude and direction) of the duck at t = 3.00 s. 

magnitude:  

direction:  
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B3. In a stunt for a James Bond movie being shot in 

winter, a sled of mass 453 kg is to go around a 
circular vertical loop-the-loop.  The diameter of 
the loop is 20.0 m and the sled starts from rest 
40.0 m above the lowest point of the loop.  
Ignore air resistance and friction. 

 

 

 (a) Calculate the speed of the sled when it is at the top of the loop. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 (b) Calculate the force exerted on the sled by the track at the top of the loop. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (c) Calculate the minimum height above the bottom of the loop from which the sled can start 

from rest so that it does not lose contact with the track at the top of the loop. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

END OF EXAMINATION 


