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QUESTION 1 [20] 
 

1.1 An object has zero acceleration in the x-direction. In the y-direction, its 
acceleration must be which of the following?  
 

(a) positive 
(b) negative  
(c) zero  
(d) Any of the previous answers is possible      [2] 

 
 

1.2 What forces act on a ball that rolls on the floor after being kicked? 
 

(a) the force from the floor  
(b) the force exerted by the kick 
(c) the force of gravity  
(d) the force exerted by the kicker and gravity 
(e) the force exerted by the floor and gravity  
(f) the force exerted by the kicker, gravity, and the floor     [2] 

 
 

 
 

1.3 The figure above shows a round blue object on a table touching a green block. 
Which of the following six equations is the proper application of Newton’s laws 
in the vertical direction describing the forces acting on the round object? Take 𝑁""⃗  
as the normal force, 𝑤""⃗   as the weight, and 𝐹⃗ the contact force with the block. 
 

(a) 𝐹⃗ + 𝑤""⃗   = 0 
(b) 𝐹⃗ −	𝑤""""⃗   = 0 
(c) 𝑁""⃗ + 𝑤""⃗   = 0 
(d) 𝑁""⃗  −	𝑤""⃗   = 0 
(e) 𝑁""⃗  −𝐹⃗  = 0 
(f) 𝑁""⃗ + 𝐹⃗  = 0          [2] 
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1.4 A 70.0 kg person stands on a bathroom scale in an elevator. What does the scale 
read, in kg, if the elevator is slowing down at a rate of 3.50 𝑚/𝑠! while 
descending? 
 

(g) 49.5 kg 
(h) 82.0 kg 
(i) 83.7 kg 
(j) 95.0 kg 
(k) 111.0 kg           [2] 

 
1.5 Two cars with the same mass travelling at right angles to each other collide and 

stick together. Both cars have the same speed of 10. 𝑚/𝑠 before the collision.  
Ignore friction between the tires and the surface of the road. What is the speed of 
the wreckage after the collision?  
 

(a) 0  
(b) 7.0 𝑚/𝑠 
(c) 10. 𝑚/𝑠 
(d) 14.0 𝑚/𝑠 
(e) 20.0 𝑚/𝑠         [2] 

 
 

1.6 When a torque acts on a rigid body, it always causes 
 

(a) constant angular velocity. 
(b) constant angular acceleration.  
(c) rotational equilibrium.  
(d) change in angular velocity. 
(e) change in moment of inertia.        [2]

        
1.7 When a system does work on something else in the environment, the sign of the 

work is  
 

(a) positive. 
(b) negative. 
(c) zero. 
(d) either positive, zero, or negative, depending on the details of the process.  [2] 

 
1.8 A standard man inhales a tidal volume of air at 20°C.When the air arrives in the 

lungs, it has a temperature of 37°C. Treating air as an ideal gas, the change in 
internal energy while travelling through the trachea is  
 

(a) ∆𝑈 = 0 J.  
(b) about an 85% increase over the initial value.  
(c) about a 5% increase over the initial value.  
(d) unknown, because the amount of air is not specified.  
(e) proportional to the change in the pressure of the air.    [2] 

 
1.9 When sound is absorbed in a medium, its intensity level IL decreases with 

distance travelled through the medium x as (Note: β is a constant) 
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a) IL ∝ 𝑒"𝛃𝐱. 
b) IL ∝ −x.  
c) IL ∝ b.  
d) IL ∝ ln(−x).          [2] 

 
 
 

1.10 The intensity of a spherical wave 3.5 𝑚 from the source is 140 𝑊/𝑚!. What 
is the intensity at a point 9.0 𝑚 away from the source?  

 
(a) 19 𝑊/𝑚!. 
(b 21 𝑊/𝑚!. 
(c) 54 𝑊/𝑚!. 
(d)360 𝑊/𝑚!. 
(e) 925 𝑊/𝑚!.          [2] 
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QUESTION 2 [30] 
 

2.1 A bus driver slams on the brakes when he sees a rock blocking the road. The bus 
slows uniformly with an acceleration of −5	𝑚/𝑠! for 3.8 s making straight skid 
marks 80	𝑚 long ending at the rock. Calculate the speed for which the bus hit the 
rock.                             [6]      
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2.2 In a map Mdd is 60	𝑘𝑚 in the direction of 10% North of Makhado. The same map 
shows that Elim is 30	𝑘𝑚 in the direction 20%  West-North of Mdd. Modelling the 
earth as flat, find the displacement form Makhado to Elim.     [6]      
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2.3 If superman goes from a radius 2𝑅 to radius 4𝑅 while circling the Earth, where 𝑅 is 
the radius of the Earth, how much does the gravitational force on him change?  [3] 
 
Doubling the distance reduces the force by a factor of 4. So, at 2R, the gravitational 
force on him would be one fourth (a quarter) of his weight (gravitational force) on 
Earth. So, the gravitational force on him at 4R would be one fourth of the gravitational 
force at 2R and one sixteenth of that on the surface of Earth. 

 
 
 

2.4 Three cables as shown in the figure below support an object weighing 150 N. Draw 
the free body diagram for the object and calculate the tension in each cable.  [6] 
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2.5 Find the force applied to the patient’s head by the traction device shown in the Figure 
below.            [9] 
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QUESTION 3 [20] 
 

3.1 A system consists of three particles located as shown in the figure. Find the center 
of mass of the system given	m1	=	m2= m and m3	= m.    [6] 
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3.2 Two particles with masses 𝑚 and 3𝑚 are moving towards each other along the 𝑥 
axis with the same initial speeds 𝑣&. Particle 𝑚 is traveling to the left, while particle 
3𝑚 is traveling to the right. They undergo an elastic glancing collision such that 
particle 𝑚 is moving downward after the collision at a right angle with respect to its 
initial direction.  Find the final speeds of the two particles and the angle at which the 
particle 3𝑚 is scattered.         [7] 
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3.3 Show that the angular momentum of a system is conserved if no net torque acts on 
the system. Show all steps.          [7] 
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QUESTION 4 [10] 
 

4.1 A standard man climbs the stairs in a building. Assume that he reaches the fourth 
floor (16 m above the ground floor) in 15 seconds. Calculate the amount work he 
has done.          [4] 
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4.2 A boy in a wheelchair (total mass 47.0 kg) wins a race with a skateboarder. The 
boy has speed 1.40	𝑚/𝑠 at the crest of a slope 2.60	𝑚 high and 12.4	𝑚 long. At 
the bottom of the slope his speed is 6.20	𝑚/𝑠. If air resistance and rolling 
resistance can be modelled as a constant friction force of 41.0 N, find the work he 
did in pushing forward on his wheels during the downhill ride.   [6]
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QUESTION 5 [20] 
 
 

5.1 Imagine a baby alien playing with the spherical balloon of the size of the Earth in 
the outer solar system. Hydrogen gas inside the balloon has uniform temperature of 
500K due to the radiation of the sun. The uniform pressure of the hydrogen gas in 
the balloon is equal to standard atmospheric pressure of the Earth. Determine the 
number of hydrogen gas molecules inside the balloon.  
Given 		𝑟'()*+ = 6.37	 × 10,𝑚.       [5] 
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5.2 (a) Determine the work done on a fluid that expands from i to f as indicated in the 
figure below. (b)  What If? How much work is performed on the fluid if it is 
compressed from f to i along the same path?      [5] 
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5.3 A 1.0-mol sample of an ideal gas is kept at 0.0°C during an isothermal expansion 
from 3.0 L to 10.0 L. (a)Calculate the work done on the gas during the expansion 
and (b) the energy transferred by heat that occurs with the surroundings in this 
process .   

  [5]  
 

 

      

  
 

5.4 A 1.00-mol sample of a diatomic ideal gas has pressure P and volume V. When the 
gas is heated, its pressure triples and its volume doubles. This heating process 
includes two steps, the first at constant pressure (isobaric process) and the second 
at constant volume (Isochoric/ Isovometric process). Determine the amount of 
energy transferred to the gas by heat.       [3] 
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QUESTION 6 [20] 
 

6.1 If a child and his twin each cry with an intensity level of 80 dB, what is the 
intensity level of both together?        [6] 
 

 
 

6.2 Define acoustic impedance.       [2] 
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6.3 An ultrasound signal with frequency ƒ = 5.0	𝑀𝐻𝑧 and an incident intensity 𝐼 =

3.8	 × 10"!	𝑊/𝑐𝑚! is released by the transducer at the skin surface of a patient. 
Calculate intensity which the signal loses before it reaches the fat-muscle interface 
which is 1.5	𝑐𝑚	 below the skin surface given that  𝑎-(* = 1.0	𝑑𝐵/𝑀𝐻𝑧. [3] 
 

 
 
 
 
 
 

6.4 Explain why an observer moving toward or away from a stationary source of sound 
perceives an apparent frequency that is not the true frequency of the source.    [4] 
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6.5 Derive an expression for the apparent frequency ƒ in terms of the true frequency 
𝑓.  and the speed of the observer 𝑣. and the speed of sound 𝑐.   [5] 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

 
 

                                         
----End of paper---- 


