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PLEASE READ THE FOLLOWING INSTRUCTIONS CAREFULLY.
1.

This paper consists of:




a question paper of 16 pages;
an Answer Sheet ; and
a Data and Formulae Sheet.

Please make sure that your question paper is complete.
2.

Remove the Data Sheet and Answer Booklet from the middle of this question paper.
Write your examination number on the Answer Sheet.

3.

Read the questions carefully.

4.

Use the data and formulae whenever necessary.

5.

Question 1 consists of 10 multiple-choice questions. There is only one correct answer to each
question. The questions are answered on the Answer Sheet provided. The letter that corresponds with
your choice of the correct answer must be marked with a cross as shown in the example below:
A

B

C

D

Here the answer C has been marked.

6.

Start each question on a new page.

7.

It is in your own interest to write legibly and to set your work out neatly.

8.

Show your working in all calculations

9.

Where appropriate take your final answer to 2 decimal places.

10.

Units need not be included in the working of calculations, but appropriate units must be shown in the
answer.
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QUESTION 1 - MULTIPLE CHOICE
Answer these questions on the Multiple Choice grid provided on your Answer sheet. Make a cross (X) on
the letter of the response which you consider to be the most correct.
1.1

Which of the following are vectors?
i.

Electric field strength

A.

i only

B.

ii only

C.

i and iii

D.

ii and iii

ii.

Charge

iii.

Force

(2)

1.2 The graph that follows shows how the speed of an athlete varies with time as he sprints for 100 m.

Which of the following equations can be used to correctly determine the time t for which he
accelerates?

1.3

A.

100 = (10)(11) – ½ (10) t

B.

100 = (10)(11) + ½ (10) t

C.

100 = 10 t + ½ (10) (t)2

D.

100 = ½ (0) t + ½ (10) (t)2

(2)

According to Newton’s First Law of Motion:
A.

The acceleration of a body is directly proportional to the force causing the acceleration.

B.

The velocity of a body remains constant unless an unbalanced force acts upon it.

C.

The impulse on a body is the product of the mass and the change in velocity.

D.

The sum of the gravitational potential energy and the kinetic energy of a body is constant.
(2)
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A pendulum starts from rest at P and swings freely to point R.
Air resistance is negligible. The adjacent diagram shows the
swing of the pendulum:
Which graph below best represents the total
mechanical energy (E) of the pendulum as it
moves a distance d from P to Q to R?

(2)

1.5

A point charge, Q2, is placed a distance 3x from a positive point charge Q1. The resultant electric
field strength at point P, a distance x from Q1, is zero.

Which one of the following combinations concerning Q1 and Q2 is correct?
Charge on Q2

Magnitude of the charges on Q1 and Q2

A.

Positive

Charge on Q2 < Charge on Q1

B.

Negative

Charge on Q2 < Charge on Q1

C.

Positive

Charge on Q2 > Charge on Q1

D.

Negative

Charge on Q2 > Charge on Q1
(2)
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When a current I is maintained in a conductor for a time of 1 second, how many electrons with
charge e pass any cross section of the conductor per second?
A.

I

B.

Ie

C.

I/e

D.

e/I

(2)

Which ONE of the following is not an equivalent unit to the S.I. unit of power?
A

Nm.s-1

B

J.s-1

C

V.A

D

kg.m.s-1

(2)

An excited hydrogen atom returns to its ground state. Which of the transition below (A,B,C or D)
will release a photon with a frequency of 3,11 x 1015 Hz.

(2)
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A current carrying conductor is placed between the poles of a magnet as shown:

A

S

D

B

N

C

In which direction ( A, B, C or D ) will the wire experience a force?

(2)

1.10 The diagram below shows the waveform obtained when the output of the generator is connected
to a cathode ray oscilloscope (a fancy voltmeter that allows you to see the emf produced. The
amplitude is proportional to the voltage).

Which one of the following best represents the output when the speed of rotation of the
generator is doubled and no adjustment is made to the scale of the oscilloscope?

A

B

C

D

(2)
[2 x 10 = 20 marks]
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QUESTION 2 – AVALANCHE SKI DECK
Mr Brown (mass 85 kg) took his family to the ski deck in Fourways to learn how to ski. The ski deck has a
ramp inclined at 40o to the horizontal. At one point in the lesson Mr Brown finds himself stationary at point
A which is 5m above the ground.

The surface is made of a synthetic carpet which offers considerable friction.
2.1

Draw a fully labelled free body diagram to show all the forces acting on Mr Brown.

(4)

2.2

Determine the friction needed to hold him stationary at point A.

(4)

2.3

Hence, calculate the coefficient of static friction of the synthetic carpet.

(4)

They now spray water on the carpet and it becomes more slippery. The coefficient of static friction for the
wet carpet drops to 0,5. As a result Mr Brown starts to accelerate uniformly down the slope from rest.
2.4

Calculate the new friction force experienced by Mr Brown on the wet slope just before he starts
to slide.
(2)

2.5

State Newton’s second law of motion.

(3)

2.6

Determine the resultant force acting on Mr Brown.

(2)

2.7

Hence, prove that Mr Brown’s acceleration down the slope is 2.55 m.s-2.

(3)

If the speed Mr Brown achieves when he reaches point B is 6.29 m.s-1 then answer the following…
2.8

State the work-energy theorem.

(2)

2.9

Using the work-energy theorem determine the distance between point A and B.

(5)
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Mr Brown slides past point B at 6.29 m.s-1 and continues to point C where he comes to rest 1 m above the
ground.

2.10

State the law of conservation of energy.

(2)

2.11

Calculate the energy lost to friction as Mr Brown goes from point B to C.

(5)
[36 marks]

QUESTION 3 - AFRISKI RESORT
Once he has learned to ski, Mr Brown decides to take his family to the Afriski resort in Lesotho for a
holiday. There he decides to give snowboarding a try.
The resort has 3 ski slopes.

Mr Brown notices that he accelerates more from rest as he moves from the beginner ramp to the advanced
ramp. He asks his family why they think this is so.
His wife says :

It is because you are starting higher up each time.

Daniel says

:

There is less friction acting on you as the ramp gets steeper.

Samuel says

:

It is because gravity pulls you down the slope.
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Mr Brown decides to do an experiment to see what speed he can reach at the bottom of each slope. He
ensures that he starts 20m from the finish line in each experiment.
3.1

Identify the INDEPENDENT variable in his experiment.

(1)

3.2

Identify the DEPENDENT variable in his experiment.

(1)

3.3

To ensure it is a fair test give 2 variables that Mr Brown must control in this experiment.

(2)

3.4

Consider the comment made by Mrs Brown.
How does Mr Brown’s potential energy change as he goes from the beginner ramp to the
advanced ramp? No calculation necessary. Does it INCREASE or DECREASE?

(1)

Daniel is correct in his statement. Explain fully his hypothesis to the younger brother.
Use point form. Use the formula Ff = µFN in your explanation as to why the acceleration
increases as the ramp gets steeper.

(4)

Samuel says the gravity pulls you down the slope. Does the weight component parallel to the
slope INCREASE or DECREASE as the slope gets steeper?

(1)

3.5

3.6

3.7

Below is the displacement vs time graph for Mr Brown’s motion down the intermediate ramp:

The graph has been repeated on your Answer Sheet. On this graph draw in how the graph
would change to represent Mr Brown’s displacement for the advanced ramp.
Use another colour other than black on your graph.

(2)

[12 marks]
(

(Just in case you don’t
believe me)
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QUESTION 4 - A STUDY OF MOTION
The following diagram shows the velocity – time graph for a bouncing ball ( mass 0,3kg ) during an
experiment. (NOTE: Upwards has been taken as POSITIVE)

4.1

Describe fully the motion of the ball from A to C.

(4)

4.2

At which point on the graph does the ball reach maximum height after the first bounce?

(1)

4.3

Determine the magnitude of the acceleration due to gravity using the graph or using values
from the graph.

(4)

4.4

For how long (in seconds) is the ball in contact with the floor?

(1)

4.5

Your friend looks at the graph and says that segment A to D is drawn to scale but
segment D to F is not. How can your friend tell that by just looking at the graph? Explain.

(2)

[12 marks]

P.T.O
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QUESTION 5 – MOMENTUM AND ICE HOCKEY
Ice Hockey is a very technical sport involving lots of science.
The following pictures show a slap shot in slow motion.
The time between photos is shown on the diagram.
The ice hockey puck used in the demo has a mass of 160g.

images taken from
Technique iPad app

To be able to calculate the force in the shot we first need to determine how fast the puck is travelling
after being hit.
5.1

Using the information contained in the pictures (above on the left), determine the average
velocity of the puck after it was hit.

(4)

During the shot, the stick is in contact with the puck for 0,033 seconds. (See diagram above right.)
5.2

Calculate the net force exerted by the stick on the puck during the shot

(5)

5.3

After watching the above video the coach tells the team that it is important that the hockey
player follows through with the hit. Explain the science behind his comment and include any
relevant equations in your explanation.

(5)

Daniel hits a normal ice hockey puck (mass 160g) and it slides along the ice at 20 m.s-1 and it collides with a
junior puck (mass 110g) travelling in the opposite direction at 10 m.s-1.
5.4

State the law of conservation of momentum.

5.5

Calculate the speed of the junior puck after the collision if the normal puck stops dead after the
collision.
(5)

5.6

Prove if the collision was ELASTIC or INELASTIC
`
Trinityhouse 2016 – Physics
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QUESTION 6 - THE END OF THE WORLD!!!
The following extract is paraphrased from the article “The threat is out there”, from Popular Mechanics,
January 2007 edition:
“Friday the 13th of April 2029 could be a very unlucky day for planet Earth. At 4:36 am Greenwich
Mean Time, a multi million-tonne, 250m-wide asteroid called Apophis will slice across the orbit of the
Moon and barrel towards Earth at more than 36 000 km.h-1.
Scientists are 99,7% certain that Apophis will not hit earth. However, they have calculated that if it
passes [earth] at a distance of exactly 30 405 km from the Earth’s centre, Earth’s gravity will affect
Apophis in just the wrong way, causing it eventually to hit earth. Its impact with earth would,
scientists calculate, deliver energy equivalent to 65 000 atom bombs, and could cause a 240 m high
tsunami.”
So - just in case – some scientists are thinking of five ways to prevent Apophis from hitting earth. Some of
these are shown in the sketch below:

The third possible method, as shown in the diagram, is to use a “Gravity Tractor” to tug the asteroid, off
course. Assume that the asteroid is spherical. The tractor has a mass of 1000 tonnes and when it is placed a
distance of x m from the surface of the asteroid it attracts the asteroid with a force of 6,78N.
6.1

State Newton’s Law of Universal Gravitation.

6.2

Determine the gravitational force between them if:

6.3

(4)

6.2.1 the distance between their centres was halved?

(2)

6.2.2 the mass of the “tractor” was doubled?

(2)

If, when the asteroid is 30 405 km from the Earth’s centre, it experiences 6,5 x 109 N of force
from the Earth, is the “tractor” solution viable? Justify your answer.

(3)
[11 marks]
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QUESTION 7 – ELECTROSTATIC FORCE FIELDS
Two charged objects, A and B, carry charges of + 6 μC and – 12 μC respectively.
They are shown in the diagram below:

7.1

Define electric field intensity.

(2)

7.2

Draw the electric field pattern that exists between A and B.

(3)

7.3

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 × 106 N.C-1.

(4)

7.4

Calculate the force that A exerts on B.

(5)

7.5

How does the magnitude of the force that B exerts on A compare to your answer in 7.4?
Explain using a law of Newton.

(3)
[17 marks]

P.T.O
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QUESTION 8 – PHOTOELECTRIC EFFECT EXPERIMENT (Adapted from IEB 2012)
Electromagnetic radiation of varying frequency is shone on the sodium metal cathode of a photocell. The
maximum kinetic energy of the photoelectrons emitted is recorded.
Table to show how the maximum kinetic energy (Ek) of a photoelectron emitted from sodium metal
varies with the frequency (f) of the electromagnetic radiation.
Frequency (x1014 Hz)
7
8
9
10

Maximum kinetic energy (eV)
0,59
1,00
1,42
1,83

8.1

Plot a graph of maximum kinetic energy vs frequency as represented by these results for
sodium metal. Use the GRAPH PAPER PROVIDED on your Answer Sheet. The scale on the
y-axis has been marked for you. You must fill in your own scale for the x-axis which must start
at ZERO.
(6)

8.2

According to the table above, radiation of a particular frequency causes a photoelectron to be
emitted with the maximum kinetic energy of 1,00 eV. Hence, determine:
8.2.1 the frequency of this radiation incident on the sodium metal cathode.

(1)

8.2.2 the wavelength of this radiation incident on the sodium metal cathode.

(3)

8.2.3 the energy (in joules) of this radiation incident on the sodium metal cathode.

(3)

8.3

Read off the threshold frequency for the sodium metal from the graph you plotted.

(2)

8.4

The magnitude of the value given by the y-intercept is equal to the work function (Wf) of the
Metal.

8.5

8.4.1 Extend your graph backwards to cut the y-axis and hence read off the work function
of the sodium metal (in eV).

(1)

8.4.2 Convert your answer in question 8.4.1 to joules.

(1)

When the 9 x 1014 Hz radiation shines on the sodium metal the maximum kinetic energy of the
ejected electrons is 2,27 x 10-19 J.
8.5.1 Calculate the maximum speed the electrons will be ejected with.

(3)

8.5.2 How would the speed of the electrons change if the radiation intensity was doubled
but the frequency remained the same? Write only INCREASE, DECREASE or
REMAINS THE SAME

(1)

[21 marks]
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QUESTION 9 – ELECTROMAGNETIC INDUCTION
In the diagram below the magnet forms the bob of a simple pendulum. The magnet oscillates with a
small amplitude along the axis of a 240 turn coil that has a cross-sectional area of 2,5 × 10-4 m2.

The magnetic flux density through the coil can be assumed to be uniform.
9.1

On the graph paper supplied in the answer booklet sketch a graph to show how the induced emf
in the coil varies for one full oscillation. Starting with the magnet furthest away from the coil
and ending with the magnet furthest from the coil.
(3)

9.2

Using Lenz’s Law to fully explain why the galvanometer needle moves right and then left
during one full oscillation.

(5)

State three ways of increasing the maximum induced emf.

(3)

9.3

[11 marks]

P.T.O
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QUESTION 10 – A.C. GENERATOR
The simplified sketch below shows the principle of operation of the alternating current (AC)
generator.

Q

N

S
P
X

A

B
Y

10.1

Name the parts labelled A and B respectively.

(2)

10.2

In which direction does segment PQ of the coil have to be rotated in order to
cause the current direction as shown in the diagram? Write down only
CLOCKWISE or ANTICLOCKWISE.

(1)

10.3

What change must be made to the A.C. generator to make it function as a directcurrent (D.C.) generator?

(1)

The induced emf versus degrees of rotation graph for an A.C. generator is
shown below.

Picture taken from Physical Sciences for the Classroom – Radmaste – Gr12 Learner’s book published by Heinemann – 2008 pg 10

10.4

Do the necessary calculations and then sketch a current vs degrees of rotation
graph to show the changes, if at all, after changing this generator into a DC
generator. (Assume the wires offer 10  of resistance )

(5)
[9 marks]
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QUESTION 11 - ELECTRIC CIRCUIT
A battery of emf  and internal resistance r = 25  is connected to this arrangement of resistors.
100 

, r

V1

50 

50 

V2

The resistances of voltmeters V1 and V2 are high so they do not affect the current in the circuit.
The power dissipated in the 100  resistor is 0,81 W.
11.1

Calculate the current in the 100  resistor.

(3)

11.2

Calculate the reading on voltmeter V2.

(5)

11.3

Calculate the reading on voltmeter V1 (i.e. the terminal potential difference).

(4)

11.4

Calculate the emf of the battery.

(4)

One of the 50  resistors is now removed.
11.5

11.6

Use only the words INCREASE, DECREASE or REMAIN THE SAME and say what will
happen to the following after the resistor is removed :
11.5.1 Voltmeter V1’s reading.

(1)

11.5.2 Voltmeter V2’s reading.

(1)

11.5.3 The Current inside the 100  resistor.

(1)

11.5.4 The internal resistance of the battery.

(1)

11.5.5 The emf of the battery.

(1)

An electric heater is rated 240 V and 2000 W. If the heater is on for 5 hours how much does it
cost to run if the electricity costs R1,17 per kWh.

(4)

[25 marks]
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