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NATIONAL SENIOR CERTIFICATE EXAMINATION - 2002


GENERAL INSTRUCTIONS
1. Write your examination number (and centre number if applicable) in the appropriate 


spaces on the answer book.

2. Answer ALL the questions.

3. Non-programmable calculators may be used.

4. Appropriate mathematical instruments may be used.

5. A data sheet is attached for your use.

6.   NOTE!  The following circuit diagram symbols are used in this paper.

[image: image1.wmf]4

1


   
Resistor :


instead of 
 /\/\/\/\/





Bulb :



instead of
  /\/\/\/\/

7.   Marks may be forfeited if instructions are not followed.
QUESTION 1
INSTRUCTIONS
1. Answer this question on the specially printed ANSWER SHEET.  [Note: The answer sheet may be either a separate sheet provided as part of your question paper, or printed as part of the answer book.
Write your examination number (and centre number if applicable) in the appropriate spaces if a separate answer sheet is used.
2. Four possible answers, indicated by A, B, C and D, are supplied with each question.  Each question has only one correct answer.  Choose only that answer, which in your opinion, is the correct or best one and mark the appropriate block on the ANSWER SHEET with a cross (X).

3. Do not make any other marks on the answer sheet.  Any calculations or writing that may be necessary when answering this question should be done in the answer book and must be deleted clearly by means of a diagonal line drawn across the page.

4. If more than one block is marked, no marks will be awarded for that answer.

PLACE THE COMPLETED ANSWER SHEET INSIDE THE FRONT COVER OF YOUR ANSWER BOOK, IF A SEPARATE ANSWER SHEET HAS BEEN USED.
EXAMPLE
QUESTION:
The symbol for the SI unit of time is ...
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ANSWER:

[Note: This layout may vary, depending on the type of answer sheet used by the province.]

	QUESTION 1
	
	


	1.1
	A body is moving northwards.  Which one of the following physical quantities must  also be northwards?
	
	


	
	A

B

C

D
	resultant force

velocity 

kinetic energy

acceleration
	
	(4)


	1.2
	Town Q is 1 200 km east of town P.  On a windless day a  plane, flying from town P at a constant velocity of 600 km.h-1, reaches town Q in 2 hours.  On another trip the plane, after having flown for 90 minutes (1½ hrs) at 

600 km.h-1, suddenly experiences a northerly wind (that is a wind blowing from the north).
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1 200 km


P




              Q
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                                                                                                   S

If the plane is still to reach town Q in the prescribed time (2hrs), what changes, if any, should the pilot make to the magnitude and direction of the flight velocity (air speed) of the plane?

Magnitude of flight velocity ( km.h-1 )

Direction of flight velocity

A

remain constant at 600 

no change

B

remain constant at 600 

north of east

C

increase to greater than 600

north of east

D

increase to greater than 600

south of east


	
	(4)




	1.3
	Which one of the following physical quantities is the same as the rate of

change of momentum? 
	
	


	
	A

B

C

D
	resultant force

work

power

impulse
	
	(4)


	1.4
	A body slides down a frictionless inclined plane.  Which one of the following 

physical quantities will remain constant throughout the motion?  


	
	


	
	A

B

C

D
	velocity

momentum

acceleration

kinetic energy




	
	(4)


	1.5
	A track PQRS consists of a curved section, PQ, and a horizontal section, 

QRS.  A body is released at P and slides along the track, passing point S.  

While moving from P to R, a frictional force acts on the body.  Section RS is 

frictionless. 
	
	




          P



	
	Which one of the following velocity–time graphs is the best representation 

of the velocity of the body from P to S?
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	(4)


	1.6
	An observer Y, on the ground floor of a building, watches a glass-fronted lift moving downwards.  The magnitude of the acceleration of the lift as it moves downwards is 1,5 m.s-2.  A passenger X inside the lift drops a coin.  Relative to observer Y, the magnitude of the acceleration of the coin in m.s-2, after being dropped, will be as follows:

acceleration

A

0

B

8,5

C

10

D

11,5


	
	(4)


	1.7
	A body moving at a CONSTANT VELOCITY on a horizontal plane, has a number of unequal forces acting on it.   Which one of the  following statements is TRUE?
	
	


	
	A

B

C

D
	At least two of the forces must be acting in the same direction.

The resultant of the forces is zero.

Friction between the body and the plane causes a resultant force.

The vector sum of the forces causes a resultant force which acts in the direction of motion.
	
	(4)


	1.8
	Two trolleys, A (mass 2 kg) and B (mass 4 kg) which are attached to one another with an elastic band, are pulled apart and then held at rest on a horizontal, frictionless surface.  After they are released, they move towards each other, collide and stick together. 
	
	


  







B






      A





  2 kg



4 kg


              Immediately after the collision the trolleys will …

	
	A

B

C

D
	come to rest.

move to the left and then come to rest.

move to the left at a constant speed.

move to the right at a constant speed.
	
	(4)


	1.9
	A solid rubber ball dropped from a certain height above a swimming pool, takes 0,3 seconds to reach the surface of the water (stage 1).  The ball enters the water and reaches its maximum depth after 0,2 seconds (stage 2).  

(Air resistance is negligible.) 
	
	


	
	

	
	


	
	Which one of the following statements is TRUE?
	
	


	
	A

B

C

D


	Both the mechanical energy and momentum of the ball are constant during both stages (0,5 seconds).

Both the mechanical energy and momentum of the ball are constant during stage 1 (first 0,3 seconds).

Only the mechanical energy of the ball remains constant during both stages (0,5 seconds).

Only the mechanical energy of the ball remains constant during

 stage 1 (0,3 seconds), but changes during stage 2 (0,2 seconds).

	
	(4)


	1.10


	Two oppositely charged metal plates are positioned vertically as shown in the 

sketch.  A charged particle is placed against one of the plates.  It moves 

across the field to the opposite plate (fig 1).  In the graph below, the horizontal 

axis represents the displacement of the particle.  Which one of the physical 

quantities given below will NOT be a suitable label for the vertical axis of the 

graph (fig 2) relating to the motion of the particle? 

                       figure 1                                                               figure 2

     
                  



















	
	


	
	A

B

C

D
	total energy

electric field strength

momentum

acceleration
	
	(4)


	1.11
	Two identical metal spheres on insulated stands, carrying charges –q and +3q respectively, exert an electrostatic force of magnitude F on each other.  The spheres are now brought into contact with each other and are then returned to their original positions.  What is the magnitude of the electrostatic force which the two spheres now exert on each other?
	
	





	
	A

B

C

D
	2 F
F

 EQ \F(1,2) F
 EQ \F(1,3) F
	
	(4)


	1.12
	Two oppositely charged parallel plates, a distance d apart, are placed vertically in a vacuum. The potential difference across the plates is V.  An electron, which is released from point A, experiences an increase in kinetic energy Ek, after it has moved a distance d, reaching point B.  A and B are on the plates.                                                                            

If the potential difference, V, is kept constant, but the distance between the plates is increased to 2d, the kinetic energy gained by the electron in moving from A to B will be equal to …
	
	


	
	A     
[image: image23.png]


 Ek  


B      Ek  



C     2 Ek   

D     4 Ek
	
	(4)


	1.13
	The three resistors shown in the section of an electric circuit below are identical.    


How do the potential differences across the individual resistors compare?
	
	


	
	A     VX = VY ( VZ
B     VX = VY = VZ
C     VX = 2 VZ
D     VX = 
[image: image2.wmf]4
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	(4)


	1.14
	When a lamp is connected to a 240 V source, the power dissipated is P.  

The same lamp is now connected to a 120 V source.  Assume that the 

resistance of the lamp remains constant.  The power dissipation will now

be equal to …


	
	


	
	A

B

C

D
	0 
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	(4)


	1.15
	In the circuit represented below, switch S is closed, and the internal resistance of the cells is negligible.




          A
   S

     
        






     






     





                                    V

How will the ammeter and voltmeter readings change if switch S is opened?

Ammeter reading

Voltmeter reading

A

increase

increase

B

increase

no change

C

decrease

decrease

D

decrease

no change


	
	(4)




	
	
	
	[60]


ANSWER QUESTIONS 2 TO 11 IN THE ANSWER BOOK.

INSTRUCTIONS

1.
Start each question on a NEW PAGE in the ANSWER BOOK.

2.
Leave a line between subsections of questions, for example 2.1 and 2.2.

3.
Show ALL the formulae as well as calculations, including substitutions.

4.
Number the answers exactly as the questions are numbered.

	QUESTION 2              [START ON A NEW PAGE]
Two metal plates are positioned vertically.  A polystyrene ball, mass 4 x 10-3 kg 

(0,004 kg),  is covered with graphite and carries a positive charge of +3,5 x 10-6 C.  It is suspended from a light, inelastic string halfway between the plates.  







+



_






+


 Q
_







       P






+



_






+



_

When the ball is in position P, a potential difference is applied across the plates.   The ball moves and comes to rest at point Q.  The angle between the string and the vertical  is now 18°.
	
	


	2.1

2.2

2.3

2.4
	Draw a labelled diagram of forces showing the three forces acting on the ball when it is at point Q. Indicate the sizes of at least two of the angles.

                           

Show that the magnitude of the horizontal force acting on the ball is 

1,17 x 10-2  N.     


Calculate the magnitude of the electric field strength between the plates.


Would the angle between the string and the vertical have been the SAME AS, 

SMALLER THAN or GREATER THAN 18°, if the ball had originally 

been placed closer to the positive plate?  Give a reason for the answer.

                              


	
	(4)

(5)

(4)

(3)

[16]


	QUESTION 3               [START ON A NEW PAGE]
	
	


	Consider the following displacement–time graph for a car starting from rest and accelerating uniformly for the first 4 seconds.


                40


s (m)



0     1    2     3    4     5     6                     10
          t (s)


	
	


	3.1

3.2

3.3

3.4


	If the gradient of the tangent to the curve at t = 2 s is 8, prove that 

the magnitude of the constant acceleration of the car for the period of t = 0 s 

to t = 2 s is 4 m.s-2.





Calculate the magnitude of the instantaneous velocity at t = 4 s.











What will be the magnitude of the velocity at t = 6 s?

Calculate the magnitude of the acceleration of the car from t = 4 s to t = 6 s.





	
	(3)

(4)

(2)

(4)

[13]


	QUESTION 4              [START ON A NEW PAGE]
	
	


	One of the runways at an airport is 1 500 m in length.  An aircraft of mass 1 200 kg touches down at the 100 m mark on the runway with an initial velocity of  80 m.s-1.  Brakes are applied 2 s after touchdown to produce a uniform acceleration of –5 m.s-2.
	
	


	4.1

4.2

4.3
	Calculate the time taken to bring the aircraft to rest once the brakes are applied.

Calculate the distance between the end of the runway and the point where the aircraft is finally stopped.

Determine the magnitude and direction of the average braking force to bring the aircraft to rest.
	
	(4)

(8)

(4)

[16]


	QUESTION 5                [START ON A NEW PAGE]
	
	


	In a show, passengers in a cage hanging from a cable are accelerated vertically upwards by a winch (motorised pulley).  The mass of the cage and the passengers is 750 kg.
	
	


	5.1

5.2

5.3
	Make a labelled sketch showing all the forces acting on the cage plus passengers while it is accelerated upwards.

The cable exerts an upward force of 7 950 N on the cage.  Calculate the magnitude of the resultant acceleration.
Name and state the physical law you used to solve QUESTION 5.2.


	
	(4)

(5)

(4)


	The cage stops at a height of 50 m. Each passenger fastens one end of an elastic rope of length 20 m to their waist; the other end being tied to the cage.  When a passenger jumps from the cage, he/she falls freely until pulled back by the elastic rope.
	
	


	5.4


	Explain, giving reasons, the direction of the resultant acceleration after the jumper has fallen further than 20 m.
	
	(4)

 [17]


	QUESTION 6                 [START ON A NEW PAGE]
Two identical spheres with unequal masses m1 and m2, which are released simultaneously from rest, fall freely from a height h above the surface of the earth.  The two spheres reach the ground at the same time.
	
	


	6.1

6.2

6.3
	State Newton’s Law of Universal Gravitation in words. 

Use formulae to show that the gravitational acceleration of any object near the surface of the earth, irrespective of its mass, can be given by 

               g = GM   

                                    r2

where  M  =  mass of the earth

            r   =  radius of the earth

An object undergoing free fall on the planet Mars, experiences a gravitational acceleration of magnitude 3,8 m.s-2. The mass of Mars is 6,4 x 1023 kg.  Calculate the radius of the planet Mars in metres.
	
	(4)

(2)

(4)

[10]


	QUESTION 7               [START ON A NEW PAGE]
	
	


	In a railway shunting yard, a locomotive of mass 4 000 kg, travelling due east at a velocity of 1,5 m.s-1, collides with a stationary goods wagon of mass 3 000 kg in an attempt to couple with it. The coupling fails and instead the goods wagon moves due east with a velocity of 2,8 m.s-1.
	
	








BEFORE :                          


                                      



             AFTER :




	7.1

7.2
	Calculate the magnitude and direction of the velocity of the locomotive immediately after collision.

Name and state in words the law you used to answer question 7.1.   
	
	(6)

(4)

[10]


	QUESTION 8              [START ON A NEW PAGE]
A paratrooper in full kit, total mass 120 kg, jumps at a height of 450 m from a stationary helicopter.  The paratrooper’s parachute does not open and he reaches a terminal velocity of 30 m.s-1  before luckily landing on a snow bank.  The snow bank gives way, creating a crater of 1,5 m deep. The paratrooper comes to rest at the bottom of the crater with minor injuries.  
	
	


	8.1

8.2

8.3

8.4

8.5
	Under what conditions will a falling body reach terminal velocity?

Calculate the initial gravitational potential energy of the paratrooper, relative to the ground.

Calculate the paratrooper's kinetic energy just before he lands on the snow.

Calculate the total work done by air resistance on the paratrooper while he falls.

Calculate the average force exerted by the snow in stopping him. 
	
	(2)

(4)

(3)

(3)

(5)

[17]


	QUESTION 9               [START ON A NEW PAGE]
Two charged objects, A and B, carry charges of  +6 (C and  –12 (C respectively.

(1 (C  = 1 x 10-6 C)




    + 6 (C
       – 12 (C






       A



   B


	
	


	9.1

9.2

9.3


	Sketch the resultant electric field pattern caused by A and B.  






Determine the distance between objects A and B if the electric field strength at B, as a result of A’s charge, is 1,2 x 106 N.C-1.

When an electron is released at point X between A and B as shown above, it accelerates.


	
	(4)

(5)




	
	9.3.1

9.3.2
	Will the acceleration of the electron be uniform or non-uniform?

Give a reason for the answer.
	
	(2)

(2)

[13]


	QUESTION 10            [START ON A NEW PAGE]
In the circuit represented below, the battery has an internal resistance r and an emf 

of 12 V.  Voltmeter V1 has a reading of 4 V.
	
	


            

	10.1

10.2

10.3
	Calculate the resistance of the external circuit.






Calculate the reading on ammeter A.









Calculate the internal resistance of the battery.








	
	(4)

(4)

(5)

[13]


	QUESTION 11            [START ON A NEW PAGE]
	
	


The section of an electrical circuit represented below, shows two resistors, connected in parallel.






                                                             

                                                                 
                  30 mm

                                                                           P                                            Q

 





                                                    


                                                                      
     5 mm                                                                                          

                                    A

               




          R
                                   S             




	The conducting wires PQ and RS, are parallel to each other, 30 mm in length and

5 mm apart.  When the ammeter indicates an electric current of specific magnitude, PQ and RS exert forces of 1,3 x 10-6 N on each other.
	
	


	11.1

11.2

11.3

11.4
	Are the forces attractive or repulsive? 

Define the ampère.       



 

If the magnitude of the current in the 24  resistor is x, show that the current 

in the 8  resistor is 3x.


   



          


Calculate the reading on the ammeter.
	
	(2)

(4)

(2)

(7)

[15]
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