
2016 
FORM V  

ANNUAL EXAMINATION 

Physics Working Time: 2 hours

Friday 2nd September 8.40AM 

General Instructions 

 Working time – 2 hours

 Board-approved calculators may be used

 Write using blue or black pen

 Draw diagrams using pencil

 A Data Sheet, Formula Sheet and

Periodic Table are provided at the back

of this paper

 Write your name at the top of the

Multiple Choice Answer Sheet & all

pages of Part B

 Hand in your Multiple Choice Sheet and

all of Part B in one bundle. (Do not staple

together)

Total marks (95) 

This paper has two parts: Part A and Part B. 

Part A 

Total marks (13) 

 Attempt ALL Questions

 Allow about 20 minutes for this Part

Part B  

Total marks (82) 

 Attempt ALL Questions

 Allow about 1 hour 40 minutes for this Part

CHECKLIST 

Each boy should have the following: 

1 Question Paper 

1 Multiple Choice Answer Sheet 

EXAMINERS:

MRW/AAH/PCK/SRW/DGB 

1 – AAH 3 – PCK 5 – MRW 7 – MTK 

2 – SRW 4 – DGB 6 – SRW 
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Part A 
Total marks (13) 

Attempt ALL Questions  

Allow about 20 minutes for this Part 

Use the multiple-choice Answer Sheet. 

Select the alternative A, B, C or D that best answers the question.  Fill the response 

circle completely. 

Sample 2  +  4  =  

If you think you have made a mistake, put a cross through the incorrect answer and 

fill in the new answer. 

If you change your mind and have crossed out what you consider to be the correct 

answer, then indicate this by writing the word correct and drawing an arrow as 

follows. 

(A) 2 (B) 6 (C) 8 (D) 9

A B C D

A B C  D

A B C  D
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1 75 km·h
-1

 is equivalent to: 

(A) 1.3 m·s
-1

 

(B) 13 m·s
-1

 

(C) 21 m·s
-1

 

(D) 270 m·s
-1

 

2 A train accelerates uniformly from 15 m·s
-1 

to 35 m·s
-1 

over a distance of 

300 m.  

The acceleration of the train is: 

(A) 0.067 m·s
-2

 

(B) 0.67 m·s
-2

 

(C) 1.7 m·s
-2

 

(D) 3.3 m·s
-2

 

3 A car of mass 1500 kg is moving at 25 m·s
-1

.  

Its kinetic energy is: 

(A) 1.9×10
4
 J 

(B) 3.8×10
4
 J 

(C) 4.7×10
5
 J 

(D) 9.4×10
5
 J 

4 An ice-hockey puck of mass 0.16 kg is hit with an initial velocity of 

18 m·s
-1

. It slides across a rough, horizontal surface, and takes 8.3 seconds 

to stop.  

The magnitude of the force of friction acting on the puck is: 

(A) 0.35 N 

(B) 2.2 N 

(C) 3.1 N 

(D) 14 N 

5 When a sound wave travelled from air into a container of pure carbon 

dioxide gas, it was found that the speed of the wave decreased from 

330 m·s
-1

 to 280 m·s
-1

.  

If the frequency of the sound wave in air was 800 Hz, then it is true to say 

that: 

(A) the frequency of the sound wave in pure carbon dioxide was 679 Hz. 

(B) the frequency of the sound wave in pure carbon dioxide was 750 Hz. 

(C) the frequency of the sound wave in pure carbon dioxide was 800 Hz. 

(D) the frequency of the sound wave in pure carbon dioxide was 943 Hz. 
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6 A ray of light travels through air and strikes a block of transparent 

material as shown in the following diagram. 

What is the speed of the light in this material? 

(A) 2.28×10
8
 m·s

-1

(B) 2.42×10
8
 m·s

-1

(C) 2.51×10
8
 m·s

-1

(D) 2.99×10
8
 m·s

-1

7 It is true to say that our Sun is a:- 

(A) white dwarf.

(B) proto-star.

(C) red giant.

(D) main sequence star.

8 Consider the following circuit. 

What fraction of the current flowing out of the battery flows through one 

of the 2 Ω resistors? 

(A) 
1

2

(B) 
2

11

(C) 
1

4

(D) 
2

5

4 Ω 

2 Ω 

2 Ω 

56.0
o

42.0
o

material 

air 

3 Ω 
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9 Consider the following diagram. 

Which astronomer was responsible for the model of the Universe shown 

above? 

(A) Copernicus

(B) Kepler

(C) Newton

(D) Ptolemy

10 If Bi83
211  decays by beta minus decay and the product of this decay then 

undergoes alpha decay, the final resultant nucleus is:- 

(A) Pb82
205

(B) Pb82
206

(C) Pb82
207

(D) Pb82
208
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11 The following diagram shows a soft iron bar with a coil of wire wrapped 

around it and connected to a switch, S and a battery. 

Four compasses (A, B, C and D) are placed near the coil of wire. 

When the switch, S, is closed, which compass is correctly indicating the 

direction that its needle would point? 

(A) Compass A

(B) Compass B

(C) Compass C

(D) Compass D

C A 

D 

S 

B 
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12 Nova radio station has a frequency of 96.9 MHz.  

What is the period of the radio waves transmitted by this station? 

(A) 1.03×10
-8

 s

(B) 1.03×10
-2

 s

(C) 3.10 s

(D) 96.9 s

13 This question refers to the following diagram of a single bed electric 

blanket. 

The electric blanket consists of two identical heating elements. In order to 

obtain three heat settings (high, medium and low), the blanket has a heat 

selector switch. The switching system is used to connect the two elements 

to the 240 V supply in the following combinations:- 

X: elements 1 and 2 are connected in parallel. 

Y: elements 1 and 2 are connected in series. 

Z: only element 1 is connected, element 2 is not used. 

Which of the following correctly indicates the way that the two elements 

must be connected to provide the three heat settings? 

High Medium Low 

(A) X Y Z 

(B) X Z Y 

(C) Y X Z 

(D) Y Z X 

Heating 

Element 2 

(resistance R) 

Electric 

Blanket 

Switching 

System 

Heating 

Element 1 

(resistance R) 
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BLANK PAGE 



Form V Physics 2016 Annual Examination  

 Page 9 of 40  

 

Class 
 

Name 

Part B 
Total marks (82) 

Attempt ALL Questions  

Allow about 1 hour and 40 minutes for this Part 

Answer the questions in the spaces provided. 

Show all relevant working in questions involving calculations. 
 

 

 

Question 14  (6 marks) Marks 

The following photograph is taken for the planet Mars over several weeks. 

 

 

 

 

(a) Name the phenomenon shown in the photograph above. 1 

 ...............................................................................................................................  

 

(b) How did Ptolemy explain this motion? 2 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 

Question 14 continued on next page.  
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Question 14  continued Marks 

 

 

(c) With the aid of a diagram, explain how Copernicus explained this motion. 3 

 

 

 

 

 

 

 

 

 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  
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Class 
 

Name 

Question 15  (4 marks) Marks 

Carbon-14 decays by beta minus decay with a half-life of 5730 years. 

 

(a) Write a nuclear decay equation for this reaction. 2 

 ...............................................................................................................................  

 

 

(b) The carbon-14 content of an ancient piece of wood was found to have only 

one eighth of its original carbon-14 remaining.  

Determine the age (in years) of this ancient piece of wood. 2 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  
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Question 16  (4 marks) Marks 

Two of the major moons of Jupiter are Europa and Ganymede. The distance of 

Europa from Jupiter is 671,100 km while the distance of Ganymede from Jupiter is 

1,070,400 km. The orbital period of Ganymede around Jupiter is 7.15 days. 

(a) Determine the orbital period of Europa around Jupiter. 2 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

(b) What was the impact of Galileo’s discovery of these moons in January 1610 on

the model of the Universe? 2 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  
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Class 
 

Name 

Question 17  (3 marks) Marks 

Consider the Hertzsprung-Russell Diagram below for stars found in a globular 

cluster. It is known that the stars in a globular cluster are formed roughly at the same 

time. 

 

 

(a) Circle the hottest star shown on the diagram above. 1 

 

(b) An astronomer looking at this diagram suggests that the stars are young. 

Explain the reasoning behind this suggestion. 2 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

  

L
u

m
in

o
si

ty
 

Colour 
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Class 
 

Name 

Question 18  (4 marks) Marks 

The diagram below shows a displacement versus distance graph for a wave travelling 

through a medium. The frequency of this wave is 45.0 Hz. 

 

 

 

 

Use this information to find: 

(a) the wavelength of the wave. 1 

 ...............................................................................................................................  

 

(b) the amplitude of the wave. 1 

 ...............................................................................................................................  

 

(c) the period of the wave. 1 

 ...............................................................................................................................  

 

(d) the velocity of the wave. 1 

 ...............................................................................................................................  

 
 

 

  

0.00 
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Question 19  (2 marks) Marks 

The intensity of a point source of light is 40.0 W·m
-2 

at a distance of 8.00 m away 

from the source. 

Calculate the intensity of the light at a distance of 12.0 m away from the same point 

source. 2 

 ........................................................................................................................................  

 ........................................................................................................................................  

 ........................................................................................................................................  

 ........................................................................................................................................  

 

Question 20  (2 marks)  

The following graph shows a medium with two waves moving through it 

simultaneously. 

 

 

On the grid above, accurately draw the combined displacement of the medium as a 

result of these two waves at this instance. 2 

  

displacement 

(m) 

distance (m) 
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Class 
 

Name 

Question 21  (6 marks) Marks 

The diagram below shows a pair of transparent media, X and Y. 

 

(a) Using the information provided in the diagram, determine the critical angle for 

this pair of media. 2 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 

(b) Determine the speed of a light ray travelling in Medium Y. 1 

 ...............................................................................................................................  

 ...............................................................................................................................  

 

(c) Using a labelled diagram, describe how total internal reflection is used in a 

fibre optic cable. 3 

 

 

 

 

 

 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................   

Medium Y 

n = 1.1 

Medium X 

n = 1.5 
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Question 22  (4 marks) Marks 

This question is about the formation of standing waves in a microwave oven which 

can be used to determine the speed of light. 

Marshmallow sweets can be served melted. An attempt to melt a plate of 

marshmallows is made in a microwave oven from which the turntable has been 

removed, so that the tray can sit still in the oven. (see Figure 1). 

 Figure 1 

(a) The marshmallows do not melt uniformly. The melting is concentrated at

regularly spaced spots 0.057 m apart as shown in Figure 2.

Figure 2 

Question 22 continued on next page. 
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Class 
 

Name 

Question 22 continued Marks 

The design of the microwave oven allows for the formation of standing waves within 

the cavity and the melted spots occur at the antinodes of a standing wave set up in 

the microwave oven. 

Figure 3 represents the variation in amplitude of the microwaves along part of one 

such standing wave. 

 

 

Figure 3 

 

i) Along the line PQ, mark with an “M”, two positions where a melted spot might 

be expected to form. 1 

 

 

ii) On Figure 3, mark a distance equal to one wavelength. Label it . 1 

 

 

(b) The label on the back of the oven states that the frequency of the microwaves is 

2.45×10
9
 Hz. 

Calculate the speed of the microwaves in the microwave oven. 2 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 

  

P Q
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Class 
 

Name 

Question 23  (4 marks) Marks 

(a) In the box provided below, draw the electric field around the two charges 

shown. 2 

 

 

(b) In the box provided below, draw the magnetic field around the current carrying 

conductor shown. 2 
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Question 24  (2 marks) Marks 

A student performed an experiment to measure the refractive index of a block of 

unknown transparent material. A ray of red light is shone into the block and the 

angles of incidence and refraction were recorded. 

His results were plotted on a graph shown on the next page. 

Question 24 continued on next page. 

normal 
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Class 
 

Name 

Question 24 continued Marks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Use the graph above to determine the value of the refractive index of the block of 

unknown material. 2 

 ........................................................................................................................................  

 ........................................................................................................................................  

 ........................................................................................................................................  

 

  

sin(i) 

sin(r) 

x 

x 

x 

x 

x 

x 
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0.60 
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Question 25  (4 marks) Marks 

An electric kettle when connected to a 240 V supply operates at a power of 2.40 kW. 

In order to boil 1.70 L of water, it must provide 0.640 MJ of energy. 

 

(a) Calculate the time taken to boil the water. 2 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 

 

(b) What current flows through the kettle? 1 

 ...............................................................................................................................  

 ...............................................................................................................................  

 

 

(c) A power failure occurs and the mains voltage is halved.  

How long does the kettle now take to boil the water? 1 

 ...............................................................................................................................  

 ...............................................................................................................................  
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Class 
 

Name 

Question 26  (4 marks) Marks 

Two horizontal parallel metal plates are separated by a distance of 7.0×10
-3

 m. A 

potential difference of 200 V is connected across them. A small object with a mass of 

2.1×10
-12

 kg is given a positive charge of 1.5×10
-5

 C. It is released from rest near the 

positive plate. Ignore the effects of gravity. 

 

(a) Calculate the magnitude of the electric field strength between the plates. 1 

 ...............................................................................................................................  

 ...............................................................................................................................  

 

 

(b) Calculate the work done to move the +1.5×10
-5

 C charge through the potential 

difference of 200 volts. 1 

 ...............................................................................................................................  

 ...............................................................................................................................  

 

 

(c) Calculate the speed gained by the positive charge when it reaches the negative 

plate. 2 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  
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Class 

Name 

Question 27  (5 marks) Marks 

A ball is dropped from a height of 4.0 m. At the same time, a cup is moving 

horizontally with an initial velocity, u , 8.0 m away as shown in the following 

diagram. 

(a) How long will it take for the ball to fall vertically to the ground? 2 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

(b) In order for the ball to land in the cup, what does the initial horizontal speed, 𝑢,

of the cup have to be:-

i) assuming the cup will slide without friction. 1 

 ...............................................................................................................................  

 ...............................................................................................................................  

ii) assuming a frictional force acts on the cup causing it to decelerate across the

surface at 1.2 m·s
-2

. 2 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

cup 

4.0 m 

8.0 m 

ground 

𝑢 

ball 
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Question 28  (4 marks) Marks 

Two point charges, +15 µC and +6.0 µC are fixed in place and separated by 2.0 m. 

 

A negative charge, 𝑞, is now placed between the two charges so that the three 

charges lie along a straight line as shown in the diagram above. 

(a) Calculate the position, Y, from the +15 µC charge where the negative charge, 

𝑞, must be placed so that the resultant electrical force on it is zero. 3 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 

(b) If at the position Y you calculated in (a) the change 𝑞 was replaced with a 

positive charge that is double the charge of the original 𝑞, what would be the 

resultant force on this new charge.  1 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  
  

+15 µC +6.0 µC q 

Y 

Not 

drawn 

to scale 

2.0 m 
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Class 
 

Name 

Question 29  (3 marks) Marks 

Consider the following circuit diagram. 

 

Ammeter, A1, reads 8.00 mA and ammeter, A2 reads 0 A. 

What is the value of R1 in ohms? 3 

 ........................................................................................................................................  

 ........................................................................................................................................  

 ........................................................................................................................................  

 ........................................................................................................................................  

 ........................................................................................................................................  

 ........................................................................................................................................  

 ........................................................................................................................................  

 ........................................................................................................................................  

 ........................................................................................................................................  

 ........................................................................................................................................  

 

 

 

 

  

A1 

A
2
 

R
1
 R

2
 

100 Ω 500 Ω 

2.00 V 

100 Ω 
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Question 30  (4 marks) Marks 

The diagram below shows two balls A and B. Initially, ball A of mass 3𝑚 has a 

velocity of 𝑢 to the right and ball B of mass 𝑚 has a velocity of 𝑢 to the left. The two 

balls A and B then collide elastically. 

 

Calculate the values of the final velocities (𝑎 and 𝑏 of balls A and B respectively) as 

a function of the initial speed 𝑢. 4 

 ........................................................................................................................................  

 ........................................................................................................................................  

 ........................................................................................................................................  

 ........................................................................................................................................  

 ........................................................................................................................................  

 ........................................................................................................................................  

 ........................................................................................................................................  

 ........................................................................................................................................  

 ........................................................................................................................................  

  

𝑚 3𝑚 𝑚 

Before After 

A B A B 
u 𝑎 𝑏 u 

3𝑚 
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Class 
 

Name 

Question 31  (4 marks) Marks 

Consider the following circuit. 

 

A current of 0.60 A flows through the light globe. 

(a) In terms of energy, what is meant by the term ‘15 V battery’? 1 

 ...............................................................................................................................  

 ...............................................................................................................................  

 

 

(b) Calculate the value of the resistance labelled 𝑅. 3 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

  

6.0 Ω 𝑅 

V 

15 V 

6.0 V 
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Question 32  (5 marks) Marks 

The diagram below shows a ball of mass 0.35 kg falling onto a 3.00 kg block which 

is sitting on a sensitive mass balance calibrated in kg. The ball hits the 3.00 kg block 

at a speed of 10 m·s
-1

.

The graph below shows how the reading on the mass balance varies just before, 

during and just after the ball hits the block. 

Question 32 continued on next page. 

3.00 kg 

Mass balance 

10 m·s
-1

0.35 kg 

10.00 

8.00 

6.00 

4.00 

2.00 

0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0 

Time (ms) 

Mass 

(kg) 
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Name 

Question 32 continued Marks 

(a) Calculate the magnitude of the momentum of the ball just before it hits the 

3.00 kg block. 1 

 ...............................................................................................................................  

 ...............................................................................................................................  

 

 

(b) Calculate how high the ball bounces (relative to the top of the block) after 

impact with the 3.00 kg block. 4 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  
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Question 33  (8 marks) Marks 

A boy performs the following experiment to investigate friction. 

 

The boy pulls blocks of different masses, 𝑀 , along a horizontal surface with a 

constant force, 𝐹0, and measures their acceleration. 

The boy assumes that the force of friction, 𝐹𝐹 , acting on the blocks is directly 

proportional to the weight of the blocks, 𝑀𝑔, and is given by the equation: 

𝐹𝐹  =  µ 𝑀𝑔 

where  is called the ‘coefficient of friction’ and can be assumed to be constant.  

The results obtained by the boy are given in the table below. 

 

Mass of 
block 
(kg) 

Acceleration of 
block 
(m·s-2)     

1.00 10.5 
  

1.50 6.35 
  

2.00 4.39 
  

3.00 2.51 
  

4.00 1.42 
  

5.00 0.78 
  

The boy knows that the motion of the blocks is subject to Newton’s Second Law, and 

assumes that the block obeys the relationship: 

𝐹0 −  µ 𝑀𝑔 = 𝑀𝑎 

which can be written as 

𝑎 = 𝐹0 (
1

𝑀
) −  µ 𝑔 

 

Question 33 continued on next page.  

𝐹𝐹 M 
 𝐹0 
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Class 
 

Name 

Question 33 continued Marks 

 

(a) Plot a straight line graph to confirm the relationship between the acceleration 

and the mass of the blocks, given on the previous page. 

(Extra columns have been provided in the table on the previous page, for you 

to use if you need them.) 

 

 4 

Question 33 continued on next page.  
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Question 33 continued Marks 

 

(b) Use your graph to determine: 

 

i) the constant force,  𝐹0. 2 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 

ii) the coefficient of friction, µ. 2 

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  

 ...............................................................................................................................  
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Physics 

Data Sheet 

Charge on the electron, qe -1.602  10
–19

 C

Mass of electron, me 9.109  10
–31

 kg 

Mass of neutron, mn 1.675  10
–27

 kg 

Mass of proton, mp 1.673  10
–27

 kg 

Speed of sound in air 330 m s
–1

 

Earth’s gravitational acceleration, g 9.8 m s
–2

 

Radius of Earth, RE 6.4  10
6 
m 

Speed of light, c 3.00  10
8
 m s

–1
 

Magnetic force constant, 













2

0k 2  10
-7

 N A
-2

 

Universal gravitational constant, G 6.7  10
–11

 N m
2
 kg

–2
 

Mass of Earth 6.0  10
24

 kg 

Planck’s constant, h 6.626  10
–34

 J s 

Rydberg’s constant, R (hydrogen) 1.097  10
7
 m

–1
 

Atomic mass unit, u 1.661 x 10
–27

 kg 

931.5 MeV/c
2
 

1 eV 1.602  10
-19

 J 

Density of water,  1.00  10
3
 kg m

–3
 

Specific heat capacity of water 4.18  10
3
 J kg

–1
 K

–1
 

Coulomb’s constant, k 9.0 x 10
9
 Nm

2
C

-2
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Question 18  (4 marks) Marks 

The diagram below shows a displacement versus distance graph for a wave travelling 

through a medium. The frequency of this wave is 45.0 Hz. 
 

 

Use this information to find: 

(a) the wavelength of the wave. 1 
 

Criteria Marks 
 

 Correct value determined (range: ±0.25 cm accepted). 
 

1 
(91%) 

 

Sample answer:  From the graph, 4l = 13 x 10-2 m 

    so   l = 13x10-2 / 4 = 3.25 x 10-2 m (= 0.00325 m = 3.25 cm) 
 

(b) the amplitude of the wave. 1 
 

Criteria Marks 
 

 Correct value determined. 
 

1 
(97%) 

 

Sample answer:  A = 0.02 m 
 

(c) the period of the wave. 1 
 

Criteria Marks 
 

 Correct value determined. 
 

1 
(99%) 

 

Sample answer:  T = 
𝟏

𝒇
 = 

𝟏

𝟒𝟓.𝟎
 = 2.22 x10-2 s 

 

(d) the velocity of the wave. 1 
 

Criteria Marks 
 

 Correct value determined [carry-over errors from (a) allowed]. 
 

1 
(94%) 

 

Sample answer:  v = f l = 45.0 x 3.25 x 10-2 = 1.46 m.s-1 
 

0.00 

4l 

A 
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Question 19  (2 marks) Marks 

The intensity of a point source of light is 40.0 W·m
-2 

at a distance of 8.00 m away 

from the source. 

Calculate the intensity of the light at a distance of 12.0 m away from the same point source. 2 
 

Criteria Marks 
 

 Appropriate equation used. 

 Correct substitution and result. 
 

2 
(90%) 

 

 Appropriate equation used but calculation error. 
 

1 
(7%) 

 

Sample answer:  I1d1
2 = I2d2

2    =>   I2 = I1 
𝒅𝟏

𝟐

𝒅𝟐
𝟐 = 40.0 x 

𝟖.𝟎𝟐

𝟏𝟐.𝟎𝟐
 = 17.8 W.m-2 

 

Question 20  (2 marks)  

The following graph shows a medium with two waves moving through it simultaneously. 2 

 
 

Criteria Marks 
 

 Correct shape. 

 Reasonable accuracy. 
 

2 
(80%) 

 

 Any mistakes: -1 mark (especially the first point on the left      ). 
 

1 
(19%) 

On the grid above, accurately draw the combined displacement of the medium as a result of 

these two waves at this instance. 

displacement 

(m) 

distance (m) 
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Question 21  (6 marks) Marks 

The diagram below shows a pair of transparent media, X and Y. 

 

(a) Using the information provided in the diagram, determine the critical angle for this 

pair of media. 2 
 

Criteria Marks 
 

 Appropriate equation used. 

 Correct substitution (r = 90o when i = ic) and result. 
 

2 
(94%) 

 

 Appropriate equation but calculation error. 
 

1 
(4%) 

 

Sample answer:      nx sin ic = ny sin 90o   =>   ic = sin-1 (
𝒏𝒚

𝒏𝒙
 sin 90o)  = sin-1 (

𝟏.𝟏

𝟏.𝟓
 x1) =  47.17o 

 

(b) Determine the speed of a light ray travelling in Medium Y. 1 
 

Criteria Marks 
 

 Correct value determined. 
 

1 
(88%) 

 

Sample answer:      ny = 
𝒄

𝒗𝒚
     =>   vy = 

𝒄

𝒏𝒚
  = 

𝟑.𝟎 𝒙 𝟏𝟎𝟖

𝟏.𝟏
  =   x 3.25 x 10-2 = 2.72 x 108 m.s-1 

 

(c) Using a labelled diagram, describe how total internal reflection is used in a 

fibre optic cable. 3 

 

Criteria Marks 
 

 Appropriate diagram (with labels), showing important angles and the 
different parts of the optic fibre (cladding + core, and respective indices of 
refraction). 

AND 

 Clear and thorough explanation of how Total Internal Reflection (TIR) is 
used in optic fibres, especially in terms of angle of incidence (i>ic) and of 
relative indices of refraction between the two media (ncladding<ncore). 

 

3 
(37%) 

 

 One of the above bullet points missing or poorly described. 
 

2 
(27%) 

 

 Any appropriate comment (or element in the diagram) showing any 
basic understanding of how Total Internal Reflection is used in optic 
fibres. 

 

1 
(26%) 

 

Marker’s comments: 
 

 Many boys just stated that optical fibres could transfer information by using 
Total Internal Reflection, usually with a poorly drawn diagram (missing 
cladding or light rays or angles or respective indices of refraction). 
 

 Angles are ALWAYS measured from the normal to the surface.  
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Sample answer: 
 

An optical fibre is comprised 
of a light-carrying core 
(higher refractive index) 
surrounded by a cladding 
(lower refractive index). 
 
This construction traps the light in the core by the principle of Total Internal 
Reflection. 
Since the fibre core has a slightly higher refractive index, the light in the core is 
totally reflected at the boundary of the cladding for all light that strikes at 
greater angles than the critical angle for this pair of materials (which should be 
as small as possible). 
As a consequence, very little light is absorbed by the glass: the light getting in 
at one end undergoes repeated total internal reflection (even when the fibre is 
bent) and emerges at the other end. 
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Question 22 continued Marks 

The design of the microwave oven allows for the formation of standing waves within 

the cavity and the melted spots occur at the antinodes of a standing wave set up in 

the microwave oven. 

Figure 3 represents the variation in amplitude of the microwaves along part of one 

such standing wave. 

 

 

 

Figure 3 

 

i) Along the line PQ, mark with an “M”, two positions where a melted spot might 

be expected to form. 1 
 

Criteria Marks 
 

 Correct positions marked (M). 
 

1 
(54%) 

 

Sample answer:      see diagram above. 

 

ii) On Figure 3, mark a distance equal to one wavelength. Label it . 1 
 

Criteria Marks 
 

 Correct distance marked (l). 
 

1 
(54%) 

 

Sample answer:      see diagram above. 

 

(d) The label on the back of the oven states that the frequency of the microwaves is 

2.45×10
9
 Hz. 

Calculate the speed of the microwaves in the microwave oven. 2 
 

Criteria Marks 
 

 Appropriate equation used. 

 Correct substitution (l = 2 x 0.057 = 0.114 m) and result. 
 

2 
(74%) 

 

 Appropriate equation but calculation error (mainly, l=0.057 m). 
 

1 
(23%) 

 

Sample answer:      v = f l  with  l=2 x 0.057 m = 0.114 m (see diagram above) 
 v = 2.45 x 109 x 0.114 = 2.79 x 108 m.s-1 

 

P Q

l 

M              M 

0.057 m 
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