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Section A [20 Marks]
Answer ALL questions in soft pencil on the OTAS.

Al A pendulum swings backwards and forwards passing through Y, the middie point
of the oscillation.

o T S

Y
The first time the pendulum passes through Y, a stopwaich is started. The
twenty-first time the pendulum passes through Y, the stopwatch is stopped. The
reading is T.

What is the period of the pendulum?

A T/10 B T/20 c T/21 D T/40

A2 A micrometer screw gauge is used to measure the thickness of a sheet of glass.

The readings on the micrometer screw gauge are shown below.

=" =
o~ 0 0125
L=-2 R =gk
= =—25
== =
Zero Ermor Actual Reading

What is the thickness of the sheet of glass?

A 2.05 mm B 2.55 mm C 2.80 mm D 3.05mm

A3 A vemier calliper is used to measure the thickness of a stack of paper.
The readings on the vernier calliper are shown below.

0 1 5 6

\1|||||||1|||1| I

Illllllllll Iliilrlllil

0 5 10 0 5 10
Zero Error Actual Reading

What is the thickness of the stack of paper?

A 5.05 mm B 5.11 mm Cc 5.15 mm D 521mm
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Ad Which of the following unit conversions is correct?

A 4 ng = 4000 ug C 500mm=5m
B 6000 ys =6 ms P 9000 Ms =9 ks

A5  The diagram below shows how a ray of light from an object O enters the eye
after being reflected twice. Using the data given in the diagram, find the distance
of the final image of O from the mirror X.

m|rror)‘(& /////_,_f/////f!. Nﬂ,
.12 em 4(;!_13
¥
¥ object
A 8 cm B 12 cm C 18 cm D 20cm

A6  An object placed in front of a plane mirror at O produces an image at I.

(o]

* \

.
I
If the object moves towards the mirror in the direction shown by the amow, in

which direction does the image move?

0
»—
\
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A7

A8

A9

A camera has a lens that causes paraliel rays of light to converge at point X as
shown.

e 1
Parallel rays of light ———» X
>

Which of the following would aliow the light to converge at point Y?

Replacing the lens with another one with lower refractive index.
Replacing the lens with ancther one with higher refractive index.
Moving the entire camera forward.

Moving the entire camera backward.

oo m >

An object of 5.0 cm high is placed 2.0 cm from a converging lens. The image
produced is 6.0 cm from the lens and is 15 cm high.

o
Fy 45
. ; o
§ I S
5 Y ] ) t Y Y 13 Y Y 3 ™ £m
6 5 4 3 2 1 | v 2 3 a4 & 6
image objack
What is the focal length of the lens?
A 2.0cm B 3.0cm C 4.0 cm D 60cm

Four different rays are passing through a diverging lens as shown in the diagram
below.

Which ray (A, B, C or D} is incorrect?

A, ]
s\

PartnerinLeaming

More papers at wm.testpapersfree.com

BP~41




A10

AN

A12

Which of the following rays correctly shows the path of I through a glass block
with critical angle 45°7

A P B Q Cc R D S

The diagram shows waves set up in a rope by a student moving the free end up
and down at a steady rate.

...... - o
T Ny . ’ e L

-
nnnnnnnnnnnnnnnnnnnn

H 3 )
e 2.00m -

free end . fixed end

What is the wavelength of the waves shown, and what will be the wavelength
when the student doubles the frequency at which the free end is moved up and
down?

wavelength as shown | wavelength when frequency doubled
A 0.50m 1.00m
B 0.50m 0.50 m
Cc 1.00m 1.00m
D 1.00 m 0.50 m

How do the speed and the wavelength of red light in vacuum compare with the
speed and wavelength of viclet light in vacuum?
speed of red light wavelength of red light
A greater than violet light greater than violet light
B greater than violet light less than violet light
c same as violet light greater than violet light
D same as violet light less than violet light
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A13

At4

A15

A16

The diagram shows the direction of two particles on a wave at P and Q at this
instant. _

In which direction is the wave moving?

A up B down C left D right

Which of the following frequency of sound cannot be heard by humans?

A 19 Hz B 180 Hz
C 1900 Hz D 19,000 Hz

In an experiment to determine the speed of sound, person B wants to measure
the time taken for the sound to travel a distance d.

Person A - Person B

. Wall
Pistol
Stopwatch
d .

ol
-

F
»

When should person B start and stop the stopwatch?

Start the stopwatch when he | Stop the stopwatch when he
A sees the light from the pistol hears the echo from the wall
B sees the light from the pistol hears the sound from the pistol
C { hears the sound from the pistol hears the echo from the wall
D | hears the sound from the pistol sees the light from the pistol

A man stands between 2 upright, vertical walls with smooth surface. When he
claps his hands once, he hears the first two echoes 0.4 s and 0.8 s later.

wall wall

man

A

If the speed of sound in air is 340 m/s, what is the distance between the walls?

o
-
-
4
-
=8
=
»a
-
-1
"y
-
1
L3
o
3
=
-
'
xa
ma
-

A 68 m B 136 m C 204 m D 408m
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A17 The temperature of a fixed mass of gas increases while the volume is kept at

A18

A19

A20 Which of the following shows the movement of air caused by the bag of ice?

@l G
7Yy 4

ERS

constant. How do the properties of the gas particles change?

Average speed | Frequency of collision | Average distance
with walls of container [ between particles
A constant increases decreases
B increases constant decreases
C increases increases constant
D increases increases increases

An electric heater is placed in a water tank in a position as shown below.
Water out

Electric {-
heater |

Water at the bottom of the tank stays cold for some time. Why is this so?

Heat transfers slowly from the heater to bottom by radiation.
Heat transfers slowly from the heater o bottom by conduction.
During convection, cold water sinks to the bottom.

Heat is unable to transfer from the heater to the bottom.

oOwP

The diagram shows four similar cans. Each can contains the same volume of
water initially at 80 °C. After five minutes, which can (A, B, C or D) will contain

the warmest water?

A

- End of Section A -
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Section B [50 marks]
Answer all questions.
Write your answers in the spaces provided on the question paper.

B1 A student measures the time taken for a pendulum to complete 20 oscillations and
records it as t1. He repeats the experiment twice and records the fime taken as t;
and ta.

The student then measures i, t2 and ts using different lengths of pendulum. The
resuits are shown in Fig. B1.1.

Length / em ti/s t2/s tais
20.0 10.92 10.82 11.00
30.0 11.31 11.60 11.44
40.0 12.11 11.90 12.05

Fig. B1.1

(a) Calculate the period of the pendulum for the length 30.0 cm.

(b) The student changes the pendulum to another one with twice the mass and
adjust the length to be 40.0 cm. He sets the pendulum in oscillation and
measures the time taken for 20 osciflation.

Estimate the time taken for the pendulum to complete 20 oscillation.

(c) Explain why it is not advisable to determine the period of the pendulum by
measuring the time taken for

() 2 oscillations.

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

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

[Total: 5 marks]
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B2 Fig. B2.1 shows a ray of light PQRS as it enters and leaves a semi-circular glass
block which has a refractive index of 1.54.

Fig. B2.1

The speed of light in air is assumed to be the same as the speed of light in vacuum.

(a) Explain why there is no change in the direction of the ray as it enters the block at

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

........................................................................................................ 11
(b) Calculate the critical angle of the glass block.
Criticalangle = ......c.ocooviiiinns [2]
(c) The ray UR is incident at point R'with an angle equals to the critical angle.
On Fig. B2.1, label the critical angle with the letter C. 1]

(d) Another ray passes along TR. On Fig. B2.1, draw this ray as it leaves the block
atR. : 1]

[Total: 5 marks]
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B3 Fig. B3.1 shows a girl standing in front of a shop window made of thick glass. She
sees the reflection of her shoes in surface A.

Surface  Surface
ARIB

Glass Window
Fig. B3.1

(a) On Fig. B3.1, show how the gifl sees the image of her shoes on surface A by
drawing a ray of light from point X. [2]

{b) Fig. B3.2 shows a ray of light in air that is incident on surface A of the glass
window. Some of the light is reflected by surface A. Most of the fight refracts into
the glass. ,

Surface Surface
A B

At
Sy
G

Hﬂ/’ﬁ/[/‘w/

109 g

g

\
s Wi
“

\\\\
®

a\©

\
80

/ ",
Y, o
W,

. Wi
Ray of light @‘éfx i

Fig. B3.2

Complete the path of the light ray in Fig. B3.2 unti! it emerges on the other side

of the glass window. [1]
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(c) The ray in Fig. B3.2 refracts at surface A with an angle of refraction of 25.4°.

(i) Define the term angle of refraction.

(i} Calculate the refractive index of the glass.

Refractive Index= .......ccooeveenenne 2]

(d) it is not possible for the ray of light to undergo total internal reflection at either
surface A or surface B.

(i) Explain why the ray of light cannot be totaily internally reflected at surface A.

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

{il} Explain why the ray of light that enters the glass through surface A cannot be
totally internalty reflected at surface B.

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

[Total: 8 marks]
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B4 Fig. B4.1 shows a converging lens and an object. Three rays are shown from the
top of the object and one of the rays crosses the focal point.

lens
object
principal axis
F
Fig. B4.1
{(a) Complete Fig. B4.1 and show how the three rays produces an image. [2]

(b) Define the term focal length of a converging lens.

(c) The object is shifted to a new position such that the image formed becomes real
and larger than the object.

Describe the new position of the object, in terms of the focal length of the lens.

(d) The object is shifted until it is at a distance lesser than a focal length away from
the lens. '

State three characteristics of the image formed by the lens.

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

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

[Total: 5 marks]
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B5 A vibrating dipper is generating some water waves in a tank as shown in Fig. B5.1.

Vibrating Dipper

Direction of
wave motion

X >
\/\/\/\/\/h

0.7m
0.5m

Fig. B5.1

(a) Define the term fransverse wave.

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

....................................................................................................... 1
{b) Describe the movement of point X during the next half cycle of the wave.
....................................................................................................... [1}
(c) Calculate the amplitude of the wave.
Amplitude = ... [1]

(d) Fig. B5.2 shows the tank when viewed from above.

Direction of

wave motion
A > B

N

Vibrating Dipper = Wavefront Tank
Fig. B5.2
PartnerinLearning
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{i Define the term wavefront.

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

.................................................................................................. [11
(i} In Fig. B5.2, the distance between A to B is 9 cm.
1. Calculate the wavelength of the wave.
Wavelength=...............c...... 1]
2. Calculate the frequency of the wave given that the speed is 0.3 m/s.
Frequency = ........ccoceevnvenennns [2]

(e} A triangular metal block is lowered into the water tank to create a region of
shallow water. This results in a wavefront pattern as shown in Fig. B5.3.

Direction of

wave motion
A > B

Vibrating Dipper Fig. B5.3 Tank

Describe how the speed, frequency and wavelength of the wave changes when it
enters the shatiow water.

PO e et e e —et et e st e e e ren e enneenaans
frequency:...................

WaVelenGIn: ... e 1]

[Total: 8 marks]
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B6 Light, microwaves, ultraviolet and infra-red are different types of radiation in the
electromagnetic spectrum.

{a) Write down the names of these types of radiation in each of the boxes, placing
them in order of increasing frequency in Fig. B6.1. i1

Lowest frequency » Highest frequency

Fig. B6.1

(b} State one use for the foliowing;

FIVTCOWEVES, .--eeemeveeeeeeraeeesanesseassesseeasseeasssersnnesaneessasessessassssnsessnsenssens 1]
IrB-TEO WBVES, «..eoeoiiiiitietieenererere e sssstanernsraen s rrn s aesrasananaasseanens i1
UHFAVIOIEE WAVES. ... onivniiia i i e et rn e e s s e e e e s s r e r s r e n e rn s nas [1]

(c) Both light and sound are waves.

(i) State one difference, other than their speeds, between sound and light.

(1) Light travels faster in air than in glass, but sound travels faster in glass than
in air.

Using idea about molecules, explain why sound travels faster in glass than in
air.

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

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

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

[Total: 7 marks]
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B7 A sound wave in air is shown in Fig. B7.1. A, B, C and D are at the centres of
regions of compression of the wave. The wave is moving to the right.

RSN IERRLIRR Rl IRRE]

Air layers ' Fig. B7.1

(a) Describe how the distance between the air layers at B will change when the
sound wave passes through them.

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

(b} The sound wave in Fig. B7.1 has a frequency 2000 Hz and a wavelength of
0.3m.

(i) Calculate the distance between A and D.

distance = ... [1]

{if} Calculate the period of the wave in ms.

{c) When t = 0 s, the position of the compression is at A. On Fig. B7.1, mark, with a
cross, the new position of the compression at A after 1.0 ms. 1

{d) The sound wave enters a microphone that is connected to a cathode ray
oscilloscope. The waveform displayed is shown in Fig. B7.2.

On Fig. B7.3, draw the waveform for a sound that is softer and high pitched. {2)

Fig, B7.2 Fig. B7.3

[Total: 7 marks]
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B8 In a Brownian motion experiment, particles of smoke are introduced into a container
of air. A microscope is used to view the smoke particles. Fig. B8.1 shows the path of
a smoke particle.

Smoke
particie

Fig. B8.1

(a) Explain, in terms of movement of molecules, why the smoke particle moves ina
manner shown in Fig. B8.1.

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

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

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

(b) The mass of an air molecule is very small. The pressure created inside the
container is very high.

Expitain, in terms of movement of molecules,

(i} how the air molecules create a pressure inside the container.

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

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

(li) why the pressure inside the container increases if volume of the container is
reduced at constant temperature.

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

- End of Section B - [Total: 5 marks]
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Seaction C [20 marks]

Answer all the questions in this section.
Answer only one of the two alternative questions in C2.

C1 Fig. C1.1 shows an optical fibre with a glass of uniform refractive index.

glass

cladding

Fig. C1.1

Fig. C1.2 shows three rays of light entering the fibre from air. Each of these rays
follows one of the three possible paths through the fibre.

glass cladding
Fig. C1.2

The three rays travel different distances and take different times to pass through the
fibre. Fig. C1.3 gives information about the three rays and their paths in two cables

of lengths 5 km and 10 km.

angle of | angle of | distance time distance time
incidence | refraction | covered | spentin5 | covered spent in
onentry® | onentry® | in5km km in 10 km 10 km
cable/m cable/us | cable/m cable/us
ray 1 0 0 5000 25.0 10000 50.0
ray 2 20 13 5135 255 10270 51.5
ray 3 a 22.5 5140 27.0 10820 54.0
Fig. C1.3

(a} Using data for ray 1 from Fig. C1.3, caiculate the refractive index of the glass.
The speed of light in air is assumed to be the same as the speed in vacuum.

Refractive Index =

PartnerinLeaming
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(b) Calculate the angle of incidence « for ray 3.

Angle of incidence = .................... [2]

(¢) Explain why ray 3 spend the longest time in the 10 km optical fibre among the
3 rays.

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

(d) State whether the refractive index of the cladding in Fig. C1.2 should be higher or
lower than the refractive index of glass. Explain your answer.

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

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

(e) Attime t = O ps, ray 1, 2 and 3 enters the optical fibre.

Fig. C1.4 shows the brightness of the rays when they leave the 10 km optical

fibre.
Brightness Brightness
| . , —t —t> t/ys ————— > t/ S
50 5 52 83 54 55 25 26 27 28 29
Fig.C1.4 Fig. C1.5

On Fig. C1.5, sketch the graph to show the brightness of the rays when they
leave the 5 km optical fibre. (1]

{(f) State an advantage of using light in optical fibres to transmit data as compared to
using electricity in copper wires.

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

{Total: 10 marks}
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C2 Either

A filament lamp is shown in Fig. C2.1,

The filament lamp emits electromagnetic radiation with a range of wavelengths.
Fig. C2.2 shows the energy emitted per second at each wavelength.

O 200 400 B0 800 TODG 1200 1400. 1600 1800
wavelungthZnm

Fig. €2.2

The wavelength of visible light is between 400 nm to 700 nm.

(a) Using information from Fig. C2.2, state the two other electromagnetic waves
which are emitted by the filament other than visible light.

(b) The current in the lamp is reduced. The colour of the filament changes from
white to red. Describe the changes in the total energy and the average
wavelength of radiation emitted by the lamp.

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

..........................................................................................................
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(c) The filament lamp loses thermal energy by conduction, convection and radiation.

(i) Describe how energy is lost quickly from the metal filament to the metal
support.

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

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

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

[Total: 10 marks]
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C2 OR

Fig. C2.3 shows the inside of a refrigerator.

Pipes containing fluid

m——  Black metal fins

—  Pump

5

Polystyrene foam

Fig. C2.3

A fluid pumped through the pipes takes thermal energy (heat) away from the top
part of the refrigerator. The energy is passed into the air at the back of the
refrigerator through the black metal fins.

(a) Explain how the air inside the refrigerator is kept cool by the pipes at the top of
the refrigerator

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

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

(b} Explain three features of the fins that allow thermal energy to be transferred
easily to the air at the back of the refrigerator.

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

............................................................................................................
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{c) Explain how the layer of polystyrene foam helps to keep the contents of the
refrigerator cool.

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

(d) The fluid inside the pipe is in a liquid state.
() Describe the motion of the molecules in a liquid.

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

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

() Describe an experiment to provide evidence that the moiecules in a liquid
are moving.

[Total: 10 marks]

- End of Paper -
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2019 Sec 3 Exp Physics 1SE

Section A [1 mark each; 20 marks in total]

Qn 1 2 3 4 5 6 7 8 9 10
Ans A B Cc B D Cc A B B D
Qn 11 12 13 14 15 16 17 18 19 20
Ans D C D A B Cc cC B D A
Section B [50 marks in total]
Qn Answer Mark
Bia | tave=(11.31+11.6 + 11.44}/3
=11.45s 1
T=11.45/20
=0.573s 1
B1b | Accept any answer betweeen 11.90st012.11 s 1
Bici | The human reaction time would be not be reduced significantly as the 1
average is for 2 oscillations.
B1cii | The pendulum would lose energy as it swings and the oscillation would 1
become smaller, causing the time measured to be inaccurate.
B2a | The light is travelling along the normal OR The angle of incidence is 0° 1
B2b | ¢ = sin' (- 1
o=sin ()
=40.5° 1
B2c 1
B2d 1
B3a | Image of X is drawn [1 mark] 3
B3b | Reflected ray drawn. [1 mark]

Surface  Surface
Af@SB
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B3ci

It is the angle between the normal and refracted ray

B3cii

= .5in (40)

sin (254)
=1.50

B3di

The light is travelling from an optically less dense to a denser medium.

B3dii

The angle of incidence at surface B is smaller than the critical angle.

B4da

3 rays drawn [1 mark]
image drawn. [1 mark] %=

N

)

¥

B4b

It is the distance beiween the focal point and the optical centre.

The object should be between the focal length and two times the focal
length.

B4d

Virtual, Upright, Bigger than object

BS5a

The wave move in a direction which is perpendicular to the direction of
vibration of the particles in the wave.

B5b

Point X will move down to the lowest point OR trough of the wave.

BSc

Amplitude = {0.7-0.5)/2
=01m

B5di

It is an imaginary line which joins all the points that are in phase.

BSdii

1. 9/3=3cm

2. f=viA
=0.3/0.03
=10 Hz

B5e

Speed decrease
Frequency remain the same
Wavelength decrease

B6a

Microwaves, Infra-red, Light, Ultraviolet

Béb

Microwaves: Satellite communications
Infra-red: Remote controls
Ultra-violet: Sunbed

Bé6ci

Sound is a longitudinal wave but light is a transverse wave.
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B6cii | The molecules in glass are more closely packed than molecules in air.
Hence sound trave! faster in glass because it is easier to transfer the
energy from one particle to another through vibrations.

B7a | The distance between the air layers will increase and decrease
continuously.

B7bi [ 0.3x3=09m

B7bii | T=1/f

=1 /2000
=0.0005s
=0.5ms
B7c | , . <
(AREETINEE b
B7d | lower amplitude [1 mark] T T
higher frequency [1 mark] ; iy
F I :.1
B8a | The air particles are moving in a constant and random motion.
The air particles will collide with the smoke particle at different
directions and with different force, causing the smoke to move in a
random manner.

B8bi | The air particles which are moving randomly will collides with the walls
of container and exert a force.

The force exerted by the air particles per unit area will give rise to
pressure in the container.
B8bii | When the volume is reduced, the air particles will collide more frequently
with the walls of the container.
C1a | Speed in glass = 10000/ (50x10°)
=2x108m/s
Refractive index = 3x 10% /2 x 10®
=15

Cib | 1.5=sina /sin 22.5

sina=1.5xsin22.5

a = sin”(1.5 x sin 22.5}
= 35.0°

C1lc | Ray 3 spends the longest time because travels a longer distance since it

undergoes the most number of total internal reflection.
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C1d | Lower.
This will allow total internal reflection to occur as the light will travel
from an optically denser to less dense medium.

Cile Brightness

[J U l —t3 L/ S
2 I 27 8 A

C1f | There is less signal interference when using light as compared to

electricity.
EITHER

C2a | Infra-red and Ultraviolet

C2b | The total energy will decrease.
The average wavelength will increase.

C2ci | Energy is transferred from the metal filament to the metal support by
conduction.
When the particies in the metal filament are heated, they vibrate and
collide with their neighbours, transferring energy from cone particle to
another until the cooler ends of the metal.
When the free electrons in the filament are heated, they will spread to
the cooler ends of the metal and collide with the particles there,
transfering energy to them.

C2cii | When the nitrogen gas near the metal filamet is heated up, it expands,
becomes less dense and rises.
The cooler nitrogen gas at the top is denser and sinks to replace the
nitrogen gas that rose.
The cycle repeats and a convection current is formed to heat the gas.
OR

C2a | When the air near the pipes at the top is cooled, it contracts, becomes
denser and sinks.
The warmer air at the boftom is less dense and rises {o replace the air
that sank.
The cycle repeats and a convection current is formed to coot the air in
the refrigerator.

C2b | The fins are made of metal which is a good conductor of heat. This helps
to conduct heat quickly to the air outside.
The fins are painted black which is a good emitter of heat. This helps to
radiate heat quickly to the air outside.
The fins are spaced apart to increase surface area. This heips to radiate
heat quickly to the air outside.
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C2c | It is a poor conductor of heat and siows down the heat conducted from 1
outside the refrigerator to the air inside.

C2di | The liquid molecules are sliding past each other. 1
The liquid molecules are in a constant and random motion. 1

C2dii | Sprinkle some pollen grains on the water enclosed in a glass 1
container.
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