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1 What is the typical size for a small atom?

A 0.1cm B 0.1km C 0.1um D 0.1nm

2  The height, h, of an oscillating mass is measured by a data logger.

o

I Oscillating mass

lHeight, h

Retort Stand | } Data logger

A graph of height, h, against time is shown below.

h/m
0.30t

0.20

ti=me /s

0.45s

T

What is the period of the oscillation?
A 015s B 0.30s C 045s D 060s

3 A car driver immediately stepped on the brakes when he saw a cat dashing
across the road.

The car decelerated at a constant rate of 10 m/s?. The car finally came to a
stop after it travelled for 45 m.

How long did the car take to come to a complete stop?

A 10s
B 30s
C 45s
D 10s
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4 Two forces, X and Y, act upon an object O. The arrows represent the
magnitudes and directions of the forces.

Which diagram shows the resultant force of X and Y?
A B
Y Y
R R
X X
C D
Y Y
R R
X X
5 A man with an open parachute falls to Earth at constant speed.

The following forces act on different bodies:

the air resistance acting on the man

the upward force of the man on the Earth

the weight of the man

the downward pull of the man on the parachute

WO

Which two forces are action-reaction force pair?

A PandQ B PandR C PandS D QandR
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6 A tennis ball falls from the upstairs window of a house.

/ \

17

What can be said about the acceleration of the ball if air resistance is ignored?

A It depends on the mass of the ball.

B Itincreases as the density of the ball increases.
C ltincreases as the ball falls.
D

It stays the same as the ball falls.

7  Inalarge container in an oil refinery, three oils of different densities are mixed.
No chemical activity occurs.

The mixture consists of:
e 1200 kg of oil of density 1100 kg/m?
e 1500 kg of oil of density 860 kg/m?3

What is the density of the mixture?

A 920 kg/m3
B 950 kg/m?3
C 980 kg/m?
D 1800 kg/m3

8  Which object, a bowling ball at rest or a soccer ball flying towards the goal
mouth at a very high speed, has a higher inertia?
A  The bowling ball has the higher inertia because it has the greater mass.
B  The bowling ball has the higher inertia because it is not moving.
C The soccer ball has the higher inertia because it has the greater volume.
D

The soccer ball has the higher inertia because it is moving very fast.

PRELIM 4E PHY 2022 6091/1
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9 Anunbiased dice is a cube with the centre of gravity at the middle as shown in
the diagram.

[slale
OO

0 CG
O | 0 }
v

Which action changes the position of the centre of gravity of the dice?

o

A  Create the dice from a denser material.

B Drill a small hole at the side of the dice.

C Move it to a place with a larger gravitational field strength
D

Rotate the dice 180° so that the top surface is now at the bottom

10 A heavy box of weight W is pushed up a frictionless slope.

4
)

What is work done by the weight W in moving from top to bottom?

A Wx B Wy C W(y-2) D W(x+z)

11 Energy resources are used to produce electricity.
Which resource is non-renewable?

A hydroelectric

B nuclear fission
C tidal waves
D

wind
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12 A manometer is connected to an air pump, P as shown. The atmospheric
pressure is 1.03 x 10° Pa and the density of the liquid used in the manometer
is 1550 kg/m?3.

(The gravitational field strength is 10 N/kg)
?—-— P

]: 20.0 cm

What is the pressure at P?

A 3.10x102Pa
B 1.00x10°Pa
C 1.06x10°Pa
D 3.10x10°Pa

13 The diagram below shows a tube with its ends placed in liquid X and Y. The

tube is filled with gas. c

A gas M

liquid X
liquid Y

Which statement(s) is/are true?

I. Pressures at A, B and C are the same.
[I. The density of liquid X is greater than that of liquid Y.
lll. The gas pressure is greater than atmospheric pressure.

A lonly

B lllonly

C landllonly
D Illand lll only
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14 llluminated smoke particles, suspended in air, are viewed under a microscope.
They are seen to move randomly.

Which statement best explains the movement of the smoke particles?

A  The smoke particles are bombarded continuously by the air molecules.
B  The smoke particles are gaining kinetic energy from the hot light bulb.

C The smoke particles are moving about due to convection currents.
D

The smoke particles are vibrating more vigorously in their fixed positions.

15 A fixed mass of gas is heated in a frictionless syringe and expands at constant
pressure.

syringe

<]~ H

Which statement about the gas is correct?

A  The average distance between the gas molecules decreases.

B The average force of the molecules on the wall of the piston remains
constant.

C The average speed of the gas molecules remains constant.
D The frequency of collisions of the gas molecules on the wall of the syringe
decreases.

16 The diagram below shows a thermocouple with its two metal wires placed in
solutions of different temperatures. The voltmeter reads 16 mV.

copper copper

If the copper wire is replaced by an iron wire, what is the voltmeter reading?

A O0mV
B 12mV
C 16mV
D 24mV

PRELIM 4E PHY 2022 6091/1
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17 A platinum resistance thermometer has a resistance of 100 Q at 0 °C and
resistance of 350 Q at 100 °C.

What would the temperature be when the platinum wire has a resistance of

75 Q7

A -30°C
B -10°C
C 10°C
D 30°C

18 Some Japanese restaurants use paper pots for their customers to boil the food
themselves.

paper pot with water

N

1 3 / |

@ flame

Why does the paper pot not catch fire when in contact with the flame?

I. The paper is thin and heat is conducted quickly to the water in the paper
pot.

[I. Water has a boiling point lower than the burning temperature of the paper.

[ll. Water has a high specific latent heat

A landllonly

B Iandlllonly
C llandlll only
D [Lllandlll

19 Less thermal energy is needed to raise the temperature of 1.0 kg of copper by
1.0 °C than is needed to raise the temperature of 1.0 kg of water by 1.0 °C.

Which statement explains this?

A  Copper has a higher melting point.

B  Copper has a lower specific heat capacity.
C Copper has a smaller specific latent heat.
D

Copper is a better conductor of thermal energy.

PRELIM 4E PHY 2022 6091/1
www.KiasuExamPaper.com
10



20 What is meant by the amplitude of a wave?

A

B
C
D

the distance between the extreme points of a particle’s motion
the maximum distance a particle moves from its equilibrium position
the maximum energy carried by the wave

the maximum power of the vibrations carrying the wave

21 A transverse wave on a rope has wavelength A and period T.

The graph shows the variation of the displacement of the particles of the rope
with distance in the direction of travel of the wave at time t = 0.

direction

—_—
of travel
.

A distance

displacement \ /
0 2 T
P\ /

A particle X is labelled on the graph.

Which graph shows the variation of the displacement of particle X with time t?

1 B /

displacement /\ displacement \ /
| \/ ; k \/ I
:

D i

displacement displacement

Y

(VAN VAN
VAR 7anNS
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22 Which statement about electromagnetic waves in vacuum is correct?

A  Electromagnetic waves with longer wavelengths travel farther than those
with shorter wavelengths.

B Electromagnetic waves with higher frequencies have shorter
wavelengths.

C Gamma rays travel faster than radio waves as they have more energy.

D The speed of electromagnetic waves is proportional to their wavelength.

23 Anobject O is placed in front of a plane mirror. | is the image formed.

mirror

top top

cm———

A light ray from the top of the object is incident on the mirror at X.
What happens to this light ray?

A It reflects and passes through the bottom of O.
B It reflects and passes through the top of O.

C ltreflects as though it came from the bottom of I.
D

It reflects as though it came from the top of |.

PRELIM 4E PHY 2022 6091/1
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24 Three rays of light fall on a converging lens as shown.

lens

Which diagram shows the path of the rays after passing through the lens?
A 3 B
C D

25 A piece of paper torn from an exercise book is shown.

L —— e |

\’_________,—-\/_ , e
The object is further away from the lens

thaw the focal point and the image is

wpside doww.

Which process is being described?

A the formation of a virtual image by a diverging lens

B the formation of a virtual image by a converging lens
C the formation of a real image by a diverging lens
D

the formation of a real image by a converging lens

PRELIM 4E PHY 2022 6091/1
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26 A longitudinal wave travelling from left to right has vibrations parallel to the
direction of transfer of energy by the wave.

The wave can be represented on a graph showing the variation with distance
of the displacement of the particles from their equilibrium positions at one
instant.

Which point on the graph is the centre of a compression?

direction of
transfer of energy
A o
A
displacement
to the right
B D
0 .
0 \ distance
. from source
displacement
to the left
C

27 Two notes of different pitch but the same loudness are played on a musical
instrument.

The two sound waves produced will have

A

B
C
D

different frequencies and different speeds.
different frequencies but the same speed.
different speeds but the same amplitude.

different speeds and different amplitudes.

PRELIM 4E PHY 2022 6091/1
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28 Two uncharged metal spheres P and Q are placed together with a thick
cardboard inserted between them. Both spheres are supported by insulating
stands and Q is earthed with a wire.

cardboard o

~\1 N

A negatively-charged rod is brought near the spheres as shown.

What would be the distribution of charges on spheres P and Q when the wire
is removed followed by the charged rod?

P Q
A negative positive
B negative neutral
C neutral positive
D neutral neutral

29 A battery drives 300 C of charge round a circuit. The total work done is 600 J.
What is the electromotive force of the battery?

A 18V B 20V C 20V D 450V

30 A lightning strike transfers 1200 coloumbs of charge past a point in a time of
30 ps.

What is the average current during the lightning strike?

A 0.04 mA B 36mA C 40A D 40MA

PRELIM 4E PHY 2022 6091/1
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31 The diagram shows a network of three resistors. Two of these, marked R, are
identical. The other resistor has a resistance of 5.0 Q.

Y
R
X 5.0Q
R
z

The resistance between Y and Z is found to be 2.5 Q.

What is the resistance of R?

A

B
C
D

0.20Q
0.5Q
250
5.00Q

32 A battery is connected to three resistors, as shown.

[
0.4AY AN
0.3A AN

The potential difference across each resistoris 2 V.

The current from the battery is 0.4 A and the current through one of the
resistors connected in parallel is 0.3 A.

What is the total resistance of the circuit?

oo w >

5.0Q
6.7 Q
10 Q
20 Q

PRELIM 4E PHY 2022 6091/1
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33 In the circuit shown, lamp P is rated 250 V, 50 W and lamp Q is rated 250 V,
200 W. The two lamps are connected in series to a 250 V power supply.

250V
O O_/_

P Q

%Y &

Assume that the resistance of each lamp remains constant.

Which statement most accurately describes what happens when the switch is
closed?

A

B
C
D

Lamp P is brighter than lamp Q.
Lamp P and Q will be equally bright.
Lamp Q is brighter than lamp P.
Lamp Q will not light up.

34 The plug of an electric toaster is wired as shown.

green and
yellow

What happens when the switch is closed?

A

B
C
D

The electric toaster does not work.
The electric toaster catches fire.
The fuse in the plug blows.

The metal case of the toaster becomes live.

35 Which material is used for the needle of a plotting compass?

A

aluminium B cobalt C iron D steel

PRELIM 4E PHY 2022 6091/1
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36 A teacher wants to demagnetise a bar magnet and tries three different
methods.

1 Heat the bar magnet to a high temperature and let it cool.

2 Place the bar magnet east to west and hammer it.

3 Place the bar magnet inside a coil that has a direct current in it and
remove it from the coil slowly.

Which methods demagnetise the bar magnet?

A 1only

B 1and2only
C 2and3only
D 1,2and3

37 Along straight wire W is placed between the poles of two magnets. The pattern
of the magnetic field produced is as shown below.

g ey 1 ¥
Magnetic pole et 5 B W
/ \ A Ot i
% W) ! g O Wiew
AN L
el W

Which arrangement will give rise to the pattern of magnetic field observed?

RO
-
T3

D

& & ©
o
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38 A beam of particles is observed to deflect through a certain region of space as

shown in the diagram below.
/—O

Which row of conditions will not lead to the path above?

Field Direction of field Particles
A Electric Into page Negatively charged
B Electric Towards bottom of page Positively charged
C Magnetic Into page Negatively charged
D Magnetic Out of page Positively charged

39 The diagram illustrates the trace obtained on the screen of a cathode ray
oscilloscope (C.R.O) when a single signal of 71 Hz is applied to it.

AWARTARA

VA
\WVARAVARRIV

What is the time-base setting of the C.R.O at this instant?

A 0.14 ms/div
B 1.0 ms/div
C 5.0 ms/div
D 7.5 ms/div

PRELIM 4E PHY 2022 6091/1
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40 A transformer with an efficiency of 100% has a primary voltage input of 600 V
and a secondary voltage output of 240 V.

The secondary coil is attached to a resistor of resistance 120 Q.

primary coil secondary coil

5

1200 240V a.c. output

I

600V a.c. input

What is the current in the primary coil?

A 08A B 20A C b60A D 300A

End of paper
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Section A
Answer all the questions in this section.
1 (a) Electric charge can be stated to be either positive or negative.

State and explain whether electric charge is a scalar or a vector quantity.

(b) A potential difference is applied between a pair of horizontal metal plates
in a vacuum as shown in Fig. 1.1.
top metal plate

| 12cm |
| _\ o
particle__)__"/>/Y 11 8cm ot
X Heem o
[ ]
bottom metal plate
Fig. 1.1

A negatively charged particle enters the electric field at point X with a
velocity of 0.75 m/s to the right.

The particle is deflected by the field and hits the top plate at point Y.

(i) Explain why the average velocity of the particle is lower than its
average speed as it travels from point X to point Y.

PRELIM 4E PHY 2022 6091/2
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(ii) On Fig. 1.2, draw and label all the forces acting on the particle at
point X.

O

Fig. 1.2

[2]

PRELIM 4E PHY 2022 6091/2
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2 A block of weight 15N hangs by a wire from a remotely controlled aircraft, as

shown in Fig. 2.1.

aircraft

wire

block
weight 15N

Fig. 2.1

The aircraft is used to move the block only in a vertical direction. The force on
the block due to air resistance is negligible.

The variation with time t of the vertical velocity v of the block is shown in
Fig. 2.2.

The velocity is taken to be positive in the upward direction.

4.0

3.0 4

vims™!

2.0 e

1.0

h ¥

t/sH

h

|
o
o
\‘
N
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(@) Determine the displacement of the block fromtimet=0tot=3.0s.

magnitude of displacement=...........................

direction of displacement .......................

[3]
(b) (i) Calculate the magnitude of the acceleration of the block at time
t=2.0s.

acceleration=........................ [2]

(ii) Use your answer in (b)(i) to calculate the tension in the wire at time
t=2.0s.

The gravitational field strength acting on the block is 10 N/kg.

tension= ... [2]

(c) The block is removed and replaced by a disc. The force on the disc due
to air resistance is not negligible.

On Fig. 2.2, draw a possible velocity-time graph of the disc as the aircraft
is lifting it until its velocity reaches zero. [1]

PRELIM 4E PHY 2022 6091/2
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3 Fig. 3.1 below shows a device that can be used to ignite small pieces of
combustible material. The device consists of a cylinder containing trapped air

and a piston.
| 4
piston
cylinder CSl
combustible
.:!/ material
before pushing piston after pushing piston

Fig. 3.1
A small piece of combustible material is placed at the bottom of the cylinder.
When the piston is pushed quickly into the cylinder, the trapped air is
compressed and heats up.
This increase in temperature is enough to ignite the combustible material.
The piston is quickly pushed down a distance of 14.5 cm.

The average force exerted on the piston is 4.7 N.

(@) Calculate the work done on the trapped air when the piston is quickly
pushed down.

work done = .............. [2]
(b) Suggest why the trapped air does not reach a high enough temperature to

ignite the combustible material if the piston is slowly pushed into the
cylinder.
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4 Fig. 4.1 shows a diver using a canister of compressed air so that he can breathe
underwater.

Canister of compressed air

Fig. 4.1

(@) Describe the motion of the air particles in the canister.

(b) A canister of air was tested to find out how the pressure changed when it
was used by a diver.

¢ Air was allowed to escape from the canister
e The pressure of the air inside the canister was recorded every
5 minutes for 80 minutes.

Fig. 4.2 shows the results.

251

2.0\\

1.5+

p TN
- \.\

o T\"’H»—-..k o o

0 10 20 3'0 40 50 60 70 80 90
Time in minutes

Fig. 4.2

(i) Using Fig. 4.2, estimate the atmospheric pressure.

atmospheric pressure = ................. [1]

PRELIM 4E PHY 2022 6091/2
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(ii) Divers can safely stay underwater as long as the pressure of the air
in the canister is higher than the surrounding pressure.

Determine the maximum amount of time a diver can stay safe at
40 m below the surface of the sea.

The density of sea water is 1025 kg/m3.

maximum amount of time=.................. [2]

5 (a) State the principle of moments.

(b) In a bicycle shop, two wheels hang from a horizontal uniform rod AC, as
shown in Fig. 6.1.

ceiling
T——cor
0.45m. 1.40m . 0.75m x cord
! ! 22N
wall
A B C
wheel wheel
Y
W 19N W
Fig. 6.1

The rod has weight 19N and is freely hinged to a wall at end A. The other
end C of the rod is attached by a vertical elastic cord to the ceiling. The
centre of gravity of the rod is at point B.

The weight of each wheel is W and the tension in the cord is 22N.

PRELIM 4E PHY 2022 6091/2
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(i) By taking moments about end A, show that the weight W of each wheel
is 14N.

[2]

(iif) Determine the magnitude and the direction of the force acting on the
rod at end A.

forceatend A= i, [1]

6 (a) In an experiment, a student inserts a wooden rod into the end of a brass
tube as shown in Fig. 6.1.

bras —_g wooden

tube rod

Fig. 6.1

She then wraps a paper collar around the joint and heats the apparatus, as
shown in the Fig. 6.2.

paper collar

wooden
rod

burn mark

heat

Fig. 6.2
Explain why the paper burns on the wooden rod, but not on the brass tube.

PRELIM 4E PHY 2022 6091/2
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10

(b) A man closes a plastic bag with some ice cubes inside, as shown in
Fig. 6.3.

Fig. 6.3

(i) Describe briefly the processes on how the ice cubes inside the plastic
bag gain thermal energy as they melt.

7 Aray of white light enters into a plastic tube which has a refractive index of 1.55
as shown in Fig. 7.1.

1.0cm{ 4] P plastic
1.0cm? /

8.0 cm /'l air

%“—80cm —

Fig. 7.1

(@) What is meant by a refractive index of 1.55?

(b) Determine the critical angle of the plastic tube.

criticalangle = ...l [2]

PRELIM 4E PHY 2022 6091/2
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(c) Find the angle of incidence at P.

angle of incidence = ..................... [2]

(d) On Fig. 7.1, complete the path of the light ray. [1]

8 Fig. 8.1 shows a charged rod brought towards a gentle stream of water from a
tap.
Charged rod

‘&

Fig. 8.1
(@) Explain how the charged rod affects the stream of water.

PRELIM 4E PHY 2022 6091/2
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(b) Fig. 8.2 shows the electric field between two charges, A and B.

e

_

Fig. 8.2

(i) State and explain the charges of A and B.

(ii) Describe one similarity between the electric field line diagram and a
magnetic field line diagram.

PRELIM 4E PHY 2022 6091/2
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9 Fig. 9.1 shows a reed switch in the magnetic field of a strong permanent magnet.

soft iron P glass
N pole >~ - S pole
of magnet O~ of magnet
N — J
Fig. 9.1

(a) State and explain what happens to the soft iron in the reed switch.

(b) Fig. 9.2 shows two separate electrical circuits containing the reed switch.

warning lamp

/

thermistor

Fig. 9.2
Explain why the warning lamp lights up when the air temperature rises.
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10 Fig. 10.1 shows the parts of an ammeter.

The pointer is connected to the coil so they can move together.

scale

pointer

return spring

permanent

magnet T—__|

Fig. 10.1

(@) Explain how a current in the coil leads to a reading on the ammeter.

PRELIM 4E PHY 2022 6091/2
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(b) Fig. 10.2 shows two metal rods A and B placed on two fixed smooth
conducting rails.

o XOOMAX X XX XX
—] |
XX X[ X [ X X x X X
XX X[ X[ X X X X X
L X x x| x| x x x XX
T XX X[ X [ X X X X X
XX X[ X || X X X X X
e |
X X XU x Ux x x x x
Fig. 10.2

There is a magnetic field pointing into the page.

Describe and explain the motion of the rods once the switch is closed.
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Section B
Answer all the questions in this section.
Answer only one of the two alternative questions in Question 13.

11 A student wishes to determine the efficiency of an electric kettle that she has just
bought.

Details about the experiment she conducted are shown in Table 11.1.

Mass of water poured into the kettle: 0.75 kg
Starting temperature of water: 25.5 °C

Time taken for the electric kettle to automatically switch ‘OFF’ after being
switched ‘ON’ is 2 min 38 seconds.

Mass of water remaining in the kettle after boiling: 0.74 kg

A sticker at the bottom of the electric kettle shows the following

Model SG-620
240V ~ 50 Hz 2000W
DO NOT IMMERSE IN ANY LIQUID

She also found the following information while doing research for her
experiment:

e Specific heat capacity of water = 4200 J/kg°C
e Specific latent heat of fusion = 334 kJ/kg
e Specific latent heat of vaporization = 2260 kJ/Kg

Table 11.1

(@) (i) Calculate the total energy transferred to the kettle while it was switched
‘ON’.

totalenergy = ... [1]

(ii) Determine the efficiency of the kettle based on the information in Table
11.1

efficiency = ...l [2]

PRELIM 4E PHY 2022 6091/2
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(b) The student knows that her calculated efficiency is not accurate as thermal
energy is lost by the water and the kettle during heating.

She decides to conduct a second experiment by placing 800 g of shaved ice
at 0 °C into the kettle. She then switched ‘ON’ the kettle for the same amount

of time as her earlier experiment. At the end of the experiment, she measured
that 11.2 g of shaved ice remained in the kettle.

(i) Suggest a method for the student to ensure the shaved ice is at 0 °C
without the use of a thermometer.

(ii) Determine the efficiency of the kettle based on her second experiment.

efficiency = ...l 2]

(iii) Explain why the efficiency of the kettle is higher for her second
experiment.

(c) (i) The sticker label at the bottom of the kettle indicates that it has double
insulation as shown by the logo.

Explain what is meant by double insulation.
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(ii) Suggest why the sticker label indicates “DO NOT IMMERSE IN ANY
LIQUID” despite the electric kettle having double insulation.

......................................................................................... [1]
12 (a) Fig. 12.1 shows the inside parts of the alternator.
Magnet ~ AXle y Magnet
/
1} T
N S
Coil m\
Resistor
Slip Ring
Fig.12.1
(i) The handle of the alternator is turned, causing the coil to rotate.
Explain why an alternating current is induced in the coil.
...................................................................................... [3]
(i) State the purpose of the slip rings.
...................................................................................... [1]
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(iii) The alternator from the portable power supply is disconnected from the
resistor.

Explain why the handle of the alternator becomes much easier to turn.

(b) A small coil is placed close to one end of a solenoid connected to a power
supply. The plane of the small coil is normal to the axis of the solenoid, as
illustrated in Fig. 12.2.

solenoid 1 1 1 small coil
+ -
O O
power supply
Fig.12.2

The power supply causes the current | in the solenoid to vary with time t as
shown in Fig. 12.3.

A

current I

o e |

1 L time ¢

Fig. 12.3
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(i) On Fig. 12.2, draw the magnetic field lines produced in the solenoid
when the current is flowing. [1]

(ii) Onthe axes of Fig. 12.4, sketch a graph to show the variation with time
t of the electromotive force (e.m.f.) induced in the small coil. (No values
required)

A

e.m.f.

Fig. 12.4
(2]

(iii) Suggest how Fig.12.4 would be different if an iron core was placed
inside the solenoid.
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13 EITHER

(@) In Fig. 13.1, a potential divider is made from a light-dependent resistor
(LDR) and a 6.0 kQ fixed resistor. The potential divider is connected in
series with a 12 V d.c. power supply and a voltmeter is connected across

the 6.0 kQ resistor.

LDR "{/
+0
12V
-0
6.0 k()
Fig. 13.1

(i) Thecircuitis placed on a rooftop at sunrise and left there until 12 noon
on a clear sunny day.

Explain why the reading on the voltmeter increases.

(ii) A buzzer, which produces a sound when the potential difference
across it goes above 4.5V, is placed in parallel to the 6.0 kQ resistor
as shown in Fig. 13.2

LDR ’;/
Buzzer
+
12V
Fig. 13.2
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The buzzer has a resistance of 1440 Q.

Determine the minimum resistance of the LDR before the buzzer
sounds.

minimum resistance = ...l [3]

(b) A student obtains the current—potential difference (p.d.) (I-V) graphs for a
resistor, a thermistor and a filament lamp as shown in Fig. 13.2.

1.0
I
I
]
P filamentlamp
current/A 0.8 e
. poaa resistor
0.6 P "
. P A
7 a ’J 4
P P! 4 /
0.4 7 a thermistor
, ’J " v
0.2 7
Vi
V.|
|} £ === ammn
0 2 4 6 8 10 12
pd./V
Fig. 13.2

(i) State what is meant by potential difference.
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(i) The student claims that the thermistor and filament lamp has the same
resistance when a potential difference of 10.7 V is applied across them
as their graphs intersect.

Using data from Fig. 13.2, explain whether this claim is correct.

(iii) The resistor, the thermistor and the filament lamp are connected in
series with a d.c. power supply.

Using the graph in Fig. 13.2, determine the p.d. across the terminals
of the power supply when the p.d. across the resistor is 6.0 V.

p.d. across terminals of power supply = ............... 2]
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13 OR

(a) Fig. 13.4 shows the pressure-distance graph of the particles at a particular
instant when a sound wave passes through the particles.

undisturbed i i i i i i i i i
positions of (1 @ @ & & 2 & & %
air particles ! i | i i i i i i
pressre L4 b
4 | ' : : : : : :
surrounding i i i i | i i digtance/m
A pessUls g 2.0 4.0 6.0 80 10 120 140 160

Fig. 13.4

(i) In the space above Fig. 13.4, draw the displaced positions of the
particles corresponding to the pressure-distance graph.

The original undisturbed positions of the air particles are shown as a
guide. [1]

(ii) The speed of sound in air is 330 m/s. Explain whether a person with
normal range of audibility will be able to hear the sound in Fig. 13.4.

(ili) The same sound wave is played next to a swimming pool.

Describe the changes in the wave as it enters the water and explain
whether a swimmer underwater will be able to hear the sound.
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(b) Ultrasound waves can be used to create an image of part of the inside of a
body.

Doctors can use an ultrasound scan to measure the diameter of a person’s
kidney as shown in Fig. 13.5.

Skin
Ultrasound scanner

Kidney (inside the body)

Fig. 13.5

(i) Explain how ultrasound waves are used to measure the diameter w of
the kidney.

(ii) The typical speed of sound in different tissues of the human body are
shown below in Table 13.6.

Medium Speed of sound (m/s)
fat 1450
kidney 1560
blood 1570
muscle 1580
bone 4080
Table 13.6

Using ideas about particles, explain why the speed of sound in bone
is much higher than the speed of sound in other tissues.
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(iii) A doctor uses an ultrasound scan instead of X-rays to measure the
kidneys.

Explain why.

End of Paper
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EXAM ANSWERS

Year:

Exam:

Subject:
sfidp.

2022

Prelim

Level/Stream: 4 Express

Pure Physics 6091/02

No limit to deduction of s.T_& deduct 1 mark per s.f./d.p mistake

Paper 2 Section A

weight

Qn Answers . ) Marks | Comments
la Electric chargeds a scalar guantity, asdt has magniiode butng direction. B1 Both needed for 1 mark
1hi Average velotity.iscalculaied by taking the total displacement over total time while B1 1 mark for differentiating velocity
averagegspeed is the toial distanee travelled.bver the total time taken. and speed
e displacement of the particle 1s-smaller-as the straight line distance between X
and Yisshoner thamthe curved.path frdi X to Y which is the distance travelled.
B1
1bii B1 1 mark for both forces correctly
labelled
Electric/electrostatic force 1 mark for the upward arrow
larger than downward armow
B1
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2a D5x68x2-05x34x10 C1 Give max 1 mark if added
=51m A 2™ mark not given if negative
downward Al sign included
Last mark given only if observed
from warking
2Di A=68/20 V.1 1Y Ci
=34 m/s? A
2bii M =wi/g Give ECF is 2bi is incorrect
=15/M10
=15kg
Resultant Force,.=465%34 C1
=5 1N
Tension= 154 15s1
=201 = 204N (2sf) Al
2c | Inmal'velocity/accelesatian i1s thelsaime but line will continue with decreasing gradient | Bi Marks are given as long as curve
wwill reach zeraiafier 2 0s, shape is correct
Ja Work dong = #45/100K 477 C1
={.68.J Al
3b SINGe It s S-Io\.*.fer,-ﬁwere must have been less force applied which means less work B1

done on thedrapped air.
Or
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More thermal energy is lost to the surroundings as there is more time for the energy

to be conducted/radiated away
*must mention longer time not just more therma! energy lost

4da The air particles are moving randomly at highispeeds. B1
4b 0.1 MPa = 100000 Pa 77 Uy Bi
4bii Pressure at 40m underwater = 4UX1025x10+ 100000 /' 7 N7 Maximum 1 mark if student did
=410 D00 + 100000 not add atmospheric pressure
=310 000 Pa C1 and got 30-32 min
Based on graph dime = 26-28 minufes Al
Ha For anabject in equiliboiam . the sum of clockiwise moments about a pivot is equal to B1
the sum of ani-Cleckwise Moments aboulthe €ame pivot.
B1
5bi Sum of EM'= sumoRACIM 1 mark for correct substitution
G40V + 19 x 13+ MB5W =26 %22 C1
23W+24 75902
205 W =" Al
W =4 1
=14 N (25R
Sbii F+22=19+28 Give full ECF
F =25 N upwards B1
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Ga Brass is a much better conductor of thermal energy than wood. C1 1 mark for stating the difference
The thermal eneray is guickly conducted away by the brass rod and the paper between brass and wood
doesn’t reach a high enough temperature to siarl burning
Or
the thermal energy cannot be conducted away quickly ensuah by the wooden rod
thus the paper reaches a sufficiently higiv'temperature™o start burning

Al

6b The ice cubes gain thermal Biiergy via radiatidn as the Ice-fabes are colder than the B1
surroundings.

Some thermal enesgy 1s also gained wia eonduction theaugh the plastic bag from the B1
surrounging air.

Ta It means that thegatio of the speed of light in vacuum over the speed of light in the B1 Accepted speed of lightin
medium is 1.55 vacuum divided by speed of light

in medium is 1.55
b C = sin'(1/1.559 C1
=402° (381} Al
7cC 1'sin I& oppesite/hypotenuse>
—r 0/ 88§ C1
[=6¥ daccept 61.0° Al
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7d C1
10 cmé 4 nlastic
10 cm® Al
8.0 ¢ air
—
Ba Particles in the stream @i water with the same_ch_arqe as.the charged rod will be B1
repelled away white those of the oppaosiie charge wilkbe aiitacied.
As the joice of atiraction’1s stronger than theforce @f repulsion due {o a shorter
distancea, the'water will movestiowards the charged rod. B1
B1
Bbi As the electric field lime diregticns are by convention the same direction as what C1
would happentos posdiug testicharge,
thus B is posiiively ¢hargediwhile A is negativelv charged. B1
Bhii The field lingsHor both cannot intersect with one another B1 Did not accept both have

Or

lines/arrows
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The distance between the field lines indicate the strength of the electric/magnetic
field

Did not accept force in lieu of

field strength

9a The soft iron inside the reed switch will be attraeied towards each other. B1
As both strands of soft iron become induced:magnets, they will have opposite poles
in the middle of the glass which attract each other.
, B1
9b As the temperature rises, the resistance of the thermistor decr€ases. Thus the B1
current in the circuit increases. Ke D"
This increases the magnetic field strength of the coil which causes the reed switch to
be attracted to€ach other thus closingithe switch. . ‘
e B1
10a When the current flows through the-goil, theycircular magnetic field around the coil B1
(or CDior AB) interacts with the:magnetic’field of the permanent magnet.
This causes a dawnward force.'on CD '(or next to South pole) and an upward force
on AB (or next to’North pdle). - B1
The résulting clockwiée mafiient causes the coil and the pointer to rotate (or turn)
clockwise” | B1
10b Both rods will move/accelerate to the right. B1 FLHR must be mentioned in full
B1
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According to FLHR, as the current flows down, the magnetic field is into the paper,

the thumb which represents motion is pointed to the right.

No credit for contradicting the

direction.

Paper 2 Section B

Qn Answers Marks | Comments
11ai E =Pt ;
= 2000 x 158 C1
= 316000 J (accept 320 000.J) A1
11aii Energy input = 316000 ; 15! mark is
Energy output = 0:75.x 74.5 x 4200+0.01x2260000 given only if
=257275 B1 the energy
Efficiency = 254275/316000 ) output
= 81%;q0r 84.4% (25T) : B1 working is
correct.

2" mark can
be given as
long as itis
calculated
output/input
(from 10bi).
Credit given
for displaying
output/input
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11bi The student should only use the shaved ice once it B1
starts melting but not completely liquid.

11bii Energy output = (800-11.2)/1000 *334 000 Accept 82.3%

=263 459.2 J C1 if 320000 is
Efficiency = 263 459.2/316000 used as the
= 83% or 83.3% (accept 2.or 3 sf) A1 input.

11biii The temperature differeace isJlowerbetween0°C | B1.0y~| Both points
and room temperature as comparéd to 1002C and O needed
room temperature. So the rate of thermal energy
gain/loss is smaller. , '

11ci Double insulation'means that the electrical cabtes | B1 All must be
are insulated from theinternal componen_té and .t‘h'e‘ mentioned.
internal compenents are’insulated frotﬁ fhe ekf'e.rnal B1
b R . .

11dii The kettle'may not.be waterpigof whieh means water
can go'insidethe'kettle and'zcause'é short B1
circuit/elecirical fire 4 if‘comes-tb contact with the
affo O, \

12ai As thefcoil ratates, the nﬁaqnetic flux linkage between | B1 Concept of

. induced EMF

the coil .an'd'the magnets change
Or '
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As the coil rotates, it cuts the magnetic field lines

between the magnets, an EMF is induced in the coil.

Every 180° turn, the induced EMF in the coil Concept of
reverses direction as the coil moves in the oppesite B1 alternating
direction.
As the induced current flows as thé ¢oikis a closed B1 Concept of
circuit. load which
turns EMF to
current
12aii Slip rings are connected.to each side of the coil io." B1
maintain electricalsgontact'and ensure induced )’
current flowsi(fo"external circuit).
12aiii When theltransformer is_diseennected, ‘the cichit Accept “there
connected to the sliprings is no {onger closed, thus is induced
there is'ne induced€urrent flowing iihe circuit, B1 emf” in place
Hencepby LefiziLaw therelds nofagnetic effect of “no induced
opposingdhe.rotation.githe coll which produces the | B1 current”.
induced current (or no.oppos.iwng force).
12bi B1 Straight lines

Magnetic fielddines (North Pole on the right side)

with correct
arrows within

solenoid
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12bii Peaks at t; and t2 (one must be positive the other B1
negative)
Peak at t, must have twice the amplitude ca B1
to t4
12biii The amplitude of both the peaks at t;
higher.
N
13EITHER
ai

aii

R=1}60

4.5 =12 (1160/1160+R)

Must explain
\2\ how V is
1@% éo determined
s the'total @nce @%a@ﬁ} he current across
i i ase@s@%u\s?\,aév =R x|, the voltmeter
ea
sistar@g‘ of buzﬁr and resistor
+1/6000 2" and 3"
B1 mark can be
B1 given if
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5220 + 4.5 R = 13920 formula is
R = 1930 (accept 1900 2sf) B1 correct
bi Potential difference across a component is ork | B1

done in driving a unit charges across it.
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The resistance of the components can be found as R

bii The claim is correct
=V/
Both the filament lamp and thermistor have
10.7 V and current of 0.77A, hence R |
same.

13biii As the three components are.i

same current flowing thr

V lamp = 3.

V thermist é O (,0

Tot supply =3 +6'+ 9 \ (ac 1 )
Q & Q""%@
20 RSP

B1

Must quote
current of
0.77 A

N

15t mark for
either V lamp
orV
thermistor

correct.
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130R

ai

undisturbed i .

air particles |

pressun:é
y i

surrounding ! : : :
air pressuré [y 20 40 6.0 8.0

positonsof ; O 40 © O O $O ¢ O ¢ O

B1

Particles at
maximum and
minimum
pressure
should have
\Zero

displacement

aii
<B1
S/O
aiii Q > Give full ECF
x9 )
D R from aii
{0 AR
e er\ a\‘{’k’ arger B1
XN R
RS
but it w'IM@ﬁsame frequency. B1
$cag@%e hegrd by the swimmer.
@Qb
)
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bi

Ultrasound waves are reflected by the kidney back to
the ultrasound scanner. By measuring the time
difference between the ultrasound coming backfrom
the left and right side of the kidney.

The diameter w can be calculated as 2w =time

difference x speed of ultrasound.

B1

B1

bii

Bone tissues have less liquid than'the other tissues.
Thus the particles in bone tissues are relatively mare

closely packed.

Since sound‘travels through the collisions of

particles, patticles'in‘bene tissuéSieollide more

frequently and transmits soynds at'a faster"rate. %

B1

| B1

. Advised to

state why the
particles are
more closely

packed

biii

Ultrasound are,not ionizing,as compated toX*rays

thus do not cause.cell damage.

B1

Must state
ionizing in the

answer
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What is the order of magnitude of the mass of a typical motor car (without driver and
passengers) in kg?

A 1x10 B 1x10?
c 1x103 D 1x10*

A micrometer screw gauge is used to measure the thickness of a coin.

The diagrams show the scales of the micrometer when the jaws are closed with no coin and
when the jaws are closed with the coin respectively.

5 & 40
mm Ol E mm[ I JT[TE
0 535
L~ [~
What is the thickness of the coin?
A 3.35mm B 3.39 mm C 3.85mm D 3.89 mm

The diagram shows how the kinetic energy (KE) of the bob of an oscillating simple pendulum
varies with time.

KE/mJ

A

10

0 0.2 0.4 0.6  time/s

What is the period of the pendulum in second?

A 0.2 B 04
C 05 D 06

www.KiasuExamPaper.com
66



4  An uniform flat piece of metal sheet has a density of 8.0 g/cm®. One quarter of the metal
sheet is cut out as shown.

metal sheet metal sheet

What is the density of the one-quarter metal sheet?
A 2.0g/cm? B 4.0 g/cm? C 8.0g/cm? D 32.0g/cm?

5 A caris moving in a straight line horizontally at a constant speed of 20 m/s. The car engine
produces a constant power of 28,000 W. What is the frictional force acting on the car when

the efficiency of the car engine is 71 %7
A 990N B 2000 N C 20000N D 400,000 N

6 A boy pushes a box 10 m along a rough, horizontal floor with a force of 5.0 N. The frictional
force between the floor and the box is 2.0 N.

What is the work done against the friction, the work done by the boy and the energy gained
by the box?

work done against friction/ J | work done by boy/ J | energy gained by box/ J
A |20 50 30
B |20 50 50
C |30 50 50
D | 30 50 30
3
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7  The diagram shows two divers of different masses diving with the same initial speed from the

same height into a pool. Air resistance is negligible.

80 kg

Which physical quantity is different between the divers just before they hit the water?

acceleration
duration of free fall
kinetic energy
speed

OO W >

8 A parachutist has opened his parachute and is falling to Earth at constant speed. What is the
principal energy conversion taking place as he falls?

gravitational potential energy to kinetic energy
gravitational potential energy to thermal energy
kinetic energy to gravitational potential energy
kinetic energy to thermal energy

oo w>»

Bubbles of gas rise from the bottom to the surface of a deep lake.

surface
—

o0 O O

bottom

As the bubbles rise, their volumes increase. Why is this so?

Atmospheric pressure on the bubbles decreases.
Atmospheric pressure on the bubbles increases.
Water pressure on the bubbles decreases.
Water pressure on the bubbles increases.

oo w>»
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10 The diagram shows a mercury manometer. Pressures of (P + 12) mmHg and P mmHg are
exerted at the right and left tubes respectively.

PmmHg (P +12) mmHg

PN

What will happen to the mercury level in the left tube when the pressure at the right tube
decreases to (P + 6) mmHg?

A increases by 3 mm
B increases by 6 mm
C decreases by 3 mm
D decreases by 6 mm

11 Two solid cubes are made from the same material. One cube has sides that are two times as
long as the other.

When placed on one side, the small cube exerts a pressure p on the ground.
What is the pressure exerted by the large cube standing on one of its faces?
A 2p B 4p C 8p D 13p

12 A resistance thermometer has a resistance of 45.0 Q at ice point and 295 Q at steam point.
What is its temperature when its resistance is 148 Q?

A 349°C B 41.2°C C 50.2°C D 59.2°C
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13 When dust particles in air are observed in a microscope, they move in a random, zig-zag
motion. The same dust particles are observed to move faster in the same random, zig-zag
motion when room temperature is higher.

Why is it so?

A The dust particles gain kinetic energy and collide with the air molecules more vigorously
and frequently.

B The air molecules gain kinetic energy and collide with the dust particles more vigorously
and frequently.

C The increased temperature of the room creates a convention current that causes the
dust particles to move faster.

D The increased temperature of the room causes chemical reactions to occur between the
dust particles and air molecules.

14 A fixed mass of helium gas is compressed to a smaller volume at constant temperature.

[

L

How do the following properties of the gas molecules change?

average speed of the | frequency of collisions with
gas molecules the walls of the container
A | increases increases
B | increases remains unchanged
C | remains unchanged increases
D | remains unchanged remains unchanged

15 The graph indicates properties of a fixed mass of ideal gas. Which of the following could
describe what is plotted on the graph?

horizontal axis vertical axis condition
A | temperature pressure constant volume
B | temperature density constant pressure
C | temperature volume constant density
D | volume pressure constant temperature
6
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16 The diagram shows a metal saucepan filled with water and placed on a hot plate. After some
time, the air at point X also becomes hot.

= = ——— water
T e e | metal

L —+  hot plate

What are the main ways by which heat travels through the materials between the hot plate and
point X?

through base of

the saucepan

through the water

through the air

A Conduction Convection Radiation

B Conduction Convection Convection
C Radiation Convection Conduction
D Radiation Conduction Convection

17 The figure below shows a heat sink placed on top of a central processing unit (CPU) chip in a
computer. The heat sink is painted black and is designed to have many fins (layers with air
spaces between them).

heat sink

Heat is conducted from the CPU to the heat sink. The heat sink then transfers the heat to the
surroundings.

Which statement about the heat sink is not correct?

A The fins is made of aluminium because aluminium is a good conductor of heat.

B The heat sink has many fins to increase the surface area for emission of radiant heat.

C The heat sink is painted black because black surfaces are good conductors of heat.

D The heat sink is painted black because black surfaces are good emitters of radiant heat.
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18 Water in a beaker is heated from 10 °C to 100 °C. The water starts boiling at 100 °C.

Which of the following is true for the internal potential energy (IPE) and the internal kinetic
energy (IKE) of the water molecules during heating and boiling?

heating from 10 °C to 100 °C boiling at 100 °C
A | IKE increases slightly IKE increases by a lot
B | IKE remains the same IKE remains the same
C | IPE increase slightly IPE increases by a lot
D | IPE remains the same IPE remains the same

19 The diagram shows a light ray travelling from medium Y, through the air, to medium Z. The
refractive indices of media Y and Z are denoted by ny, and n; respectively.

Which relationship correctly describes the magnitude of ny and n,?

A 1>n;>ny B n,>n,>1
C n>1>n; D ny>n;>1

20 A small nail is viewed through a rectangular glass block with parallel faces. The nail is 8.0 cm
away from the face A of the glass block.

Which of the following describes how the image of the nail is seen by the observer?
8.0 cm

&

face A

real and less than 8.0 cm away from face A
real and more than 8.0 cm away from face A
virtual and less than 8.0 cm away from face A
virtual and more than 8.0 cm away from face A

OO m >
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21 A dipper which is moving up and down, makes water waves in a ripple tank.

What happens when the frequency of the dipper is increased?

A The wavelength of the wave decreases.
B The wavelength of the wave increases.
C The speed of the wave decreases.
D The speed of the wave increases.

22 A wave generating machine produces a number of water waves per second. The generated
wave travels 9.0 cm in 3.0 s and the distance between its 2 consecutive crests is 1.5 cm.

How many waves does the generator produce per second?

A 0.50 B 20
Cc 30 D 45

23 Arripple tank contains water waves of constant frequency moving from right to left in varying
depths.

Which diagram correctly represents the water waves as they travel from the shallow to the
deeper region?

] g
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24 A source sets up a wave along a string. The wave is moving to the right.

source S

Which of the following statements is not correct?

A Particle R is moving up.

B Particle Q is moving to the right.
C Particle P is momentarily at rest.
D Particle S is momentarily at rest.

25 The diagram shows a series of compressions and rarefactions of a sound wave in air. Given
that the speed of sound is 300 m/s, what is the frequency of this sound wave?

6.0 m

IEEHIETTTAET

A 25.0Hz B 50.0Hz
C 100Hz D 150 Hz

Mo

10
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26 The diagams show sound waves P and Q.

Wave P

displacement T displacement I
AN P

o

—= time — time

How do the frequency and loudness of wave P compare with the frequency and loudness of

wave Q7
frequency of P loudness of P
A higher than Q greater than Q
B higher than Q same as Q
C same as Q greater than Q
D same as Q same than Q

27 The diagram shows how ultrasound is used to scan a human foetus.

Transmitter

What is the likely frequency of the ultrasound used?

A 40Hz B 2000Hz
C 20000 Hz D 40000 Hz
11
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28 The diagram shows a loudspeaker that is producing a continuous sound wave of frequency
100 Hz in air.

loudspeaker
.
P

Which of the following diagrams shows how the sound wave causes an air molecule at P to
move during 0.010 s?

A B c D
p—m Foomr o
P

29 The diagram shows two identical isolated metallic spheres P and Q. Sphere P carries three
net positive charges while sphere Q carries one net negative charge.

P Q

When sphere P touches sphere Q, which of the following describes the movement of the
charge(s) correctly?

Only one negative charge moves from Q to P.
Only one positive charge moves from P to Q.
Two negative charges move from Q to P.
Two positive charges move from P to Q.

OO m >

12
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30 Which diagram correctly shows the electric field pattern between two charged spheres?

31 During a lightning strike that lasts 2.0 x 10“ s, a total of 3.5 x 10?! electrons pass from the
cloud to a tree. The size of the charge on an electron is 1.6 x 107"° C.

What is the average current in the lightning strike?

A 8.0x10™A B 28x10°A
C 32x10A D 1.8x10®A

32 The diagram shows two resistance wires X and Y of the same material.

v &

Wire X Wire Y

The cross-sectional area of wire Y is four times that of wire X. The length of wire Y is twice the
length of wire X.

What is the ratio of the resistance of wire X to the resistance of wire Y?

A B

1 1
7 > C 2 D 4

13
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33 The diagram shows three identical resistors each of 2.0 Q resistance connected in series to a
9.0 V electric cell.

What is the total amount of energy dissipated in the circuit when 2.0 C of charge passes through
the resistors?

9.0V
I

200 H20Q H 20Q

A 15J B 3.0J Cc 18J D 54J

34 Five identical light bulbs are connected to a 60 V d.c. supply. Voltmeter V1 is connected in
parallel with light bulb K and voltmeter V; in parallel with light bulb M.

What will be the readings of the two voltmeters when light bulb M is short-circuited?

VilV Va/V
A 0 60
B 12
C 12 12
D 15 0

14

www.KiasuExamPaper.com
78



35 A 24 Qresistor is connected to a 240 V mains. What are the magnitudes of the currents flowing
in wires P, Q and R?

P Q R
A 0 10 A 10 A
B 10 A 0 10 A
C 0 10 A 0
D 0 0 10 A

36 A lamp rated at 280 V, 10 W is connected across a 240 V household mains power supply.
What happens when the circuit is switched on?

The lamp lights up with power less than 10 W.
The lamp lights up with power equal to 10 W.

The lamp lights up with power greater than 10 W.
The lamp blows.

o0 w >

37 The metal casing of an electric heater is earthed. The live wire of the heater is connected to a
correctly-rated fuse.

The cable to the heater becomes so worn out that the live wire makes electrical contact with
the case.

What happens next?

The current flows to earth and the fuse is not affected.
The fuse melts and switches off the circuit.

The metal case becomes live and dangerous.

The metal case becomes very hot.

OO0 wm >
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38 The cost of 1.0 kWh of electricity is 20 cents. What is the cost of electricity of using a 2000 W
heater for 3 hours and 3 minutes?

A 61cents B 122 cents
C 163 cents D 2120 cents

39 Four parallel lengths of bare wires, P, Q, R and S are created by wrapping a gold wire around
two vertical wooden poles. The gold wire is connected to a switch and a 12 V d.c. battery.

S ~—4

-

— 12V

»n o (O [T

When the switch is closed, which of the following is correct in terms of attraction and repulsion
between wires P & Q and Q & R?

P&Q Q&R
A attract attract
B attract repel
C repel attract
D repel repel

40 Electric power cables transmit electrical energy over large distances using a high voltage,
alternating current.

What are the advantages of using a high voltage and of using an alternating current?

advantage of using a high voltage advantage of using an alternating current

A a higher current is produced in the the resistance of the cable is reduced
cable

o a higher current is produced in the the voltage can be changed using a
cable transformer
a lower current is produced in the the resistance of the cable is reduced

c cable

D a lower current is produced in the the voltage can be changed using a
cable transformer

End of paper
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Section A
Answer all the questions in this section

Fig. 1.1 (not drawn to scale) shows the side view of a steel ball 2.0 kg suspended by 2 strings
attached to the ceiling. String 1 and string 2 are 35° and 55° from the vertical respectively.
The tensions in strings 1 and 2 are T4 and T2 respectively.

t

Fig. 1.1 (Side view)

(a) State and explain if the ball is at equilibrium. [2]

(b) Calculate the weight of the ball. [1]

(c) Draw the weight and label it as W in Fig. 1.1. [1]
2
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(d) By drawing a scaled vector diagram below, determine the magnitudes of tension T4
and tension Ta. [3]

Tension T4

Tension T

3
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2 Arrock is travelling in a straight line downwards at high speed in air when it enters a deep pond.
Fig. 2.1 shows the speed-time graph of the rock from time t = 0 s to time t = 50 s.

14000
Speed /

mm s 12000

10000

.

8000

pd

6000

.

4000

2000 B

0
0 10 20 30 40 50 time t/s

Fig. 2.1

(@) On Fig 2.1, mark on the graph with a point and label it D, when the rock has increasing

deceleration. [1]

(b) Calculate the deceleration of the rock at t = 25 s. [2]

(c) Describe and explain what happens to the motion of the rock att =40 s. [2]
4
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3 Fig. 3.1 shows a 600 N man standing on the second rung of a 25 N ladder.

A
Re
80 cm
: |
I 40 cm R |
P 90 cm =:
|
R v |
600 N 25N
Fig. 3.1
(a) State the Principle of Moments. [2]
(b) Calculate the normal reaction force Re. 2]

(c) The man climbs up the ladder. State what happens to the position of the centre of gravity
and the stability of the man-ladder system. [2]
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4

Fig. 4.1 shows an experiment to analyse the motion of a 5.0 kg stone dropping from rest from
two very different heights from the ground. In this experiment, air resistance is assumed to be

negligible.
stone ‘

Fig. 4.1

(a) Define gravitational field strength. [1]

(b) The stone is dropped from a height of 40 m from the ground.
On the axes given in Fig. 4.2, sketch the graph of the
(i) gravitational potential energy, label it as P, of the stone against the height, h from

ground, and
(ii) kinetic energy, label it as K, of the stone against the height, h from the ground.  [3]

The graphs drawn should clearly show the relationship between P and K. No numerical
value is required for the graphs.

A

Energy /)

0 Fig. 4.2 h/m
(c) The gravitational field strengths of the Earth at heights of 40 m and at 40 km are 10 N kg™’
and 9.7 N kg™ respectively.

Calculate the change in potential energy of the stone when it falls from 40 km to 40 m. [2]

6
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5 Fig. 5.1 shows the landscape of a mountain. The reading of a mercury barometer at the foot of the
mountain is 76.0 cmHg. On point P, the summit of the mountain, its reading drops to 70.0 cmHg.
The density of mercury is 13 600 kg m™ and the density of air is 1.23 kg m=.

Fig. 5.1

(a) Calculate the height of the mountain. [3]

(b) Explain in terms of molecules, why the boiling point of pure water is not 100 °C at point P.

[2]
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Fig. 6.1 shows an uncalibrated mercury thermometer first placed in a plastic box with 300 ml of
crushed ice. After 10 seconds, the height of the mercury column was marked with a thick blue
marker. The uncalibrated thermometer was then placed in 500ml of hot water heated over a
stove at a constant 80 °C. When the height of the mercury column had stabilised after 2 minutes,
the new height of the mercury column was marked with a thick red marker. The length between
both markings were then divided into divisions of 10 °C and marked accordingly.

Mercury column i >
—

- D -

Crushed ice Hot water at
at0°C 80 °C

Fig. 6.1

Suggest three ways you can improve this calibration process. [3]

8
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7 Fig. 7.1 shows a negative charged metal plate X, an uncharged metal plate Y and a connection to
earth. Plate X and Plate Y are on insulating stands.

Plate X Plate Y

Ersrrrrd rrrrrA L

— Connection to the earth

Insulating stands

Fig. 7.1
(a) Explain what is meant by electrostatic induction. [1]
(b) Explain why insulators cannot be charged by electrostatic induction. [1]
(c) With the aid of the apparatus shown in Fig 7.1, describe clearly the steps to obtain a
positively-charged plate Y. [2]
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8 The graphs in Fig. 8.1 show the relation between the current, | and the potential difference, V for
a resistor and a lamp.

(a)

(b)

(c)

I/A 6

5 T _——

4 lamp soas

3 7 > >

/" >
2 resistor
1 e
/ >
0 & VIV
0 1 2 3 4 5 6 7 8 9
Fig. 8.1

State and explain, for the resistor and the lamp, if they are ohmic. [3]
RS S 0T & et e
0= T o ] o
Using Fig. 8.1, determine the potential difference across the lamp when it has the same

resistance as the resistor. [1]

The lamp is connected in series with the resistor and powered by a 7.6 V d.c. supply as
shown in Fig. 8.2.

7.6 Vd.c. supply
—0 o0—

&

Fig. 8.2

Using Fig. 8.1, determine the resistance of the lamp in Fig. 8.2. [2]

10
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9 A student finds an old iron bar and a magnet in a drawer.

(a) Ironis a magnetic material. State two properties of a magnetic material. [2]

(b) He brings the iron bar near to a permanent magnet as shown in Fig. 9.1. The iron bar is
attracted by the permanent magnet.

Iron bar N Permanent magnet S
Fig. 9.1
(i) State the material the permanent magnet is made of. [1
(i) Explain how the iron bar can be attracted by the permanent magnet. [2]

(c) Describe, with an aid of a diagram, how you would de-magnetise a magnet using the
electrical method. [3]

11

www.KiasuExamPaper.com
91



Section B
Answer all the questions in this section.

10 (a) Fig. 10.1 shows an experimental set-up in which electrical energy from a heater is used to
produce a measured rise in temperature of a liquid.

d.c.supply

_®‘

1
|
HA

1Y
Fig. 10.1

i ILJIIE

I

stopwatch

The room temperature is 30 °C.

(i) Explain why the heater is placed at the bottom of the liquid. [2]

(ii) The temperature of the liquid reaches 38 °C from room temperature in 12 minutes
after the d.c. supply is switched on. The voltmeter and ammeter readings are 20 V
and 5.0 A respectively. Calculate the combined heat capacity of the liquid and the
container. [2]

(iii) A student suggests that in order to improve the accuracy of the heat capacity
calculated in part (ii) above, the liquid and the container should be first cooled to
26 °C and the d.c. supply switched on until the temperature is 34 °C. Do you agree
with the student’s suggestion and why? [2]

12
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(b) Fig. 10.2 shows a graph of image distance against object distance of a converging lens.

Image distance / mm
BU

70

60

50

40

WA

20

10

0
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0

Object distance / mm

Fig. 10.2

(i) A student places an object 30.0 mm from the lens. State 3 properties of the image
formed. [2]

(ii) Using Fig. 10.2, determine the focal length of the lens. Explain your answer using
either drawings, words or calculations. [2]

13
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11 (a) LASER is the acronym for Light Amplification by Simulated Emission of Radiation.
Fig. 11.1 shows different brands of laser guns for industrial use and their specific
wavelengths. All laser guns emit electromagnetic waves.

An enthusiastic laser user sorts out the different brands of laser guns into Types |, Il
and Il

He also discovers that the Red Beam laser gun emits a bright, red light.

(i)

(ii)

Type brand of laser gun wavelength/x 10" m

| Trace 3.2

Eagle Eye 4.9

| Fire Fly 5.5

Red Beam 6.3

1] Sparrow Beak 9.8

Fig. 11.1

State the type of electromagnetic waves emitted by Type |, Type Il and Type Il laser
guns in the electromagnetic spectrum respectively. [2]
TP | o e e
Y Ll e e
TYPE [l o e e e e

State and explain which brand(s) of the laser guns listed in Fig. 11.1 can be used in
a vacuum environment? [2]

14
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(b) A battery of em.f. 12 V, is connected to a light-dependent resistor (LDR), a lamp, two fixed
resistors and ammeter as shown in Fig. 11.2. The resistances of the LDR is 180 Q and 1800
Q in bright and dark conditions respectively.

— O —

12V

20 Q U TE

60 Q

X

Fig. 11.2

(i) In bright condition, the ammeter reads 0.66 A. Calculate the resistance of the lamp in
bright condition. [3]

(ii) The room is getting darker.

1. State and explain, if any, the changes in the brightness of the lamp. [2]
2. State the changes if any, in the reading of the ammeter. [1]
15
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12 Either

(a) Fig. 12.1 shows the top view of two wires X and Y.
These wires carry equal currents vertically downwards through a piece of cardboard.

® . ®
cardboard
Fig. 12.1

In this question, ignore the effects of the Earth’s magnetic field.

(i) On Fig 12.1, draw a complete magnetic field line that passes through point A due to
the current in wire X. Mark the direction of this field line. [2]

(ii) Point B is midway between the two wires.
State and explain the direction of the magnetic field line, if any, at point B. 2]

The current in wire Y is increased while the current in wire X is kept constant as before.

(iii) State the direction of magnetic field at point B now. [1

16
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(b) Fig. 12.2 shows a simplified d.c. motor.

magnet

split-ring commutator

carbon brush

~—
Fig. 12.2
(i) State the functions of the magnet and carbon brush. 2]
1= e =
CarbON DrUS & .
(i) Explain why the coil can turn continuously in the same direction. [3]
17

www.KiasuExamPaper.com
97



12 OR
(a) Fig. 12.3 shows an anemometer, a device for measuring the speed and force of the wind.

/®
= spindle

ﬂ[ =]

Iy

g CRO
soft iron
TP L
Nddddddd
Fig. 12.3
@
@

The cups rotates about the spindle when a wind blows. The stronger the wind, the faster
the spindle rotates. The spindle is also attached to a permanent magnet which is near a

solenoid whose ends are connected to Cathode Ray Oscilloscope (CRO).The period of

rotation is 0.50 s.

(i) Explain why an alternating electromotive force (e.m.f.) is produced in the oscilloscope
when the spindle rotates. [2]

(ii) The peak voltage of the induced e.m.f. is 0.40 V.

1. On Fig. 12.4, sketch the graph you will observe in the oscilloscope when the
magnet rotates. The oscilloscope has a Y-gain of 0.10 V/div and a timebase of
0.10 s/div. [2]

1 division

f

Fig. 12.4

2. On Fig 12.4, mark the instant when the magnet is in the position shown in
Fig. 12.3. Label it as A. [1]
18
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(iii) A semi-conducting diode is connected in series to the CRO as shown in Fig. 12.5.

L spindle

4 7

|| =

soft iron
I A |
’ ° —e—e
To CRO
L)
Fig. 12.5
On Fig. 12.6 below, sketch the graph shown on the CRO. 2]
1 division
Fig. 12.6
19
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(b) Fig. 12.7 shows a schematic diagram of a transformer.

Fig. 12.7

(i) State whether it is a step-up or step-down transformer. 11

(ii) State one factor that will reduce this efficiency of a transformer and describe how you
would improve the efficiency. 2]

[End of Paper]

20
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NAN CHIAU HIGH SCHOOL
Sec 4 Express Physics Papers 1, 2 and 3 Solutions
2022 Preliminary Examination

Paper 1 (40 marks)

1 2 3 4 5 G [ 8 g 10
C C B C A A C B C C
11 12 13 14 15 16 17 18 19 20
A B B C A B L C D C
21 22 23 24 25 26 27 28 29 30
A B B B [ [ ] A [ B
3_1 32 33 3;4 3;5 36 37 3_8 3:9 el_ﬂ
B C C 1] B A B B ] ]
Paper 2 Section A {50 marks)
Question Answer Remarks
1 a > The ball is at equilibrium as 74 BN A B1
> it is at rest, no resultant moment! no resaftant forces Petationary § not B1
MYoWing.
b W =m.g = (2.0).(10) = 20 N (2sf)
C e T Fa T The force must
. e & @f'ﬁ? | il
! centre of the
n35% e . ball and painting
T \( . / downwards.
&k
I
|
F
W
1
"d | Deduct 1 mark
lem=10N each for:
-No, wrong
| o AITows;
- Dt of rangs;
~ -Diagram too
Ti=164N small,{minimu
m 1cm:2N
T=115N -Wrong
orientation
*2 or 3zfis
accepied
20N
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D should be

a
betwesn 12 to
14000 18 s=cs
Speed !
m st 12000+
10000+
8000
=1n)iln
4000
2004
o
]
b (23, 8000}, (31, 4000) M1
acceleration = change of speed ! ime taken
= (4000 — 2000) / (31- 23)
=-500 mms®=-050m s~ Al
Deceleration = 050 m 572
allowance for ermor 0.48 0D mie2 & 2
o > The rock is likely to have Aitthe botom of thay p:l'u::l as B1 (position)
> its speed changesfiom 2.0 ms® to 0 in an exiremely shorbtime, speed is | B1 {(moticn)
Zero, not moving (etcofihe same meaning)
a When an c-t;ect i at gglﬁ!nm the sim of clockWise maoments about any | B1
Qi equal to thessem afsnt-clockvise moments sboutfie Zgmepoint, | B
b Sum of anti-clockwise moments.s swm of clockwise moments
S0.Re = [«0).(25y+(80-20).(a00) M1
ReSW M= 78 N (2 sfiy, A1
o The positar of the centre d’gra'-.rl"ly o ihe man-ladder system will gze and | M1
the system to be |ass siabla A1
"do mabaccept 306G norease” B85 3 position cannot increase.
reasoning of System to becless stable must be cormect also.
a The force perurri mMass anhng ohan object under gravity.
bi and i NV il 1m for both
ki s shapes correct
|._|“‘ N
£ 1m for both
- labels P and K
= comact
/’F H"H 1m for total
- energy is
0 h/m constant
c GPE at 40 m = m.g.h = (5.00.(10).(40) = 2000 J {both gpe must
GPE at 40 km = m.g.h = {5.0).(2.7).(40 000} = 1,940,000 J be comect to get
Tm}
Difference in GPE = 1,840,000 — 2000 = 1,938,000 = 1,900,000 J (2 sf) 1m
a (h.p.glar + (h.p.g}H at posttion 7= (. p.g ) Hg 2 ook of mountain M1
har{1.23).(10) = (D.780 — 0_700).(13800).(10) M1
har = 383 m A1

(Mo marks will be awarded if students only state pressure difference as 8.0
cm Hgl
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As point P has a lower aimospheric pressure than at sea level, the
malecules do not need o overcome so high downward force exerted by the

Aimgephers pressyre than when itis at sea level, so less energy is needed
to boil water a point P, so water boils at a lower temperature.

Mote:

energy required to overcome intermolecular forces of attractions at P and
at the foot of the mountain is constant thus the assumption by most students
that less energy is required to owvercome the intermolecular forces of
attraction at P is incomect.

1m

¥ The marker is too thick, thinmer markers should be used.

¥ Should divide the length into 100 equal divisions of 1 %C, not & divisions.

¥#5Should use boiling point of water instead of 80 °C as it is not easy to
reproduce exactly 80 %C.

Flce point was marked after only 10 s which is too fast, should mark afier
at least 2 min for the reading to be stabilised.

¥#Placimg the thermometer above the boiling @ the steam and not

inside the hot water.

Do not accept -
= use purg ice as 0 deg C is stated in t #
> use equal massivolume for O deg C icefue or B0 deg C water as
it does not affect the temperature
#* repeating the experiment is not
the setup

> Any methods to reduce

1 m for each
point, max 3
marks

It is & process of charging a
body and the cnndﬁr.

,.QQ o‘“

r bu}d"lnt touching Plate .
plﬁneﬁ earth wire first, then
Py
: 3 from Plate .

1m

) o
i i through the ongin or Current is
'_nal to ge esistance is constant.

is o line or Current is not directly proportional to
r R creasing.

Minus 1 m for
each wrong!
missing part

Max minus 3 m

ig blihe resistamces of the lamp and of the resistor are equal

induced g South gole and lefi-hand side g Morth pgle. As unlike poles atiract
and like poles repel, the atiractive forces between the Morth pole of the
permanent magnet and the South pole of the imduced magnet is stronger
than the repulsive force between the Morth-pole of the permanent magnet

b
l:where ' graphs intercept) when the lamp has pd of 7.0 V' (2 =f) and
current OF 4 5 A&
c ¥From Fig. 8.1, when the total pd is 7.6 V' and when curment is the same
for lamp and resistor, current of lamp is 3.0 A and pd across the lamp is
3.0W.
FResistance of lamp=30WV/30A=1010
4 It can be aftracted by magnets. i
¥ It can be made to be magnets (or be magnetisad). 1 m
bi Steell Cobalt’ Lodestone/ Mickel
bii As the iron bar is placed near the permanent magnet, its right-hand side is

3
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and North-pole of the induced magnet as the distance between the unlike
poles are smaller, so there is a net attractive force.

¢ solenoid (600 turns) N gi%:g;qcorrect
|
=k
12V a.c.
O~ 0O
> Place a magnet inside a solenoid connected to an alternating current | 1 m
(a.c.) supply
> Without switching off the current, withdraw the magnet slowly in the East- | 1 m
West direction.
Paper 2 Section B (30 marks)
10 ai When the heater is placed at the bottom, it heats upthe liquid at the
bottom. The liquid expands and becomes less denseé., it then rises to
the top. The colder, denser liquid sinksdo the botiom. This creates a
convection current in the liquid and willensure the heat is distriputed
evenly.
aii IV.t=C.A0
C= (V.0 /A8 W
=(5.0).(20).(12).(60) /(38 — 30) A1
=9000J/°C
Deduct 1
mark if uses
min or hour
for time
aiii > Yes, the'stlident is right, , Max 2 marks
> From 26°C to 30 °C*(room temperature), the.liquid gain heat from the
surrounding and from 30 °C to 34°C, the liquid lose heat to the No mark if
surrounding. stated yes but
> The heat gained and.loss frem and ¢d-the surrounding can potentially with wrong
cancelled off and'the heat-éapaciticaiculate will be more accurate. reasons.
bi >Real 1 m for 2
> Dimini§hed correct, 2 m
v for 3 correct.
bii >f= 10 mm.
> When object distance is 20 mm, image distance is also 20 mm, this means
that thézobject size is equal to the image size, which means the object is
placed at 2f from lens. So since 2f = 20 mm, f = 10 mm.
>1f=1/u+ 1l
1/f=1/30 + 1/15
f=10 mm
11 ai > Type | : ultraviolet radiation 1 m for 2
> Type Il : visible light correct, 2m
> Type lll : infrared radiation for 3 correct
Aii All the brands can be used in vacuum as all electromagnetic waves can

travel in vacuum.

4
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bi Ice (through LDR and 20 Q resistor) =V /R
=12/(20 + 180)
=0.060 A B1
Ice (through lamp and 60 Q resistor) = 0.66 — 0.060 = 0.60 A
leoo =V/R=12/60=0.20 A B2
Therefore liamp =0.60 — 0.20 = 0.40 A
Rlamp=12/|lamp= 12/0.40=30Q A1
Alternatively,
V/1=[1/(20 + RLpr) + 1/60 + 1/Riamp]”’ Deduct 1 m
for each
12/0.66 = [1/(20+180] + 1/60 + 1/Rjamp]" mistake
18.18 =[0.00500 + 0.0167 + 1/Riamp]"
0.055 =0.0217 + 1/Riamp
0.0333 = 1/Rlamp
Rlamp =30Q
bii1 No change in the brightness of the lamp as both potential difference and
resistance of<the lamp remains unchanged so power of lamp remains
unchanged too.
bii2 The current measured by the ammeter.decrease.
12 ai
Eith
er
. ®
wire
cardboard
aii >There is no.magnetic field at point B Need to
> becauserthie magnetic field due to wire X at point B is downwards and the | mention either
magneti¢-field due to wire Y at point B is upwards. Since point B is at the | equal
midpoint of wires Xand Y and both X and Y carry the same amount of current, | magnitude of
there is no magnetic field at point B magnetic field
strength/equal
current or
mention
direction of
magnetic field
strength due
to wire X and
wire Y to get
the second
mark
aiii Upwards

Do not accept “clockwise” as it can be either upwards or downwards.

5
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i Magnet : to provide magnefic fisld
Carbbon brush : to make contact bebween the slip rings and the external circuit
(Do mot accept “to conduct electricity™)
Liii Fram Fleming Left-hand Rule, the right-hand side of the coil experiences a
*When the coil is at the vertical orientation, there is no current flowing in the
T he | - ; T - ko
»once the coil crosses the vertical orientation, jhe force aofing the righi-hand
side of the coil will be dowmward and lefi-hand side upwards, so the coil can
turn clockwise continuously.
12 ai ¥* Based on Faraday's Law of Electromagneticdnduction, when the magnst
Or rotates, the changimg magnetic flux throwugh the seft iron core causes a
change in magnetic flux linking the coil, an e Mdisinduced across the coil.
¥ As the M-pole of the magnet approachesthe leftarm afthe soft iron, by
Lenz’ Law, the induced current in the goiwill produce amagnetic field to
oppose the chamge in magnetic flux, thds the l=ft of the coil will be a Morth
pole, likewise, as the M-pole of the megret moves away from A, based on
Lenz's Law, the induced curment in the eoil'will gensgata 3 magnetic fisld
with a South pole at the left of el
Thus, an altemnating e.m.f is‘induced imthe coil
ai & | | | "= comact peak
aii 3 7 ' voltage - 1 m;
JI,-"I ¥ i - M= comect
] - |_'- .I_|. F period © 1 m;
[ | { o Deduct 1 m
Hh— 11 | 1 - .
5 | { : for wrong
il B T | ! shape.
Ty,
| 1.,...!'_|.. r_._t_;..l &7 can be
I__ . JFRE 40 B _AF) any paint on
‘I_ | _l_ | b, | ! the graph
| '|_| | - when the
] induced emfis
0.
ain L| A ol Shape:1m
B ] ,‘:}" Gy Period and
L/ 1 T | amplitude : 1
.‘1 r | l J:T | I; | g -y .
— et r ecf fram aii for
X wrong
! amplitude,
| wrong pericd
| Qi Wraing
| | shape
bi Step-up transformer
bviii > Copper loss : use shorter, thicker wires OR

*Magnetic flux leakage - use soft inon core o have better flux linkage OR
*Loss due to Eddy current © use laminated iron core instead of one thick iron
core OR

> Hysteresis loss - reduce input scurce freguency.

6
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1 The light year is defined as the distance light travels in 1 year.
Which of the following is the nearest estimate of 1 light year in gigameters (Gm)?
A 100 B 1,000 C 10,000 D 10,000,000

2  Atrain sets off from a station at time t = 0 s. The graph shows how the displacement between
the train and the station varies with time.

A
displacement

0 - .
0 t, tr time t

Which statement about the movement of the train between time t; and t; is correct?

Its speed is decreasing and it is moving away from the station.
Its speed is decreasing and it is moving towards the station.

Its speed is increasing and it is moving away from the station.

OO0 w >

Its speed is increasing and it is moving towards the station.

3 A student investigates the motion of a ball rolling down a slope. The diagram shows the
speed v of the ball at different times t.

t=0s
v=0cm/s

t=0.2s
v=28cm/s
t=04s

v=51cm/s t=0.6s
v=7.0cm/s

ball

Which statement describes the motion of the ball?

The velocity is constant.
The speed is decreasing.

The acceleration is constant.

OO0 w >

The acceleration is decreasing.
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4  An object is pulled across a table at constant speed with an applied force of 7 N.
The applied force is increased to 14 N and the object now has an acceleration of 3.5 m / s2.
What is the mass of the object?

A 0.70 kg B 1.4Kkg C 20kg D 4.0kg

5 A player hits a ball with a racket. The action force is the impact of the racket against the ball.

What is the reaction to this force?

the force of the ball against the racket
the weight of the ball

air resistance on the ball

oo w >

the grip of the player’s hand against the racket

(<2]

An object that has a mass of 15 kg on the Earth is taken to the Moon.
The gravitational field strength g on the Earth is 10 N / kg and on the Moon is 1.6 N / kg.

What are the mass and weight of the object on the Moon?

mass / kg weight / N
A 15 24
B 15 150
Cc 24 15
D 150 24

7 5000 kg of iron is melted and mixed with 2.0 m® of molten copper. Density of iron and copper
are 7500 kg / m® and 9000 kg / m?® respectively.

What is the approximate density of the mixture?

A 83kg/m?d B 7500kg/m3 C 8300kg/m?3 D 8600kg/m3

8  The diagram shows four containers made from glass of uniform thickness.

Which empty container is the most stable?

AvelliN
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9  An athlete with weight 700 N trains by performing press-ups with a load on his back.

The diagram shows the perpendicular distances involved. The centre of gravity of the athlete
is Cvand the centre of gravity of the load he is carrying is Cv.

0.1m 0.3m 0.9m

The weight of the load is 60 N.
What is the upward force exerted by his two arms?
A 54N B 76N C 540N D 760N
10 A closed U-tube is fitted to a gas supply with nitrogen in the left arm. In the right arm, there
is helium gas at pressure P. The gases are separated by mercury of density p, with the

heights of the mercury columns shown in the diagram.

gas tap closed end

N

gjgply %D: ﬂ _|_—helium
A T -

nitrogen — |

M mercury

Acceleration of free fall is g and atmospheric pressure is Pam.
What is the pressure of the nitrogen gas?
P — pgx

P + pgx
Patm + pgx

oo w >

P + Pam + pgx
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11 The diagram below shows the side view of 4 circular containers. Equal depth of water is
added into the 4 containers.

W X Y \ V4

“—d—> «d>» <«——> ——2q —P

Which of the following statements is correct?

The water exerts the most pressure on the bottom of container X.
The water exerts the most pressure on the bottom of container Z.

The water exerts the same force on the bottom of each container.

oo w >

The water exerts the same pressure on the bottom of each container.

12 A ball of mass 30 g is dropped from a height of 30 m. As it falls, 25% of its initial gravitational
potential energy is transferred to thermal energy.

The gravitational field strength g is 10 N / kg.
What is the speed of the ball just before it hits the ground?

A 6.71m/s B 122m/s C 21.2m/s D 245m/s

13 Sam exerts a horizontal force of 800 N on a box. Frictional force acting on the box is 200 N.
If it takes 5.0 s to move the box 4.0 m, what is the average useful power?

A 120W B 480W C 640W D 800W
14 When one junction P of a thermocouple is placed in melting ice and the other junction Q in
pure boiling water, the emf is 6.0 mV.

Junction Q is removed from boiling water and placed in a liquid bath at constant temperature
while P remains in ice. The emf is now —1.5 mV.

What is the temperature of the liquid bath?

A -75°C B -25°C C 25°C D 75°C
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15 Gas inside a vessel is heated slowly to a higher temperature. The pressure inside the vessel
remains constant as the frictionless piston moves upwards.

m\\“&\m— movable piston

gas molecules —— .|
"+ ——vessel

How do the speed of the gas molecules and their rate of collision with the piston compare
with their initial values at the lower temperature?

speed of molecules rate of collision
A increases increases
B increases decreases
C increases stays constant
D stays constant increases

16 Four metal containers, with identical dimensions, are filled with water at 90 °C. All the faces,
except one, of each container are covered with a very good insulator. The one exposed face
on each container is painted either black or white.

In which container does the water cool the fastest?

A B
large face large face
painted black painted white
| |
| |
| |
water water_ __________________
C D
small face small face

/ painted white

i P painted black
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17 The diagram shows the heating curve of a substance in solid phase that is initially at -8 °C.
It is known that the heating source provides constant amount of energy to the solid.
Heat losses to the surroundings are negligible.

T/°C 4

100 —

1

]

|

|

I

1 *» t/min
4 12 40

Assuming there is no loss in mass, which of the following statements is true?

The melting point of the substance is 100 °C.
The substance changes from solid to gaseous phase at 16 °C.

The specific heat capacity is greater for the liquid phase than the solid phase.

oo w >

The specific heat capacity increases linearly during the solid phase.

18 A 2.0 kW heater is used to heat a copper block of mass 3.0 kg for 9.0 s. The temperature
change of the copper block is known to be 15°C.

What is the heat capacity of an identical copper block of mass 0.10 kg?
A 40J/K B 120J/K C 400J/K D 1200J/K

19 The diagram shows a scale drawing of a road with a plane mirror AB mounted across the
corner of a 90° bend. P, Q and R respesent three cars approaching the bend.

A
| mirror
observer d
G B
@) @)
P Q
O
R

At this instant, which car(s) can the observer see through mirror?

A PandQonly B P and Ronly
C QandRonly D P,QandR
www.Kiagt?é‘?aanal)%r.com
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20 A monochromatic light travels from X to Y through a block made from two different types of
glass, P and Q as shown in in the diagram.

21

material Q

Y

/ material P

Which of the statement is true?

A

Material P has a lower refractive index than material Q hence the speed of light in
material P is faster.

Ray Y will be refracted away from the normal as it enters to material Q.

Material Q has a lower refractive index than material P hence the speed of light in
material Q is slower.

Ray Y will experience total internal reflection as light ray is travelling from optically
denser medium to less dense medium.

Two parallel rays of light pass through an isosceles glass prism with refractive index 1.5.

O

PN ¢

Which of the following statement is correct?

oo w >»

Refraction occurs at the base of the prism.
The angle of incidence i is less than 41 °.
An object viewed through this prism in this way will appear upside down.

An object viewed through this prism in this way will become smaller when the observer
moves further from the prism.
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22 The diagram shows a converging lens projecting an image of an illuminated object.

lens
object X 1
A
Y
image
V4 y
A\

Which ray(s) is/are correctly drawn in the diagram above?

ray X only

ray Xand Y

A
B ray Y only
C
D rayX YandZ

23 Alongitudinal wave is set up in the air in a tube that is closed at one end.

At a particular instant of time, the positions of a row of particles along the axis of the tube are
shown in the diagram. The particles in the row were initially evenly spaced.

Which of the following diagrams best represents the displacement of the particles in the tube
from their undisturbed positions?

A x> i i
R S

e

P I . W T . T
LY N A W

D 3 N N N L,
L N W
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24 A stone is dropped at point X into a pool of varying depth. The diagram shows the first three
wavefronts on the surface of the pool.

The region between X and which labelled point is likely to be the deepest?

B
wavefronts
A
(o
D
25 A VHF radio station broadcasts at a frequency of 98.0 MHz.
What is the wavelength of the radio waves?
A 3.06m B 6.12m C 1.20x10°m D 3.06x10°m

26 A student plays a note on the piano. He then plays a second note that is softer and of a lower
pitch.

How do the amplitude and frequency of the second note compare to the first?

amplitude frequency
A larger lower
B larger higher
C smaller lower
D smaller higher

27 Y and Z are light bulbs with filaments made from tungsten.The filament of lamp Y is thicker
and shorter than the filament of lamp Z.

When connected to the mains individually, which is the brighter bulb and which bulb has a
larger resistance?

brighter lamp larger resistance
A Y Y
B Y Z
C Z Y
D Z Z
www.KialgaE?(grg lgéagr.com
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28 Two neutral conductors X and Y on insulating stands are initially in contact. A positively
charged rod is placed near X. The spheres are then moved apart.

X Y

What is the charge on Y?

negative and smaller than that on X
negative and the same size as that on X
positive and smaller than that on X

oo w >

positive and the same size as that on X

29 The graph shows how the current in a non-ohmic conductor depends on the potential
difference across it.

A
current/ A
Z
Y
» potential difference / V
Which is correct at point Y and Z7?
temperature of resistance of
conductor is conductor is greater at point

A higher at Y Y

B lower at Y Y

C lower at Z Z

D higher at Z Y4
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30 Circuit 1 shows a resistor connected to a battery, an ammeter and a voltmeter. The ammeter
reading is 0.5 A and the voltmeter reading is 3.0 V.

A second identical resistor is now connected in parallel with the first resistor, as shown in

circuit 2.
- ——
® ®

o o
W W)

] T

circuit 1

-

circuit 2

What are the ammeter and voltmeter readings in the circuit shown in circuit 2?

ammeter reading / A voltmeter reading / V
A 0.5 3.0
B 0.5 6.0
c 1.0 1.5
D 1.0 3.0

31 A battery is connected to a network of six resistors, as shown.

1.2V 22V
41V 12V
__i__ IJ I
3.7V R
1 T

The potential differences across five of the resistors are labelled on the diagram.
What is the potential difference across resistor R?

A 44V B 46V C 66V D 112V
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32 The metal case of an electric heater is earthed. The plug to the heater contains a 5 A fuse.
There is a current of 4.0 A when the heater works normally.

The cable to the heater becomes so worn that the live wire makes electrical contact with the
case.

What will happen?

The current flows to earth and the fuse is not affected.
The fuse melts and switches off the circuit.
The metal case becomes live and dangerous.

oo w >

The metal case becomes very hot.

33 An electric vehicle has a battery that can supply 70 kWh of electrical energy.
The vehicle was charged using a charging station that supplies electrical energy at 11 kWh
every hour. The cost of charging is $0.50 per kWh. Assume the rate of charging to be
constant.

Which is correct when the vehicle is charged from 20% to 80% of the battery’s capacity?

charging duration / h charging cost / $
A 3.8 21
B 6.4 35
C 3.8 5.5
D 6.4 3.3

34 A steady current is passed through a solenoid.

o

R
] o [ ]
=} Q S

P, Q, R and S are four points near the solenoid. P, R and S are outside the solenoid.

Which row indicates a possible direction of the magnetic field due to the current?

P Q R S
A - - —> -
B —> <« —> —>
Cc - - <« -
D <« - —> <«
WWW. Kialgag?(gr% lgéagr.com
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35 Three long vertical conducting wires have the same amount of current flowing through them
in the direction shown. The distance between the wires are the same.

wire1 wire2 wire3
What is the direction of the resultant electromagnetic force acting on wire 2?
resultant electromagnetic force is zero

to the right

A
B perpendicular to the plane of the paper
C
D tothe left

36 The diagram shows a two-pole single-coil electric motor. The split-ring commutator reverses
the current in the coil as it rotates.

axle
i

A
d.c. supply

How many times is the current reversed if the coil is rotated 360° from the position shown?

A 1 B 2 cC 3 D 4

www.KialgaE?(gr% lgéagr.com
122



Nan Hua High School

Preliminary Examination 2022 Physics 6091/1

37 A magnet is dropped vertically through a copper ring.

copper ring

=

Which of the following statements is incorrect?

A current flows in the ring just before the magnet passes through the ring.
A current flows in the ring just after the magnet passes through the ring.
The magnet slows down just before it passes through the ring.

oo w >

The magnet accelerates just after it passes through the ring.

38 The diagram shows an a.c. generator.

With the coil in the position shown as the starting point, when does the induced e.m.f.
becomes maximum?

when the coil has rotated 45°

when the coil has rotated 90°

when the coil has rotated 135°

oo w >

when the coil has rotated 180 °
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39 An ideal transformer has a primary voltage of 600 V and a secondary voltage of 240 V.
The secondary coil is attached to a resistor of resistance 120 Q.

primary coil secondary coil

240V |:| 120Q

What is the power dissipated in the resistor and the current in the primary coil?

iron core

power / W current/ A
A 120 0.20
B 120 5.0
(o 480 0.80
D 480 1.3

40 A sound wave is detected by a microphone connected to a cathode ray oscilloscope (c.r.o.).
The trace is shown below.

The time base on the c.r.o. is set at 2 ms per division.
What is the frequency of the sound wave?

A 333 Hz B 400Hz C 1600 Hz D 3000 Hz

WWW. Kialgag?(grﬁ lgéagr.com
124



Name: ( ) Class: Sec4/( )

o) B % ¢ %
N, NAN HUA HIGH SCHOOL
PRELIMINARY EXAMINATION 2022

Subject : Physics

Paper 1 6091/02
Level :  Secondary Four
Date : 29 August 2022

Duration : 1 hour 45 minutes

READ THESE INSTRUCTIONS FIRST

Write your name, class and register number in the spaces at the top of this page.
Write in dark blue or black pen.

You may use soft pencil for any diagrams or graphs.

Do not use staples, paper clips, highlighters, glue or correction fluid.

Section A
Answer all questions.

Section B
Answer all questions. Question 11 has a choice of parts to answer.

Candidates are reminded that all quantitative answers should include appropriate units.

The use of an approved scientific calculator is expected, where appropriate.

Candidates are advised to show all their working in a clear and orderly manner, as more marks are
awarded for sound use of Physics than for correct answers.

The number of marks is given in brackets [ ] at the end of each question or part question.

For Examiners’ Use

Section A

Section B

Total

This document consists of 21 printed pages.

www.KiasuExamPaper.com
125



Nan Hua High School
Preliminary Examination 2022 Physics 6091/2

Section A (50 marks)

Answer all the questions in this section.

1 Fig. 1.1 shows a box supported by two spring balances that hang from a rod. The readings on
spring balance 1 and 2 is 26.0 N and 40.0 N respectively.

spring balance 1
26.0N

box

Fig. 1.1

(@) (i) By means of a scale labelled diagram, determine the size of the resultant force of
the two spring balances.

resultant force = [3]
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(ii) State the weight of the object.

weight = [1]

(b) The experiment is conducted, with the same setup, in a lift which is accelerating
downwards at 2.0 m / s?. The gravitational field strength g is 10 N / kg.

(i) Calculate the resultant force on the box.

resultant force = [2]

(ii) State and explain how this affects the size of the resultant force of the two spring
balances in comparison to (a)(i).

[2]

Page 3 of 21
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2 Fig. 2.1 shows a block held on a smooth ramp. It is given a push at time t = 0 s and travels
upwards along the ramp. The block reaches the maximum height and then slides downwards.

block ramp
push -
Fig. 2.1
Fig. 2.2 shows how the velocity of the block changes with time.
W ) L . , ,
4
velocity
m/s .
3 N
2
\\
1
0 - >
2 | & 8 0 time/s
-1 -
-2
Fig. 2.2
(@) (i) State whatis meant uniform velocity.
[1]
(ii) Determine the acceleration of the block.
acceleration = [2]
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(b) (i) Determine the distance travelled by the block when it reaches the maximum height.

distance = (2]
(ii) On Fig. 2.3, sketch the displacement time graph for the block. [2]
displacement / m ‘T : :
56 09 > s
Fig. 2.3

3  Fig. 3.1 shows the cross-section of a submarine that is floating on seawater. The submarine has
a ballast tank that can pump seawater in and out of the submarine.

ballast tank

(a) Explain why the submarine can float when its structure is made of steel which is denser than
seawater.

[2]
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(b) The submarine embarks on a mission.

Describe how the submarine dives underwater and then stays at the same depth below the
water surface.

[3]

4 (a) When a liquid-in-glass thermometer with a linear scale is calibrated, two fixed points are
used, the ice-point and steam-point.

(i) State what is meant by a linear scale.

[1]

(ii) One fixed point is the ice point.

State what is meant by the ice point.

[1]

(iii) In the space provided below, draw a labelled diagram to illustrate the experiment a
student needs to perform to verify if the thermometer’s ice-point is marked correctly.

[2]
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(b) Fig. 4.1 shows a mercury-in-glass thermometer. The thermometer has a linear scale.
e h

- ' )

Fig. 4.1

LY.

At a temperature of 100 °C, h has a value of 28.0 cm. At 75 °C, h has a value of 23.0 cm.

Determine the value of h when the temperature is 15 °C.

h= [1]

5 (a) Fig. 5.1 shows a sealed glass syringe that contains air and many tiny, suspended dust
particles.

syringe

| piston O

Fig. 5.1

/

dust particles

Explain why the dust particles are suspended in the air and do not settle to the bottom.

[2]
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(b) A pump is used to pump up balloons. A valve in the pump becomes blocked, as shown in
Fig. 5.2.
air )
blocked piston
valve /

\ ]
B

direction of motion of piston

Fig. 5.2
(i) The piston of the pump is pushed in. Assume temperature remains constant.

State what happens to the pressure of the air trapped in the pump.

[1]

(ii) Interms of molecules, explain your answer to (b)(i).

[2]

(iii) On Fig. 5.3 sketch the graph of pressure against for the air in the pump.  [1]

volume

&
pressure

- 1
0 ~ volume
Fig. 5.3
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6 Fig. 6.1 shows two rays of red light S and Z as they enter a transparent semicircular plastic block.

plastic

The diagram is drawn to scale.

(a) Explain why the light ray S does not bend as it enters the plastic block.

[1]

(b) (i) Determine critical angle of the plastic.

critical angle = [2]

(ii) 1. On Fig. 6.1, measure and indicate the angle of incidence of lightray Sat O. [1]
2. Hence, on Fig. 6.1, complete the path of light ray S till it leaves the block. [2]
(c) The angle of incidence of ray Z at point C increases gradually to 90 °.

State and explain if ray Z will undergo total internal reflection at point C.

[1]
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7 (a) Fig. 7.1 shows a metal drum inside a photocopier. Initially, the surface of the drum is
insulating and is charged positively. The inside of the drum is made of metal and is
connected to earth. The regions where light strikes the drum become conducting.

original image

clear glass

beam of light

Fig. 7.1

The original image shown in Fig. 7.2 to be photocopied is placed on a sheet of clear glass
above the drum.
An intense beam of light is shone on the original image as shown in Fig. 7.1.

original image
Fig. 7.2

(i) Explain how a charged image of Fig. 7.2 is formed on the drum surface.

[2]

(ii) Charged toner powder is sprayed onto the charged image formed on the drum. The
sheet of paper to be printed on is passed over the drum’s surface.

Explain why the sheet of paper to be printed on should be positively charged.

[2]
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(b) Automobile manufacturers apply the principles of electrostatics to spray paint vehicles. The
paint particles are first charged by friction as it come out of a spray gun and the vehicle to
be painted is oppositely charged from the paint.

List two advantages of the above method.

1.

[2]

8  Fig. 8.1 shows a coil ABCD that can turn between the two poles of a magnet. Bare metal paper

clips support and pass current into and out of the caoil.

current in

fixed /

paper T— N pole current out

eye

Fig. 8.1

(@) The coil rotates between the magnets when current flows through the coil.

(i) State the direction of rotation viewed from the position of the eye.

[1]

(ii) The coil does not rotate continuously. It stops when it is vertical.

Explain why the coil stops at this position.

[2]
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(b) The coil is modified as shown in Fig. 8.2. The top half of the wire from C to the paper clip is
coated with an insulator.

insulator on
top half of wire

Fig. 8.2

(i) Explain why the coil can now rotate continuously.

[2]

(ii) The time taken for the modified coil in Fig. 8.2 to rotate one revolution is T.

On Fig. 8.3, sketch, for two complete revolutions of the coil, the graph of force on wire

CD against time, from the position shown in Fig. 8.1. 1
A
force on CD
0 —
i0.5T: T 1.5T! 12T time
Fig. 8.3
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Section B (30 marks)

Answer all the questions in this section.
Answer only one of the two alternative questions in Question 11.

9 Fig. 9.1 shows a slinky spring used to study the characteristics of a longitudinal wave.

movement of energy

0200

movement of hand and spring

Fig. 9.1

Fig. 9.2 shows the rest positions of particles numbered ‘1’ to ‘13’ on the slinky before it is set into
motion. The subsequent wave produced was found to have a period T of 4.0 s.

5.0 cm direction of wave=
l

S
07008 20 200 L 00 A 1 J0 O 10 I 10 B

Fig. 9.2

Table 9.1 shows the displacement of the particles from the equilibrium positions at timet =0 s.
Displacement to the right is taken to be positive.

particle number | 1 2 3 4 5 6 7 8 9 |10 | 11 | 12 | 13

distance from
first particle 0 5 (10|15 |20 | 25 | 30| 35|40 | 45 | 50 | 55 | 60

d/cm

displacement 4| +3] 0| 3| 4| 3|0 |+3 |+ |+3]| 0 | 3|4
s/cm

Table 9.1

(a) (i) Explain how the data in table 9.1 suggests that the particles are in longitudinal motion.

[2]

(ii) Describe what happens to the distance between adjacent particles, as the wave moves
through the medium.

[2]
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(b) (i) Sketch the displacement-distance graph of the wave at t = 0 s of all the 13 particles.
Take the direction to the right as positive. Label clearly all values on the graph. 2]

displacement/ cm
a

n

d'istance/ cm

(ii) Hence, state the wavelength of the wave.

wavelength = [1]

(iii) Determine the horizontal speed of the wave.

speed = [2]

(iv) Online P, in Fig. 9.3, draw the new position of all the particles attimet=4.0s. [1]

direction of wave

5.0 cm >
2 B4 s e 78 e e it 12 13
.’... ..‘. _‘__‘_ .‘..‘...‘ ..’.. L ..‘.. '...‘..
line P

Fig. 9.3
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10 Fig. 10.1 shows the outline of an a.c. generator.

output

C
rings connected one
to each end of coil

(a)

coil

A
/
_-“'//

__iron core

o

___— bearing

Fig. 10.1

handle to
turn coil

Fig. 10.2 shows the axes of a voltage-time graph for the generator output.

The peak output voltage of the generator is 6.0 V and the output has a frequency of 10 Hz.

-voltage/V

On Fig. 10.2,

Fig. 10.2

1. mark suitable voltage values on the voltage axis,
2. draw a graph of the generator output fromt=0stot=0.2s.
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(b)

(c)

(d)

(i) The generator shown in Fig. 10.1 works by electromagnetic induction.

Explain how this effect produces the output voltage.

[2]

(ii) State the energy changes that occur in the generator when it is producing output.

[1]

In Fig. 10.1, side AB of the coil moves out of the paper as the handle turns.

(i) Draw an arrow on Fig. 10.1 to represent the direction of the induced current in the coil.

[1]

(ii) Explain your answer for (c)(i).

[2]

In Fig. 10.1, the coil rotates between fixed magnets.

However, we can also have an a.c. generator in which magnets rotate with respect to fixed
coils. This type of a.c. generator is called a fixed coil generator.

State one advantage of a fixed coil generator.

[1]
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11 EITHER

(@) An electric kettle consists of two heating elements shown in Fig. 11.1.

The heating elements can be connected to the electrical mains supply of 240 V in various
ways to vary the heating power.

Live
Neutral
heating
elements Earth

Fig. 11.1

(i) On Fig. 11.1, complete the circuit to show the connection of the heating elements that
will give the lowest heating power. [2]

(ii) Calculate the power dissipated in (a)(i).

power = [1]
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(b) A second electric kettle with a single heating element made up of a 200 Q resistor is
connected to the same electrical mains supply of 240 V.

(i) The electrical mains supply of 240 V is protected by a 13 A fuse.

Determine the maximum number of kettles that can be operated on this electrical
mains supply.

maximum number = [2]

(ii) The fuse was incorrectly installed on the neutral wire.
Explain how this affects the kettle’s:

1. normal operation:

[1]

2. safety:

[1]

(c) A third kettle labelled as “240 V, 800 W” is brought overseas and connected to an electrical
mains supply of 120 V.

Calculate the cost of using the heater for 15 minutes each day for a week if 1 kWh of energy
costs $0.40.

cost = [3]
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11 OR

The brightness of a lamp L is controlled using two different circuits.

(a) Fig. 11.2 shows the first circuit that uses a variable resistor X, which can have any value
between 0 Q and 20.0 Q by sliding the jockey J.

A
1 J
10.0 V = X lamp L
40Q B
Fig. 11.2

(i) At the start of the experiment, jockey J of the variable resistor X is at position A.
Subsequently, it is moved towards position B.

State and explain how the brightness of lamp L changes.

[2]

(ii) Jockey J is now placed such that it is at the midpoint AB. The resistance of Lamp L is
5.0 Q.

Calculate the effective resistance of the circuit.

resistance = [2]
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(iii) Hence, calculate the current drawn from the battery.

current = [1]

(b) Fig. 11.3 shows the first circuit being modified.

When no light falls on the LDR, its resistance is 2.0 Q. In dim light, its resistance is 1.0 Q.
The jockey J is at the midpoint of AB and the resistance of Lamp L is 5.0 Q.

1

lamp L

100V ==

4.00Q

Fig. 11.3

(i) Calculate the potential difference across the LDR when no light falls on it.

potential difference = 2]
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(iii) Hence, calculate the current through the LDR.

current = [1]

(c) State and explain the effect if any, on the bulb when the circuit is moved from a dimly lit
room into a closed drawer where there is no light.

[2]
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Answer for Preliminary Examination Physics P1
1 2 3 4 5 [+ 10

— — — -

D D D C A A C B
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Section A
1 (&) (i) appropriate drawing 1
labels + directions of forces 1
resultant =520 N £5% (490N to550N) 1
100 =
52N
40 N
30 a
// &
(i) Weight =520N / 1
by (i) m=520kg ecf Vﬁ]{ii} 1
F=m=a ') 1
= 5_2[] x 1 “ "'.11
N L

(i} The size ’[fﬂﬂ:@‘l twosprin lﬁaanceﬁ would he 1
R

nt foree o ﬁ box, resultant force from 1
eight of box.

2 (a) 1
appropriate
substitution 1
&S |
®) dis E@&Iﬂ-xﬁﬁ 1
N 13mor13.2m 1
(i) shape before 6635 1
+ shape after6.6s 1
displacement |
m l
|
|
|
|
|
|
! » tfs
6.6 9.9
1lIPage
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3  {a) Submarine contains air which is less dense than seawater. 1
Average density of submarine is less than seawater. 1

{h) Todive, submarine pumps in seawater so that average density is more than 1

seawater.
Before it reaches the desired depth, submarine pumps out seawater, 1
50 that at the desired depth, its average density is the same as seawater. 1
4 {a) (i) change inlength of mercury on scale is proportional to temperature 1
change

(i} temperature of pure melting ice (0 °C) 3 = atmospheric pressure 1

(iii) appropriate setup 1

rushed, melting jce 1

Q&
&

o

¢5“
gleeliles hits
%lﬁnti nuously and keeps them suspended 1

du n

e’ &
(b) @) ueéés X\ 1

S _ _ _
(iiiy Th uw\ﬁ air molecules per unit volume in the pump increases. 1
The a'rr\ eculzs collide more frequently with the walls of the pump. 1
(iif) A shape 1
Pressure
1
> volume
2|Fage
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6 (a) The light rays are incident normally at the surface (or i =0%) 1
(h) (i) sin 62° La7 able to calculate n using sini/sinr 1

" =Smar

1
N = —= 147
smc
c=429 1
1. angle of incidence at O is [+ 427°) 1
2. drawing:

« refraction at point O
« bends away from nomal. by sight)

(b) Mo, Ray is travelling from optically less -4,-,! to optically denser 1
7 (a) (1) Darker area of image reﬂectﬁ 5 aldd the dnﬁ’h this 1

region on the drum re
Lighter areas of i image |s region 1

(i) Tonerisn N
i 05|twe a |mage on the 1

ner @HII‘IQ‘I mage on paper.

textbuuh} 1
ra tn the vehicle

(b)

productlun timed more efficient/
gE of paint’ more adhesive /
d) emissions

SS
i

u&h“
8 (a) cl (o) 1
I*' O ~§$
nd CD of coil act through center of coil. 1
Moment e o the oppositely directed force on AB and CD is 7ero. 1
(permp icular distance is zero)

() (i) When the insulated side of the wire is in contact with clip, no current 1
will flow through coil, hence no motor effect (force) on coil due to
current. 1
Coil will continue to rotate in the same direction due to ineria/newton’s
1% |law/momentum.
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(ii) 4
force on CD 1
o —
1 cycle 2 cycles time:

Section B .
9 (a) (i) The negative and positive displacemeg ws thabthe particles are 1

vibrating left and right, /

which is parallel to the motion of theaws owing to the right. 1

(i) The distance between adjacenvparticles inc
and then decreases 10 & -f.‘_'"-fr-
*

by (i) S ARLAAAMMALRES" WgETET amplitude 1
LEI'!E.-D!IE._I:'._L?I'I'IEH mEREE 1 :%}éﬂ wavelength 1

M 11331 L2 L2388 R P 1T

oF B P B E“ .c(:\

RS
r % | gldistancelem
k

i

1
1
1
1
el bl
ine P ISR EREE
tnofe =05 and = 4.0 s will be the same}
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10 (a) 1. -6 Vto6 V labelled, graph is positive and negative 1
2. correct shape (sinusoidal) 1
2 complete waves with 1 complete wave every 0.1 s 1
(b) (i) As coil rotates, it cuts the magnetic field and there is a change in 1
magnetic flux in the coil.
By Faraday’s law, an emf is induced in the coil that changes direction 1
(i) Kkinetic energy (or mechanical energy) is converted to electrical energy 1
and heat energy
(c) (i) OnFig. 10.1: induced current from B > @I - C) 1
(i) By FRHR 1
- magnetic field is downwards, fo appropriate 1
paper description
N

- current perpendicular to bot i
force is from B to A

(d)  Acceptable advantage
. It does not require on bruShes and slipfifigs w wear out and

need to be rep \?§
. Lesslikely t ove atlng a $§®nnection
between slip rbon b has resistance, which

nt

Q@Q

ated i rie connected to C) 1

?& ing \é’
f Ilveﬁe an%, (or A) to neutral wire 1
Power 3 @ §
/ (6Q@, 10083360 W 1
RS

11 EITHER

(@)

®) () es‘“
&\ 12A 1
MaxN r =13/1.2=10.8
=10 (round down) 1
(i) 1. Normal operation of the kettle is not affected. 1

2. Kettle will be a safety hazard, as it will remain live / at a high voltage / at a 1
high electrical potential even after the fuse melts to break the flow of

current.
(c) R=V?/P=240%800=72Q 1
P=V2/R=120%72 =200 W 1
Cost = (200/1000) x (15/60) x 7 x $0.40 = $0.14 1
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11 OR

(@) (i) L becomes dimmer.

Resistance of X decreases and hence effective resistance of X and L
decreases.X in parallel with L share 10 V with 4.0 Q resistor. Hence,

voltage across L will decrease

(i) R of variable resistor X =10 Q
effective resistance = (1/ 10 + 1/ 5)" + 4

=7.3Q
(i) 1=V/R
=10/7.3
=14A
(b) (i) Pdacross LDR=2.0/(2.0+4.0)
—33Vor33///
(i) current=V/R “ O,
=33/2
=1.7Aor

(c) No effect.
Voltage across ncha theQD [
to the bra th the bul
«g’\’

\VQ ’b'\\ c’yﬁ

-X& Q
\
o“"‘ oF
. b@ N
@+ §\\ Q\‘
Q
{2
>
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2

1  What are the Sl base units of pressure?

A N/m?
B kg/m?
C kgm/s?
D kg/ms?

2 The figure below shows the velocity-time graphs of two cars travelling side by side on
a straight level road. The cars start their journey from the same starting line.

velocity m/s
"

carB

carA

to time/s

Which of the following statement(s) is/are correct?

1 CarB passes carAatt=tp.
2 Both cars have equal velocity at t = tp.
3 Car B has a higher acceleration than car A att = 0.

A 1and3only B 2only
C 2and3only D 1,2and3
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3 Asteel ball is dropped from a height onto a hard floor. Taking the downward direction
to be positive, the following displacement time graph describes the motion of the
bouncing ball.

displacement/m
'

o

0 time/s

Which of the points, A, B, C or D indicates the second time that the ball hits the floor?

A point A B pointB
C pointC D pointD

4 A child with a mass of 25 kg is hanging from the ceiling of an elevator by a rope.

@ | rope
elevator

The elevator is travelling upwards at a constant deceleration of 1.0 m/s?.
What is the force exerted by the rope on the child?

A ON B 225N
C 250N D 275N
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4

5 Which diagram shows the magnitude and direction of the resultant R of the two forces
F1 and F2?

6 A momentary force is applied to a hockey puck on a frictionless skating rink.

Assuming air resistance is negligible, which of the following statements best describes
the subsequent motion of the hockey puck?

A It accelerates uniformly.

B It decelerates to rest uniformly.
C It moves with uniform velocity.
D It stops abruptly.
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7 The diagram shows a pail containing water and sand.

X <

| water

41— sand

More sand is added to the pail. This affects the position of the centre of gravity of the

pail and its contents, and the stability of the pail.

Which of the following shows how the position of the centre of gravity and the stability

of the pail will be affected?

centre of gravity stability
A moves from X towards Y decreases
B moves from X towards Y increases
C moves from Y towards Z decreases
D moves from Y towards Z increases

8 An object is released from rest from a height h. The velocity of the object after falling
a distance, h/2 is vi1. The velocity of the object after falling a distance, h is va.

If air resistance is negligible, what is the ratio of v» to v1?

A 0.50 B 0.71

Cc

1.4

9 A beaker floats in a container of liquid as shown.

0.40m

\

0.30m

The cross-sectional area of the beaker is 0.012 m2. The weight of the beaker is

area 0.012m?

32 N. What is the density of the liquid?

A 670 kgim?
C 6700 kg/m?

B
D

890 kg/m?3
8900 kg/m?
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10 The lengths of the alcohol thread in a thermometer are 5.0 cm and 25.0 cm when the
temperatures are 10 °C and 78 °C respectively. When the thermometer bulb is placed
in a liquid, the length of the alcohol thread is 3.0 cm.

11

What is the temperature of the liquid?

A 32°C
C 6.8°C

B 6.0°C
10.2°C

What surrounds the bulb of a thermometer during the marking the upper and lower

fixed points?

lower fixed point 0 °C

upper fixed point 100 °C
A boiling water
B boiling water
C steam
D steam

pure ice
pure melting ice

pure ice
pure melting ice

12 Which graph shows the relationship between the pressure and the volume of a fixed

mass of gas at constant temperature?

A

pressure

0

0 volume

pressure

volume

pressure

volume

pressure

0 -
0
volume
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13 The diagram shows a glass tube filled with water and suspended above a bench. The

water is free to circulate around the tube.

At point P, there is a convection current moving in a downwards direction. At which

point is the tube heated to cause this convection current?

clamp

B/ﬂﬁc
e B

glass tube—__|

-

water— |

A\\ //D

bench

14 The fins of a car radiator system, as shown in the diagram, is very efficient in removing
the heat generated from its engine.

radiator
fins

=

\ A

Which of the following statements best explains this?

A A high temperature difference between the radiator and surroundings allows a high

rate of heat loss by conduction.

The design of the radiator allows heat to be transferred to the surroundings rapidly

B
by convection.

C The radiator fins increases surface area allowing a high rate of heat transfer.

D

The radiator is made of metal, which is a good thermal conductor.
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15 A 0.50 kg ball is released from rest from the top of a rough 200 m slope at X, as shown
in the diagram. It comes to a stop at Y.
Assuming all the work done against friction is converted to the increase in the thermal
energy of the ball, what will be the rise in the temperature of the ball?

X -~
60 m rough slope
Y
The gravitational field strength g is 10N/kg and the specific heat capacity of the ball is
400 J/kgeC.
A 0.50°C B 0.75°C
C 15°C D 3.0°C

16 The diagram below shows how the temperature of a substance, initially in gaseous
state, varied with time.

temperature / °C
A

Y

> time/s

Which of the following correctly describes what happened to the internal kinetic
energy and to the internal potential energy of the molecules of the substance during
processes X and Y?

internal kinetic energy internal potential energy
X Y X Y
A constant decrease decrease constant
B constant decrease increase constant
C decrease constant increase constant
D decrease decrease increase constant
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17 The diagram shows a water wave travelling at a speed of 20 cm/s to the right. At
time = 0, particle X is at the crest of the wave. Particle Y is 30 cm to the right of particle

X.
X

Which of the following shows a possible displacement-time graph of particle Y?

A B
dY/mm dY/mm

A A
0 2 /s 0 / v \t/s g

v

0 05 e 0 \/ 2\/ s
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18 A pendulum bob oscillates above a water surface, creating a water wave moving
towards a hard surface AB.

Which of the following shows the reflection of the water wave by the hard surface
AB?

A B

pendulum bob pendulum bob

¢ N

pendulum bob pendulum bob

8 8
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19 An art installation room consists of a mirror and a wall completely covered by a 3.0 m
long painting. If a person stands at the centre of the rectangular room facing the mirror,
he will be able to see the full length of the painting that was drawn on wall, behind him.

mirror
at the centre of the wall

Y

viewer %

3.0 m long painted wall
(diagram is not drawn to scale)

What is the shortest possible length of the mirror for the person to just be able to see
the full length of the painting?

A 1.0m B 12m C 15m D 20m

20 Avray of red light in air enters into a semi-circular glass block.

Which diagram shows the correct partial reflection and the refraction of the ray?

A B

\\

C D

\7<\>< LY
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21 A parallel beam of light is incident on a thin diverging lens.
The focal length of the lens is FL, as shown in the diagram.

position of
N i '
\/d'\’erglng lens
e L

F

N

Which ray diagram shows how the beam bends after it has passed through the lens?
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22 Which row lists the applications of parts of the electromagnetic spectrum?

gamma ray

infra-red radiation

microwave

oOoOw>»

intruder alarm
satellite communication
treatment of cancer

treatment of cancer

satellite communication
treatment of cancer
intruder alarm
remote controller

sunbed
remote controller
remote controller
satellite communication

23 The diagram shows the electromagnetic waves arranged in the correct order.

24

radio
waves

T Q

gamma

X-rays rays

Which row lists the correct electromagnetic waves?

S

T

oo w>»

infra-red radiation

infra-red radiation
microwaves
visible light

visible light
ultra-violet radiation
infra-red radiation
ultra-violet radiation

Statements 1, 2 and 3 are about the speeds and the frequencies of ultra-violet
radiation, audible sound and ultrasonic sound.

statement
1 The frequencies of audible sound and ultrasonic sound are the
same, and is lower than the frequency of ultra-violet radiation.
2 The speeds of audible sound and ultrasonic sound are the same,
and are lower than the speed of ultra-violet radiation.
3 The speeds of the three waves increase as they travel from gas into
a solid.

Which statements are correct?

OO0 w

statement 1 and 2
statement 2 and 3
statement 2 only
statement 3 only
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14

An ultrasonic sound transmitter and a receiver are installed at the ceiling of a carpark
as shown in the diagram. They can be used to determine the height of a car. Diagram
1 shows the c.r.o. display when the lot is empty. Diagram 2 shows the c.r.o. display
when a car is parked beneath the transmitter and receiver.

indicator light

k"
0
n
|

transmitter

N ___ Wy W

AT o  ————

Diagram 1 Diagram 2

The time-base of the c.r.o. is 2.5 ms/div. If the speed of ultrasound is 330 m/s, what is
the height of the car?

A 144m B 1.86m C 288m D 330m
A sound wave is transmitted in water. The shortest time duration for the water particles
to move from its rest position to its maximum displacement is 2.5 ms. The distance

from the centre of a compression to the adjacent centre of rarefaction is 7.5 m.

What is the distance travelled by the sound wave in 0.10 s?

A 750m B 1500 m C 3000m D 6000 m
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27 The diagram shows some white plastic beads of negligible mass in a clear plastic box.

clear plastic
white plastic box
beads

side view

The box is shaken, causing the beads to rub against the box. The beads are then found
to stick to the inner surface of the box.

[ S I [
beads sticking to o O O 0 0
inner surface O
©o © o0g°0_o0©
0 ¢ o 0 9 0 o
side view

Which of the following statements is incorrect?

A All the charged beads have like charges.

Fewer beads will stick to the inner surface of the box if the experiment is done
in humid conditions.
The box loses electrons and the beads gain electrons.

The box and the beads both have like charges due to friction between them.

o0 W
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28 The diagram shows an uncharged sphere S coated with metallic paint. The ball is
suspended from an insulating thread. It is placed in the middle of two equally and
oppositely charged objects as shown.

| insulating thread

- - ++

- - ++
- - ++
- - ++
- - ++

S is then earthed with the two charged objects still in position. Which diagram shows
the resulting charge distribution on S?

A B C D

29 A metal electrical conductor has a resistance of 5.6 kQ. A potential difference of 9.0 V
is applied across its ends.

How many electrons pass a point in the conductor in one minute given that the
magnitude of the charge of an electron is 1.6 x 10-° C?

A 1.0x10' B 6.0x 10"
C 6.0x10% D 23x10%
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30 A 12V battery is connected in series to an ammeter, a 6.0 Q resistor, and a voltmeter
as shown in the diagram.

|
N I/' ™
.LA_/| ‘\_V/I
6.0 Q
—{

What are the readings on the ammeter and on the voltmeter?

ammeter reading / A | voltmeter reading / V
A 2.0 0
B 20 12
Cc 0.0 12
D 0.0 0

31 A power supply of electromotive force E and negligible internal resistance is connected
in the circuit shown. There is a current of 3.0 A in the 4.0 Q resistor.

E
=4 p—
3.00 30A 400
.—
2.0Q
—
What is the value of E?

A 15V B 29V
C 39V D 51V
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32 Three identical lamps and three ammeters are connected as shown. The readings

18

on the ammeters are I, 12 and Is.

Which of the following describes the changes in the ammeter readings when L3

blows?
I I I3
A decrease decrease decrease
B decrease unchanged decrease
C increase increase decrease
D unchanged increase increase

33 Tworesistors Xand Y are connected in series with a 12 V supply. The output voltage
across Yis4.0V.

L
X
12v o
00
Y output voltage
1

What is the output voltage when the resistance of Y is halved?

A 20V B 24V
C 30V D 60V
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34 In the circuits below the cells have the same emf and the resistors are identical.

e I S .

I: circuit'Y
circuit X
What is the ratio of the power dissipated in circuit X to the power dissipated in circuit
Y?
A 1:2 B 2:1
C 1:4 D 4:1

35 The diagram shows the circuit for a hairdryer.

fan motor

T
‘ &) ‘
P
—_—0 ~

The fan motor has a power rating of 200 W and the heaters each has a rating of
500 W. The cost of electricity is 27 cents per kWh.

What is the cost of using the hairdryer for 30 minutes with switches P and Q closed
and switch R opened?

A 2.7 cents B 6.75cents
C 9.45cents D 13.5cents
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36 The cable to an electric fan becomes so worn that the live wire makes electrical

37

contact with the metal case which is earthed. The plug to the fan contains a 5 A fuse.
There is a current of 4 A when the fan works normally.

Which of the following would happen?

The current causes the metal case to overheat.

The current will flow to earth and the fan continues working normally.
The fuse will melt and open the circuit.

The metal case will become live and the fan continues working normally.

ooOow>»

The diagram shows a magnet resting on an electronic balance. A wire is kept in the
position as shown in the diagram.

magnet

current
carrying wire

electronic balance

X.XX g

If current flows through the wire (out of the paper) as shown in the diagram, how
will it affect the reading of the electronic balance?

A decreases

B increases

C increase and then decreases
D no effect
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38 The diagram shows an x-ray beam and an electron beam entering a magnetic field

that is directed into the plane of the paper.

x-ray beam

>

electron beam

>

Which of the following shows the paths of the x-ray beam and the electron beam in

the magnetic field?

x-ray beam i
»

electron beam|

x-ray beam | -
>

electron beam |
I =

x-ray beam|

g

electron beam|
—_—

x-ray beam |
S

electron beam [
—_—
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39 The diagram shows a metal bar swinging like a pendulum to-and-fro across a uniform
magnetic field. The motion induces an emf in the bar.

Which graph could represent this emf during one complete to-and-fro oscillation of
the bar, starting at position O?

A B

emf emf

\/ > time > time

emf emf

\\// e S

www.KiasuExamPaper.com
176



23

40 A strong bar magnet is close to a coil that is connected to an ammeter.

N 3 000000

(n)
>/
The magnet and the coil are moved in the following ways.
1 Both the magnet and the coil move to the right with the same speed.
2 The magnet is stationary and the coil moves to the left.
3 The coil is stationary and the magnet moves to the left.

In which of the following will the ammeter indicate a current?

A 1 only B 2only
C 1 and 2 only D 2and3only

~ END OF PAPER ~
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Section A (50 marks)
Answer all questions in this section.

Fig. 1.1 shows how the speed of a rocket SpaceX varies with time as it enters the
gravitational field of a new Planet Y with negligible atmosphere. SpaceX has a total
mass of 1.8 x 106 kg. Once it enters the atmosphere of Planet Y, it undergoes free falll
for 8.0 s before its engine fires a continuous thrust to bring it to a gentle upright landing
on the surface of Planet Y.

speed/ (m/s)

L

time/s

8.0 28.0

Fig 1.1

(a) Calculate the weight of Space X on Planet Y.
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(b) At 8.0 s, significant amount of liquid Oxygen fuel undergoes combustion in the
rocket engine to produce a constant thrust, T to decrease rocket’s speed of
descent.

(i) On Fig. 1.2, draw and label all the forces acting on SpaceX during its
descent. You may ignore air resistance.

pmg

(1]
Fig. 1.2

(ii) Hence, calculate the magnitude of the thrust, T.

(iii) With reference to the forces acting on SpaceX, explain why the
deceleration from t = 8.0 s to t = 28.0 s increases in reality.

Assume that the thrust produced by the engine is uniform throughout the
descent.
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2 A man in a hot air balloon drops a ping pong ball out of the hot air balloon as the
balloon accelerates upwards at 2.0 m/s2. The speed of the balloon is 2.0 m/s at the
moment the ping pong ball is released. Fig. 2.1 shows how the velocities of the hot air
balloon and the ping pong ball vary with time.

velocity N
m/s

hot air balloon

ime/s

ping pong ball

Fig. 2.1

(@) (i) Explain why the acceleration of the ping pong ball at its maximum height
is 10 m/s2.

(ii) Describe how the acceleration of the ping pong ball changes from the
moment it is released until it reaches terminal velocity.

(b) Calculate the average velocity of the hot air balloon fromt=0tot= 3.0 s.

average velocity = ... [1]
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3 Combustion engines in cars work by mixing air and fuel in suitable quantities before
the mixture is drawn into a combustion chamber.

Fig. 3.1 shows the side view of a section of a combustion engine in a car. The section
of the pipe connected to the fuel tank has a narrower diameter. The pressure of the
air flowing into the horizontal section of the pipe decreases as the diameter of the pipe

decreases at X.

e pipe
air at X
atmospheric ’——/ \—

pressure —
 —

fuel . 32.0cm

]3.0 cm

- Ry

fuel tank

Fig. 3.1

Fig. 3.2 shows a mercury barometer used to measure the atmospheric pressure where
the car is located.

mercury

column 760 mm

I50mm

Fig. 3.2

The density of fuel is 850 kg/m?® and the density of mercury is 13600 kg/m?.
Take gravitational field strength g to be 10 N/kg.

https://commons.wikimedia.org/wiki/File:Venturi-tube.svg
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(a) Explain how Fig. 3.1 shows that the air pressure in the pipe decreases with the
diameter of the pipe.

........................................................................................................ [1]
(b) (i) Calculate the value of atmospheric pressure in Pa using Fig. 3.2.
atmospheric pressure = ..., [1]
(ii) Hence, determine the gas pressure at point X.
gas Pressure = ......coeevieiineinennnn. [2]

(c) Suggest how the combustion engine makes use of the pressure difference in the
different sections of the pipe to mix fuel and air.
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4 A student fills up an ice-cube tray with 200 g of water at 31 °C and placed it in the
freezer unit of a refrigerator. It takes 20 minutes for the temperature of water in the tray
to drop to its freezing point.

Specific heat capacity of water is 4200 J/kg°C and the specific latent heat of fusion of
water is 330 kd/kg. The heat capacity of the ice-cube tray is 120 J/°C.

(a) Calculate the average rate of thermal energy lost by the water and the ice-cube

tray as the water cools down from 31 °C to its freezing point. Give your answer in
Watt.

rate of thermal energy lost = ....................... [2]

(b) Assuming that the rate of thermal energy lost by the water in the freezer unit is
constant, calculate how much additional time is needed for the water in the ice-
cube tray to be completely frozen.

timetaken= ... [2]

(c) Inreality, the time taken for the water in the ice-cube tray to be completely frozen
from its initial temperature of 31°C is longer. Explain why is this so.
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5 One method of making sandpaper is by passing a roll of paper through nylon friction
pads. An aerosol sprays positively charged fine droplets of glue onto the paper,
spreading it evenly on the surface of the paper. The resulting sticky paper is then
pressed over a flat table covered with sand grains.

Nylon friction pads

Sand table
@ - '\Iue

- g
droplet
roll of paper aernsn% ropie

Fig. 5.1

(@) (i) Explain how the paper becomes negatively charged after it passes
through the nylon friction pads.

(ii) Explain how this method allows the glue droplets to spread out and stick
to the paper easily.

(b) Draw in Fig. 5.2 the electric field pattern between two identical glue droplets.

[1]

Fig. 5.2
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6 A girl lost one of her earrings when she swam in a swimming pool at midnight. She
brought a torchlight and shone it into the pool to search for her lost earring. The ray
from her torchlight forms a 36° angle with the water surface when the girl finally spotted
the earring at the bottom of the pool.

earring
®

Fig. 6.1

(a) Given that the refractive index of water is 1.3, calculate the angle of refraction of
the ray in water.

(i) Calculate the angle of refraction of the ray in water.

angle of refraction = ... [1]

(ii)  Sketch on Fig. 6.1, the path of the ray of light by which the girl is able to
see her earring at the bottom of the pool.

Indicate clearly:
e the angle of incident, i
e the angle of refraction, r
e the apparent position of the earring with an ‘X’ [2]

(iii)  Explain why no matter where the girl shone her torchlight on the surface of
the water, the ray will never undergo total internal reflection.
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(b) As she walked away, the light from her torchlight shone on a bug resting on a wall.
The bug was about 1.0 cm long. She placed a magnifying glass 3.0 cm away from

the bug to observe it more closely. The magnifying glass gives a magnification of
4.0.

Draw a scaled diagram to determine the focal length of the lens in the space
provided below.

1.0 cm
<>

on

[2]
focallength= ...l [1]
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7

A heater rated 300 W, 50 V is connected to a 50 V supply by two 100 m long
connecting cables made of copper as shown in Fig. 7.1.

100 m
connecting
cable
50V heater
o
~ 100 m
connecting
cable
Fig. 7.1
(@) Calculate the resistance of the heater.
resistance = ... [1]

(b) Given that the resistivity of copperis 1.72 x10-® O m and the diameter of the wire
is 0.734 mm, calculate the total resistance of the connecting cables.

resistance = ... [2]

(c) Calculate the actual power supplied by the heater in Fig. 7.1 given that its
resistance is constant.
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(d) The heater in Fig. 7.1 is replaced by a second heater, rated 1000 W, 240 V and
connected to the household mains of 240 V.

Show, by means of calculations, why this heater is more efficient compared to
the previous heater.

(e) The heater is connected to the household mains and an earth wire and a fuse
are included for safety reasons.

Describe how the fuse and earth wire protects the user and heater if the metal
case of the heater becomes live due to some fault.

8 Fig. 8.1 shows the side view of a rectangular coil of wire rotating anticlockwise at constant
speed with its axle at right angles to a uniform magnetic field at a particular instant in

time.

/.,.— axle

74 >

\ . uniform
x| .- \ “  magnetic
,»[‘*’ s field

-’.’.‘.-" Ca
coil

|
Fig. 8.1
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(a)

(b)

(c)

Explain why an electromotive force is induced across the coil of wire.

State the smallest angle X such that the magnitude of the induced emf has a
maximum value.

The output terminals of the coil of wire is connected to a C.R.O via a pair of slip
rings as shown in Fig.8.2.

anticlockwise

Fig. 8.2
(i) Explain the function of the slip rings.

(ii) Draw an arrow on side AB of the coil in Fig. 8.2 to indicate the direction of
the induced current in AB. [1]

(iii) Explain how the induced current opposes the change that caused it.
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(iv) The position of the coil in Fig. 8.2 is adjusted and set into rotation such that
the trace in Fig. 8.3 is observed on the c.r.o. screen.

[N/ /1

1ch

1cm

Fig. 8.3

(1) Determine the frequency of the induced emf given that the time-base
setting is 10 ms/cm.

frequency = ... [2]

(2) Drawon Fig. 8.3, a possible trace obtained if the coil is turned through
90° before it is set into rotation and at half the speed. 2]

END OF SECTION A
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CANDIDATE
NAME

CLASS

INDEX

NUMBER

Section B

Q9

Q10 Q11E

Q110

Section B (30 marks)

Answer all questions in this section.
Answer only one of two alternative questions in Question 11.

9 A lorry crane as shown in Fig. 9.1 is used in a construction site to lift concrete beams.
The boom is pivoted onto the lorry such that the distance from the pivot point of the

boom to the lorry’s back wheel is 2.0 m.

pivot point of
the boom

extendable

Fig. 9.1

http://www.acecrane.in/sb-163-lorry-loader-crane-4561877.html

Table 9.1 summarises the maximum load that the lorry crane can carry and the
corresponding distances from the load to the lorry’s back wheel when the boom is

boom

horizontal.
Table 9.1
distance from the load to .
length of boom / m the lorry’s back wheel / m maximum load / kg
4.0 2.0 3000
6.0 4.0 1500
8.0 6.0 1000
10.0 8.0 750
12.0 10.0 600
15
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(@) Using the data from Table 9.1, state and explain the relationship between the
distance from the load to the lorry’s back wheel and the maximum load that the
lorry crane can carry.

(b) The weight of the uniform boom is 10 000 N.

(i) Calculate the minimum weight of the lorry. Assuming that the distance from
the centre of gravity of the lorry to the lorry’s back wheel is 2.5 m.

(ii) The actual weight of the boom is much heavier than 10 000 N. Explain why
when the length of the boom is 4.0 m, the maximum load that can be lifted
is the same as the maximum load shown in Table 9.1.

(c) Lorry cranes have additional support extended sideways as shown in Fig. 9.2.

dditional support

Fig. 9.2

https://www.cranes.org.nz/uploads/2/0/5/7/20572552/crane_stability_and_ground_pressure.pdf

Explain how the additional support increases the stability of the lorry crane.

16
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(d) The concrete beam is freely suspended as shown in Fig. 9.3.

concrete beam

Fig. 9.3

(i) Mark the centre of gravity of the concrete beam with the letter ‘x’. Explain
your answer.

(ii) The concrete beam is made of 10% steel and 90% concrete by volume. If
the density of steel and concrete is 7800 kg/m3® and 2400 kg/m?3
respectively, determine the average density of the beam.

average density = ... [2]

17
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10  Fig. 10.1 shows a solenoid that is connected to a battery such that a north pole is
induced at the right end of the solenoid.

solenoid

compass

O

North

Fig. 10.1

(a) Draw an arrow at the left end of the solenoid to indicate the direction of the
current flowing through the solenoid. [1]

(b) A compass is placed at the left side of the solenoid. Draw an arrow to show
how will the compass needle point. [1]

(c) Fig. 10.2 shows a modified d.c. motor. The permanent magnet is replaced with
the solenoid from Fig. 10.1.

North

battery

Fig. 10.2

(i) On Fig. 10.2, draw an arrow on wire AB to show the direction of the force
induced on wire AB. [1]

18
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(i) Explain how a force is induced on wire AB.

(iii) The plane of coil is initially horizontal as shown in Fig. 10.2 and the coil
rotates more than 90° from this starting position. It then continues to rotate
in the same direction. State and explain which feature of the d.c. motor
allows the coil to continue to rotate in the same direction.

(d) In a typical d.c. motor, soft iron core is added to the centre of the wire coil as
shown in Fig. 10.3.

iron core
N S
— |
wire
coil

Fig. 10.3

(i) Explain how the soft iron core increases the turning effect of the d.c. motor.

(ii) On Fig. 10.3, draw the magnetic field lines between the south pole of the
magnet and the iron core when no current flows through the wire coil. [1]

19
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(iii) Explain how the iron core is induced into a magnet.

11E Fig. 11.1 shows the track of a 500 kg roller coaster. An electric motor pulls the roller
coaster along the track OABC. The efficiency of the electric motor is 80 % and it takes
2.0 min to pull the roller coaster from point A to point B at a constant speed.

B C
E
20 m 18m
starting l
point
O A b F qom_
Fig. 11.1

(@) Describe how Principle of Conservation of Energy is applied as the roller coaster
moves from point A to B.

(b) Determine the power of the electric motor.

POWEL = ... [2]

20
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(c)

(d)

(e)

The electric motor is replaced with one that gives a larger power to the roller
coaster. Describe and explain the effect on the speed of the roller coaster if it
still moves from A to B at a constant speed.

At point C, the speed of the roller coaster is 0.20 m/s and it continues to move
down the track due to gravity. Assume that along the track C to F, the frictional
force is negligible.

(i) Calculate the speed of the roller coaster at point E.

(i) In reality the speed of the roller coaster is smaller than the speed
calculated in (b)(i). Explain why the actual speed is lower.

At point F, the speed of the roller coaster is 15 m/s. The average resistive force
experienced by the roller coaster along FG is 4000 N. It is observed that the
10 m track FG is not long enough for the roller coaster to come to a stop at end
of track FG.

To overcome this issue, the end of track FG has to be elevated. Calculate the
height of elevation of FG so that the roller coast can come to a stop at the end
of the track.

21
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110 A student uses a water tank to study the behaviour of a water wave as it travels from
region A to region B of different water depths. A powerful light source placed above
the water tank produces regions of bright and dark bands of light at the base of the
water tank, as shown in Fig. 11.2.

' AN B

Fig. 11.2

https://web2.ph.utexas.edu/~vadim/Classes/2014f/refraction.html

(@) Explain why water waves are transverse waves.

(b) After passing through the water, light rays converge to form bright bands of light
at the base of the water tank.

(i) On Fig. 11.2, mark a distance equal to the wavelength of the water wave
in region A. Label the wavelength with ‘A’. [1]

(iif) State and explain which region is deeper.

22
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(c) Attime =0, a ping pong ball is found to be at the centre of a dark band. If the
speed of the water wave is 20 cm/s and the wavelength is 10 cm, draw on
Fig. 11.3, how the displacement of the ping pong ball changes with time for 2
complete oscillations. Indicate the time when the displacement = 0 mm. The
amplitude of the water wave is A. [2]

displacement / mm
A

A4

0 time:/ )

Fig. 11.3

(d) The water wave in Fig. 11.2 is produced by dropping a concrete beam into the
water tank. When the beam hits the base of the tank, sound is produced.
Fig. 11.4 shows the displacement-time graph of a water particle as sound is
transmitted through the water.

displacement / mm
A

A4

»
»

time/s

Fig. 11.4

(i) Explain how sound energy is transferred through the water without
transferring matter.

23
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(ii)

A metal nail is also dropped into the water tank. The loudness of the sound
produced by the metal nail is half that of the sound produced by the beam.
The frequency of the sound produced by the metal nail is twice that of the
sound produced by the beam.

Draw on Fig. 11.4, how the displacement of a water particle will change
with time as the sound produced by the metal nail is transmitted through
the water. (2]

END OF PAPER

24
www.KiasuExamPaper.com
201



www.KiasuExamPaper.com
202



2022 Physics Prelim Exam Marker's Report

Paper 1

1 D 11| D 21| C 3N|C
2 |B 12| C 221D 32| B
3 |C 13 | A 23 |A 33| B
4 |B 14 | C 24| C 41D
5 |A 15| C 25 | A S| C
6 |C 16 | A 26 | B | C
7 |C 17| D 27 | D 37| B |
8 |C 18 | D 28 | C

9 |B 19 | A 29| B

10 | A 201D 30 | C

Paper 2

M

1 | Fig. 1.1 shows how the speed gf Sp. F
gravitational field of a new Fla With aegligi
mass of 1.8 x 10°kg. Oncgit enterSifge atmosph
for 8.0 s hefore its engine

on the surface of Pl

ph
G.

Wnus thrust

i

&

.

with e as it enters the

! Spacex has a total
it undergoes free fall

a gentle upright landing

i timel's
8.0 280
Fig1.1
(a) | Calculate the weight of Space X on Planet Y.
a=(v-ujt
= (B2-10)/8 = 9.0 m/s?
W=mxg = 1.8 x 105kg x 9.0 N/kg
=162 x10°N
weight= ... _[2]
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(b}

At 8.0 s, significant amount of liquid Oxygen fuel undergoes combustion in the
rocket engine to produce a constant thrust, T fo decrease space X's speed of
descent.

(i

On Fig. 12, draw and [abel all the forces acting on SpaceX during s
descent. You may ignore air resistance.

Na A

W

]
*U Y OV Fig. 1.2
(il) | Heuce, caleifatedhe inagnitudeof the thrust, T.
[aking upwand as the posifive direction
Frecunam =1 W
1.8% 108kg » 4 YNikg= T — (1.62 x 10°N)
'R =23%3 « 107N
236 pr2 4 x 10° N
ect.atwed from (a) for W
T e [2]
(iii} | In reality, from t = 80 s to t = 28.0 s, the deceleration of SpaceX is

increasing. Assuming that the thrust produced by the engine is uniform,
explain in terms of forces why this is so.

As the shuttle lands, its massiweight decreases due to the buming of fuel,
hence the upright resultant force is increasing (as thrust is constant) and

deceleration is increasing
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Aman standing in a hot air balloon dropped a ping pong ball as the balloon accelerated
upwards at 2.0 m/s2. The speed of the balloon is 2.0 m/s at the moment the ping pong
hall is released. Assuming that the ping pong ball has the same velocity as the balloon
when it is released. Fig. 2.1 shows how the velocities of the hot air balloon and the
ping pong ball vary with ime.

velocity |
m/s

hot air balloon

'-__I-I-I-F
ping pong ._JrJIJ,. A e
4.1'_| |‘I_ A

Fig. 2.1

{a) ] Explain-why ine acceleratiomofine pinﬁﬁng ball at its maximum height
is 10 m/5=

m. [he pimgipongebalhis momentadty™at rest, hence there is no air
fesisiance actimg'on it

&0 The ool force Bctingon thelWall iz weight as such it experiences

L acceleration due to gravity anly which is 10 mis?

(i) | Describe How the acceleration of the ping pong ball changes from the
nioment it is refeased until it reaches its terminal velocity.

1 s The gradlent of the graph decreases to 0 at 2.2 5. Showing that

acceleration js decreasing throughout the motion.
»* The acceleration is zero (a= 0 mfs?) at t=2.2 s.

(b} | Calculate the average velocity of the hot airballcon fromt=0tot=30s.

Average velocity =( % (2 + 8) x 3) B3=50 mfs
[1]
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Combustion engines in cars work by mixing air and fuel in suitable guantities before
the mixture is drawn into a combustion chamber.

Fig. 3.1 shows the side view of a seciion of a combustion engine in a car. The section
of the pipe connected to the fuel tank has a namower diameter. The pressure of the
air flowing into the horizontal section of the pipe decreases as the diameter of the pipe
decreases af X.

- pipe
airat —* X

atmospheric
pressure
¥

fuel

Fig. 3.2 shows a mercunybaromeier used 40" messure the atmospheric pressure
where the caris [ocated.

ISDmm

Fig. 3.2

The density of fuel is 850 kg/m? and the density of mercury is 13600 kg/m?.
Take gravitational field strength g to be 10 N/kg.
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(a) | Explain how Fig. 3.1 shows that the air pressure in the pipe decreases with the
diameter of the pipe.

Height of fuel in vertical pipe is higher than fuel in the tank. this shows that the
pressure at X is lower than atm F in tank

(b) (i) | Calculate the value of atmospheric pressure in Pa using Fig. 3.2.

Pam = pgh = 13600 x 10 x 0.76 = 103 kPa

atmospheric pressure = i eceeens [1]

(i) | Hence, determine the gas pressure at point x.

Pgas = Patm — P3.0em
=103 kPa — 0.29(10)(850) = L@1lkFa
Qaspressure = o .. 2]

(c) Suggest how the combustion Bagine makes use of e pressure difference in
the different seclions Ofithe pipato mix fuel amd aik,

« The sectionwith lowerpréssure 1§ connecied o tm;:_fuel tank.
« The lower pressire mihe pipe resUlts ina net upward force

to act ua the fuel cauwsing it oiise up and Entescthe horizontal section of the
pipe.

i — S .

A student filis ur.; aﬁi?é—cuh&??ay with 200 q of water at 31°C and placed itin the freezer
unit of a eefrgerator. It takes 20minutes for the temperature of water in the tray to drop
to its freezimg point.

Specific heat capacity of water is 4200 J'kg®C and the specific latent heat of fusion of
water is 330 kJ/kg. The heat capacity of the ice-cube tray is 120 J/PC.

(@) | Calculate the average rate of thermal energy lost by the water and the ice-cube
tray as it cools down from 319C fo its freezing peoint. Give your answer in Watt.

5
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Pxt = mxcxAB +CxAB
P x (20 x 60)s = 0.2 kg x 4200 J/kg °C x 31 °C + 120 J/°C x 31 °C
P= 29760 J/1200s=24.8 W

rate of thermal energy lost = ...............ooeeee [2]

(b) | Assuming that the rate of thermal energy lost by the water (and ice cube tray) in
the freezer unit is constant, calculate how much additional time is needed for the
water in the ice-cube tray to be completely fi

ecf allowed from (a)
24.8 W x t=0.2 kg x 330 000 J/kg
t = 2661 s = 44 minutes

Also accepted:

P x (20 x 60)s = 0.2 kg x 4200 J : oY
P=21.7W 00y Q;QQ
21.7 W x t = 0.2 kg x#830 000 Jlkg ng(b
t=3041 s = 50. Z i Q
S O
S
RO = oo 2]

n for the waterd'the ice-cube tray to be completely frozen

ted&lgﬁ%e irgjb . Explain why is this so.

2 %b‘ét %@réases as the difference in the temperature of
] sutrounding decreases.
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One method of making sandpaper is by passing a roll of paper through nylon friction
pads. An aerosol sprays positively charged fine droplets of glue onto the paper,
spreading it evenly on the surface of the paper. The resulting sticky paper is then
pressed over a flat table covered with sand grains.

Nylon friction pads

@ -
: Sand table
@ 1\Iue

Y
droplet
roll of paper aerusn% P

Fig. 5.1

(a)

(i)

Explain how the paper becomes negatively charged after it passes
through the nylon friction pads:

Due to friction electrons aresransferred from the pads to the paper,
charging it negatively: .

(ii)

Explain how thisimethe@allows the glue droplets to spread out and stick
ta the papereasily.

The\glue “droplets ‘are charqed opposﬂelv to the paper (positively) and
unlike charges attract'hence the dioplets are attracted paper easily

The droplets™also repeleeach other, as like charges repel hence it spread
outiand stickio the.paper.eyenly.

(b)

Draw inFig. 52 the electric field pattern between two identical glue droplets.

RYAVA
N

[1]

Same number of field lines and spacings, direction outwards.
Shape of field.

Fig. 5.2
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A qirl lost one of her earrings when she swam in a swimming pool at midnight. She
brought a torchlight and shine it into the pool to search for her lost earring. Fig 6.1 shows
how the narrow beam of light from her torchlight was incident at a point 1.5 m away
from the edge of the pool. The angle between the light beam and the water surface was
36°.

ealring

Fig.6:1 (not to s'é:'ai;é)

Show a bending of light towardsthenornial in the wafé'?\:‘
The apparent |mage must be vertlcally above the earrlng

(a) | Given that theyefractive indexof'waterjs 1, .
the Jight beam in"'watet. X

;calculate the angle of refraction of

i) Calculate the angle of refractlon of the light beam in water.

n{Sin 61 zMasin B2 ¢~
1.sin 54.=4, 3S|n 9;
82=38.9° Q)

, angle of refraction = ... [1]

(i) Sket‘éh‘on Fig. 6.1, the path of the ray of light by which the girl is able to
see her earring at the bottom of the pool.

Indicate clearly:

e the angle of incident, i

e the angle of refraction, r
the apparent position of the earring with an ‘X’
[2]

(iii) | Explain why no matter where the girl shone her torchlight on the surface of
the water, it will never undergo total internal reflection.

The light is moving from an optically less dense medium to a denser
medium.
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(b) | As she walked away, the light from her torchlight shone on a bug resting on a wall.
The bug was about 1.0 cm long. She placed a magnifying glass 3.0 cm away from

the bug to observe it more closely. The magnifying glass gives a magnification of
4.0.

Draw a scaled diagram to determine the focal length of the lens in the space
provided below.

[2.0 cm
D —

[2]

focal length = ..... QDQ:"..A.O (o] 11 VU [1]
ceptable range (3.5 - 4.5 cm)
é O&&&
Q %@QQ QQ’(‘

X >
> R

SIS

N o«F
C)o
X4

Q" &
d 800 éé;‘go Vs connected to a 50 V supply by two 100 m long

connectin es e of copper as shown in Fig. 7.1.
O
N\ 100 m
/ connecting
cable
50v heater
100 m
connecting
cable
Fig. 7.1
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(a)

Calculate the resistance of the heater.

P=ViR
300 = 50%R
R=83n

resistance = ... ................[1]

(b)

Given that the resistivity of copperis 1.72 x10% 2m and the diameter of the wire
is 0.734 mm, calculate the total resistance of the conneciing cables.

R= :;?i =(1.72 x10® x200){x x0.000367%)

=811
[-1 mark if area not calculated cormectly]

resistance = & o [

(c)

alculate the actual power supplied by the heaterin Rig. 7.1.

I=50/81+83)=30A
P=302x83=7T5W

(d)

The heater in Fig. 7.1 is répiaced by.a second heater, fated 1000 W, 240 V and
connected to the household mainsof 240 V.

Explaimwhy.ihis heateris mare afficieni-cempared to the previous heater.

— — — o ——

» 'Larger tofal resistanee S0 cuments lpwer
» ratio of power (VY¥supplied by heaterfo rated power of heater is higher so
poweRloss is aduced.

Acceptanswenii shownmathernatically

R.= 58 0

["=240/(50F"8.1) sA8.6 A

FR 3@6%68) =851 W

Efficieney = (5311000 = 75.1% compared to previously 75300 = 25%

(e)

The heater is connected to the household mains and an earth wire and a fuse
are included for safety reasons.

Describe how the fuse and sarth wire protects the user and heater if the metal
case of the heater hecomes live due to some fault.

« Current flows from metal case through earth wire to ground, user will not
get electrocuted if he touches casing.

# [f cument exceeds fuse rating, fuse blows and opens the circuit, isolating the
heater from the high voltage mains, protecting the appliance.
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Fig. 8.1 shows the side view of a rectangular coil of wire rotating anticlockwise at
constant speed with its axle at right angles to a uniform magnetic field at a particular

instant in time.

axle
yd »
il
-
- unlfnrml
= magnetic
-  fleld
'l
>

Fig.8.1"

(a)

Explain why an electromotive force is induced across-fhe coil of wire.

Magnetic flux linking/euiting the turns of the'caill chanqes as the coil rotates,

inducing an emffacross the, coilof wire.

T O ¥ R o N [1]
(b) | State thessmallest angle 26, steh that the magnltude of the induced emf has a
maximum valte. \ |
90° 1
(c) | The output'terminals, of thefcbils.of_wi’re is connected to a C.R.O via a pair of slip

rings‘as’shownin Fig.8.2:

anticlockwise
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(i)

Explain the function of the slip rings.

The generator's AC output voltage can be transferred from the slip rings
through the brushes to an external circuit.

(ii)

Draw an arrow on side AB of the coil in Fig. 8.2 to indicate the direction of
the induced current in AB.

[1]

Arrow from B to A

(iif)

Explain how the induced current opposes the change that caused it.

e The magnetic field produced by the induced current interacts with the
external field to induce a force

e that acts in a direction opposite to thendirection of rotation of the coil causing
the coil to slow down :

(iv)

The position of the coil in Fig. 8.2'Is adjusted’and set into rotation such that
the trace in Fig. 8.3 is observeds©n the c.rowsereen.

1ch

1 cm'_-:." "

Fig. 8.3

(1) | Determine the frequency of the induced emf given that the time-base

setting is 10 ms/cm.

T=40 ms
f=1/0.040 =25 Hz

(2) | Draw on Fig. 8.3, a possible trace obtained if the coil is turned through
90° before it is set into rotation and at half the speed. [2]

Negative or positive sine curve [1]
1/2 amplitude and 2 times period [1]
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SECTION B

9 A lorry crane as shown in Fig. 9.1 is used in a construction site to lift concrete beams.
The boom is pivoted onto the lorry such that the distance from the pivot point of the
boom to the lorry’s back wheel is 2.0 m.

extendable
boom

pivot point of
the boom

Fid, 9.1 |

http://www.acecrane.in/sb-163-lorry-loader-crane-4564877.html

Table 9.1 summarises the maximum load that the Iorry._;ﬁc'r:'éne can carry and the
corresponding distances from the load to the lorry’s back wheel when the boom is

horizontal. |
fabic9.10Q
distanee frop’ fhe Io‘ad;to .
length offboom*“im the lorry'siack wheel / m maximum load / kg

4.0 N2,00 3000

6.0 e .\ ) 1500

3.0 “ .2%.0 1000

0.0 ~ 8.0 750

120 10.0 600

(a) Using the data from':':':Table'9.1, state and explain the relationship between the
distance from th&'oad to the lorry’s back wheel and the maximum load that the
lorry erane can carry.

The distance from the load to the lorry back wheel is inversely
proportional to the load.

e The product of the distance from the load to the lorry back wheel and
the load is always 60000 Nm.

(b) The weight of the uniform boom is 10 000 N.

(i) Calculate the minimum weight of the lorry. Assuming that the distance
from the centre of gravity of the lorry to the lorry’s back wheel is 2.5 m.
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(b)

(i)

(10 000 N)(4.0 m) + (6 000 N)(10 m) =W (2.5 m)

W=40 000 N

Distance from the centre of gravity of the lorry to the lorry’s back
wheel is 2.5 m.

Distance from the pivot point of the boom to the lorry’s back wheel
is 2.0 m.

*The values in the diagram are taken from the last row of table 9.1 (all

the values would give the same answer for W)

X

©
%Q)

(ii)

muc@ea é(\han 10 000 N. Explain why
xthe maxmum load that can be lifted is
axi Ioad uqz Fable 9.1.

.% @ ‘ﬁ@ht above the lorry’s back wheel. When taking
%\back wheel, the moment due to the weight of the

' O@!\as the perpendicular distance from the line of action of the
ivot (back if the back lorry’s wheel) is 0 m.

(c) Lorry cra%s have additional support extended sideways as shown in Fig. 9.2.

Fig. 9.2

https://www.cranes.org.nz/uploads/2/0/5/7/20572552/crane_stability and_ground_pressure.pdf
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Explain how the additional support increases the stability of the lorry crane.

(c) Increases the base area, as such the lorry crane can rotate more before the c.g.
of the lorry crane is out of the base area.

(d) The concrete beam is freely suspended as shown in Fig. 9.3.

O «©
cret%ﬁgarr@i'th the letter ‘x’. Explain your

3

(d)

concrete

When taking moment about the intersected point of the string, the
perpendicular distance of all the forces acting on the beam is 0 m. As such
the resultant moment is 0 Nm.
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(ii) The concrete beam is made of 10% steel and 90% concrete by volume. If
the density of steel and concrete is 7800 kg/m3 and 2400 kg/m3
respectively, determine the average density of the beam.

78009 % 0.1v + 240059 % 0.9v kg
p= m m = 2940 —=
%4 m3

average density = ... [2]

10  Fig. 10.1 shows a solenoid that is connected to ry such that a north pole is
induced at the right end of the solenoid.

3
2X;
)

o)
arroew at ft end%}the noid to indicate the direction of the
ing the &I Nl [1]
a
h

(a)
NS

ced@ e @tside of the solenoid. Draw an arrow to show

A comp
[ int. 1
W Wi \g@ nc—gﬁz poin [1]
%:;f 0

(c) Fig. S modified d.c. motor. The permanent magnet is replaced with
the soleno m Fig. 10.1.
)
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North

battery

& [ S

rection of the force

1
Q;b [1]
Explain is induced,on wire AB\Qs
6‘

(i) OnFig. 10.2, draw
induced on wire AB.

(ii)

........................ 780y 2]
iC fi eracts with the magnetic field
%& unbalanced resultant magnetic

ec
Qﬁﬁq@(&e wire is stronger than the resultant

ow th e

4‘;\ &

\ N

|n| y horizontal as shown in Fig. 10.2 and the coil
ore I@n 9 rom this starting position. It then continues to rotate

s |rec . State and explain which feature of the d.c. motor
0|I to contlnue to rotate in the same direction.

e Split- r|ng commutator.
e It changes the direction of the current in the coil every 'z cycle, changing the
direction of the force but still creating moment in the same direction.

(d) In a typical d.c. motor, soft iron core is added to the centre of the wire coil as
shown in Fig. 10.3.
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(i)

iron core

/‘)“—_‘
N e
wire coil
Fig. 10.3
Explain how the soft iron core increases turning effect of the d.c. motor.

......................................... £ N [1]
The iron core concentrat Id lines, of the magnet,
maximising the interacti ﬁ gtic fi due to the current
and the permanen rﬁ#,; eatin ir@ed force and hence
moment.

=
On Fig£10.3, &field 7S beiikeen the south pole of the
magne e Ifen core % o] cuqent géws through the wire coil. [1]
<

*, A e [1]
% gg@gdonﬁns of the iron core will be aligned in the direction of

e ma
ma
i

ic field lines of the magnet concentrating through the iron core.
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11E Fig. 11.1 shows the track of a 500 kg roller coaster. An electric motor pulls the roller
coaster along the track OABC. The efficiency of the electric motor is 80 % and it takes
2.0 min to pull the roller coaster from point A to point B at a constant speed.

11E

B C
E
20
m 18m
starting
point :
o A 2 F‘_ M0m_
Fig. 14
(@) Describe how Principle of Conservation of Energy'is applled as the roller coaster

(b)

(b)

(c)

(c)

moves from point A to B

e Electrical'energyfis eonvertedto GPE galned by the roller coaster and heat
and sound transferred to the'Susfounding.

e The amount ofjelectrical energy iscequaldo the gain in GPE by the roller
coaster andiheat andiSound transferredo the surrounding.

Determinethe power of the electric motok.

RN (101 V=T [2]
gain in GPE =mgh= SOOkg X 10N/g X 20m = 100000/

useful pwn output

>'< 100%

. Eff <

total pwr inpyt

_400000

80% m—2%—x 100%

motor

Pmotor = 1040 W

The electric motor is replaced with one that gives a larger power to the roller
coaster. Describe and explain the effect on the speed of the roller coaster if it
still moves from A to B at a constant speed.

It will move up faster. As power is higher, the gain in GPE per unit time is
larger. Since the gain in GPE is the same, the time has to be shorter. As such
the speed must be higher.

or: larger power — larger force — larger initial acceleration hence speed
increases
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(d)

At point C, the speed of the roller coaster is 0.20 m/s and it continues to move
down the track due to gravity. Assume that along the track C to F, the frictional
force is negligible.

(i) Calculate the speed of the roller coaster at point E.

Speed = L. [2]
(d) (i) lost GPE = gain KE
(500kg)(10N/kg)(2.0m) = 12(500kg)v? + 2(500kg)(0.20m/s)?
v= 6.32m/s
(i) In reality the speed of the roller coaster is smaller than the speed
calculated in (b)(i). Explain why the actual speed is lower.
There are resistive forces acting on ih}%&é 'c'c'; 'ie"r Are resistive force i doing
work against the roller coaster, henoe galnun inetic energy.
\ RS k ,\
(e) At point F, the speed of the roll ; lgt&ém?g? The aver;}ge resistive force
experienced by the roller coaetgr, g {J‘}gs 4_/ N. Afis observed that the
10 m track FG is not long enough fé‘r the résll%‘r coaste\fu%o come to a stop at end
of track FG. ’i 21 oD
To overcomethis issue; the end offtrack FG ha‘é“to elevated. Calculate the
height of elevation.of FG Yo} that "the roller cdast cai:vcome to a stop at the end
of the track. ™ j oy &
- , X & ‘ / {?}v\; ;,:'Y/
{; hgight S e 2]
N 3\\ <O
. ‘ 7.\
(e)d | work done due to Ntion - Ip‘st KE@%‘gam GPE
1 (4000 N)E10 m). % 1/2 T%’g) 3§\>m/s)2 0 — (500 kg)(10 N/kg)h 1
h n\ r 3 3m 1
N 0. N ," QL
9 2 \:N

A student uses a watecgiank tdgstudy the behaviour of a water wave as it travels from
region A't@ region B*@f different water depths. A powerful light source placed above
the water tank p{gg&ces regions of bright and dark bands of light at the base of the

water tank, as\gb

wn in Fig. 11.2.

-

Fig. 11.2

https://web2.ph.utexas.edu/~vadim/Classes/2014f/refraction.html
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(a)

1 (a)
o
(b)
(c)
(c)
(d)

Explain why water waves are transverse waves.

The water particle oscillate about a fixed point perpendicular to the wave
direction.

After passing through the water, light rays converge to form bright bands of light
at the base of the water tank.

(i) On Fig. 11.2, mark a distance equal to_the wavelength of the water wave
in region A. Label the wavelength with ‘A’ [1]

(iif) State and explain which region is deeper:

At time = 0, a/ping pong balldis found to be at the’centre of a dark band. If the
speed of the water'wave is 20sem/s,and the’ wavelength is 10 cm, draw on
Fig. 11.3, how the displacementof the ping pong-ball changes with time for 2
complete escillations:“Indicate the time wherthe displacement = 0 mm. The
amplitude of theywater wavg,isA. " [2]

displacement / mm
y

A+

»

0] time / s

Fig. 11.3
cosine curve (at the centre of the dark band is the trough of the wave)
e Period indicated correctly (0.50s) (speed is 20 cm/s and the wavelength is
10 cm)
e correct amplitude
e 2 complete cosine wave (2 complete oscillation).

The water wave in Fig. 11.2 is produced by dropping a concrete beam into the
water tank. When the beam hits the base of the tank, sound is produced.
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Fig. 11.4 shows the displacement-time graph of a water particle as sound is
transmitted through the water.

displacement / mm
'

A

(i} Explain how sound energy
transferring matter.

........... é;bs 2]
nﬁferr tc: ase -:lf the tanh caualng
e water tank causes the
abul.g)’i x |nt parallel to the wave

. pre‘;{’&?ﬂn and rarefaction to be transmitted
the cnutw

(d)

Qﬁg@mp mtn the water tank. The loudness of the sound
il is half that of the sound produced by the beam.
=i umug, ‘Lwnd produced by the metal nail is twice that of the
' pr@‘]ceu by tne beam.

oy

(B] w;dh Fig. 11.4, how the displacement of a water particle will change
with time as the sound produced by the metal nail is transmitted through

the water. 21
{ii) | = half the ampliude 1
« [alf the period 1
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1 Which expression gives a base quantity?

A charge per unit time
B energy per unit time
C force per unit area
D

mass per unit volume

2 A pair of Vernier calipers is used to measure the diameter of a golf ball.

Diagram 1 shows the scale when the jaws are fully closed.
Diagram 2 shows the scale when the golf ball is secured between the jaws.

0 1 cm 3 4 cm
Lo b Cooc b b b
IHII|IIllI |IJII|IIII|
0 10 0 10
Diagram 1 Diagram 2
What is the diameter of the golf ball?
A 3.01 cm B 3.11cm C 3.15¢cm D 3.19cm

3 A pendulum has a period of 1.6 s.

A stopwatch is started when the pendulum is vertical and moving to the right as shown.

@J direction

Which diagram shows the position and direction of the pendulum 4.0 s later?

A B C D
direction direction

6091/1/09/22
[Turn over
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4  Two vector quantities are added to produce a resultant.
Which statement about the resultant is correct?

A The direction of the resultant is always different from the directions of the two original
vectors.

B The direction of the resultant is always the same as the direction of one of the original
vectors.

C The magnitude of the resultant is always different from the magnitudes of the two
original vectors.

D The magnitude of the resultant may be zero.

5 A car travels east at a velocity of 25 m / s along a straight horizontal track.
At time t = 5 s, its velocity starts to change and its acceleration is — 2.0 m / s2.
How is the car moving at time t = 15 s?

A travelling east with decreasing speed
B travelling east with increasing speed
C travelling west with constant speed
D

travelling west with increasing speed

6 Object X of mass m is released from a height h.
Another object Y of mass 3m is released from a height 3h simultaneously.

If both objects fall freely, taking air resistance as negligible, which of the following statements is
true?

A The acceleration of both objects increases.

B The distance between object X and Y decreases and Y overtakes X.

C The distance between object X and Y remains constant before object X hits the ground.

D

The velocities of both objects remain constant.
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7  Which distance time graph best represents a sky diver jumping off a plane and reaching terminal

velocity?
A B
distance distance
» time »time
Cc D
distance distance
+ time «time

8 Four of the gravitational forces that act between bodies in our Solar System are listed below.

the force on the Moon due to the Earth
the force on the Earth due to the Sun
the force on the Earth due to the Moon
the force on the Moon due to the Sun

WO

Which two forces are an action-reaction pair?

A P and R B Pand S C QandR D Qand S
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9 A piece of plasticine is first shaped into a solid sphere, before being rolled out into a sheet.

What can be said about the densities of the sphere and the sheet?

A
B

Cc
D

The densities of the sphere and the sheet are the same.

The densities of the sphere and the sheet cannot be compared as the volumes are
unknown.
The density of the sphere is greater than the density of the sheet.

The density of the sphere is less than the density of the sheet.

10 An astronaut lands on a planet where the gravitational field strength at its surface is lower than
that on Earth.

Which of the following will remain the same as on Earth?

A

B
C
D

The ease with which a stationary pendulum can be made to start moving.
The height reached by the astronaut when he jumps up with the same initial velocity.
The period of a simple pendulum.

The weight of the spacecraft.

11 A non-uniform rock is placed on an inclined plane. The object is just about to topple.

Which position is the centre of gravity of the rock?

non-uniform rock

inclined plane

6091/1/09/22
[Turn over

www.KiasuExamPaper.com
230



12 Four people of equal weight use different routes to get from a beach to the top of a sea wall.

top of seawall
-y

Which person produces the greatest average power?

person route time taken / s
runs across the beach, then climbs up the ladder 16
B runs up the slipway 8
c walks across the beach, then climbs up the ladder 32
D walks up the slipway 25

13 A measuring cylinder is inverted in a water trough.

air—____| measuring cylinder

can
water h=15cm

I 1T

m

| rubber tubing

Initially the inverted measuring cylinder is full of water. When the student presses the top of the
can, air passes through the rubber tubing into the inverted measuring cylinder until no more air is
able to leave the can.

The height h of the water column is 15 cm, the atmospheric pressure is 1.0 x 10° Pa, the density
of water is 1000 kg / m® and the gravitational field strength is 10 N / kg.

What is the pressure of the air in the measuring cylinder when no more air is able to leave the
can?

A 1.50x 10°Pa B 9.85x10*Pa C 1.00 x 10° Pa D 1.02 x 10° Pa
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14 A bowl of hot rice is covered with a lid and left to cool.
Which statement best explains why it is difficult to lift the lid when the rice is cold?

A The force between the water molecules and lid is strong.

B The number of air molecules in the bowl decreases as the rice cools.

C The pressure of the air inside the bowl is lower than the atmospheric pressure.
D

The water vapour that condenses on the lid makes the lid heavy.

15 In a Brownian motion experiment involving smoke particles in air, heavy smoke particles settle
quickly but very light smoke particles remain suspended for long periods.

Which statement best explains why the smaller smoke particles do not settle?

A Air molecules randomly bombard the very light smoke particles.

B Atmospheric pressure has a smaller effect on very light smoke particles.

C Earth’s gravitational field strength does not act on very light smoke particles.
D

Very light smoke particles have the same density as air.

16 The particles of a gas, in a container of fixed volume, are supplied with more energy.
What effect does this have on the gas?

A Both the pressure and temperature of the gas increase.
B Neither the pressure nor the temperature of the gas increase.
C Only the pressure of the gas increases.

D Only the temperature of the gas increases.
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17 A double-glazed window has two layers of glass separated by a layer of air.

The amount of thermal energy transferred by conduction and convection through the layer of air
varies with the thickness of the layer of air, as shown in the graph.

net thermal
| energy transfer
by conduction

thermal energy
transfer

.....

by conduction

D T T T T L
0 05 10 15 20 25

thickness of layer of air / cm

»

Which thickness of the layer of air is the most effective for a double-glazed window?

A 0.5cm B 1.0cm C 1.5cm D 2.0cm

18 A cup made from silver is filled with boiling water from a kettle.
Why does the outer surface of the cup feel extremely hot to the touch?

A Boiling water gives out latent heat.
B Convection currents are formed in the boiling water.
C Shiny surfaces are good emitters of infra-red radiation.

D Silveris a good conductor of heat.

19 In which of the following scenarios would a piece of wet cloth dry the fastest?

cloth is spread out colour of cloth humidity presence of wind
A no dark high yes
B no white low no
C yes dark low yes
D yes white high no
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20 A block of ice at — 10 °C was heated to 10 °C.

Given that ice has a lower specific heat capacity than water, which of the following heating curves
is correct?

tem pe‘rhatu re temperature

r 3

10 / 10 /
0 / time 0 ime
-10 /

temperature
& temperature
&

10
10 /
0 tim::a >
/ 0 / time
-10
-10

21 Some physical properties of materials can be used to determine the temperature of an object.

Which of the following physical properties is not suitable for this purpose?

A expansion of a metal
B mass of a liquid

C resistance of a metal
D

volume of a gas at constant pressure
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22 An uncalibrated thermometer is placed in pure melting ice, unknown liquid X and in steam.

The corresponding lengths of alcohol in the thermometer are measured and labelled.

) ™y

26 cm

12 cm

5:1_3 cm R
Ice Liquid X Steam

Given that the temperatures of pure melting ice and steam are 0 °C and 100 °C respectively, what
is the temperature of unknown liquid X?

A 346°C B 39.1°C Cc 46.2 °C D 52.2°C

23 A student stands at point X as shown.

There are 4 objects placed at positions 1, 2, 3, 4 in front of a mirror labelled MN.

Which objects will the student be able to see in the mirror from point X?

A 1and2only. B 1,2, 3only C 2,3, 4 only D 1,2,3,4
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24 A buoy oscillates on a water wave.

The graph shows how the displacement of the buoy from its equilibrium position varies with time.

displacement / m

0.3+
0.2+
0.1

J
0 020

T

4 06 0

e F g
8101214 16 1

What characteristics of the wave can be deduced from the graph?

A

B
C
D

The amplitude is 0.3 m and the frequency is 0.625 Hz.

The amplitude is 0.6 m and the period is 1.6 s.

The period is 1.6 s and the speed is 0.375m /s

The wavelength is 1.6 m and the speed is 0.188 m / s.

I

8 20

1 time /s

25 In the electromagnetic spectrum shown below, which quantity decreases from left to right?

Radio : Infra-red Visible Ultraviolet Gamma
Microwaves o . - X rays
waves radiation light radiation rays
A amplitude B frequency C velocity D wavelength
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26 The diagram shows the trace on a cathode-ray oscilloscope (c.r.o.).

: /\-
A

Which trace is obtained when the sound wave is change to a louder sound of lower pitch?

A B Cc D

i

27 The electric field pattern between two electric charges P and Q is shown.

Which statement is correct?

A P and Q are both negative charges.
P and Q are both positive charges.

P is a negative charge while Q is a positive charge.

O 0O W

P is a positive charge while Q is a negative charge.
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28 Which quantity is equivalent to electromotive force?

A The power used in driving a unit charge around a complete circuit.
B The power used in driving one electron around a complete circuit.
C The work done in driving a unit charge around a complete circuit.
D

The work done in driving one electron around a complete circuit.

29 Which of the following graphs shown how voltage varies with current for a filament lamp?

A B
Vv W
| |
Cc D
v AT
| — |

30 Four lamps have filaments made from the same material. The lamps are connected in series with
a battery.

Which lamp converts the most energy into heat and light per second?

lamp length of filament cross-sectional area of filament
A I A
B | 4A
c 2l A
D 21 2A
6091/1/09/22
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31 An electric heater is used to heat up water for hot showers.

device W

heating element

’
(]
I . .
Dzuoo ' - coils of copper pipe
o]
o 1
I
I
shower head 1
L .
\_ plastic case

) water supply

from tap
Which row describes device W, wire X, Y and Z correctly?

device W wire X wire Y wire Z
A fuse live earth neutral
B fuse live neutral earth
C thermistor earth live neutral
D thermistor neutral live earth
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32 A circuit containing a 230 V a.c. supply is connected to a 120 W television and two 40 W lamps.
! |

120 W W
40 W 40 W
230V a.c. f\‘: televisior\ ® @

supply o

In normal operation, both switches are closed.

What is the cost of using this circuit in normal operation for 24 hours if the cost of electricity is
30.17 cents per kilowatt-hour?

A $1.16 B $1.45 C $144.82 D $217.22

33 Three objects are tested for their magnetic properties.

object 1 object 2 object 3
P Q R S T U

She made the following observations:

P repels T.
P attracts U.
R is attracted by both P and U.

Which of the following conclusions is true?

A Object 1 and 2 are magnets while object 3 is a magnetic material.
B Object 1 and 3 are magnets while object 2 is a magnetic material.
C Object 2 and 3 are magnets while object 1 is a magnetic material.
D

Object 1, 2 and 3 are all magnets.
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34 A steady current is passed through a solenoid.

Nl Fal Fal

Te

Ne

|!n LI

P, Q, R and S are four points on the axis of the solenoid. Q and R are inside the solenoid.

Which row indicates a possible direction of the magnetic field due to the current?

A

TP L
LTl b T
LT T 1=

T T L

35 A permanent horseshoe magnet and soft magnetic keeper are arranged as shown.

horseshoe magnet

Which row describes the materials used and polarity of end X correctly?

X magnetic keeper

magnet keeper polarity of X
A iron iron north
B iron steel south
C steel iron north
D steel steel south
6091/1/09/22
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36 Each of the diagrams below is a cross-section of two parallel current-carrying conductors.

Which diagram correctly shows the magnetic field pattern formed by the currents flowing in the
two conductors?

@
9

®
©

o
©

37 The motion of a stream of fast-moving electrons is changed when it enters a magnetic field in the
dotted area PQRS as shown.

A
B
Cc
D

o
©

P Q

What is the direction of the magnetic field in the dotted area PQRS?

A intothepage B  out of page C sidePStoQR D side QRtoPS
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38 Inasimple d.c. motor, the switch is closed and the coil rotates within the poles of a magnet.

;

=

—

Which of the following changes will make the coil rotate in the opposite direction and at a faster
rate?

A Decrease the current in the coil and reverse the magnetic field.

B Increase the current in the coil and insert a soft iron core.

C Reverse both the magnetic field and the direction of the current in the coil.

D

Reverse the magnetic field and increase the number of turns in the coil.

39 Electricial energy generated in power stations is transmitted through overhead cables to
subtations for household usage.

transmission

households

power
station

600 kW, 25 kV

transformer

600 kW of electrical power is supplied by the power station at a voltage of 25 kV. During
transmission, the voltage is stepped up to 400 kV and the resistance of the overhead transmission
cables is 10000 Q.

What is the power loss in the overhead transmission cables?

A 15.0 kW B 16.0 kW C 22.5 kW D 37.5 kW
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Section A [50 marks]
Answer all questions in the spaces provided.

(@) (i) Circle the value of the prefix Mega.
10° 10° 103 102 107 103 106 10° [1]
(ii) Rearrange the following prefixes in order from the largest to the smallest value.
M d G n
[1]

(b) Fig. 1.1 and Fig. 1.2 show two ways of hanging a picture frame, weighing 16 N, on a wall.

P
cords I 0.1m 01 m//\\ﬂ m

0.1 m Q 01m R
Fig. 1.1 Fig. 1.2

In Fig. 1.1, the frame is hung from two identical cords, each of length 0.1 m, spaced 0.1 m apart.
In Fig. 1.2, a similar cord, of length 0.2 m, is used to suspend the frame from a single point P,
such that points Q and R are also spaced 0.1 m apart.

(i) State the tension in each cord in Fig. 1.1.
tension = ... [1]

(ii)  In the space below, draw a labelled diagram to determine the tension in the parts of
the cord, PQ and PR, in Fig. 1.2.

tensioninPQ = ...

tension inPR= ...l [3]
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2

Fig. 2.1 is a graph describing the motion of a car.

(a)

(b)

(c)

(d)

velocity /m /s

F 3

30

20—
10——

0 T
4 10 20 30 40

» time /s

BB e e e i S e

Fig. 2.1

Explain, in terms of forces acting, why the car moves at constant speed for the first 50
seconds.

[1]

Describe the motion of the car from the 50™ to the 90" second.

[3]

Calculate the displacement of the car at 110 s.

displacement= ... [2]

Calculate the average speed of the car for the entire journey.

average speed = .......ccoiiiiiiiiiiii [2]
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3

Fig. 3.1 shows a bird cage hanging on a uniform wooden pole of length 1.8 m and mass 10 kg.

AN AN \\ \\ NN ~ AN \\ NN ceiling

rope A rope B
P 1.2m P

A
v

wooden pole

LEIR

H

The pole is kept horizontal by two ropes, A and B, each tied at the ends of the pole.

The bird and the cage have a total mass of 6 kg and is suspended 1.2 m away from rope A.
The gravitational field strength g is 10 N / kg.

bird and cage

Fig. 3.1

(@) Describe the difference between mass and weight.

[1]

(b) Using the principle of moments or otherwise, calculate the tension in rope A and B.

tensioninrope A= ...
tensioninrope B= ... [3]

(c) The bird keeper wants to suspend another bird cage of weight 30 N on the pole without
increasing the tension in rope B as he is afraid rope B will snap.

Suggest and explain where he should suspend this second bird cage.

[2]
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4 Fig. 4.1 shows a water gun that makes use of pressure exerted on a trigger to spray water out of a
nozzle.

nozzle

trigger

Fig. 4.1

(a) The cross-sectional areas of the piston and nozzle are 2.0 cm? and 0.08 cm? respectively.

If a force of 5 N is exerted on the trigger, calculate the force exerted on the water leaving the
nozzle.

(b) When the force of 5 N is applied, the piston moved a distance of 0.6 cm.

(i) Determine the mass of water moved by the piston, given that the density of water is
1g/cmd.

(i) Calculate the work done on the water in the water gun.

work done = ..., [1]

(iii)  Hence, determine the speed of the water leaving the nozzle.
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5 One type of renewable energy source is shown in Fig. 5.1.

Earth’s surface

hot water and cold water
steam up pumped down

cracks in hot
rocks

Fig. 5.1

(a) State the name of the renewable energy source shown in Fig. 5.1.

(1]

(b) 100 kg of cold water of a temperature of 20 °C is pumped down to the hot rocks.
The water returns partly as steam and partly as hot water, both at a temperature of 100 °C.
The specific heat capacity of water is 4200 J / (kg °C).
The specific latent heat of vaporisation of water is 2200 kJ / kg.

Calculate the total energy needed to raise the temperature of the water from 20 °C to 100 °C
and to vaporise 40 kg of the water into steam.

totalenergyneeded = ...............cooi [3]

(c) Using ideas about molecules and internal energy, explain why more energy is released when
1 kg of steam cools to 20 °C than when 1 kg of hot water cools to 20 °C.

(4]
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6 A thin converging lens, with a focal length of 3.0 cm, is shown in Fig. 6.1.
An object O is placed in front of the lens.

Fig. 6.1
(@) On Fig. 6.1,
(i) draw 2 more rays from the top of the object to locate the top of the image.
Draw the whole image and label it as |. [2]
(ii) complete the path of the ray PQ. [1]

(b) The object is moved closer to the lens.

Describe two possible changes this causes to the image.

(2]
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Fig. 7.1 shows a Van de Graaff generator which is used to produce charges.

metal discharge ball

conducting rod

Van de Graaif generator = wire connecting rod to base

Fig. 7.1

The rubber belt carries negative charges to the dome, making it negatively charged.
When a metal discharge ball is moved near the metal dome, sparks are produced.

(@) On Fig. 7.1, draw the charges induced on the metal discharge ball just before a spark is
produced. (1]

(b) Explain how these charges are induced on the metal discharge ball.

(2]

(c) When sufficient negative charges have accumulated on the dome, a spark will jump from
the metal dome to the discharge ball. For each spark, a charge of 0.57 mC moved through
the spark in 0.013 s.

Calculate the average current in each spark.

current = ..., [2]
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8 (a) Fig. 8.1 shows the structure of a relay.
Fig. 8.2 shows a circuit that includes the relay shown in Fig. 8.1.

contacts C
\
A pivot N
| 7 LDR []
soft iron — [ S
soft iron / / ’ l / / ] / H/armature i E c !
core © |7 - - T relay; Eon ;
coil |, e -
Il
Fig. 8.1 Fig. 8.2

When light shines on the light-dependent resistor (LDR), the relay contacts C close.

(i) Deduce what happens to the resistance of the LDR when light shines on it.

(1]

(ii)  Hence, explain why the relay contacts C close when light shines on the LDR.

(3]
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10

(b) Fig. 8.3 shows a coil ABCD suspended between two poles of a magnet.

current in

lcurrent out

Fig. 8.3

The coil ABCD is free to turn on two bare metal paper clips which support and pass current
into and out of the coil.

Fig. 8.4 shows a conversation between two students, Adrien and Benny.

Coil ABCD will rotate continuously
in the clockwise direction as long as
the current continues to flow in the
direction shown in Fig. 8.3.

| don’t think so Alex, | think coil
ABCD will reverse direction every
half a rotation if the current
continues to flow in the direction
shown in Fig. 8.3.

Adrien Benny
Fig. 8.4

Explain whether Adrien’s or Benny’s description of the rotation of coil ABCD is correct.

(2]
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Section B [30 marks]
Answer all questions in this section.
Answer only one of the two alternative questions in Question 11.

Fig. 9.1 shows an optical fibre made of glass of uniform refractive index coated in a layer of

cladding.
DLR,

Fig. 9.2 shows three rays of light entering the fibre from air. Each of these rays follows one of
three possible paths through the fibre.

glass

cladding
Fig. 9.1

7 "':5} ray 3
ray 1 < ray 1
ray 2 ray 2
ray 3
glass cladding
Fig. 9.2

The three rays travel different distances and take different times to pass through the fibre.

Table 9.3 gives information about the three rays and their paths in two cables of lengths 1 km and
2 km respectively.

(a)

1, 2 and 3 take the paths shown in Fig. 9.2.

ray angle of angle of distance time spent distance time spent
incidence | refraction covered in in 1 km covered in in 2 km
onentry/° |onentry/°| 1kmcable/ m| cable/pys | 2km cable/ m| cable/ps
1 0 0 1000 5.0 2000 10.0
2 20 X 1020 5.1 2060 10.3
3 35 Y 1080 5.4 2180 10.9
Table 9.3

Using ideas about refractive index, angle of incidence and critical angle, explain why rays

[3]
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12

(b) Using the data in Table 9.3, calculate

(i) the refractive index of the glass, given that the speed of light in air is 3.0 x 103 m /s,

refractive index = ... [2]

(ii)  the angle of refraction X for ray 2.

angle of refraction=..................... [2]
(c) Attimet=0, asingle pulse of light enters the optical fiber of length 2 km. The pulse lasts
0.1 ps. A photodiode is used to convert the pulses of light that leave the fibre into electrical
pulses.

Fig. 9.4 shows the voltage trace obtained on a c.r.o. with a time base set at 0.1 ps / div.

1 div

<>
F"'?""W"'“?““"w _____ |__'_7__"1'___7"'_7 ____ [ [ [
i L | | . 10:divisions | | | ’:r | i i
= = =  f— - PSRRI S« S R
1 1 1 ! 1 1 1 1 1
1 1 1 ! 1 | | 1 1
1 ! 1 ! 1 1 1 1 1
[N [ [ (R S [ —— P AU (P PR R - 1
1 1 1 ! 1 1 1 1 1
1 1 1 ! 1 1 1 1 1
' : I N ]
h TTTT 1 Tt 1 I | | [ | [ 1
I 1 1 1 I I 1 ! I | | I | | |
1 1 1 1 ! 1 1 ! 1 1 1 1 1 1 1
. L Pt S SR . !

Fig. 9.4

(i) Att =0, a single pulse of light enters the optical fibre of length 1 km. This pulse also
lasts 0.1 us.

On Fig. 9.5, draw the corresponding voltage trace obtained on a c.r.o. with the same
Y-gain as Fig. 9.4 but a time base set at 0.05 ps / div.

1 div

-—>
(it Rl tnlie Tl Bttt Bt it Sl mli il i H e e A it Bl
| 1 | 1 1 | I 1 I 1 1 I 1 1 1
| 1 | 1 1 | I 1 I 1 1 I 1 1 1
1 ] 1 1 1 | I 1 I ] ] I ] 1 1
[ e it l——— == — = — e e e e I e Rl lm == ===
I 1 I 1 1 1 I 1 I 1 1 1 1 1 1
I 1 I 1 1 1 I 1 I 1 1 1 1 1 1
I 1 I 1 1 1 I 1 I 1 1 1 1 1 1
T F le - = | | VS U T P | (P | | I 1
| 1 | 1 1 | 1 ] I ] 1 I ] 1 1
1 ] 1 1 1 | I 1 I ] ] I ] 1 1
| 1 | 1 1 | I 1 I 1 1 I 1 1 1
I I P e U [ Y P A Y [ |
I 1 1 I I | | T ] 1 1 1 1 1 |
I 1 I 1 1 1 I : I 1 1 1 1 1 1
SRR SR SO NSO SOSUNNNY HONSNORNY SR SN SO SN SO S ] [2]

Fig. 9.5
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13
(ii) Fig. 9.4 shows that a pulse of light, lasting 0.1 us when it enters the 2 km optical
fibre, becomes three pulses lasting in total 1.0 us when it leaves.
In the transmission of data, it is important that no light from one pulse overlaps light
from the next pulse. A second pulse of 0.1 us must enter the fibre at least 1.0 ps

after the first pulse.

Determine the maximum number of pulses of light that can enter the 2 km optical
fibre in one second.

number of pulses persecond = .............ccoeiiiiiiininn.n. [1

(d) State two advantages of using optical fibres over copper wires in the transmission of
information.

1.

[2]

6091/2/09/22
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10 Fig. 10.1 shows the structure of a transformer.

1 |
=E =
240V —  —
mains iy —1 output
. =
ff
8000
turns

Fig. 10.1

The primary coil is connected to an alternating current supply of voltage 240 V and an output
voltage is induced in the secondary coil. There are 8000 turns on the primary coil.

(@) Describe what is meant by alternating current.

[1]

(b) Explain why an output voltage is induced in the secondary coil.

[2]

(c) The output voltage is 6 V.

Calculate the number of turns on the secondary coil.

numberofturns = ... 2]

6091/2/09/22
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A 200 mA fuse is connected in series with the primary coil.

(i)

(i)

Explain why the fuse is connected in series rather than in parallel with the primary
coil.

A maximum of three identical lamps rated 6 V, 12 W can be connected in parallel
across the secondary coil.

Calculate the maximum efficiency of the transformer when the three lamps are
connected.

efficiency = ...

6091/2/09/22
[Turn over
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11 EITHER

(a) Fig. 11.1 shows a ship traveling above a seabed from positions A to F.

Fig. 11.1

At each point, the ship transmits an ultrasound pulse of frequency 50 kHz to the seabed to
determine its depth. The speed of sound in sea water is 1500 m / s.

Fig. 11.2 is the intensity time graph which shows the time interval between each transmitted pulse
and reflected pulse received by the ship.

The thick lines represent the transmitted pulse while the thin lines represent the reflected pulse.

intensity
A

A

——— 0

D E F
‘ | ‘ »time/s

0 283.0 3.84.04.2 5.0 5.2

!\)_O

Fig. 11.2

(i) Explain why there is a difference in the amplitude of the transmitted pulse and the
reflected pulse.

(1]

(i) Calculate the deepest depth of the seabed between points A and F.

6091/2/09/22
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(iii) Determine the number of wavelengths within the distance calculated in (a)(ii).

number of wavelengths = .................coo, [2]

(iv)  Explain how the number of wavelengths will change if the ultrasound waves were
transmitted through solid rock instead of water, for the same distance calculated in

(a)(ii).

(2]

(b) Line X in Fig. 11.3 represents the water particles at time t when the ultrasound wave from the
ultrasound transceiver travels from the surface of the water to the seabed.

X ——- 0 ——— 00— -0 - ——0—0—0HHMH— time t

Y timet+ T/2

Fig. 11.3
The time taken for one complete vibration of a particle is T.

On line Y in Fig. 11.3, mark the centres of two compressions at time t + T/2.
Label these positions as “C”. [1

(c) State one similarity and one difference between ultrasound waves and ultraviolet rays.

(2]

6091/2/09/22
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L 2

11 OR
(@) Inthe circuit diagram in Fig. 11.4, a current of 12 A is flowing into junction J and out of junction
M.
12_._'.{3. J 4’;& 80 | N K ¥ 1_2;."1".

20

Yh
20

£}
{30 ]

Fig. 11.4

Calculate the currents 14, I2, I3 and the unknown resistance, R.

6091/2/09/22
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(b) Fig. 11.5 shows how the resistance, R, of a thermistor varies with temperature, T.

R/Q

350

300

250

200

150

100

50

A

"

——

-

V.

20 40 60 80 100
Fig. 11.5

: »T/°C
120

6091/2/09/22
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Fig. 11.6 shows the thermistor connected in a circuit.
The e.m.f. of the battery is 9 V and the resistance of the fixed resistor is 200 Q.

1 n
1 )

s/ 200 Q

—

/

4

4®_

Fig. 11.6

(i) Explain why the ammeter reading decreases to zero when switch S is closed.

(1]

(i) Determine the potential difference across the 200 Q fixed resistor when the
temperature of the thermistor is at 40°.

potential difference = ....................ol [2]
(iii)  The voltmeter is replaced with a bulb.

Determine how the brightness of the bulb will change as the temperature of the
thermistor increases.

(3]

End of Paper 2
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4E Physics Prelim 2022 Marking Scheme

Paper 1 (40 Marks)

1 2 3 4 5 & 7 8 9 10
A B D D A C D A A A
11 12 13 14 15 16 17 18 19 20
c B B C A A B D C C
21 22 23 24 25 26 27 28 29 30
B B C A D D B C C C
3 32 33 34 35 36 _J I a8 39 40
B B B C C C B D C D
Paper 2 Section A (50 Marks)
Gn | Solution Marks
1 {ai) |410° [1]
{aii) G - y e - n [1]
(bi} | Tenzion = 16=2=1TH [1]
(bii) | Veclor Diagramome® . | ML«
! "
f\_ ||Eh1 : "I'M
o LN N g3 29
i 1‘ 3 a 7 IF‘J
A -9/
) 4 BN l> 4 [~ /
W1/
L

Commect parallelogram / ip-to-tail diagram drawn [M1]

Resultant force labelled with double amowhead,
tensions labelled with arrowhead [A1]

Tension in PQ = Tension in PR =9.2 M (+/- a range)

(both answers)

[1]

[1]
[1]
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Solution

Marks

(a)

When the driving force is equal to the frictional forces and air
resistance acting on the car, the car experiences zero resultant
force and zero acceleration, hence it moves at constant speed.

[1]

(b)

From 50 s — 70 s, the car moves with a constant deceleration of
1.5 m / s? until it comes to a stop,

From 70 s — 80 s, the car remains stationary / at rest,

From 80 s — 90 s, the car moves with constant acceleration of 2 m /
s? but in the opposite direction.

[1]
[1]

[1]

(c)

Displacement = area under graph A — area

%(50 +70)(30) — 5 (30

=1500 m

[1]
[1]

[1]

[1]

[1]

3&4 60 — 70 90 N

[1]
[1]

[1]

(c)

He sh uspend this second bird cage directly below rope A.

Taking moments about the pivot at rope A, since there is no
perpendicular distance between the pivot and the weight of the
second bird cage, there will not be an additional turning effect
about A, hence it will not increase the tension in Rope B.

i.e. suspending the second bird cage directly below rope A only
increases the tension in rope A by 30 N.

[1]

[1]
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Qn | Solution Marks
4 (@ [A_FR
A1 Ay
5 K
2 0.08 [1]
5 [1]
Fy=5x008=0.2N
(bi) | Mass = density x volume
=1%x2x06=12g [1]
(bii) | Work done = force x distance
=5x0.6x102=0.03J [1]
(biii) | By principle of conservation of energ
KE of water = work done
1
2
Smv? = 0,03 // N
P / Q‘b
1/ 1.2 4
—( )vz =0.03 e (.00 ]
2\1000 %Co
®
[1]
5 |(a) [1]

(c)

+ml(~\

ded
0 QQ&ZO) + (40)(2200 % 1000)

@ 8@%0@ =1.216 x 108 J

R

(11 [1]
[1]

ng kg o@eam cools to 20 °C, it first experiences a change of
state'fro seous to liquid state to become hot water which cools

t0 20 °C&;

As the molecules which are very far apart in the gaseous state come
closer together to form strong bonds in the liquid state, the internal
potential energy of the molecules decreases, and latent heat of
vaporisation of 2200 kJ / kg is released.

When 1 kg of hot water cools to 20 °C, there is no change of state.
As the molecules move less vigorously within the liquid, the

internal kinetic energy of the molecules decreases, releasing only
4200 J/ °C.

[1]
[1]

[1]
[1]
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Qn | Solution Marks
6 | (ai)
(aii)
[11-
rays
[1]-
image
[1]
- PQ
(b) If the object is moved to a distance >f,
- image becomes larger ' [1]
- image distance from centre of the lensiincreases [1]
If the object is moved to a distance < f;
- image becomes magnified
- image becomes virtual
- image becomes upright
- imagedsion same side of lens as object.,
(any of these twarcorresponding/changes) |
7 (@ AR > ¢
negaliMely’Charged™ " G N\ N0y /28, .
i 4 4 "( ! LISP?TK.# jf— metal discharge ball
Y O [1]
1-3 % conducting rod
rubberbelt 21 &
L
' . : "\
P de_?f@""ﬁ geEnesor wire connecting rod to base
(b) Since like charges repel, [1
the negative charges on the metal dome repel the electrons on the
metal discharge ball away, leaving excess positive charges on | [1]
the side of the metal discharge ball near the dome.
© [,_¢
t
__0.57x1073 [1]
T 0.013
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Solution

Marks

(ai)

The resistance of the LDR decreases when light shines on it.

[1]

(aii)

When light shines on the LDR, the effective resistance of the circuit
decreases and current flowing through the relay coil increases.

The current flowing through the coil turns the soft iron core into an
electromagnet and creates a magnetic field.

The soft iron armature becomes an induced magnet and is
attracted to the soft iron core in the coil. As it turns about the pivot,
it pushes the relay contacts C close.

[1]

[1]

[1]

(b)

Benny’s description of the rotation of coil @ correct.

When the current flows in the directi ig. 8.3, by
Fleming’s left hand rule, side AB willfe nward force
while side DC will experience an upwa eausing the coil to
turn in a clockwise direction.

N
When side AB rotates to.the ? : ) ains
the same and side AB t Ié)mg 8 2 rd-force while
side DC will still experie the coil to

i.e. the coil
continues t

[1]

[1]
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Paper 2 Section B (30 marks)

Qn | Solution Marks
9 (a) Ray 1 passes straight through the glass as the angle of incidence
between the air-glass boundary is 0°, so the light ray does not | [1]
bend.
Ray 2 and 3 experience total internal reflection within the glass as | [1]
the angle of incidence at the glass-cladding boundary is more | [1] -
than the critical angle and the refractive index of the glass is | both
higher than that of the cladding. pts
(bi) | Speed of light in glass = 252 — 1990 _ 5 108 m/s [1]
time 5.0x10
Refractive index = £ = 22X _ 4 5 [1]
v 2.0x10
(bii) _sini
~ sinr
in 20
5= 0 [l
sinr
in 20
r= sin_l(ST.5 ) =#3.2° [1]
ci
(c]) 1 div
P Ry ARy ? Q% ob Lo (1] -Y-
Y O QT ! |gain
vV O O S A  (me
a9 &S T e ] L L ime
| W D S |pase
(cii) | Number of plilses persécond = — =1000000 (1]
1.0x10
(d) 1. Higher carrying capacity [1
(ability tocearry larger amounts of information)
2. Less sighal degradation [
(information integrity and quality is better maintained)
3. Lightweight
4. Lower costs
(any two advantages)
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Qn | Solution Marks
10 | (a) An alternating current is a current that reverses directions at a
regular frequency. [1
(b) | The alternating voltage in the primary coil produces a constantly
changing magnetic field within the soft iron core. 1
The secondary coil in turn experiences constantly changing
magnetic flux which induces an emf in the secondary caoil. 1
i.e. by Faraday’s law of Electromagnetic Induction, the induced emf
is proportional to the rate of change of magnetic flux in the secondary
coil.
(c) Ns _ Vs
Np  Vp
Ns _ 6
8000 240 // [1]
Ns = —° x 8000 = 20 // Q‘b
ST 2407 0 T ’, S [1]
(di) isconnect tran er from the
urrent in th rlga{y coil.
&e ri Q co Qb experience
he e@nt&hen the current | [1]
@%IIQ@Qnd does not experience
&
0x @‘x1 ‘-‘"48W [1]
%3 - for
both

36&&

100%

>< 100% = 75%

[1]
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on | Solution Marks
11 | {ai) | As the transmitted pulze fravels to and from the seabed, some
E energy iz dissipated to the water and seabed, hence the reflected | [1]
pulse is weaker than the transmitted pulse.
[aii) | Deepest depth at C or D
_sxt_ 1500x0.8
oz 2 [1]
= 600 m [1]
(@iii) | v = f4
1500
= = 0.03 m 1]
SO0Q00
number of wavelengths
= =00 = 20000 U
T 003
[aiv) | As the speed of soond wave in solid -ruzu-u:k_i?m:.rea,;e‘é., the
wavelength of the wave in2olid rock increases. [1]
Hence, there willbbe a'smaller mumber of wavelengths in the same | [1]
distance of gpfid rock
(b) ¥ ~ '
X r—.——l-I'l-lH—-!—H-i‘l'!-'!—Q—-O-—HH"'— time [
| i |
| ' : |
¥ , time f + T2 M]
(amy fwo)
; Festhe compressionwill moweinio the place of the next rarefaciion
I after half a parod
((c) | Similarity '
Ultrasound swaves and ultraviolet rays both fransfer energy from
one poidtio another. [1]
Difference:
Ultrasound waves cannot travel in a vacuum while ultraviolet
rays can travel in a vacuum. [1]

Ultrazound waves are longitudinal waves while ultraviclet rays
are transverse waves.

The zpeed of ultrasound waves in air is much lower than the
speed of ultraviolet rays in air.

{any difference)
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an | Solution Marks
11 | {a) lh=12-4=8A [11
o
p.d. acrosz JK=IR=4=8=32V
p.d. acrosgs JL=IR=8=3=24V
p.d. acroszs LM =32-24=8"%
I2=VII=8<(2+2)=2A 1
I3=8-2=6A m
R=V/Il=8+-6=1330 1
(bi} | When switch S is closed, current will
of through the resistor and ammeter [1]
h“ = 200 1
(bi) p-d. 200+ 150 ¢ tl
#
=514V *e ) (1]
o0
ibiii) | As the temperature rincrea e résistance of the
ential diff c@cmss the | [1]
) O
uﬁger tstor, the potential
[1]
zes, current decreases
ro 11

& £y
)

%ﬂ,"%’f E\*&E‘m scheme
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

1 What is the conversion factor for converting gigametres (Gm) to millimetres (mm)?

A 10 B 10° Cc 10° D 102

2 Two forces, F1 and F2, act on a particle as shown.

F1

particle
F2
Which diagram correctly shows the force Fs that would keep the particle
stationary?
A B
F2
C D

F2

3  An object is falling under gravity with terminal velocity.

Which of the following statements is correct?

A The acceleration of the object will decrease to zero.
B The force on the object due to air resistance will decrease to zero.
C The resultant force on the object is zero.
D The speed of the object will decrease at a constant rate to zero.
Applying past knowledge to new situations 2
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

4  The diagram shows the displacement-time graph of a car traveling on a straight,
horizontal road.

displacement/ m

ﬁi
10.0
0.0 10 20 30 40 50 tirg e
-5.0
-10.0

What is the total distance travelled by the car in 50 s?

-10m
Om

30 m
300 m

OO w>

5 A block of mass 2 kg is pulled by a constant force of 10 N. It moves with an
acceleration of 3.0 m/s? on a horizontal ground as shown below. At a certain instant
during its motion, the 10 N force is removed.

3.0 m/s?
—

20kg —— » 10N

What is the motion of the block immediately after the 10 N force is removed?

A accelerates in the opposite direction
B continue to move forward with a constant velocity
C continue to move forward with a deceleration
D immediately comes to a stop
Applying past knowledge to new situations 3
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

6  The diagram below shows a ball being released on a frictionless track from rest at
point L.

L

Assuming negligible air resistance, which graph correctly shows how the speed of
the ball varies with time from L to M ?

A B
v v
A A
>t >t
c D
v v
A A
> t > t
Applying past knowledge to new situations 4
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

7 A metal cube has a mass of 15 g. Each side measures 4.0 cm. The density of the
metal is 3000 kg / m3.

There is empty space in the middle of the cube.
Which is the volume of the empty space?

A 50cm? B 11 cm?® C 19 cm?® D 59 cm?

8 The diagram below shows a hinged uniform rod that is held horizontal by a wire
stay.

P 1

!

g

:

. 1

/W|re stay !

:

:

1

1

tension |

|

1

I

1

hinge 1 rod

weight

Which expression to calculate the tension in the wire stay is correct?

tension = weightx (p/2) +p
tension = weight x (p/2) + q
tension = weight + (p/ 2) x q
tension = weight + (p/2) + q

OO w>»

9 A non-uniform object is placed on an inclined plane. The object is just about to
topple.

L non-uniform object

inclined plane

Which position is the centre of gravity?

Applying past knowledge to new situations 5
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

10 Two vessels are joined together with a tube and filled with water. Both vessels
are open at the top.

How does the water pressure at point Q compare to the water pressures at P

and R?

pressure at P pressure at R
A lower than at Q greater than Q
B same as at Q greater than Q
C lower than at Q same as at Q
D same as at Q same as at Q

11 The diagram below shows a simple hydraulic jack.

handle

piston Z

piston W N{ L hydraulic fluid

Which modifications will enable heavier loads to be lifted?

diameter of W diameter of Z
A doubled halved
B doubled remains the same
C halved doubled
D remains the same halved

12 A truck is travelling at a steady speed along an expressway.
The forward force is 4000 N and the power produced is 10 000 W.

How far does the truck travel in one minute?

A 25m B 24 m C 150m D 66 km

Applying past knowledge to new situations 6
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1
13 A manometer is filled with a liquid of density 880 kg/ m?.

The gravitational field strength g is 10 N/ kg.

Gas
supply

25 cm I
¥

What is the excess pressure of the gas supply compared to atmospheric

45 cm

pressure?

A 1760 Pa
B 2200 Pa
C 3960 Pa
D 17600 Pa

14 Two balls of equal mass are dropped down a frictionless chute from the same
height as shown below. As the balls emerge, ball A travels perpendicular to the
ground and ball B travels parallel to the ground. Ignore energy losses to the
surroundings.

ball A ball B

e @

Which of the statements on the energy of the two balls as they emerge from the
chutes is correct?

A Kinetic energy of ball A is equal to ball B.
B Kinetic energy of ball A is lower than ball B.
C Gravitational energy of ball A is at its maximum and equal to ball B.
D Gravitational energy of ball A is lower than ball B.
Applying past knowledge to new situations 7

www.KiasuExamPaper.com
283



BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

15 The input power to a motor is 300 W. In 20 s, it lifts a load of 400 N through a

height of 6.0 m.

What is the efficiency of the motor?

A 12%
B 25%
C 40%
D 75%

16 In the Brownian experiment, smoke particles are viewed under a microscope.

Which row describes and explains Brownian motion?

description

explanation

A random

B random

C random

D vibrate

air molecules cannot be seen under a microscope and
bombard the smoke particles
air molecules can be seen under a microscope and bombard
the smoke particles
smoke particles can be seen under a microscope and
bombard the air molecules.

both smoke particles and air molecules can be seen under a
microscope and smoke particles bombard the air molecules

17 A fixed mass of gas is kept at constant temperature. When the volume of the gas
decreases, the pressure increases.

Why is this?

oo mw>»

The molecules are closer together and they collide more frequently.
The molecules are closer together and they move faster.

The molecules move more quickly and they collide more frequently.
The molecules move more quickly and the hit each other harder.

18 Physical properties of materials are used in the measurement of temperature.

Which physical property is not suitable for this purpose?

A expansion of a metal
B mass of a liquid
C resistance of a metal
D volume of a liquid
Applying past knowledge to new situations 8
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

19 The diagram shows a section through a particular type of building board.

aluminium foil
/ . by R = & Z
compressed 00033 OO 28%%8 ofoooooa— expanded polystyrene
2 Ve o '

paper boards ~, 0 %

aluminium foil

Which best explains why such boards provide good heat insulation?

- . ded
aluminium foil expande compressed paper boards
polystyrene
A is a good conductor 's a good has high thermal conductivity
reflector
B . i . -
is a good conductor 'S & poor has high thermal conductivity
reflector
¢ is a good reflector 's a good has low thermal conductivity
conductor
b is a good reflector 'S @ poor has low thermal conductivity
conductor

20 The cooling unit of an air conditioner is always placed at the top of rooms. The
air conditioner takes in warm air and gives out cold air.

Which statements explains this?

A cool air molecule is denser that a warm air molecule and sinks.

A cool air molecule is less dense than a warm air molecule and rises.
The cool air is denser than the warm air and sinks.

The cool air is less dense than the warm air and sinks.

oo w>»

21 Four metal cans are identical except for the colour and texture of their outer
surface. 100 cm? of water at 70 °C is poured into each can.

In which metal can will the water cool most rapidly?

black, rough black, shiny white, rough white, shiny

Applying past knowledge to new situations 9
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

22 Aniron block of mass 10 kg is kept at room temperature.

If the mass of the iron block is reduced to half which statement about the
specific heat capacity and heat capacity is correct?

specific heat capacity heat.
capacity
A lesser lesser
B same lesser
C lesser same
D same same

23 1.5 kg of liquid X is heated up by an immersion heater of power 100 W for 7.5
min in a vessel of heat capacity 20 J/°C. The temperature of X and the vessel is
raised from 20 °C to 30 °C and 600 J of energy is lost to the surroundings.

What is the specific heat capacity of X?

2950 J/kg °C
3000 J/kg °C
4430 Jikg °C
5900 J/kg °C

oo w>»

24 The boat oscillates vertically as the water wave passes.

The graph shows how the displacement of the boat from its equilibrium position
varies with time.

displacement /m
0.3=

0.2
0.1%
| — T

0 | \ t 0
01_0 02 04 06 08 1.0 1.2 14 16 1.8 2.0

time /s
—-0.25

-0.3-

What characteristics of the wave can be deduced from the graph?

A Its amplitude is 0.3 m and its speed is 0.75 m/s.
B Its amplitude is 0.3 m and its period is 1.6 s.
C Its wavelength is 1.6 m and its speed is 0.75 m/s.
D Its wavelength is 1.6 m and its period is 1.6 s.
Applying past knowledge to new situations 10
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

25 A person stands at point X as shown in the diagram below.

3’
X 1 4 2
O v > O
5
Y
e
mirror

Which of the pins (1, 2, 3, 4, 5) will the person be able to see in the mirror?

A pins1and3
B pins2and4
C pins2,3and5
D pins2,4and5

26 Aray of light travels from vacuum into glass.

speed v1

vacuum

glass

speed vz

Which quantity gives a constant value as the angle of incidence of the ray

changes?
A sin(p®) B sin(p®)
sin(s®) sin(r®)
Cc sin(q°) D sin(q°)
sin(s°®) sin(r®)
Applying past knowledge to new situations 11
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

27 In the diagram, a convex lens forms an image | of an object O. The diagram is

not drawn to scale.

| 45ecm

3

What happens as the object is moved towards the focal point?

OO w>»

The image moves further than 36 cm from the lens and decreases in size.
The image moves further than 36 cm from the lens and increases in size.
The image moves towards the lens and decreases in size.
The image moves towards the lens and increases in size.

28 Which row does not show a correct application of the stated electromagnetic

application

wave?
electromagnetic wave
A
X-rays
B radio waves
C gamma-rays
D ultraviolet radiation

detection of bone
fractures
satellite television
medical treatment
sterilisation

29 The diagram shows the resulting sound wave produced by a speaker.

speaker

How does the sound produced by the speaker vary as time passes?

A The pitch of the sound becomes higher.
B The pitch of the sound becomes lower.
C The sound becomes less loud.
D The sound becomes louder.
Applying past knowledge to new situations 12
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30 What always experiences a force when places in an electric field?

a solenoid

a magnet

a piece of wood
an electric charge

ocooOow>»

31 A negatively charged copper sphere rests on an insulating mat.

negatively charged sphere

insulating mat

A negatively charged polythene rod is brought near to the copper sphere.

Which diagram best shows the distribution of charge on the sphere?

A B
e
—
C D

=

32 The voltage produced by a generator is 20 000 V. The ammeter records a
current of 0.00060 A. If each electron carries a charge of 1.6 x 10'°C,

how many electrons passes through the ammeter in 2.0 s?

A 3.3x10’
B 7.5x10™
C 38x10"
D 7.5x10"
Applying past knowledge to new situations 13
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33 The diagrams show the voltage-current graphs for four electrical devices.

Which diagram shows the resistance increasing as the current rises?

A B
vV V 4
/ — |
c D
% V A
/ Em—— |

34 A thermistor T increases in resistance as temperature decreases and is used in
a fire alarm system.

The alarm is triggered when the potential difference between X and Y is 4.5 V.

12V
-]

4 150 Q

X i

What is the resistance of T when the alarm is triggered?

A 90Q
B 250Q
C 4000Q
D 550Q
Applying past knowledge to new situations 14
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35 The graphs show the variation of current | with potential difference V for a metal
wire at constant temperature, a semiconductor diode and a filament lamp.

/ / /

v
Graph X Graph 'Y Graph Z

Which row correctly identifies these graphs?

metal wire semiconductor diode filament lamp
A X Z Y
B Y X Z
C Y V4 X
D Z X Y

36 The power produced in a resistor P. The voltage across the resistor is then
doubled.

What is the new power produced in the resistor?

A P

2

B P

Cc 2P

D 4p
Applying past knowledge to new situations 15
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37 Each of the diagrams below is a cross-section through two parallel current-

carrying current.

Which diagram correctly shows the magnetic field pattern formed by the currents
in the two conductors?

- (@)@
P A® @
- @@

D ©

38 A metal rod AB is placed on two smooth horizontal metal rails on the bench.

The rail and the rod are subjected to an external magnetic field. The top view of the
setup is shown below.

raiL\A
XTxxx'TT‘?
) X X X X X|[X X X
= l X X X X X/ |[X X Y— external
¥ o ouc 3 x pe % % magnetic field
E X X X X X |x x x
| =Z5

When switch S is closed, in which direction will rod AB move?

into the page

out the page

to the right of the page
to the left of the page

OO mw >
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39 The diagram shows a fixed solenoid near a coil hung free to move.
The material within the coil and solenoid is a paper roll.

paper roll paper roll

Vst Vot ol ol

PP L
S

What happens to the coil when switch S is closed?

attracted to the solenoid and then returns to rest
repelled by the solenoid and then returns to rest
remains at rest

swings back and forth

oo w>»

40 A transformer is used with an a.c. supply to power a 12 V lamp at its correct rating.
The transformer has an efficiency of 100%.

What supply voltage, number of turns on the primary coil and number of turns on the
secondary coil are suitable?

supply voltage/ V number of turns on number of turns on
primary coil secondary coil

A 24 200 1000

B 24 200 10 000

C 240 2000 10

D 240 2000 100

End of Paper
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Section A
Answer all the questions in this section.
1 A motor-boat travels due north at a

steady speed of 3.0 m/s through calm N
water in which there is no current. 450
The boat then enters an area of water in current

which a steady current flows at 2.0 m/s 2.0mis
in a south-west direction as shown in 1
Fig. 1.1. Both the engine power and the
course setting remain unchanged.

In the space below, draw a vector diagram to determine

Fig. 1.1

¢ the magnitude of the resultant velocity of the boat,
e the angle between due north and the resultant velocity of the boat.

State the scale that you use for your vector diagram.

SCAlE: e

Applying past knowledge to new situations 2
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2 Fig. 2.1 shows an athlete throwing a discus. The mass of the discus is 1.0 kg. The
discus is held at arm’s length. She turns in a circle before releasing the discus. In
completing one circle the discus travels 6.0 m in 1.5 s. At the instant the discus is
released, it has a speed of 54 km/h.

Fig. 2.1

(@) (i) Calculate the average speed of the discus before it is released. Give your
answer to an appropriate number of significant figures.

average speed = .......cooiiiiiiiiiiiiee, [2]

(ii)  Itis known that speed is a scalar quantity and velocity is a vector quantity.
Explain why the average speed and average velocity of the discus is
different.

................................................................................................... [1]
(b) Calculate the kinetic energy of the discus when it is released. Give your answer
to an appropriate number of significant figures.
kineticenergy = ........ooooviiiiiiinnn. [3]
Applying past knowledge to new situations 3
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3 Fig. 3.1 shows the horizontal forces acting on a car when it is moving on level road.
The sum of air resistance and friction is known as the total resistive force.

forward driving force

-
Fig. 3.1
A graph of total resistive force against time t is shown in Fig. 3.2.
3000 :
total 2000 - » +
resistive H EENNE
force/N
1000+ - -
ok T T it
0 2 4 6 8 10 12 14 16 18 20 22 24
t/'s
Fig. 3.2

The caris atrestatt=0s.

The forward driving force acting on the car is zero until t = 2.0 s.
Fromt=2.0stot=24s, the driving force has a constant value of 2500 N.
The car has a mass of 850 kg.

(@) (i) During which two time intervals are the forces on the car balanced?

................................................................................................... [1]
(ii) Describe the motion of the car during these two time intervals.
................................................................................................... [2]
Question continues on next page...
Applying past knowledge to new situations 4
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(b) (i) Calculate the acceleration of the caratt=2.0 s.

acceleration= ... 2]

(ii)  Calculate the value of time t when the acceleration of the car is 2.0 m/s2.

Applying past knowledge to new situations 5
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4 Fig. 4.1 shows a sack truck supporting a box.

box sack

truck

— whesls

Three of the forces acting on the truck are

¢ the weight W of the box,
o the effort force E provided by the hands,
e the force F between the ground and the wheels.

(@) On Fig. 4.1, mark and label these three forces. Show clearly where each force
acts and the direction of each force. [3]

(b) By applying the principle of moments, explain how the design of the truck makes
it easier to lift the box.

Applying past knowledge to new situations 6
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5 Fig. 5.1 shows a syringe that contains a gas at the same pressure as the air outside.

The piston moves freely along the cylinder without any friction. No gas escapes.
The sealed end has a smaller cross-sectional area than the piston.

Pislt< gas\ CYH"{‘"“ sealed end
< i/

Fig. 5.1

(@) Use ideas about molecules, explain why

(i) the gas exerts a pressure on the cylinder.

................................................................................................... [2]
(ii) the gas exerts the same pressure on the piston as it does on the sealed

end.

................................................................................................... [1]

(b) As the syringe is heated from 20 °C to 100 °C, the piston moves outwards to the

left. It stops moving when the temperature is steady. State how the value of each
of the following quantities compares at 100 °C, after the piston stops, with its
value at 20 °C.
For each quantity you should only write greater, the same or less.
(i) | average distance between gas molecules (]
(ii) | pressure of the gas after the piston stops (]
(iii) | average speed of the gas molecules (]
. frequency of collision between gas molecules and
(iv) .

cylinder [1]

Applying past knowledge to new situations 7
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6 The displacement-time graph of a particle X of a transverse wave is as shown in
Fig. 6.1.

2.0
displacement/cm

Y VA [ 1\
71 7 1%

Y
]

5 1 15 é 25 R} time / ms

10 \ / \

-2.0

Fig. 6.1

Fig. 6.2 shows some wavefronts of the same wave.

3
Y

20 cm
Fig. 6.2

(a) Based on Fig. 6.1, describe the movement of particle X for one complete cycle,
starting from time t = 0.

Question continues on next page...
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(c) Use the wave equation to calculate the speed of propagation of the wave.
Express your answer in Sl unit.

Applying past knowledge to new situations 9
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7  Fig. 7.1 shows words seen through a lens. Fig. 7.2 shows the same words without the
lens.

UNIVERSITY of CAMBRIDGE
Local Examinations Syndicate

In. gollaboraton with

A Ministry of Education, Singapore

Fig. 7.1 Fig. 7.2

(a) Based on Fig. 7.1, state two properties of the image formed by the lens.

............................................................................................................ [1]
(b) On Fig. 7.3, draw a ray diagram to show how the image in Fig. 7.1 was formed
by the lens. Mark clearly the focal length (f) of the lens and the image formed.
converging
lens
object
Fig. 7.3 [4]
(c) The lens is then replaced by another lens of smaller diameter but of the same
focal length.
Describe any change to the image formed by the smaller lens.
............................................................................................................ 11
Applying past knowledge to new situations 10
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8 Fig. 8.1 shows an electric circuit containing two resistors.

12V
==l
®
20 Q S 300
—_1 . -
Fig. 8.1

(@) When switch S is open, the ammeter reading is zero.
State the value of the potential difference (p.d.) across switch S.

(b) Switch Sis now closed.

(i) Calculate the current through the 20 Q resistor.

current = ... 2]

(ii)  Calculate the potential difference (p.d.) across the 30 Q resistor.

(iii)  State the value of the potential difference (p.d.) across switch S.

Applying past knowledge to new situations 11
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9 A straight wire AB is connected to a centre-zero sensitive ammeter and move
vertically downwards, towards a pair of strong permanent magnets as shown in Fig.
9.1.

In doing so, the needle of the centre-zero sensitive ammeter deflects momentarily to
the right (deflects to the right briefly and returns to zero).

sensitive ammeter

Fig. 9.1

(a) Explain what causes this momentary deflection.

............................................................................................................ [2]
(b) State what happens to the needle of the sensitive ammeter when wire AB is
moved vertically upwards at a greater speed.
............................................................................................................ [1]
Applying past knowledge to new situations 12
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Section B

Answer all the questions in this section.
Answer only one of the two alternative questions in Question 12.

10 Some information is given below for an electric car for use in a town.

with a load of 80 kg with a load of 160 kg
maximum speed 10.9 m/s 10.9 m/s
initial acceleration 2.00 m/s? 1.82 m/s?
mass of car without any load 900 kg
furthest distance travelled by car at 49 km
maximum speed without recharging
average power produced by battery at 4.24 KW
maximum speed '
e.m.f. of battery 48 'V
maximum charging current 95 A

(@) (i) When the load in the car doubles from 80 kg to 160 kg, the initial
acceleration of the car decreases.
Explain what caused this decrease in acceleration to occur.

(ii) Explain, in terms of the forces acting on the car, why the car has a
maximum speed.

................................................................................................... [3]

Question continues on next page...

Applying past knowledge to new situations 13
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(b) The car travels the furthest distance at the maximum speed without recharging.
Calculate

(i) thetime taken,

(ii) the energy provided by the battery,

ENEIgY = .ot [1]

(iii) the minimum time taken to fully recharge the battery.

(iv) State one assumption that you made in calculating (b)(iii).

Applying past knowledge to new situations 14
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11 (a) Fig. 11.1 shows a small plotting compass placed above a copper wire. When
there is no current in the wire, the plotting compass points towards the North.

Fig. 11.2 shows the same set-up as shown in Fig. 11.1 but a large direct current

now flows through the wire.
The direction of the direct current is as shown in Fig. 11.2.

N ' N
W‘—{—‘E direction of / W+E
current in
plotting wirg plotting
compass compass
copper
Fig. 11.1 Fig. 11.2
(i) State what happens to the needle of the plotting compass.
................................................................................................... [1]
(ii)  An alternating current of frequency 50 Hz now flows through the wire.
State and explain what is observed in the needle of the plotting compass.
................................................................................................... [2]
(b) Fig. 11.3 shows the diagram of a simple d. c. motor.
pivot
/ coil
magnet magnet
pole pole
current 4 brush split-ring
commutator
-
Fig. 11.3

Applying past knowledge to new situations 15

www.KiasuExamPaper.com
308



BBSS /2022 / O Prelim / Sec 4E / Physics (6091) / P2

The gap between the two halves of the split-ring commutator is so wide that a
carbon brush can only touch one half of the split-ring at any time. This protects
the circuit. It also means that sometimes the motor will not start when switched
on.

The coil is rotated by vertical forces that act downwards on side AB and upwards
on side CD. The current causes a constant force of 3.0 N on each side. The
moment created by these forces varies as the coil turns.

The moment is zero when the coil is vertical.

The distances AD and BC are both 0.065 m.

(i)  Explain what would happen if the carbon brushes touch both halves
of the split-ring at the same time.

................................................................................................... [1]
(ii) Suggest a reason why sometimes the motor will not start when switched

on, even if there is no friction.

................................................................................................... [1]
(iii) Define the moment of a force.

................................................................................................... [1]
(iv) Calculate the value of the maximum moment created in the coil.

maximum moment = ...l [1]

(v) Explain why the moment is zero when the coil is vertical.

................................................................................................... [1]

Question continues on next page...
Applying past knowledge to new situations 16
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(vi) In the axes below, sketch a graph to suggest how the moment acting on
the coil varies with time as the coil rotates from a horizontal position at
constant speed. On the horizontal axis, mark clearly the time (T) taken for

one revolution of the coil. [2]
moment
time
Applying past knowledge to new situations 17
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12 EITHER
(a) The boiling point of pure water at normal atmospheric pressure is 100 °C.

(i) Define what is meant by the phrase “boiling point”.

(ii) Describe any changes to the arrangement of water molecules during
boiling.

(iii) Normal atmospheric pressure is conveniently taken to be 100 kPa.
It is usually measured by a barometer like the one shown in Fig. 12.1.
Describe how the barometer can be used to measure normal atmospheric
pressure.

In your account,
e show clearly on Fig. 12.1 any measurements that are taken,

e explain how atmospheric pressure in pascal is calculated from the
readings.

Applying past knowledge to new situations 18
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(b) A small electrical heater is used to heat water in a plastic cup, without a lid.
Fig. 12.2 shows how the temperature varies for 30 minutes after the heater is
switched on.

80

temperature/°C

70

60

50

40

30

20
0 5 10 15 20 25 30

time/min

Fig. 12.2

(i) Based on Fig. 12.2, determine the initial rate of rise in temperature, giving
your answer in °C/min.
Show any necessary construction lines on Fig. 12.2.

rate of rise in temperature = .............................. °C/min  [1]

(ii) The heater provides a constant amount of energy per minute to the water.
The mass of the water in the cup is 50 g.
The specific heat capacity of the water is 4.2 J/(g°C).
Using your answer to part (b)(i), calculate the energy supplied to the water
per minute.

energy supplied per minute = .............ccoii [2]

Question continues on next page...
Applying past knowledge to new situations 19
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(iii) After 25 minutes the temperature has stopped rising, even though heat is
still supplied at the same rate to the water.

Explain why.

Applying past knowledge to new situations 20
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12 OR

(@) A 2.4 kW electric heater, which is enclosed in a metal case, is connected to a
240 V supply.

Fig. 12.3 shows the heater and the cable that connects the heater to the power
supply. The cable has three wires in it: the live, the neutral and the earth.

/metal case
live

carth |
e
\electric
neutral heater
Fig. 12.3
(i)  Calculate the current flowing through the heater,
current = ... [2]
(ii)  Calculate the resistance of the heater.
resistance = ..., [2]

(iii) By drawing on Fig. 12.3, show how the wires in the cable should be safely
connected to the electric heater.
Include a switch and a fuse in your drawing. [3]

Applying past knowledge to new situations 21
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(b) Two resistors Ry and R, are connected first in series, as shown in Fig. 12.4, and
then in parallel, as shown in Fig. 12.5.

230V 230V
0 o— -0 o
I, R,
_[: | I > | I
Fig. 12.4 Fig. 12.5

There is no other resistance in either circuit.
The resistance of Ry is larger than the resistance of Ro.

(i)  Without any calculation, explain why

1. in the circuit shown in Fig. 12.4, the power output of R+ is larger than
the power output of R».

........................................................................................... [1]
2. in the circuit shown in Fig. 12.5, the power output of R+ is smaller

than the power output of R».

........................................................................................... [1]

(ii) In the circuit shown in Fig. 12.5, the resistor R1 is replaced with another
resistor Rs.
The resistance of R3 is greater than the resistance of R1.
Complete the table below to show how the replacement changes the
current Ia and the current Is.
effect on Ia effect on lg
[1]
*** END OF PAPER ***
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MARK SCHEME - PAPER 2 (FOR TEACHERS ONLY)

EAPER 2. (W =working), (C/F = concept / formula), (A & U = answer & unit)

+ Penalize 1 mark per guestion for no / wrong unit.

= Penalize 1 mark per guestign for failure to show concept /' formula clearly gpnd explicitly at the
beginning of each mathematical working, except G11b(iv).

* Mark for s.f. in Q23 and Q3¢ only.

| g Suggested Answer | Remarks
1 [1]): Duiagram: either parallelogram or triangle and all vectors must
’,-‘ be cormmectly labelled and in comrect direction.
” o [1): Scale
& « At least “1.0 cm represents 0,50 m/s”
-~ « Reject™.0 cm todellm/s or 2.0 m's" — vector diagram will
""" 3""‘!’ cccupy less tham half of allocated space.

* Rejectweird scale (sdg., 3.0 cm to 1.0 mfs)

[1) Magofude of reegiant vetosily setween 2.0 mifs and 2.2 mi's
inclusive.

- [} Angic begwegn modtlh snd rezuliap! velocih between 307 and

437 inclusise.

e pa—

2a | Average speed = totaldistance [ (otal time

{i} =80m/{15s [1]: W & CiF
=40 m= B 1 mark if ffmal answer not in 2 s.f] [M]-A&U

[Accept answerin kmifh fecrect)

———— ——

2a | Any cna'afthe followeng:

(i} |+ Discus'motraveling in straight line andso totakdisplacement not the same as
tolz| distance

# Total displacement (wWithyespect to 5k pafm of discus) is zero. [1]

Rej=ct iFstudent mentionsy directicn® withogt forther explanation.

Rejeef if student memly arites down definitions of speed and welocity without

furtenexplanation.

el 54km’h- 54 000 mPP26005i= 15 mis, © [1]
= Y = ([ 1.0){ 5]
=E112.54 [1]: W & CIF
=140 (o 2 5.6 [=1 mark if final answernat in 2 5.1] [1]: & & U
Jafi} |[t=0sandt=2sandi=16stot=24s [1] for both
[Do not penalize for no wnit / wrong unit]
3alii} | » Beweent=0sandt=2s 1 car at rest [1]
* Betweent=18sandt=24s : carmoves at constant velocity [1]

[accept "terminal velooity™)

(reject “constant speed”)
[-1 mark if student describes motion comectly but fail to state the comesponding
fime interval]
3b({i} | From the guestion, it is not clear if driving force is 2500 M att= 2 s.
Hence, we accept either one of the following two possible answers:

Version {(forward driving force = 2500 N af =23}

Resultant force = Forward driving force — total resistive force
= 2500 -0
= 2500 N
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Thus, acceleration (a) =F/m
= 2500/ 850
= 2.94 ms=2 (accept 2.9 m/s?)

Version 2 (forward driving force =0 N att=2 s)
Resultant force = Forward driving force — total resistive force

=0-0
=0N
Thus, acceleration (a) =F/m
=0/850
=0 ms=2
NOTE: penalize 1 mark if [1: W & C/F
- formula “F = ma” not written in the working. [1:A&U
- capital letter “A” is used to represent acceleration.
3b(ii) | Resultant force = ma =850 x 2.0 = 1700 N [1]

But resultant force = forward driving force — total resistive fe
1700 = 2500 - total resistive force
Hence, total resistive force = 2500 — 1700 = 800 N

From the graph given in the question, when total resisti [1: W & C/F
t=6.4s (accept 6.4 s to 6.6 s) [1: A& U

4a arrow originates from centre
of box (visyal inspection
suffice %d acts vertically
ngmates from hand
box is approximately
rpend|cu|ar to distance
N between centre of wheel and
(visual inspection
ffices) and acts in the
Q { + direction shown.
@Qze EQQ/: arrow originates from base of
Q’b wheel and acts vertically
upwards.
4b | e nk\/‘he kgblvot) and line of action of
c%&ween centre of wheel (pivot)
(1]
(1]
= AN
M a q@*épeeds and collide with cylinder. [1]
(i) ¢ exertedon unitarea of cylinder constitutes the pressure. [1]
5a gasﬁbﬁules‘ﬁéve equal chance to collide against unit area
(i) it afea 02\_ ed end [1]
Sb | (i) : (1]
(i)  thesam o}{b' [1]
(iii) greater [1]
(iv) less [1]
6a | e Particle X vibrates (reject “moves”, “travels”) perpendicular to direction of wave
travel. (1]
e amplitude = 2.0 cm / maximum displacement = 2.0 cm. (1]
e Completes one cycle in 20 ms / period of 20 ms. [1]
6b | Imaginary line on a wave that joins all adjacent points that are in phase. [1]
6¢ | Frequency (f)=1/T=1/20ms =50 Hz [1]
Wavelength (A) =20 /5 =4.0 cm = 0.040 m [1]: W, C/F, A
v = fA = (50)(0.040) = 2.0 m/s (allow for ecf of wrong frequency) &U
7a | upright and magnified [1]
(reject “virtual” as it cannot be seen from Fig 7.1 and Fig. 7.2)
Applying past knowledge to new situations 2

www.KiasuExamPaper.com
319




BBSS /2022 / O Prelim / Sec 4E / Physics (6091) / P2

7b \‘1..;._
] : \“‘\::"“uh converging
\. ! “aoo Teea._ lens
(2nd) .’ : (]
E (3rd)
image object ‘l\
— |
[1] L sy
(@th) e S
focal length (f)
NOTE:
If student draws ray diagram of a real image instead of the above, then:
- Award for light ray that originates from top of objg€t and passes through the origin straight
throughout (see “1st" indicated in above diagram) 6
- Award for focal length if it is correct (see “4th” | dicated in above diagram).
7c | Image is dimmer than before (accept “less bright” in i | 1]
8a |12V (1]
8 |1 =V/R N
(i) =12/50 (award 0 mark if R = 20 O opf30 Q‘b [11: W & C/F
=0.24 A 1. A&U
024 A e 2, QO (1]
8b | EITHER: ©
(i) |V=IR=(0.24)(30)=7.2V from 8b(i)) Q)%
OR (by applying p.d.p.): .. \\\
=(30/50) x 12 =7.2 ¥ (1]
o0 _ S &
8b |0V (& (1]
(i) R ,&'
D
9a ‘(ac@@t conductor” in lieu of
er second. (1]
s y:(_@ and induced current flows
(1]
rong (e.g., an e.m.f. is induced
agnetic flux linked to wire AB per
9b / larger deflection to the left and returns
, [1]
D
10a f (fricﬁfw, air resistance, etc.) acting on the car increases. [1]
(i) | e (Assume @ar's gpdine thrust force is constant) Decrease in _car’s net force
(and increase, inyear's mass) decreases initial acceleration of the car. 1]
10a | ¢ Constant engiﬁe thrust force and increasing resistive force decreases the net
(ii) force acting on the car. [1]
e Eventually, engine thrust force and resistive force are equal in magnitude and
opposite in direction (reject “engine thrust force is equal to resistive force”) (1]
e Car has zero acceleration and a constant maximum speed. (1]
10b | Time = distance / speed = 49000 m / 10.9 ms™!
(iy | =4495.412844 s
=4500 s. (to 2 s.f.) [1]
Accept answers in hours, hours and minutes if correct.
10b | (Change in) energy (E) = power x time
(i) = 4240 W x 4495.412844 s
=19 060 550.4587 J
=19 MJ (to 2 s.f.) or 19.1 MJ (to 3 s.f.) [1
Accept answers in kilowatt-hours (kKWh) if correct.
Applying past knowledge to new situations 3
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10b | (Change in) energy (E) =Pt =1Vt

(iii) | 19 060 550.4587 = (95 A)(48 V)(t)
Time t =4179.945276 [1]: W & C/F
=4200s (2s.f.),4190 s (3 s.f.) or 4180 s (3 s.f.) [M:A&U

Accept answers in hours, hours and minutes if correct.

10b | Any one of the following:

(iv) | ¢ No electrical energy is converted to thermal energy / lost to the surroundings.
(Reject “heat energy”)

e Current and voltage stays constant during charging.

e Battery / Battery charger is 100% efficient. (1]
11a | Needle points to the west / left. [1]
(i)
11a | ¢ Needle will remain in the same orientation as in Fig. 11.1.
(ii) (Also accept “needle vibrates slightly whilst pointing north” [1]
o (Direction of electric current reverses 50 times per segond leads to) direction of
magnetic field around wire reverses 50 times per secend and inertia of needle
does not allow it to alternate between pointing eas d west 50 times per
second. (1
11b | Short circuit and the current will bypass / not flow / siangular coil.

(i) (1]

11b | Open circuit and carbon brushes not in contac
(i) | (commutator).

(1]

11b | Product between the force and the
(iii) | the line of action of the force.

the &i@?’and

A\

(1]

11b | Maximum moment =F x g N 1
(iv) = Q)(b
. D (ace pt 0 20 Nm (te ii%
(DO NOT penalise for noforr yJhasibeen iésted in ( b)(_%
11b | Any one of the following: o - g [1]
(V) | o ine tlon .0 N force.
° rbo ot touching split

"@'nggurrent" without further

11b
(vi)

[1]: shape

time

i
|
t

[1]: correct T

e Graph must start from maximum and not zero (Refer to diagram. If coil starts turning from
horizontal position, then moments should be maximum initially).
e Graph: accept “straight lines” in lieu of curves.

12 (EITHER)

a(i) | Temperature at which a substance changes from liquid state to gaseous state. [1]

e Accept: temperature at which a substance changes from liquid to gas.

o Reject: temperature at which a liquid changes to a gas (vague: any liquid? Any
gas?)

Average distance between water molecules increases / Water molecules more | [1]
(i) | spaced out.
Reject: “more disorderly arranged”.

Applying past knowledge to new situations 4
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a ~ [1]: height h shown correctly in Fig. 12.1

(iii) [1]: Atmospheric pressure P = hpg

- [1]: height h to be expressed in metres and density of liquid (p) to be
expressed in kg/m® and g = gravitational field strength.

b(i) % [1]:for all the following done

e Tangent (red dotted line) drawn should cut the
graph at (0,20),

e Find the gradient of this tangent.

e Rate of rise in temperature = gradient of this
gradient based on student’s input.

b(ii) | Q = mcAd O~
Q/t = mc(A0/t) (note “AB/t” = o i i ov 0
= (50)(4.2)(5.0) « baged on sa ing i iflabove (Q& forecf)y | [11: W&C/F
=1050 J/min [M:A&U
b(iii) | ¢ Rate of flow of therm al epergy out of
the water to the sy quili m with the
surroundings). [1]
(11
[1: W & C/F
[1: A& U
[1: W & C/F
[1:A&U

[1]: earth wire connects to metal case.

[1]: live, neutral wires and heater form
a closed circuit.

[1]: switch and fuse on live wire and
correct symbols of switch and

electric fuse.

heater

b(i) | ¢ Current (I) constant in series circuit.
1 | e Hence power output (P) is directly proportional to resistance R (since P = I2R). | [1] for all
b(i) | ¢ Voltage (V) constant in parallel circuit.
2 e Hence power output (P) is inversely proportional to resistance R
(since P = V2R). [1] for all
b(ii) | e« Current I decreases.
e Current Ig remains unchanged. [1] for all
Applying past knowledge to new situations 5
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Which order shows the units of energy in the correct order of increasing size?

A J — kdJ — mJ — nJ — uJ

B mi — nd — B - kJ — GJ
c My - mi - J - ki - GJ
D nd — B - mJ — kJ — MJ

A student measures the thickness of 20 sheets of metal with a micrometer.

The diagram shows the reading on the micrometer.

HAW

L L [ HHs

[T

—10
~

What is the average thickness of one sheet of metal?

A 0.157 mm B 0.182mm C 0.207 mm D 0.357 mm

A student uses a ticker-timer to investigate the movement of a remote-controlled toy car.

ticker-timer remote-controlled

paper tape toy car direction
/ yﬁ of travel
o

C ] (@

The ticker-timer vibrates at 10 Hz as the paper tape is pulled through the ticker-timer by the
car and the diagram shows a section of the tape that was cut out to analyse its motion.

/Pé o o ° ° o o460/
/ 12 cm 7

What is the average speed of the toy car between the two markings P and Q?

A 17 cm/s B 15cm/s C 96cmis D 8.4cm/s
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The graph shows how the displacement of a car changes with time.

displacement

m \
0 time

]
5
Which row describes the car’'s motion for each five-second period?
Oto5s 5t010s 10to 15 s 15t020 s

A | uniform deceleration at rest decelerating uniform velocity
B uniform velocity at rest accelerating at rest
C uniform velocity at rest accelerating uniform velocity
D uniform velocity at rest decelerating at rest

The graph shows how the velocity of a particle moving along a straight line, changes with
time.

10
velocity 0 : | | | ' i
ms o 404 2 4 6 B8 10 12/14 s
201—————————————- 1

What is the displacement of the particle at the end of 14 s?

A 180m B 20m C -20m D -100m

The diagram shows the resultant R of a 3.0 N and a 7.0 N force that act at a point P.

7.0N R

p 30N

The angle between the 3.0 N force and the 7.0 N force can be any value from 0° to 180°.
Which value of R is not possible?

A 20N B 40N C G6.0N D 80N
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A solid object, immersed in water, hangs from an elastic thread.

Three forces act on the object: its weight W, the tension in the thread T, and an upward force
F from the water.

thread
/

solid object

water

Which equation is correct when the object is stationary?

A F+W=0
B F-T=0
C F-T-W=0
D F+T-W=0

A man jumps vertically upwards by exerting a force of 750 N on the floor.

man

/

l?SON

The man has a mass of 60 kg and the gravitational field strength g is 10 N/kg.

floor

What is the acceleration of the man as he just leaves the floor?

A -25m/s? B 1.25m/s? C 2.5m/s? D 125m/s?

An astronaut in a space station orbits the Earth.

When he places his camera at eye level and lets go of it, it stays at his eye level.
At the height at which he orbits, the earth’s gravitational field strength is 5.0 N/kg.
Which statement correctly describes the situation?

A The camera has mass and no weight.

B The camera has no weight and no mass.
C The camera has weight and mass.
D

The camera has weight but no mass.
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The graph shows how the volume of a sample of solid X changes with temperature as it is
heated.

14 5%
/
14.0 —
volume
cm® 135
13.0 > temperature

260 280 300 320 340 360 380 °C

The mass of the sample of solid X is 160 g.

What is the density of the liquid X at 328 °C?
A 11.1g/cm? B 11.4g/cm? C 11.7glcm? D 12.0g/cm?

Piston X is pushed into a hydraulic cylinder. Piston X produces a pressure Px in the liquid in
the cylinder.

The diagram shows the cylinder viewed from above.

H piston X

piston Z

=
/
o = piston Y
liquid

view from above

There are two other pistons, Y and Z, in the cylinder.
The pressures on piston Y and Z are Py and Pz.
What is the relationship between Px, Py and P2?

A Px=Py+Pz
B Px>Py>P;
C Px<Py<P:z
D Px=Py=P:
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12 Blood pressure can be measured by using a mercury manometer.
Blood pressure varies by 5.5 kPa as a heart beats.
The density of mercury is 13600 kg/m?® and the gravitational field strength g is 10 N/kg.

What is the change in the height difference between the levels in the manometer during a
heartbeat?

A 40.4 mm B 80.9mm C 404 mm D 809 mm

13 A uniform beam of length 100 cm is hinged at one end.

It is kept horizontal by applying a force of 12 N as shown.

hinge

What is the weight W of the beam?

uniform beam

A 72N B 96N C 144N D 192N

14 A man walks along a tightrope, carrying a long pole.

He carries the long pole to

A make it easier for him to keep his centre of gravity above the tightrope.
raise his centre of gravity and make him more stable.

reduce the pressure he exerts on the tightrope.

O O W

spread out his weight.
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A braking force F is applied on a car moving at a constant speed of 10 m/s. The car travelled
a distance of 10 m before coming to rest.

The car now travels at a constant speed of 30 m/s and the same braking force F is applied.
What is the distance travelled by the car before coming to rest?

A 17m B 30m C 52m D 90m

A cyclist, of weight 800 N, takes 10 s to cycle 200 m at a constant speed along a road.

The road rises vertically 1.0 m for every 50 m measured along the road.

| 200 m ‘

Given that work done against friction by the cyclist is negligible, what is the average power
produced by the cyclist?

A 32W B 160W C 320W D 1600W

When a thermometer is calibrated, the fixed points are marked.

What are fixed points?

A all the marks on the temperature scale which cannot be removed
B all the marks of the temperature scale

C the lowest and highest temperatures shown on the thermometer
D

two temperatures of known value which are easily reproduced

Air is trapped in a cylinder by a piston. The pressure of the air is P and the length of the
column of air is 10 cm.

The piston is moved outwards, and the length of the air column increases by 20 cm.

The temperature of the air remains constant.

, 10 cm_, 20 cm \
-
trapped air ~—_ :l’ ! -

What is the new air pressure?

Ag B op D 3P

w|T
o
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A substance can exist in three different states: solid, liquid or gas
Each of the two statements below describe a change in state.

change 1 Molecules move closer together but continue to travel throughout the
substance.

change 2  Molecules stop travelling throughout the substance and just vibrate about fixed
positions

Which changes of state do these statements describe?

change 1 change 2
A condensation melting
B condensation solidification
C solidification condensation
D solidification melting

Solar panels are used to heat water with a mass of 5000 kg.

The total area of the solar panels is 10 m? and the average power output from each square
metre of the panels is 300 W. The specific heat capacity of water is 4200 J/(kg °C).

Assuming that there is no thermal energy loss, what is the increase in the water temperature
after 8.0 hours?

A 41°C B 51°C C 41°C D 069°C

On a hot day, the drink in a bottle can be kept cool by standing the bottle in a bowl of water
and placing a wet cloth over it.

C wet cloth
drink in bottle

water\[&__ ] —_:_:ﬂ

The drink is kept cool because

A water evaporating from the wet cloth cools the drink in the bottle.
the cloth prevents absorption of thermal energy from the surroundings.

the cloth conducts thermal energy away from the bottle into the water.

O O W

cool air cannot escape from the bottle.
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A wooden bar and a copper bar are joined together at one end with a piece of paper wrapped
tightly around the center as shown in the diagram.

Heat is applied strongly at the paper and the paper goes brown on one side only.

wood — | [~

copper

paper <>_heat applied

Which side of the paper goes brown and what can we conclude about wood and copper?

brown side wood copper
A copper good conductor of heat insulator of heat
B copper insulator of heat good conductor of heat
C wood good conductor of heat insulator of heat
D wood insulator of heat good conductor of heat

In deep water, water waves cause a small cork P to rise up and down through one complete
oscillation every 0.20 s, as shown in the diagram.

The water waves move into shallow water.

Which of the following describes the wavelength, frequency and speed of the water waves as
they move from deep to shallow water?

wavelength frequency speed
A decreases below 1.0 cm remains at 5.0 Hz decreases below 5.0 cm/s
B decreases below 1.5 cm remains at 5.0 Hz decreases below 7.5 cm/s
C increases above 1.5 cm decreases below 5.0 Hz remains at 7.5 cm/s
D increases above 3.0 cm decreases below 5.0 Hz remains at 15 cm/s
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24  Which diagram shows the correct action of a converging lens on a light ray passing through
the lens?

[ ]
[
[ ]
®
1
I
!

25 Anobject O is placed in front of a plane mirror.
A person looks into the mirror from position X.

Which diagram shows the paths of the light rays from object O to the person at X?

o
° X
(w) vy)
S AN\

A
;>E
/
X
Cc
O; E
/.
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The speed of light in a glass block is 1.8 x 108 m/s.

A student shines a beam of light through the glass block at different angles of incidence.

The angle of incidence a and the corresponding angle of refraction B are measured and a

graph of sin a against sin (8 is plotted.

i

Which graph is correct?

sin a

sin a

27

1.0

0.5

1.0

0.5

A
N

/
0 05  10°nP

c
N

> sin

0 05 10°nP

sin a

sin a

B
1.0Q
05
0 AN > sin B
0 05 10
D
1.0P
05 \ HH
0 \> sin
0 05 10°nP

The frequency of the sound wave in air is doubled to 800 Hz.

Which row describes the 800 Hz sound wave?

A sound wave of frequency 400 Hz travels through air with velocity of 320 m/s.

velocity wavelength
m/s m
A 320 0.40
B 320 2.50
C 640 0.80
D 640 1.25
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A pulse of sound is produced at the bottom of a boat. The sound travels through the water

and is reflected from the seabed.

The sound reaches the boat again after 1.4 s.

The seabed is 800 m below the boat.

. boat
¥
800 m seabed

What is the speed of sound in the water?

A 286 m/s B 571m/s

1140 m/s D 2290 m/s

In a test, four students linked the different types of electromagnetic waves on the left with the
order of magnitude of their wavelengths on the right.

Which student matched them all correctly?

A
infra-red radiation 1010
ultraviolet rays 10°®
visible light 10°
X rays 10"

C
infra-red radiation __ 107°
ultraviolet rays 10°
visible light 10°
X rays 10"

B
infra-red radiation 10710
ultraviolet rays 10°®
visible light 10°
X rays 10"

D
infra-red radiation _—_ 107
ultraviolet rays 10°
visible light >< 10°
Xrays 40"
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The diagram shows isolated positive and negative point charges. These point charges are of
equal magnitude.

P, Q, R and the point charges X and Y are located on a single vertical plane.

Pe OR

Q
[

X® SN

Which statement best describes the electric field lines between the two point charges?

The field lines are horizontal at P and horizontal at Q.
The field lines are horizontal at P and vertical at R.

The field lines are vertical at Q and horizontal at R.

O o0 m »

The field lines are vertical at R and horizontal at Q.

In 3.0 s, 2.5 x 10" electrons pass through a resistor.

As the electrons pass, thermal energy is produced in the resistor at a rate of 4.0 W.
The charge on the electron is 1.6 x 107 C.

What is the potential difference across the resistor?

A 30V B 40V cC 12V D 36V

X and Y are lamps with filament made of the same material.

The filament of lamp X has a cross sectional area of 2A and a length of L. The filament of
lamp Y has a cross sectional area of A and a length of 2L.

Each lamp is connected to the mains and switched on.

Which is the brighter lamp and which lamp has a filament of larger resistance?

brighter larger resistance
A X X
B X Y
Cc Y X
D Y Y
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The diagram shows a circuit containing two identical resistors and two switches.

—
© T

.

;

Switches S1 and S: are closed.

:

Which row shows the changes in the readings of the two ammeters and the voltmeter?

reading on A reading on Az reading on voltmeter
A decreases increases increases
B increases increases unchanged
C increases decreases increases
D increases unchanged unchanged

The diagram shows a circuit comprising of three electrical components.

6.0Ve

OO0OVe

Q.

It is observed that when the temperature is low, the LED in the circuit lights up.

This is because in cold weather,

A the voltage of T increases while that of R decreases.

the voltage of T decreases while that of R increases.

B
C the voltages of both T and R increase.
D

the voltages of both T and R decrease.
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An electrical cable contains three wires: live, neutral and earth.

The cable is correctly wired to a plug which contains a 3 A fuse. The insulation becomes
damaged and bare metal wires show.

Five possible events can occur.
* A person touches the earth wire.
* A person touches the neutral wire.
* A person touches the live wire.
* The live wire touches the neutral wire.
* The live wire touches the earth wire.
How many of these five events cause the fuse in the plug to blow?

A one B two C three D four

The diagram shows a circuit with a wire connected to a battery through switch S.

The compasses X and Z are placed above the wire and compass Y is placed below the wire.

compass X compass Y

> >
T
switch S ;}é compass Z

Which of the following diagrams show the correct orientation of the compass needles when
switch S is closed?

A B

WO—G5 H>—F
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37  Thereis an upward current in a vertical wire XY. This produces a magnetic field in the region
around XY.

Which diagram shows the pattern of the magnetic field lines produced by the current?

A B
X X]
G

Y Y

C D
- -

X X

Y \

38  Anideal transformer supplies power to a load.

In order to deliver a current of 2.0 A to the load, the primary coil draws a current of 0.10 A
from the 240 V mains.

I, =0.10A Is=2.0A

Q==u
N

Ve =240V Np Ne Vs

Which row shows the correct set of values for the transformer?

turns in primary coil, Np turns in secondary coil, Ns | potential difference, Vs / V
A 300 6000 12
B 300 6000 4800
C 6000 300 12
D 6000 300 4800
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39 A copperring is placed next to a solenoid.

S
thread I || F—o—e

AADMNAAAAARNDMA R

copper ring

VYVYVYVYVVVYVY

solenoid

At the moment the switch S is opened, the copper ring

moves towards the coil.

A

B remains stationary.

C repels away from the coil.
D

rotates momentarily.

40 The Y-input terminals of an oscilloscope are connected to a supply of peak value 15V and of
frequency 50 Hz.

The time-base setting is 10 ms per division and the Y-gain at 5.0 V per division.

Which trace could be obtained?
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2

Section A (50 marks)

Answer all questions in the spaces provided.

Para-sailing is a leisure pursuit where a person is attached to a parachute and pulled over the sea
by a tow-rope.

The tow-rope is attached to a motor boat as shown in Fig. 1.1.

parachute attached drag force, Fo

to person

tow-rope

tension
1400 N

weight
720 N

B g
Y i L L L L L L L L L L R L

Fig. 1.1 Fig. 1.2

(@) Fig. 1.2 shows the directions of the forces acting on a person when being pulled horizontally
across the sea at a constant speed.

The weight of the person is 720 N and the tension in the tow-rope is 1400 N.

Determine the drag force Fp acting on the person using a scale drawing.

drag force, Fo = oo [3]
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(b) The tow-rope is released at X and the path of the person with the parachute after the release
of the tow-rope is shown by the dashed line in Fig. 1.3.

D T L Lt ]
B L L s}

Fig. 1.3

The speed of the person with the parachute is the fastest at X, at the moment the tow-rope is
released.

(i) Describe the energy changes from the moment the tow-rope is released at X until the
person reaches the surface of the sea at Y.

(ii) The vertical height between X and Y is 8.0 m and the speed of the person at X
is 12 m/s.

As the person moves from X to Y, 10 kd of work is done against air resistance.
Determine the speed of the person at Y.

The gravitational field strength g is 10 N/kg.

speed atpointY = ... [3]
(iii) A student suggests that the speed of the person at Y does not depend on his mass.

Explain briefly whether the suggestion is correct.
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A horizontal, uniform beam is balanced on supports P and Q of a stand when a weighted toy is
placed on the beam.

(@) Fig. 2.1 shows the forces acting on the horizontal beam and the distances between these
forces when the weighted toy is placed on the beam and the beam is balanced on the stand.

R R

beam & A
eam , ,
1.2 cm\:/1 4 cm o 2.6 cm
£ i i |
P i i Q G = et
42N 10N
stand
Fig. 2.1 Fig. 2.2a Fig. 2.2b

(i)  State the principle of moments.

(ii) The weight of the horizontal beam is 1.0 N and the weight of the weighted toy is 4.2 N.

Determine the forces Rp and Rq acting on the horizontal beam.

(b) Fig. 2.2a and Fig. 2.2b show the rest position of the weighted toy balanced on its beak and the
displaced position of the same toy respectively.

G is the position of the centre of gravity of the weighted toy.

By making reference to the centre of gravity, explain why the weighted toy returns to its rest
position when displaced and released.
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3 (a) Fig. 3.1 shows a mercury barometer used to measure atmospheric pressure on a particular
day and the scale alongside the barometer is marked in cm.

66— — — —— >~ 06— ———— >~ - 66—~ — ><—
9o | | 90 90—
807 N 80— 80—
70— 70— 70—
607 60— 60
50— 50— 50—
40 40— 40—
30— 30— 30—
20 20 20
10 10 10 N
9 - o
Fig. 3.1 Fig. 3.2 Fig. 3.3

Fig. 3.2 and Fig. 3.3 shows two other mercury barometers located next to that in Fig. 3.1.

(i) OnFig. 3.2, draw the level of mercury inside the tube after more mercury is poured into
the reservoir. [1]

(ii) On Fig. 3.3, draw the level of mercury inside the tube after the tube is tilted from the
position shown in Fig. 3.2. [1

(b) A student attempts to build his own barometer by lowering an inverted glass tube vertically into
a mercury bath at the same location.

Some air is trapped in the sealed end of the inverted glass tube.

(i) Explain why the reading obtained using his own barometer is lower from the actual
atmospheric pressure obtained using the mercury barometer in Fig. 3.1.

(i) Suggest and explain using ideas about molecules, how the reading obtained using his
own barometer will change if the student pushes the inverted glass tube further into the
mercury bath.
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Light is incident on a glass prism, as shown in Fig. 4.1.

light

glass prism

Fig. 4.1

(@) The refractive index of the glass prism is 1.5.
The ray of light enters the glass prism at point P and the angle of incidence at point P is 30°.

Calculate the angle of refraction of the ray of light at point P.

angle of refraction = ...................... 2]

(b) Another glass prism is used to allow light from the Sun into a room which is below ground
level, as shown in Fig 4.2. The prism is made using the same glass as the prism in Fig. 4.1.

_ X light

light from Sun /
~130°

glass prism //
| >/ ground

roory

light from Sun

Fig. 4.2 Fig. 4.3
The critical angle of the glass prism is 42°.

On Fig. 4.3, draw the path of the ray of light as it passes through side XY and emerges from
the prism into the room which is below ground level from side YZ. [1]
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A piece of metal foil is attached to a metal rod as shown in Fig. 5.1.

Both metal foil and metal rod are initially uncharged.

_ metal rod % — metal rod

negatively
ch'argeq metal foil
metal foil plastic strip X
Fig. 5.1 Fig. 5.2

A negatively charged plastic strip X is held close to the top of the metal rod. The metal foil moves
away from the metal rod as shown in Fig. 5.2.

(@) Explain why the metal foil moves away from the metal rod.

(b) Another strip Y is brought near the top of the metal rod. It is held next to the negatively charged
plastic strip X without touching the plastic strip as shown in Fig. 5.3.

T metal rod
negatively
charged
plastic strip X \
strip Y metal foil
Fig. 5.3

The metal foil moves further away from the metal rod as shown.

State and explain what can be deduced about strip Y.
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Fig. 6.1 shows the I/V characteristic graphs for a light-emitting diode (LED) and for a filament lamp.

The LED is a semiconductor diode that emits light.

current/ mA T A ';)Vlamp
40 S

20

0 : _ potential difference / V
0 2 4 6

Fig. 6.1

(a) Describe how the resistance of the LED changes as the potential difference increases from
zero.

(b) A student uses the lamp and the LED whose characteristics are as shown in Fig. 6.1.
He connects the lamp and the LED to a d.c. power supply. All three components are in parallel.
The current in the LED is 20 mA.
Using Fig. 6.1, determine

1. the current through the power supply,

total current = ... [1]

2. the effective resistance of the LED and the lamp in parallel.

effective resistance = ..., [2]
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Fig. 7.1 shows an apparatus that is used to measure the acceleration of a falling card.

V/V
falling E.O v RS _
card 6. ;
pulse 1 | pulse 2
5.0 ! T
4.8 kQ
i 4.0 |
3.0 iEEas
§ |
QD 2.0
R—2 :
light beam P | S
oV 0.0 t/s
Fig. 7.1 Fig. 7.2

There is a square hole in the centre of the falling card. When the card blocks the light beam, no
light reaches the LDR (light-dependent resistor).

The variation of the potential difference V with time elapsed t after releasing the card is shown in
Fig. 7.2.

(@) Describe and explain the changes in the voltmeter reading as the card falls.

......................................................................................................................... [2]
(b) Determine the resistance of the LDR when the card blocks the light beam.
resistance of LDR = ..........cccoovciiiiiiiiiiiininnn, 2]
(c) Explain briefly, the difference between pulse 1 and pulse 2 in Fig. 7.2.
......................................................................................................................... [1]
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A reed switch is one type of switch for an electrical circuit.

The reed switch contains two metal strips that are not in contact unless a magnet is close to them,
as shown in Fig. 8.1.

metal strips

glass envelope metal strips

glass envelope

. N /)

| to_ | to
electrica electrical
circuit circuit N
/ S
magnet
contacts open contacts closed

Fig. 8.1

(a) Explain why bringing the magnet close to the reed switch will cause the metal strips to come
into contact and close the reed switch.

(b) Suggest why the metal strips will not lose contact when the magnet is removed if the strips
are made of steel.

(c) Suggest a modification to the reed switch so that the reed switch would be normally closed
unless a magnet is brought close to it.
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Fig. 9.1 shows a d.c. motor.

I
magnet mo/r\nent
split-ring
commutator

carbon brush
switch S 9 >
| ‘ | ‘ | ‘ | time

|
Fig. 9.1 Fig. 9.2

The coil is horizontal, as shown in Fig. 9.1.

(@) On Fig. 9.1, draw the forces that act on sides AB and CD of the coil when the switch S is
closed. [1

(b) Explain why the coil turns when the switch is closed.

(d) Fig. 9.2 shows how the moment acting on the coil changes with time.

Sketch, on Fig. 9.2, how the moment acting on the coil changes with time if the e.m.f. of the
battery is halved. [1]
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Section B (30 marks)

Answer all the questions from this section.

Answer only one of the two alternative questions in Question 12.

10 A vertical-axis wind turbine (VAWT) that can be installed on top of buildings to generate electricity

using a renewable energy source.

(a) State what is meant by a renewable energy source.

(b) Fig. 10.1 shows the structure of a VAWT installed on a building.

direction of rotation
direction . >

of wind L
H E( —
- :[]: wind blades
SN <
— | Mg
soft iron T~ driving shaft
core Seuill b
AT\ system
| | of magnets
INN

. ¢

to output terminals

Fig. 10.1

thermal
energy loss

thickness
of cable

The turbine consists of four blades which catches the wind and turns the driving shaft.

A system of magnets connected to the end of the driving shaft, is placed within a soft-iron core
wound with coils of wires. These coils of wires are connected to the output terminals leading

to the building.

Explain how the wind produces an alternating electromotive force (e.m.f.) across the output

terminals in Fig. 10.1.
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(c) Fig. 10.2 shows how the loss of thermal energy from a transmission cable from the output
terminals to the building varies with the thickness of the cable.

Explain why the loss of thermal energy is less if the transmission cable is thicker.

(d) Fig. 10.3 shows how the power output of a single unit of the VAWT varies with wind speed.

power output time wind speed
kW - m/s
min
A
3.0 0 2.0
25 it 1 4.0
2
’0 8.0
3 14.0
1.5 4 14.0
1.0 S 8.0
0.5 6 12.0
7
0.0-<— ' ' > nl
0.0 4.0 8.0 12.0 16.0 8 5.0
wind speed
s 9 3.0
Fig. 10.3 Table 10.1

The wind speed is recorded at one minute intervals, as shown in Table 10.1.

(i) Use the data in Fig. 10.3 and Table 10.1 to estimate the total energy produced in the
ten minute interval by a single VAWT. Give your answer in joules.

ENEIQY = oovrvrereeeeeevererererernreenaennanns J [3]
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Explain why your answer in (i) is only an estimate.

Five VAWTs are installed on top of another building where the average wind speed
varies between 0 to 8.0 m/s daily.

The unit cost of electricity is 32 cents.

Using the data in Fig. 10.3, calculate the estimated cost savings from the electricity
generated from the five VAWTs in a day.

COSt SAVINGS = ..ooviiii s [2]
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11 Ultrasound and X-rays are used to provide information about structures inside the human body.

(@) Fig. 11.1 shows ultrasound being used to detect a cyst, which is a sac may be filled with air,
fluids or other materials, in a human body.

ultrasound receiver

uasound source

fatty tissue "

cyst

Fig. 11.1

(i)  Explain how the vibrations of the source produce waves of ultrasound.

(i) Suggest how these waves of ultrasound are transmitted through the body tissue to the
receiver.

(iii)  Ultrasound used in medicine has a frequency that is about 100 times higher than the
maximum frequency that can be heard by humans.

The speed of ultrasound in the human body is 1500 m/s.

Determine the wavelength of the ultrasound used in medicine.

wavelength = ... [2]
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(b) The wavelength of X-rays used to detect fractures is roughly the size of an atom.
(i)  Determine the frequency of the X-rays.

State the value of any constant used.

frequency = ... [2]

(ii) Describe the effects on living cells and tissues when X-rays cause ionization.
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12 EITHER

A standing steam iron uses hot steam to loosen the bonds of the fabric and reduces the appearance
of wrinkles and creases.

(a) Fig. 12.1 shows the standing steam iron connected to the mains supply.

clothes ironing Specifications of standing iron
Power: 2.0 kW
Operating voltage: 240 V

Capacity: 1.5 litre
Heat-up time: 45 s

wire to Thermal properties of water
mains o .
supply Specific heat capacity:
42J/(g°C)
‘‘‘‘‘‘‘‘‘‘‘‘‘‘ N Specific latent heat of vaporisation:
\ sy 23kJ/g
b <7/ heating element
Fig. 12.1 Table 12.1

Table 12.1 shows data relevant to the standing steam iron.

The appliance is filled with 1.5 litres of water at 32 °C. The mass of 1.0 litre of water is 1.0 kg.

The appliance is used until 80% of the water has been turned to steam and released through
the ironing plate.

(i)  Calculate the amount of energy used to raise the temperature of the water in the tank to
its boiling point.

energy Used = .....cccovviieiriiiiiiien e [2]

(ii)  Calculate the amount of energy used to produce the steam released.

energy uUsed = .......oooiiiiiiiiiiiiee e 2]
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(iii) Suggest a reason, other than thermal energy loss to the surroundings, why the actual
amount of energy used is more than the calculated values in (a)(i) and (a)(ii).

To ensure that no damage or injury is caused, the standing steam iron has a 10 A fuse
connected to the live wire.

Explain why replacing the 10 A fuse with a 15 A fuse presents a risk of damage or danger.

......................................................................................................................... [1]
Fig. 12.2 shows some key design features of the water tank of the standing steam iron.
tank made of copper—__
heating element — |
Fig. 12.2
(i) Describe how all of the water in the tank is heated up by the heating element.
.................................................................................................................. [2]

(ii) Explain how these key design features of the water tank help to reduce thermal energy
loss to the surroundings.
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12 OR
(a) A stationary swimmer starts to swim by pushing off from one side of a swimming pool.

Fig. 12.3 shows the velocity-time graph of the swimmer’s motion with four points indicated.

2.0 _ o
C ; D
1.6
velocity 1.2
m/s

04 ....................
| : _ _ _ lime
6 8 10 12 14 16 18 20 22 24 26 S

0.0

Fig. 12.3

(i) The mass of the swimmer is 80 kg and the resistive forces acting on him at between A
and B is 320 N.

Determine the force exerted by the swimmer on the water between A and B.

forceexerted = .....cooeiiiiiiiiiii [3]

(ii) The distance between A and D is 50 m. The displacement of the swimmer is zero at

point A.
On Fig. 12.4, sketch the displacement-time graph for the motion. [3]
displacement

40

30

20

10

i - - - —_ time
0 > g

o 2 4 6 8 10 12 14 16 18 20 22 24 26

Fig. 12.4
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(b) The swimmer reaches the wall at the other end of the swimming pool and turns around under
the water.

Fig. 12.5 shows the swimmer immediately after turning around.

water surface

end wall

Fig. 12.5

(i)  The swimmer pushes against the end wall of the swimming pool with his legs.

Explain, in terms of Newton’s law(s), why the swimmer accelerates away from the end
wall.

.................................................................................................................. [2]
(ii)  While swimming, there is a constant forward force on the swimmer.

His velocity increases until eventually he reaches a constant velocity.

Explain, in terms of forces, why he reaches a constant velocity.

.................................................................................................................. [2]

- END OF PAPER -
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2022 Sec 4 Express Preliminary Examinations Answers

Paper 1 MCGQ [40 marks]

1 2 3 4 5 6 [ ] 9 10
D B A B C A D C C B
11 12 13 14 15 16 17 18 19 20
D A C A D C D B B C
21 22 23 24 25 26 27 28 29 30
A D B C D A A C B D
ki 32 33 34 35 36 a7 38 39 40
A B D A B C B C A D

Paper 2 Section A [50 marks]

.1

(a)

(b)

Appropriate scale (at least half of space given)

Comect scale drawing with comect directiooiamows [B2]
drag force Fp: 1870 N (1600 N to 2150MEA0 *25 ° to 42 1) from yérdical [A1]

(i)

(i)

(iii)

(i)

1400 M
157NN
1400 M

Kinefie enengy.of the person with parachute decreases and his gravitational potential
Encrovdecregseg to zere [1] a8 work e done 30ainst air resistance and energy is
converted to themalensrgy ).

By comservation of encrgy,

fofaf energy at = total energy at v M1]

W TPR2F + 12% 10X8 =% x 72 x v + 10000 1]
L T2x v =044

v=>51m/s (to 2 sf) [A1]

The suggestion is incomect.
Since there is work done against air resistance, the speed of the person at v will be

faster if the person has a larger mass [gocept anv other sensible suggestion or reference
made to working in (ii}] [1]

The principle of momenis states that fior an object in equilibrium [1], the sum of clockwise

moments about any point as the pivot is egual to the sum of anti-clockwise moments
abkout the same point as pivot. [1]
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(ii) Taking moments about Q,
1.0x26cm+42x(1.4+26)cm=Rp x(1.2+ 1.4+ 2.6)cm [M1]
Rp =3.730769231 = 3.7 N [A1]
Total upward force = total downward force
Rp+Rqo=4.2+1.0
Ro = 1.469230769 = 1.5 N or [A1]
Taking moments about P,
1.0x26cm+42x(1.2+14)=Rox(1.2+1.4+2.6)
Ro = 1.469230769 = 1.5 N
(b) When the toy is displaced, its centre of gravity is‘displaced upward and to the right and the

weight now has a turning effect about the pivot [1].

The moment of the weight about the pivot wouldicausethe'toy to turn clockwise and return to

its rest position [1].

3 @ 4ee - 108~~~ — = - D6 <
90 90—f------1 ot 90—t -~ -\ o\ -
—_———— — - - l\\ —_
80— : 80— }; 80—
70— 70— 70—
60— 60— 60—
50— 50— { 50—
] 4 N ]
40— 40— " 40—
30— : 30— ; 30—
20— N 20— R 20— .
10 — 104 ol 105 Rl
) A . B ai T RN o} B I R SRR
Fig. 34 Fig. 3.2 Fig. 3.3

(i » Blforh = 75 cmyat, 90 cm'mark on metre rule)
(ii) <“B1for h’= 75 cm*(at 90 tm mark on meter rule, horizontal line)
(b) (i) Thedtrappedair exerts a pressure on the column of mercury in the inverted glass tube,

causing‘he level of mercury in the tube to be lower. (or equivalent) [1]

(i) The reading obtained using his own barometer will become lower. [1]

When the student pushes the inverted glass tube further into the mercury bath, the

volume of trapped air becomes smaller and the number of molecules per unit volume

increases. [1] The frequency of collisions between the molecules and the walls of the

glass tube and mercury increases, causing the pressure of the trapped air to increase

and the level of mercury in the glass tube to become lower. [1]

2
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4 (a)
(b)
5 (a)
(b)
6 (a)

(b)

n=sini/sinr

1.5=sin30/sinr [M1]
r =sin” (sin 30°/1.5)

=19.47122063 = 19 °

light from Sun

glass prism /
| / ground.

room

light from Sun

Figa5.2 : Fig. 5.3

B1 for TIR at XZ'and correct bendingiat XY and{XZ

Elecirons in the metal foil androd are ¢epelled away by the negative charges on the plastic

strip, leaving the /sides nearer to.the strip positively charged and the sides furthest from the

strip hegatively*ehargedy{1]

The repulsion between like charges on the furthest end of the rod and foil causes the metal

foil to move away from the metal rod. [1]

Strip Y is negatively charged. [1] Since the metal foil moves further away from the metal rod,

the repulsion between like charges on the furthest end of the rod and foil is stronger when

strip Y is brought close so strip Y must be charged negatively like strip X [1]

As the potential difference (p.d) increases from zero to 2.0 V, resistance of LED remains

undefined/infinitely large (since current through LED remains at 0 A). [1]

As the p.d. increases from 2.0 V to 4.2 V, resistance of LED decreases as current increases

(since ratio of V to | decreases). [1] or

As the p.d increases from 2.0 V to 3.0 V, resistance of LED decreases (since ratio of V to |

decreases). As the p.d increases from 3.0 V to 4.2 V, resistance of LED remains constant

(since ratio of V to | remains constant). [1]

1. Current through power supply = 20 + 40

=60 mA [A1]
2. Reff=V/I
=3.4/(60 x 10?) [M1]
= 56.66666..~ 57 Q [A1]
3
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7

(a)

(b)

(c)

(a)

(b)

(c)

(a)
(b)

(c)

When the card falls but does not block the light, the resistance R of the LDR remains constant
and the potential difference V across the LDR re rﬁ: 0.60 V. [1]
¥s.blocked by the card, the resistance R of

As the card continues falling, whenever the light

RLDR

since Vypr = oo 14000 6 [1] or equivale ,
V= (RLA) X 6.0 //
Ripr+4800 :

\ [M1]
5.0 = (%) 6.0
R;pr + 4800 y’ :
V=24000Q g N
for du ‘ D [A1]
pulse 2has & Shorter sl than pu|§e % As the faI@ accelerates and falls at faster

speed so the time’ that the I|ght is blocked by tlQijp&Q part of the card of the same length

Q’z’Q

would become shorter {1]
/« P //

&
4 \Y\

\Nhen the magnet |s brought cIo&\o t&jéed switch, the metal strips become induced
magnet such that: the\Side clog?‘to t@‘?nagnet is a South pole and the side further from the
bar magnet is af North poIe{b@

Attraction betWeen unlk@poleaﬁtduced on the two metal strips causes the metal strips to
come/ln contact an&&%ee the reed switch.

Steel does notslols% its magnetism easily/ retains its magnetism. [1]

The metal st\ps made of steel would retain its magnetism and the sides of the metal strips

facing each other will still attract each other and not lose contact even when the bar magnet

is removed since unlike poles attract. [1]

Install/Place a bar magnet on the glass envelope. [1]

B1 for both arrows in correct direction (see Fig. 9.1)
The combined magnetic fields due to the magnets and the current in the coil ABCD results in

AB experiencing a downward force and CD experiencing an upward force by Fleming’s Left
Hand Rule. [1].

Both forces produce anti-clockwise moments about the centre of the coil and as a result, the

coil ABCD would rotate in an anti-clockwise direction. [1]

When the coil has turned 180°, the split-ring commutator reverses the current in the coil (i.e.
from ABCD to DCBA). [1]

According to Fleming’s Left Hand Rule, the direction of force acting on AB and CD is reversed

such that both forces produce anti-clockwise moments about the centre of the coil and the coil

will continue to rotate in the same direction. [1]

4
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(d) B1 for correct graph with amplitude and frequency halved (period doubled) (see Fig. 9.2)

R
magnet mo/rpent
split-ring
commutator

carbon brush
switeh S >
1] {

|
Fig. 9.1 Fig. 9.2

Paper 2 Section B [30 marks]

10 (a) A renewable source of energy is a.source Ot ‘energy that can be replenished / replaced /
renewedy[1]
(b) 'The wind turns the turbine/driving shaft and the system of magnets as the blades catch the
wind. 1]

As thedriving. wheel turihs andithe system of magnets rotate such that the N-pole is moving

from the position shown out of the plane of the paper (or moving in one direction), the change

in the magnetieiield lines cutting the coil induces an e.m.f in one direction. [1]

When the syétem of magnets continues to rotate such the N-pole is now moving into the plane

of the paper (or moving in the opposite direction) , the change in the magnetic field lines cutting

the coil induces an e.m.f in the opposite direction. [1]

(c) When the transmission cable is thicker, the cross-sectional area A of the cable is larger. [1]

This results in the thicker transmission cable of the same length having a lower resistance

(since R = pf) and the loss of thermal energy would be lesser for the same current given that

Ploss = R. [1]

5
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(d) (i)

time /min | wind speed /ms™ | power/ kW energy / J

0 2.0 0.5 0.5 x 1000 x 60
1 4.0 1.5 1.5 x 1000 x 60
2 8.0 3.0 3.0 x 1000 x 60
3 14.0 2.5 2.5 x 1000 x 60
3 14.0 2.5 2.5 x 1000 x 60
5 8.0 3.0 3.0 x 1000 x 60
6 12.0 2.7 2.7 x 1000 x 60
7 6.0 2.5 2.5 x 1000 x 60
8 5.0 2.0 2.0 x 1000 x 60
9 3.0 1.0 1.0 x 1000 x 60

total energy 1272000 J

~1.3x108J

1m for obtaining correct values of powes aph based on table.

1m for calculating correct values of @ngrgy;p 26end (their P x 1000 x 60)
1m for calculating correct total en
‘b’\

e on %ute interval following the
ut will not nstan@§§ a result of the different wind

(ii) The wind speed may n

measurement. Th

tal energy nl{\i estimate.
(i) { S
X 24 0 Q <
‘b’Q <
5 Q@Q M1]
‘Qants or &}% <('+’Z> [A1]
\

R

. @ \Q\ N4
11 (a) iong’ofyth sog@@caus the layers of particles around/next to the source to be

6@ \?\

artlcles which are displaced, vibrates parallel to the direction of travel

of the ultxaﬁmd beam (at frequencies higher than 20 kHz), forming alternating regions

of comb%ssnon and rarefactions and produce waves of ultrasound. [1]

(i) These waves of ultrasound are transmitted from the source as longitudinal waves that

are reflected off structures (such as the cyst) in the body and through the body tissue to

the receiver. [1]

(iii) v =1
1500 = (100 x 20 000) A [M1]
A=75x10*m [A1]
(b) (i) V=7
3.0 x 108 = (10"°/ 10" [M1]
f=3.0x 10" or 3.0 x 10% Hz [A1]

6
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(ii) lonising radiation absorbed by human tissues may result in damage to proteins, nucleic
acids and other vital molecules found in cells. [1] or
lonising radiation may also cause damage to chromosomes and an abnormal pattern of

cell division possibly leading to cancers such as leukaemia [1]

12 EITHER

(@) (i) Energy to raise temperature Q1 = mcAB

= (1.5 x 1000) x 4.2 x (100 — 32) [M1]
= 428 400 =~ 430 000 J [A1]

(ii) Energy to produce steam Q> = ml,

x 2.3 x 1000 [M1]
= [A1]
(iii) The heat capacity of the appliance was i ded/considered in the calculated values

in (a)(i) and (a)(ii). [1]
(b) The appliance has a working/ se @g of 15 A is much higher
than the working current so the may not m hen th%@s excessive current, and the
ed. [1] \\‘b
mer%ts heatﬁ}e@b, nds, become less dense and
: @t dis%ed QcSwnwards and gets heated, in turn.

hanges] TI@%@S a convection current in the water and
) X

’0\
ok ‘&@d lgsy convection. [1]
uctor of\t\ rma.l@herqy so thermal energy transfer from water
nk t&(tﬁe Q{)&fo casing to the surroundings by conduction is
is a%@r e(%rt@r of radiant heat so thermal energy transfer from the
n3i§§§'bv radiation is reduced. [1]

S
$\
12 OR @ 06

(¢) (i) The water

rises while

Q&

(@) (i) a= (v—\oh})/t
=(1.2-0)/2 [M1]

= 0.60 m/s?

Fret = Mma
F—-320=80x0.60 [M1]
F=368~=370N [A1]

(ii) 1 m for each section of motion (see Fig. 12.4)
AB — curve with increasing gradient (from (0,0) to (2,1.2)
BC — curve with decreasing gradient (from (2,1.2) to (6,10)

7
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CD — straight ine with positive gradient (from (6,10) to (26, 30)

disﬂa;ema‘:j

5ot
a0l

30
20
10|

o
ig. 1& G“:‘ (‘P\}

(B} (i) sgﬁﬁst@:endwﬂlmﬂl his legs, the

@%EEE@E’E& in the direction of the resultant
wimme “will atcelerate away from the end wall due to
ert_i‘gl"ﬁn PHM the end wall) acting on him. [1]

(i) 3 " ve forces acting on the swimmier increases. [1]
n the swimmer iz egual and opposite to the

~'”‘rnzaﬁl..lltant foree acting on the swimmer becomes zero and

he reaches a ms@ﬂ".relcrcity, by Mewton's first law. [1]

www.KiasuExamPaper.com
370



2022 Sec 4 Express Preliminary Examinations Answers

Paper 3 Practical [40 marks]

1 (a) MMO
ho measured to nearest 1 mm with unit
(b) MMO
h: measured to nearest 1 mm with unit
(c) ACE
correct calculation of m and values within 10%
(d) ACE
correct calculation of f and values within 10%
PDO
fto 3 sf
(e) P

correct constant variable (lens, distance from lens and correct independent

variable (distance from card to lens, u)
Keeping key variables constant,
varies independent variable, u and measures
plots suitable graph: graph of u against m
correct sketch of graph given correct rel

MMO: 2, ACE: 2, PDO:1,P: 5 "l¢

2 (a) () MmO

L measured 1 cmwith

(i) MMO {
Istandara Mea o 0. A W|th (
Vi red to ?/

(b) MMO
Via

N <z>
0$\£~

cqr@tly nits and R2 within 10%
N

03 sf 6
(d) ACE S
any one from&#&xplain difference between R and Ro:
Kinks in wire causes x and L to be inaccurate
Wire heats up after some time, affects values of | and V

MMO: 4, ACE: 4, PDO:2

3 (a () MMO
L measured to nearest 0.1 cm with units
d measures to nearest 0.1 cm with units

(i) MMO
I measured to nearest 0.1 cm with units
(iii) ACE

correct calculation of x to 0.1 cm with correct units

9
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ACE
correct calculation of F to 2 sf with correct units
(b) MMO
5 sets of data (including 0 g) with correct trend
PDO
table with quantities with correct units
PDO
m to nearest 100 g
PDO
L, d measured to nearest 0.1 cm with units
ACE
correct calculation of x to 1 dp
ACE
correct calculation of F to 2/3 sf
(c) (i) PDO
axes labelled with units and correct ogi€
PDO
suitable scale with plotted dat If the PRge in both
directions

Q‘b

aII square from

PDO

(ii)

|ts

culatloQ/
plarr&ou&{k% Qg@“és greater than 400 g is not used

f eg@Qnth\{g%r indication of reading affected

()
any sensi gge@% to improve accuracy
MMO: 6, ACE: 7, PDO: 7\,§‘

)
MMO: 12 (30%) ACE: 1} (32.5 %) PDO: 10 (25 %) P: 5 (12.5%)

10
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1 The diagram shows a micrometer screw gauge.

L 20
0 5 -
IR A = B
=
—=—1| 10
mm =
e~ 5
What is the reading shown?
A 5.63 mm B 6.50 mm C 6.63 mm D 7.13 mm

2 The diagram shows a frictionless pendulum swinging between points X and Y at a frequency
of 2.0 Hz.

pendulum

How long does it take for the bob to swing from X to Y?

A 0.25s B 0.50s Cc 1.0s D 20s

3 A parachutist falling at a steady speed opens his parachute.

Which row gives the direction of the resultant force and the direction of the acceleration of
the parachutist just after his parachute opens?

direction of the resultant force direction of the acceleration
A downwards upwards
B downwards downwards
C upwards upwards
D upwards downwards
2
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4 The graph shows how the displacement of an object changes with time.

A

displacement
m

Which graph represents the velocity-time graph of the object?

A B
velocity velocity 1

(| . 1
1

L J
® |‘
(D

L J

o |‘
D

C D
velocity 1 velocity ¢
mis / mi/s
l > time : —* time
s S

5 The graph shows how the velocity of a model car travelling on a flat surface varies with time.

velocity SENE NN SNEEESEENN NP SA
mis g A
e AT
4 T o
, [
0 SRS e time
0 1 2 3 S

Which statement about the model car is not correct?

Its acceleration is 2.7 m / s2.

Its distance travelled is 12 m.

It is moving at a uniform velocity.

It is moving in the same direction throughout the 3 s.

ooOw>

3
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6

The diagram shows the wheel of a moving car. The wheel is connected to the engine. The car
is accelerating along a road in the direction shown.

What is the direction of the frictional force exerted by the road surface on the wheel?

direction of © o
acceleration of car (o) Ao
wheel
- = road surface
D B
Y
C

The propeller of a boat pushes water backwards with a force of 2000 N. The boat moves
through the water against a total resistive force of 1800 N.

direction of motion of boat

a
—~

N,

resistive force

—————— force on water due
on boat 1800 N

2000 N to propeller

What is the magnitude of the resultant force on the boat?

A 200N B 1800 N Cc 2000 N D 3800 N

Which property of an object causes the object to resist a change in the state of rest or motion
of the object?

A density B mass C velocity D volume

4
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9 A man is carrying a load on the end of a uniform pole of length 1.0 m and weight 5 N. He rests
the pole on his shoulder at point P which acts as a pivot. He keeps the pole in balance with a
downward force F with his hand, as shown.

0.60 m

20N

What is the force F applied by the man to balance the pole?

A 120N B 170N Cc 343N D 35.7N

10 The diagram shows a mercury barometer and a mercury manometer placed beside each
other. One end of the manometer is connected to a container filled with an unknown gas.

cm

2

---------- 80

70

40

NN NN NN ]

r 10

—— metre rule

connection to gas

HMMMMHMNHMMMNNNMMNN |

What is the pressure of the gas?

A 30 cm Hg B 60 cm Hg C 70 cm Hg D 100 cm Hg

5
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11 A trolley of mass 20 kg moves from position P to Q along a rough track. At point Q, its
gravitational potential energy is 100 J less than that at point P. Its speed at point P is
2.0 m/ s. The work done against friction from point P to Q is 60 J.

trolley e
=]
Q

What is the speed of the trolley at point Q7

A 28m/s B 32m/s C 44m/s D 58m/s

12 A 1500 kg car accelerates from 10 m/sto 30 m/sin 10 s.

What is the average power output developed by the engine of the truck?

A 15 kW B 30 kW C 60 kW D 600 kW

13  Very small pollen grains are suspended in water. A bright light shines from the side. Through
a microscope, small specks of light are seen to be moving in a random, jerky manner.

A eye

microscope
|2 p

/
.._' bright light

pollen grains
in water

What are the moving specks of light?

Pollen grains being hit by other pollen grains.

Pollen grains being hit by water molecules.

Water molecules being hit by other water molecules.
Water molecules being hit by pollen grains.

ooOw>»

6
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A sealed container contains nitrogen gas.
What will happen to the gas molecules when the container is heated?

They will become denser.
They will expand.

They will move further apart.
They will move more quickly.

ooOw>»

The diagram shows a cylinder made of insulating material with a movable piston at one end.
The piston can be pushed or pulled without the gas leaking out.

\ 4

] —piston

gas

Which statement about the gas when the piston is moving is not correct?

The density of the gas decreases as the piston is pulled outwards.
The mass of the gas in the piston remains unchanged.

The pressure of the gas decreases as the piston is pulled outwards.
The temperature increases as the piston is pushed gently inwards.

ooOow>»

When a hand is placed on a metal surface and a wooden surface at room temperature, it feels
colder on the metal surface than on the wooden surface.

Which statement is the correct explanation?

The metal surface is a better absorber of infra-red than wooden surface.
The metal surface is a better thermal conductor than wooden surface.

The metal surface is a better emitter of infra-red than wooden surface.

The metal surface is at a much lower temperature than the wooden surface.

ooOw>»

Which statement is true about the particles that remain in a liquid during evaporation?

The average size of the particles is decreasing.
The average size of the particles is increasing.
The average speed of the particles is decreasing.
The average speed of the particles is increasing.

ooOw>»

Two different liquids, X and Y, with the same mass and initial temperature, are heated by the
same heat source. Liquid X reaches a temperature of 60°C slower than liquid Y.

Which statement is the correct explanation?

Liquid X has a higher specific heat capacity than liquid Y.
Liquid X has a higher specific latent heat of fusion than liquid Y.
Liquid X has a lower specific heat capacity than liquid Y.

Liquid X has a lower specific latent heat of fusion than liquid Y.

ooOw>

7
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19 A cupboard is placed in front of a heater. Air can move through a gap under the cupboard.

D
wall
-
D
(U]
heater P = cupboard
- air moves through gap

Which of the following describes the temperature and the direction of motion of the air in the

floor

gap?
temperature of air direction of air
A cool towards the heater
B cool away from the heater
C warm towards the heater
D warm away from the heater

20
the 110 °C markings is 30 cm.

[y
-

The diagram shows a mercury-in-glass thermometer. The distance between the —10 °C and

22 cm

P

-
]
1

-10°C

A

30 cm

What is the temperature when the end of the mercury thread is at a distance of 22 cm from

the =10 °C mark?

A 60.0 °C B

21

65.0 °C C 78.0°C D

Which row shows an example of a transverse wave and a longitudinal wave?

transverse wave

longitudinal wave

A infra-red radiation X-ray

B visible light radio wave

C ultrasound wave ultra-violet radiation
D gamma ray ultrasound wave

8
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22 Alongitudinal wave travels along a spring.
The diagram represents the position of the coils of the spring at one particular instant.

| IYII I HZI

X
The coils vibrate from side to side. Each coil completes 4.0 oscillations in 2.0 s.

Which row shows the correct frequency and wavelength of the wave?

frequency / Hz wavelength / m
A 0.5 XY
B 2.0 XY
Cc 0.5 YZ
D 2.0 YZ

23 A ray of light is incident from below the surface of liquid X as shown in the diagram. The
refractive index of liquid X is 1.2.

E air
65° %' liquid X
What is the angle of refraction in air?
A 30° B 35° C 42° D 49°

24 The diagram shows a child using a periscope to look at an object O on the other side of the
wall. The periscope has two plane mirrors.

At which position is the image of O seen?

Ae 7_ «O
45°
B
4 o .
eye

9

www.KiasuExamPaper.com
384



25 Two people, P and Q, stand in front of a vertical cliff as shown.

™

cliff

400 m 600 m

P fires one shot using a pistol and Q hears two shots.
The speed of sound in airis 340 m/ s.

What is the time interval between the two shots that Q hears?

A 24s B 29s C 41s D 50s

26 The diagram shows the top view of some water waves produced from point P.

) ) ) ] 1

The waves have a speed of 0.40 m / s and take 2.0 s to travel from point Q to R.
What is the wavelength of the wave?

A 0.16 m B 0.20m Cc 0.40m D 0.80m

27 Below are four statements about the uses of electromagnetic radiation.

Gamma rays are used in cancer treatment.

Infra-red waves are used in thermal imaging cameras.
Microwaves are used in satellite TV.

X-rays are used to check bone fractures.

How many of these statements is/are correct?

A 1 B 2 C 3 D 4

10
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28 Which electromagnetic wave will not cause damage to living cells?

gamma rays
microwaves
ultra-violet radiation
X-rays

ooOw>»

29 The waveforms of two notes X and Y are shown in the datalogger screens with the same

scale.
note X note Y
T T N
\ ?\ V4 \

/
P.L N,
. A Vi e
N \{,_ f)’
< 7
Which row is true about note X as compared with note Y?

loudness pitch
A louder than Y higher than Y
B louder than Y lower than Y
C notasloudasY lower than Y
D not as loud as Y higher than Y

30 The diagram shows the electric field pattern between two isolated point charges.

Which two point charges produce this pattern?

A B

®» ® ONC
® © ONO
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31 An electron is placed at a point where an electric field is acting vertically downwards.
There is a force exerted on the electron due to the field.

In which direction does this force act on the electron?

horizontally to the left
horizontally to the right
vertically downwards
vertically upwards

ooOow>»

32 Graphs X, Y and Z show how the current varies with potential difference for three electrical

components.
14 74 ! 11
3 v 0 v
0 v
graph X graph Y graph Z

Which electrical component does each graph represent?

graph X graph Y graph Z
A filament lamp semiconductor diode metallic conductor
B semiconductor diode filament lamp metallic conductor
C metallic conductor semiconductor diode filament lamp
D semiconductor diode metallic conductor filament lamp

33 A current of 10 A flows through an electrical component.
What is the amount of charge flowing through the electrical component in an hour?

A 0.0028 C B 10C C 360 C D 36000 C

34 The diagram shows a circuit.

10Q
3Q
5 T ) T
- , A) =
14 A 10 14 A

What is the reading of the ammeter?

A 1A B 2A Cc 3A D 4A

12
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35 The table shows the resistance of a light dependent resistor (LDR) and a thermistor under
different conditions.

LDR thermistor
dark: 10 kQ cold: 1 kQ
bright: 100 Q hot: 100 Q

Which circuit will show the smallest voltmeter reading?

A B
10V— 10V—
100 Q 100 Q
cold hot
Cc D
ROI0 NOI0
10V 10V—"
D 1000 Q U 1000 Q

bright dark

36 The diagram below shows the label on an electric iron. The iron is used for 12 hours every
month. The cost of 1 kWh of electrical energy is 25 cents.

ELECTRIC IRON
Operating Voltage 240V
Power 2800 W
Fuse Rating 13A

Which statement is not true about the electric iron?

The energy dissipated in the iron every month is 121 MJ.

The fuse will blow when the current flowing through the iron is above 13 A.
The iron should use a fuse with a fuse rating of 10 A instead of 13 A.

The user pays $8.40 every month to use the iron.

ooOw>»
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37 A compass is placed in the centre of a solenoid as shown in the diagram below.

JAN AN AWANA)
current
compass
In which direction will the compass needle point?
A B
C D

38 What is the main function of the split ring commutator in a d.c. motor?

It allows electrical contact between the coil of wire and the battery.

It increases the turning effect of the coil of wire.

It reverses the direction of the current in the coil every half a revolution.
It reverses the direction of the force on the coil every full revolution.

ooOw>»

14
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39 A transformer consists of one coil with 1200 turns and a second coil with a total of 120 turns,
which can be tapped at various places.

40

1200 S

240V~ 40

20

20

-
u
Vv

O

Which pair of terminals should be connected to a 12V, 24 W lamp for it to light up normally?

A RS B RT Cc ST D SuU

40 A student uses a cathode-ray oscilloscope (c.r.0.) to measure the period of a signal. She
sets the time-base of the c.r.o. to 20 ms / cm and observes the trace illustrated below. The
trace has a length of 5.0 cm.

5.0 cm
What is the period of the signal?

A 0.004 s B 0.029 s C 1.14 s D 28.6s

End of Paper
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Section A
Answer all questions in this section.

Fig. 1.1 shows a box of mass 900 g resting on a rough plane inclined at an angle of 30° to
the horizontal. The box is about to slip down the plane.
The gravitational field strength is 10 N / kg.

300

Fig. 1.1 (not to scale)
(a) On Fig. 1.1, draw the forces exerted on the box. Label them clearly. [1]

(b) Calculate the weight of the box.

weight of the box = .................... [1]

(c) Draw a suitable scaled diagram to determine the magnitude of the frictional force
acting on the box.

frictional force = .................... [3]

(d) Suggest, in terms of forces, why the object does not slide down the rough plane.
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2 Fig. 2.1 shows the hydraulic braking system of a car.

rotating wheel brake pad

AAY
AAY
WAV
NAAY
A
W
R
AR
2
ALY
~
~
Y

oil

pivot

8 cm

220N

2208

24 cm

brake pedal .
master piston

slave piston
Fig. 2.1 (not to scale)
A force of 220 N is applied by the car driver on the brake pedal.
The cross-sectional area of the master piston is 1.5 cm?.
The cross-sectional area of the slave piston is 5.0 cm?.
The weight of both pistons is negligible.

(a) Calculate the force exerted on the master piston.

(b) Hence, calculate the force that the oil exerts on the slave piston.

3
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3 Fig. 3.1 shows the path of a ball after being kicked by a boy.

< direction of the force “‘\‘
@A exerted by the boy .
Fig. 3.1

As the boy kicks the ball, work is done.

(a)

(b)

(c)

(d)

State what is meant by work done.

................................................................................................... [1]
The speed of the 200 g ball when it first leaves the ground is 20 m / s.
Calculate the initial kinetic energy of the ball.
initial kineticenergy = .................... [2]
The ball reaches a maximum height of 12 m from the ground. The gravitational
field strength, g, is 10 N / kg.
Calculate the gravitational potential energy gained by the ball.
gravitational potential energy gained = .................... [2]
Hence or otherwise, determine the speed of the ball at the maximum height.
speed = ..........cceniis [2]

4
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4

Fig. 4.1 shows three rays emerging from the top of an object. The path of one ray through
the lens has been completed in the diagram.

lens

object

L 4
T —

principal axis

\s\

/

W

Fig. 4.1 (not to scale)

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

...................................................................................................... [1]
(b) OnFig.4.1,

(i) complete the paths of the other two rays,

(ii) identify the position of the image formed and label the image as “T’,

(iii) mark the position of the principal focus and label it as “F”. [3]

5
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(c) Fig. 4.2 shows how the distance of the image to the lens varies with the distance of
the object to the lens.

distance to image / cm
N

200

150

100

50

L%
7
0 25 50 75 100

distance to object / cm
Fig. 4.2

(i) Anobjectis placed such that its image is real and of the same size as
the object.

Using the graph in Fig 4.2, determine the distance of the object to the
lens.
distance of object = ... [1]

(ii) Hence, determine the focal length of the lens.

focallength=......................... [1]

(iii) State three characteristics of the image formed when the object is
placed at a distance less than the focal length of this lens.

............................................................................................. [1]

6
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Two small uncharged metal spheres A and B are suspended side by side by insulating
strings, as shown in Fig. 5.1. The two small spheres are separated by a sheet of paper.

7 PSS Il

|~ insulating string

rod X e rod Y

A B

\
— paper

Fig. 5.1

Rod X and Y are both conductors that are held using insulators. Rod X is positively charged
and touches sphere A. Rod Y is neutral and touches sphere B. After a while, rod Y is
removed followed by rod X.

(a)

(b)

(c)

State, if any, the charge of sphere B after the rods are removed.

.................................................................................................... (1
Explain your answer in (a).
.................................................................................................... [3]
Describe and explain what will happen to both spheres when the sheet of

paper is subsequently removed.
.................................................................................................... [2]
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6

Fig 6.1 shows a circuit with a battery of e.m.f. 6.0 V connected to a network of resistors and

a voltmeter.

[
z [ v
-T- [

60V |
——
X Y

Fig. 6.1

Resistor Y has a resistance of 24 Q and resistor Z has a resistance of 32 Q.

(@) The resistance Ry of the variable resistor X is adjusted until the voltmeter

reads 4.8 V. Calculate

(i) the current in resistor Z,

current =

(ii) the amount of charge that flows through the battery in 25 s,

(iii) the effective resistance of resistors X and Y connected in parallel,

total resistance =

(iv) the resistance Ry of resistor X.

8
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(b)  The resistance Ry of resistor X is now decreased.
State and explain the change, if any, to the voltmeter reading.

magnet

magnet
pole

pole

current 1

split-ring
commutator

As current flows from the external circuit into the coil, a set of forces cause the coil to rotate
about the pivot.

(a) On Fig. 7.1, draw an arrow to show the direction of a force acting on the coil.

Label it as “F”. (1]

(b)  State the direction of rotation of the coil. Explain how you derive your answer.

9
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(c) State the position of the coil when the moment on the coil is maximum.
Explain your answer.

...................................................................................................... [2]
Fig. 8.1 shows a step-up transformer.
iron core
¥
— [ —
primary CL,._AD ?QE secondary
coil <P""'D EQ, coil
Fig. 8.1
(a) Describe the function of the iron core and why it cannot be replaced with steel.
.................................................................................................... [2]
(b) Explain why step-up transformers are used in power transmission.
.................................................................................................... [2]

10
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Section B
Answer all the questions in this section.
Answer only one of the two alternative questions in Question 11.

Fig. 9.1 shows a cooling system used to cool a motor car engine by circulating water through
it. The radiator is a heat exchanger where the hot water transfers its thermal energy to the
air.

hot water

air flows
into

radiator | \ S— j

r I:> cold water

Fig. 9.1

A number of test runs are carried out to investigate the cooling system. Fig. 9.2 shows the
data from one test run and the specific heat capacities of some substances.

duration of test / min 4.0
energy available from fuel used / J kg™ 5.0 x 107
fuel consumed / kg 0.80
initial temperature of air / °C 20.0
initial temperature of cooling water / °C 30.0
final temperature of cooling water / °C 80.0
rate of flow of cooling water / kg s 0.22
rate of flow of air over radiator fins / kg s 1.25
specific heat capacity of castor oil / J kg™ °C™ 1800
specific heat capacity of glycerine / J kg™ °C™" 2430
specific heat capacity of water / J kg™ °C" 4200
specific heat capacity of air / J kg™ °C”’ 760

Fig. 9.2

11
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Fig. 9.3 shows an expanded view of the cross-section of the radiator.

flow of water
black narrow

I I I I IIHII metal pipes
_ I (/

ﬁrrrn

Fig. 9.3

(a) Explain why water is used as a coolant in the radiator of a motor car engine
instead of the other fluids given in the table in Fig. 9.2.

...................................................................................................... [2]
(b)  The manufacturer claims that 20% of the energy from the fuel is converted into
useful mechanical energy.
(i) Calculate the amount of thermal energy removed from the hot water in
the test run based on the manufacturer’s claim.
ENnergy = ...ooiviiiiininnnn, [1]
(ii) Calculate the actual amount of thermal energy removed from the hot
water during the test run.
ENnergy = ....oooviiiiiiinnnn [1]

12
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(iii) Suggest a reason for the difference between the values in (i) and (ii).

(c) Using Fig. 9.3, explain the features of the radiator that allow thermal energy to
be transferred easily away from the hot water which flows through the tubes.

(d)  Assuming that there is no heat loss by the cooling water as it flows from the
engine to the radiator, calculate the average final temperature of air leaving the
radiator in the test run.

final temperature=.........................

13
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10 Fig. 10.1 shows a solenoid connected to a sensitive galvanometer.

The South pole of a permanent magnet is placed next to the left end X of the solenoid.

VWWW“WV solenoid
> ()
®

(a) The solenoid is moved away from the magnet and the needle of the
galvanometer deflects to the left.

(i) Explain why the needle of the galvanometer deflects.

............................................................................................. [2]
(ii) State the magnetic pole induced at the left end X of the solenoid.
.............................................................................................. [1]
(iii) State the deflection, if any, of the needle of the galvanometer when the
coil is held stationary and the magnet is moved towards the coil instead.
Explain your answer.
(2]

14
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(b)

The galvanometer is replaced with a cathode ray oscilloscope (C.R.O.).
The magnet is then oscillated continually towards and away from the solenoid.
A trace is formed on the C.R.O. as shown in Fig. 10.2.

(i)

(i)

(iii)

] ON/OFF
BRIGHTNESS
7 \ VALY R GO
ALA L AL/ FOCUS
Volts per division Seconds per division
(1.0 0.5] (0.1 0.01)
2.0 0.1}[1.0 0.05
Y Gain Time Basea
Fig. 10.2

Determine the peak voltage and frequency of the trace in Fig. 10.2.

peak voltage = ...................

frequency = ..................

Describe the trace that will be formed if the time base is switched off.

The speed of oscillation is reduced to half of its original speed.

On the screen of the C.R.O. in Fig. 10.2, draw one cycle of the new trace.
with the same settings shown.

15
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Either

Fig. 11.1 shows three different forms of long-distance communication.

satellite

(i) signals sent via satellite

(ii) signals sent directly I's‘ceiver

O e A
| T4 e

television (iii) signals sent via optic fibres
mast

transmitter

Fig. 11.1

(a) State which region of the electromagnetic spectrum is used for each form of
communication.

(i) signals sent via satellite communication

(i) signals sent directly using television mast

(iii) | signals sent via optic fibres

(b)  The speed of light in vacuum is 3.0 x 108 m / s.
The refractive index of the glass used in optic fibre is 1.5.

Calculate the speed of light in glass.

speed of lightinglass=....................

16
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(c)

(d)

(e)

State which form of communication took the least amount of time for each
signal to be transmitted and received.

Justify your answer with appropriate calculations.

................................................................................................... [2]
The signal enters the optical fibre as shown in Fig. 11.2. The signal passes
along the optical fibre.
optical fibre
w2
Fig. 11.2
Explain how the signal is able to pass along the optical fibre without escaping
from the sides.
...................................................................................................... [3]
Suggest why sound waves are not used as
(i) signals sent via satellite communication.
.......................................................................................... [1
(ii)  signals sent directly using television mast.
.......................................................................................... 1]

17
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11 Or

(@) Fig. 11.3 shows circular wavefronts produced at the centre of a wave pool.
Two plastic buoys, A and B, float on the water in the pool. Buoy A is on the
crest of a wave at the instant shown.

—
~

\\

‘\\

/ // o
=\

buoy B

\

N buoy A
\\ /
Fig. 11.3

Fig. 11.4 shows a snapshot of the displacement-distance graph of a wave at
a particular instant. The wave takes 0.800 s to move from buoy A to buoy B.
displacement / cm

0T buoy B

20 1
LA
0 = = = = e e

>

distance / m
-10 T
20 T
A
30 4 buoy
Fig. 11.4
(i) State what is meant by a wavefront.
.......................................................................................... [1]
(i) Calculate the frequency of the wave.
frequency = ... [2]

18
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(iii)  Calculate the wavelength of the wave and the speed of the wave.

(iv)  On Fig. 11.4, draw using arrows, the direction buoys A and B will be
moving in at the next instant. [1]

(b)  Sonaris used to locate schools of fish and the depth of the seabed in the sea.
The sonar sends pulses of ultrasound of frequency 45 kHz from the bottom of
the ship to determine the depth of the seabed. The time intervals between the
pulse and the subsequent echoes are then measured to determine the depth
of the schools of fish or the seabed. The speed of the ultrasound in water is
known to be 1450 m / s.

(i) State one difference between the pulses of the echo and the pulses
sent. Explain your answer.

(ii) The time interval between the pulse and the echo is 150 ms.

Calculate the depth of the source of the echo.

depth= ... (2]

End of Paper
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1 2 3 4 5 6 7 8 9 10
c A c B c D A B D D
11 12 13 14 15 16 17 18 19 20
A C B D D B C A A C
21 22 23 24 23 26 27 48 29 30
D D A D A A D B A A
3 32 33 34 35 J6 37 3 ) 40
D B D B C & B C & B
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Section A

(@)

Normal Contact Force

Friction

Weight of'box 300°

[1]

W =mg
(0.900 kg)(10 N/kg)
9.00 N (3sf) or9.0'N (2sf)

[1]

friction=W'sin 9 _
=9.00sin30°=4.5 N
(2.1=24 cm)
| e (42 48N
&

Weight

=90 N o A AN
(4.5%f) #«Normal contact force

AN “=W cos 0 =9.00 cos 30°
304" =78N
7 (3.7-4.1cm)

l/ (7.4-8.2N)

1m — appropriate scale (1.0 cm to 2.0 N)
1m — correct vector diagram (right angle triangle, direction of arrows)
1m — correct magnitude of friction force

Allow for e.c.f. from (a)

[1]

[1]
[1]

Newton’s first law.
Forces are balanced.
Resultant force of friction, weight and normal contact force = 0 N.

(Any one)

[1]

moment by brake pad = moment by master piston
(220)(32) = (F)(8)
F=880N

[1]
[1]
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Pmaster piston = Pslave piston

F1/A1 = Fz/Az
880/1.5=F2/5.0
F2=2930 N or 2900 N (allow for e.c.f.)

[1]
[1]

The product of force applied and distance moved in the direction of the force

[1]

KE =% xmxv2=0.5x0.20 x 202

[1]

=40J [1]
(c) | G.P.E atmax height=mxgxh=0.200x10x 12 1
=24 J (2sf) [1]
(d) | At max height, KE remaining=40J-24 J=16J (allow for e.c.f.) [11

0.5x0.200 x v2 =16
v=126m/sor13m/s

[1]

The focal length is the distance along the/principal axis,
between the principal focus and the optical centre of.the’lens.

[1]

OR Ko
Distance between the optical centre of the lens and the principalfocus (focal point).
Lens ¢
Object 4 i

Principal axis

Accept eitherposition of prihcipaffocus of (iii)
Rays and arrowheads.should be in solid lines

[1]
[1]
[1]

(c)(i)

60.0 cm

[1]

(ii)

2f=60.0 cm
f=30.0cm

[1]

(iil)

1. Virtual
2. Upright
3. Magnified

[1]

Negatively charged

[1]

The negative charges will be transferred from rod Y to sphere B.

[1]
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The negative charges are attracted by positively charged rod X as unlike charges 11
attract.

Hence, there is more negative charges than positive charges in sphere B upon removal | [1]
of the rods. (Sphere B has a net negative charge)

(c) | Sphere A will become positively charged (and B is negatively charged). [1]

They will attract each other. [1]

Since unlike charges attract. [1]

(@) | 1=V/IR=4.8/32=0.15A [
[1]

(i) | Q=1(t)=(0.15)(25)=3.75Co0or3.8C (allow for e.c.f.) [1]

[1]

(iii) | Pd across parallel branch=6.0-4.8V =12V [1]

R=V/1=12/015=8.0Q 1

Alternative method:
Potential Divider method

[32/(32+R)]x 6.0 = 4.8
(32 +R)/32=6.0/4.8

R=8.00Q

(iv) | Method 1
(1/R1 + 1/R2 = 1/Rtal) [1]
1/R+1/24=1/8 4
R=12Q allow for e.c.f. 1
Method 2
Currentflewing through Yas 4.2 / 24 =-0.050 A
Current flowing through#26="0.15 — 0.050 = @J0 A [1]
R= V/1=1.200.10 =420 22 [1]

b Overalisresistance of circuit decreasesi 'so overall current (I) increases. [

Voltmeter reading will increasé’since pd across Z increases (or V = RI). [

Altermative Answer
Overall'resistance ofiparallel branch decreases. Pd across Z will increase [
since Z will.receive(aarger proportion of the e.m.f and voltmeter reading increases. [
(Potential Divider)

(a) | Either [1
AB — Downward arrow
Or
CB — Upward arrow
(b) | Current flows from A to B. By Fleming’s Left Hand rule, the induced force which is [1]
perpendicular to the magnetic field and current will be downwards.
For side, CD, current flows from C to D and the force will be upwards. 1
The coil rotates in an anticlockwise direction. [1]
(c) | The coil is horizontal. [1]
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That is when the perpendicular distance from the centre of rotation to the line of
action of the force is maximum.

[1]

Iron is easily magnetised and demagnetised (or soft magnetic material) whereas
steel does not magnetise or demagnetise easily (or hard magnetic material).

This ensures better magnetic flux linkage between the 2 coils if iron is used instead
of steel.
Any other plausible answer.

[1]

[1]

Reduce energy loss during transmission
Since heat loss is P = I?R, the lower the current, the lower the energy loss during
transmission.

[1]
[1]

Section B

Water is used as a coolant because of itswery high specific heat capacity.
It can take in a large amount of thermal.energy with"only a small rise in its
temperature.

[1]
[1]

Thermal energy required to be removed as'claimed
=(0.8x 5.0 X107 ) x 80%
=3.2x10"J

[1]

Actual amount of thermal energy removed
Q = mcAb
= (0.22 x 4 x60) (4200)(80-30)
1.1088 x 10™J
1.1x107J

[1]

(iif)

Some thermal energy is lost to the surcoundings, apart from it being absorbed by the
cooling watenr:

[1]

Metal pipesare used as they are good-conductors of heat and allows heat to be
conducted faster‘away from the hot water to the external wall of the pipe.

The metal pipes being,cotourediin black are good emitters of radiation and therefore
radiates heat to the surrounding air at a higher rate.

Using narrow. pipes increase the surface area to facilitate a higher rate of emission
of heat to the surrounding air.

[1]

[1]

[1]

Energy absorbed by air = 1.1088 x 107 J (allow for e.c.f.)
(1.25 x 4 x 60)(760)( 6 - 20) = 1.1088 x 10" J

6 =68.6 °C

= 69 °C (68.6 °C also accepted)

[1]
[1]

10

(a)(i)

As the coil moves away, there is a changing magnetic field experienced by it.
Or

[1]
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There is a changing magnetic flux linkage between the magnet and the solenoid.

According to Faraday’s Law, there is an induced emf in a closed circuit, hence there [1]
is a flow of an induced current.

(i) | North-pole [1]

(iii) Deflect right; 1
According to Lenz's Law, the direction of the induced e.m.f. opposes the change 1
producing it. Hence, the induced current flows in opposite direction as compared with
the original motion. \

(b)(i) | 4.0V ; [1]
T=004s [1]
f=1/0.04=25Hz [1]

(i) Vertical line across 4 divisions [11

(iii) 1 division above and 1 division below. the x-axis
8 divisions along the x-axis [1]

I “ ' .
l -
48 1 w 2
_, g
P_j '_&‘ ALK
l - N
i N2l R P
Q& X o
i &
& i ;: i
11E | () (i) microwaves (satellite communication) [1
(i) radio waves (television broadcast)
(i) visible light (optic fibre communication)
(b) |n= 5
_ 3.0x108m/s
15= — [1]
v=20x10°m/s [1]
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(c) Signal with least time = (ii) radio communication [1]
ti _ distance
me = speed
. . . . 2 ¥ 35 000 000 m
Time taken for (i) satellite communication = T T 0235 (2=f)
.. - s Z0000m
Time taken for (i) radic communication = ORI 0.010 = (2=f)
- — 3o0o0mim
Time taken for {jii) optic fibre = 10% 10° mis 0.015 s [2=f) [1]
(d) Signal / wawve [ light experiences total internal reflection. [1]
Angle of incidence iz greater than critical angle. [1]
Light iz traveling from optically denser medium (glassYic optically less dense [1]
medium (air).
e) | (i) Sound waves cannot be transmitted in vagtium. Soimdwaves require a medium | [1]
for propagation.
(i) speed of sound in air = 330 miz. This mucteslower speedof soundawould meana | [1]
very long time between transrntting the' signal and vesenmag fhe signas.
- 00000 m
I:tII'I"IE-' = T”"-."E =8090==295 I'I'CIUFE-}
11 (a){i) The imaginary linsrawn by 16?’[19 a?-aﬂja:-ént points af 5 wave that are on the same
] phase. [1]
(a)i) | 1=2x0.c08=160= A e [1]
f=1T = 1180 0625 Hz [1
(a) wﬂwegﬁl =20 m 7 T N (3 [1]
i} specd = 2 DB S =@ m/sor 18 m/l s {allow for e.cf) [1]
(a) | Arrows :mecﬁy drawm, A" up, B down.- [1]
(v) [ T O _
(b)) | Eche smaller in amplituds [1]
— someEnasrgy Bbzorbed by thesswmounding [1]
Echo maybe diffuskd
— the seabed may-be uneven.
(i} 2xd=1450x 0.150 [1]
d =109 m (2 or 3 =i} [1]
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Which pair consists of two vector quantities?
A acceleration and weight B density and velocity
C pressure and kinetic energy D work done and force

What is the the micrometer reading in the diagram below?

15

15 20

1101
FTTTTTT1 5

— °

10

T

mm

AU

A 20.6 mm B 20.56 mm C 25.06 mm D 25.6 mm

The diagram shows a strip of paper tape that has been pulled under a vibrating
arm by an object moving at constant speed. The arm is vibrating regularly,

making 50 dots per second.

20 cm I dot
I

IA B
l

e o e @ o o o L] L} e e o o O / e o

What was the speed of the object?

A 2.0 cm/s B 5.0cm/s C 100 cm/s D 200 cm/s

Two forces of 15 N and 5 N to the right are applied to a block of mass 5 kg as

shown below.

—» 15N

Smooth surface

What is the resultant acceleration?

A 3.0ms? B 3.0ms" C 4.0m s? D 4.0m s
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Which of the following cannot be the magnitude of the resultant when forces of

magnitude 3 N and 4 N are combined?

A 1N B 3N Cc 7N D 8 N

An irregular shaped object of copper with density 8.96 g cm- is lowered into a
displacement can filled with water of density 1 g cm-3, until the copper object is
completed immersed. The mass of the water which overflowed is 180 g.

What is the mass of the copper object?
A 201g B 180 g C 1.61 kg D 1.94 kg

Two forces of 5 N and 10 N act on a square wooden plane which is pivoted at the

centre O as shown.

5N

M)

/ 1 10 N

Which of the following conditions can keep the square plane in equilibrium?

Direction Force
A P 5N
B P 10 N
C Q 10N
D R 5N
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8 Which shape is the most stable, assuming they have the same mass and height?
A cube B pyramid
h
C cylinder D sphere
OT s
h h
QJ . |
9 Object P has a mass of m and is moving with a speed of v.

Object Q has a mass of 2 m and is moving with a speed of%v.

How do the kinetic energies of P and Q compare?

A The kinetic energy of Q is one half the kinetic energy of P.
B The kinetic energy of Q is the same as that of P.

C The kinetic energy of Q is twice the kinetic energy of P.

D

The kinetic energy of Q is four times the kinetic energy of P.
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10

11

12

The gravitational potential energy Ep of a mass varies with height h as shown.

The gravitational field strength is 10 N / kg.

120
Ep/J
40+
o :
0
h/m
What mass is being lifted?
A 1.6kg B 24kg C 8.2kg D 16 kg

Which would be the least likely to sink into soft ground?

A A loaded lorry with four wheels. B A loaded lorry with six wheels.

C An empty lorry with four wheels. D An empty lorry with six wheels.

The lengths of mercury thread in the steam of a mercury thermometer are given
in three situations.

Length in melting ice = 20 mm

Length in steam above boiling water = 170 mm

Length in liquid X = 50 mm

What is the temperature of liquid X?

A 20°C B 25°C C 30°C D 33.3°C
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14

Physical properties of materials are used in the measurement of temperature.

Which physical property is not suitable for this purpose?

A expansion of a liquid B mass of a liquid

C resistance of a metal D volume of a liquid

Smoke particles in a transparent box are observed using a microscope.

A small point of light is seen to move around as shown.

What does this experiment demonstrate about air molecules?

They are in continuous random motion.
They can be seen through a microscope.

They move more quickly when they are heated.

oo w >

They move because of collisions with smoke particles.
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15 A thin tube contains a thread of mercury which traps air at the end of the tube.

The other end of the tube is open to the atmosphere.

trapped air
in tube
thread of
mercury

trapped air
in tube

When the tube is turned upside down, the volume of the trapped air increases.

Which statement explains this?

The pressure of the trapped air is reduced.

The atmosphere pushes less when it acts upwards on the mercury.

The air gets hotter when the tube is turned upside down.

oo w >

The trapped air molecules hit the mercury harder when travelling

downwards.

16 In cold countries, animals usually grow thicker layers of fur in winter to keep them
warm. What is the best explanation of why this extra fur keeps them warm?

It is a good conductor of heat.
It is a poor conductor of heat.

It traps more air, which is a good conductor of heat.

oo m >

It traps more air, which is a poor conductor of heat.

17 In a vacuum flask, which methods of heat transfer are prevented by the vacuum?

A conduction and convection only
convection only

conduction only

O 0O W

conduction, convection and radiation
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18 When a lump of ice was added to a beaker of warm water, the resulting water
temperature was 5 °C less than the initial temperature of the warm water at the
instant when all the ice had melted.

] . ice —1_] S
Vv

i I}l
ice </

e

water 11— 00c T

Temperature change = 5°C Temperature change = ?

If another identical lump of ice at the same initial temperature is added to the

same beaker, the temperature will ........................
A decrease by another 5°C B will not change at all
C decrease by more than 5°C D decrease by less than 5°C

19 The diagram shows an object placed in front of a thin converging lens L.

If F is the focal point, at which point is the base of the image formed?

object A B T C D

20 What is meant by the term wavefront?

a line joining points along the peak of a wave
a line joining the trough and the peak of a wave

the distance between successive peaks of a wave

o o0 w >

the distance between the trough and the peak of a wave
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21

22

23

The periodic wave in the diagram below has a frequency of 40 Hz.

|= 50m ——

What is the speed of the wave?
A 8 ms B 16 m s’
C 100 m s D 200 m s

Which of the following groups of electromagnetic waves is in the order of

increasing frequency?

A Gammaray - Ultra-violet - Radio wave
B Gammaray - Visible light - Ultra-violet
C Microwave - Ultra-violet > X-ray
D Visible light - Infra-red > X-ray

Below are four statements about the uses of electromagnetic radiation.

Gamma rays are used in medical treatment.
Ultra-violet rays are used in sunbeds.

Microwaves are used in satellite television.

> W Dnh -

X-rays are used in Global Positioning System (GPS).

How many of these statements are correct?
A 1 B 2 C 3 D 4
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24

25

26

27

10

The graph shows how the air pressure varies for a sound wave.
Which point represents a compression?

*i
Air
pressure

0 time

Two notes of the same loudness but different pitches are played on a musical
instrument.

The two sound waves produced will have ..........................

A the same amplitude and different speeds.

B the same amplitude and different frequencies.
C different amplitudes and same speed.

D different amplitudes and same frequency.

When a plastic rod is charged positively by friction, ...........ccccviiieein. :

A it gains electrons B it loses electrons

C it gains protons D it loses protons

A stationary negative charge in an electric field experiences an electric force in

the direction shown.

@ — force

What is the direction of the electric field?

A vertically downwards B vertically upwards

C horizontally to the left D horizontally to the right
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29

11

The diagram shows a rectangular block with dimensions x, 3x and 5x.

3x

5x B

A

Electrical contact can be made to the block between opposite pairs of faces.
For example, between the face labelled A, the top and bottom surfaces are
connected.

Between which two faces would the minimum electrical resistance be obtained?

A the resistance is the same, whichever pair of faces is used
B the faces labelled A
C the faces labelled B
D the faces labelled C

Three resistors, each of resistance R, are arranged in the circuit below. What is
effective resistance between point A and B?

[ |
L |

2R D 3R

>
wl=
A
W
=
A
(@)
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12

30 The diagram shows a potential divider formed using a light dependent resistor
(LDR) and a 750 Q resistor. The ends A and B of the potential divider are
maintained at 0 V and +40 V respectively. The resistance of the LDR is 2000 Q in
darkness and 200 Q in bright light.

O 4o0v
B
750 Q
X
LDR
A
O ov
What range of potential difference can be obtained between B and X?
A OVto84V B OVto29V
C 84Vto29V D 11Vto32V

31 Which graph shows the 1/V characteristic for a semiconductor diode?

A B Cc D

In I]/ In
0 O Z‘ —_D
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32 The diagram shows the wiring of a mains electric lamp.
The lamp has a metal case and a switch.

There are three wires X, Y and Z in the mains cable connected to the plug.

cable to plug

metal case

Which of the following is the correct wiring of the wires?

wire X wire Y wire Z
A live earth neutral
B live neutral earth
C neutral earth live
D neutral live earth

33 The diagram below shows the information given on an electric iron.

220-240 VOLTS 1000-1200 WATTS
a.c. ONLY

MODEL 185 @

If electricity costs 25 cents per kWh, what is the cost of using this iron at

maximum power for 10 hours?
A $2.50 B $3.00

C $250 D $300
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35

36

14

Which of the following gives the wrong choice of metal for their use?

uses choice of metal
A A bar magnet Steel
B The core of an electromagnetic magnet Iron
C A magnetic shield Steel
D A compass needle Steel

The diagram below shows a positive charge travelling horizontally into a region of
uniform magnetic field.

X X X
L — > X X X _.region of magnetic
direction of travel of y « == field into paper

positive charge

What is the direction of deflection of the positive charge when it is in the region of
the magnetic field?

A upwards B downwards

C into the plane D out of the plane

Each diagram is a cross-section through two parallel current-carrying conductors.

In both conductors, the current direction is into the plane of the paper.

Which diagram shows the forces on the two conductors?

A B C D
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37 In the circuit shown, a control current is used to switch off a high current.

control current
O e

iron core. — ML ]

O L

flexible
iron strip

=

high current

When the control current is switched on, the high current does not switch off.

Which of the following changes is mostly likely to switch off the high current?

replacing the iron core by a steel core

oo m >

using a larger control current

moving the strip further away from the iron core

reducing the number of turns around the iron core

38 When a coil is rotated in a magnetic field, the induced e.m.f. E varies with time.

E

A

v
—

Which of the following graphs, drawn to the same scale, would be obtained if the

speed of rotation of the coil is halved?
A B

EA E A

1 A\

[\

A\

A\

\/

\/

\/

\/
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39 A student pushes the N-pole of a bar magnet into end Q of a long solenoid and

observes a deflection to the right on the centre-zero ammeter.

7Y
)

P Q

What produces a deflection in the same direction?

pulling the N-pole out of end Q
pulling the S-pole out of end P
pushing the N-pole into end P

OO m >

pushing the S-pole into end P

40 The secondary coil of an ideal transformer is connected to a 30 Q resistor as

shown.

primary coil secondary coil

o =
30 O

turns
=

What is the current in the primary coil?

A 0.5A B 0.6 A Cc 20A D 60 A
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Section A [50 marks]
Answer all questions in the spaces provided.

Fig 1.1 below shows how a hanging picture frame is supported by two strings
that hang from a ceiling.

S ceiling

------ 0l horizontal

™~ picture frame
Fig 1.1

The tensions in the strings are 13.9 N and 24 N respectively.

(@) With a suitable scale, draw a labelled vector diagram to show the resultant
of the two tensions. Determine the magnitude and the direction of the
resultant force.

Scale: o

magnitude of resultantforce = ...................

direction = ... [4]
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(b) Hence, determine the mass of the picture frame. The gravitational field
strength is 10 N / kg.

A designer plans to use some hollow aluminium balls as decorative pieces that
float in a pond.

Fig 2.1 shows the cross section of one of these balls. The outer radius of the ball
is 10.0 cm. The inner radius is r. The designer has to decide the thickness t of

the aluminium so that the balls can float in water.

The density of water = 1.0 g / cm?, and volume of sphere = %n r3

Fig 2.1
(@) State the maximum density and hence calculate the maximum mass of
the ball for it to remain afloat in water. It is assumed the air in the ball has

negligible mass.

maximum density of aluminumball=...................

mass of aluminumball=......................... [3]
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(b)

(c)

The density of aluminium is 2.7 g / cm3. Calculate the maximum volume

of aluminium in the ball for it to remain afloat in water.

maximumvolume = ..............coeiieinennns [1]

By considering the volume of air in the ball and the inner radius r, calculate

the maximum thickness t of the aluminium for the ball to remain afloat.

maximumt=............ [2]
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(@) State the principle of moments.

(b) A 15000 N raft is supported by two ropes as shown in Fig. 3.1. Point A

indicates the centre of gravity of the raft. The two ropes are 2.0 m apart.

20m o
Rope 1 Rope 2
Fig 3.1

(i) The position of the center of gravity is not at its midpoint. Suggest

what this implies about the distribution of the mass in the raft.

(i) By choosing the appropriate pivot or otherwise, calculate the

tensions in both ropes.

tensioninrope 1= ...,

tensioninrope2= ...l [3]
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Fig 4.1 shows a fixed mass of air trapped in a cylinder with a piston that is fixed

by a pin.
cylinder piston
trapped |
air ‘T::::::::::::::?m
B R 7 I
flame 1
pin
Fig 4.1

(@) State and explain, using kinetic model, what happens to the pressure of

the trapped air when the cylinder is heated.

(b) The pin is removed, and the piston is allowed to move after the air is
heated. State and explain, what would happen to the:

1. piston

2. final pressure of the trapped air in the cylinder.
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(a) Use the kinetic theory of matter to explain why melting requires energy

but there is no change in temperature.

............................................................................................. [2]
(b) Ablock of ice at 0 °C has a hollow in its top surface as shown in Fig 5.1.
hollow
S
__ ice
Fig 5.1

A mass of 0.16 kg of water at 100 °C is poured into the hollow. The water
has specific heat capacity 4.20 kJ kg~ K-'. Some of the ice melts and the
final mass of water in the hollow is 0.365 kg.

(i) Assuming there is no heat gain from the surrounding, state the

temperature of the final mass of water in the hollow.

temperature = .................... [1]

(ii)  Calculate the specific latent heat of fusion for the ice.

specific latent of fusion ofice = ...................... [2]
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(iii)  In practice, thermal energy is gained from the surrounding.
Suggest a way to reduce thermal energy gained from surrounding,
state the method of heat transfer that was reduced. [2]

method of heat transfer suggestion to reduce thermal
energy gained

Bats emit ultrasound waves of high frequency and receive the reflected waves
(echoes) to locate objects ahead. This process is called echolocation, which is
illustrated in Fig. 6.1.

Ty I|| ) III| II|
| || A R II insect

n | ‘ | ﬁﬂ
v | Lo [

' | f

/ ! L I."I IIII I|I

. J
Fig 6.1

(@) Sound waves are longitudinal in nature. Describe what is meant by a

longitudinal wave.
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(b) Bats uses ultrasound of frequency range of 20 kHz to 80 kHz. These
sound waves travel at 340 m s'.

Calculate the range of wavelengths for this frequency range.

range of wavelengths=................... [ (o I [3]
(c) In a particular hunt by the bat, there is a time delay of 0.1 s between the

emission of the sound wave and the arrival of the echo from the insect.

Calculate the distance between the bat and the insect.

distance between the batandinsect=........................ [2]
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7 Fig.7.1 shows a magnet, two compasses and two nails.
compass
compass magnet
nails
Fig.7.1
(a) On Fig.7.1, draw an arrow in each compass to show the direction of the

(b)

(c)

(d)

magnetic field of the magnet at the two positions. [2]

The magnet causes the nails to become magnetized by induction.

Both ends of each nail become magnetic poles.

On Fig.7.1, mark a N or a S at both ends of each nail to show the

magnetic poles. [2]

When the magnet is removed, the nails are still magnetized.
Describe how to test whether the nails are still magnetized when they

are away from the magnet.
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Fig.8.1 shows two coils of copper wire wound on a soft-iron rod. Each coil can
slide easily on the rod. Coil P is connected in series to a battery and a switch S.
Coil Q is connected to a sensitive centre-zero meter. As S is closed, a deflection

is seen on the meter.

5 A A S 0 A B i

! e

Fig.8.1
(a) Explain briefly why there is a deflection on the meter.

............................................................................................................... [2]
(b) State and explain what you would expect to observe as S is opened.
............................................................................................................... 2]
(c) State and explain the effect on the deflection in (a) if the soft-iron rod
was replaced with a wooden rod.
............................................................................................................... [2]
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Section B (30 marks)

Answer all the questions from this section. Question 11 has a choice of parts to answer.

9 A thin copper wire has a radius of 0.09 mm and is 96 m long. The resistivity of

copperis 1.7 x 108 Q m.

(a)

(b)

Show that the resistance of the copper wire is 64.1 Q. [2]

When the wire hangs vertically, suspended from one end, it stretches

slightly under its weight.

(i)

(ii)

State and explain whether the cross-sectional area of the wire

would increase or decrease when it stretches.

Hence, or otherwise, state and explain what happens to the

resistance of the wire.
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(c) A cable of length 96 m consists of 16 strands of this wires bundled
together. Calculate the resistance of this cable.

resistance=...................... [2]

(d)  The currentin the cable in (c) is 2.5 A. Determine the power dissipated in
the cable due to Joule heating.

power dissipated = ....................... [2]
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10 (a) Fig 10.1 shows a rigid conducting wire loop connected to a 6.0 V battery
through a 6.0 V, 3.0 W lamp. The circuit is standing on a top-pan
balance. A uniform horizontal magnetic field strength 0.05 T acts at right
angles to the straight top part of the conducting wire in the direction
indicated in the diagram, i.e. into the paper. This magnetic field extends

over the shaded area. The reading of the balance is 15.67 g

f— 0.0051m —p
Magnetic
field
area
Lamp Rigid wire frame
6.0V3O0W 4/
6.0V
battery
i
/ top-pan balance \
Fig. 10.1

Given that the force on the current-carrying wire , F, is by
F=BIL where B = magnetic field strength in Tesla (T)
I = current in Ampere (A)
L = length of wire in magnetic field in metre (m)

(i) Compute the magnitude and direction of the force exerted on the
conducting wire by the magnetic field.

direction of the force = .....................

magnitude of the force= ............... [4]
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(ii)  The direction of the magnetic field in Fig 10.1 was reversed to out
of the paper. State and explain, without any calculation, how the

reading on the balance would change.

(b) James uses a pair of wireless earbuds to listen to music. These earbuds
use ultra-high frequency radiowaves to receive the music from his mobile
phone.

(i) The radiowaves that the earbuds use has a wavelength of 125 cm.

Calculate the frequency of the radiowaves.

frequency = ... [2]

(ii)  James accidentally brought his earbuds to swim.
State and explain what happens to the frequency and wavelength

of the radiowaves as they enter the water from air.
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11 Either
(@) State what is meant by acceleration.

(b) Fig. 11.1 below shows the top view of a train consisting of an engine
pulling a cargo carriage and 2 passenger carriages. The mass of the
engine, cargo carriage and each of the passenger carriages are 3500 kg,
7500 kg and 4500 kg respectively. The frictional force of the track acting
on the engine, cargo carriage and each of the passenger carriages are
2.0 kN, 4.0 kN and 3.0 kN respectively.

<<—  Direction of Motion
I . l Cargo Passenger Passenger
o Engine Carriage ]-[ Carriage 1 ]-[ Carriage 2

Fig 11.1

(i) The train accelerates uniformly from rest to 30 m s in 40 s.
calculate the acceleration of the train.

acceleration=................... [1]

(ii)  Compute the resultant force of the train.

resultantforce=................. 2]

(iii) Determine the driving force required by the engine, assuming that
the air resistance on the train is negligible.

drivingforce = ................... [2]
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(iv) Show, with clear workings, that the distance moved during this
acceleration is 600 m. [2]

(v) Hence, or otherwise, compute the power of the engine during this
period of acceleration.
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(a)

(b)

18

State the two conditions required for light traveling in a medium to

experience total internal reflection.

Fig 11.2 (not drawn to scale) below is a semi-circular glass block, centre
C, and with a refractive index of 1.5.

Fig 11.2

(i) Calculate the critical angle c of the glass block.

criticalangle, c= ................oe 2]
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(c)

(ii)

19

Three rays are incident perpendicularly on the glass block as
shown in Fig 11.2.
By making appropriate calculations, show the workings and label

how the rays interacted after point C at the plane surface for: [5]

1. i <c. Label the angle from normal at C as M.
2. i = c. Label the angle from normal at C as N.
3. i > c. Label the angle from normal at C as L.

State the values of the angles of M, N and L.

State a real-life application where total internal reflection was used.

END OF PAPER

www.KiasuExamPaper.com
454



20

www.KiasuExamPaper.com
455



17

2022 Prelim Sec 4 Physics (5059/01)

Answer Key
1 2 10
A B A
11 12 20
D A A
21 22 30
C C D
31 32 40
B D A

A-10

B-10

c-11

D-9
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2022 Prelim
4E Physics (6091/2)
Marking Scheme

Section A (50 marks)

Qn Answers Marks
1 (a) Correct scale [1] B1
. . | @ , B1
correct scaled drawing with_correct arrews (resultant force with 2 A1
arrows) : A1
magnitude of resultant farce,=27.7 X+ 3 Ne
upward direction
(b) Wis mg
27. 7= x 10 M1
m.= 2.77.k9 , Al
2 (a) maximuna densityof aluminum ball= 1 g/cm3 A1
Volume of aluminum ball = 4/3 1 r3
=4/3 x mx 103
= 4188 cm? M1
mass efaluminum ball=pxV =1x4188=4190¢g A1
(b) V=m/p
= %E? = 1550 cm? Al
(c) volume of air = 4188 -1551 = 2636 cm®*=4/3 x T X r®
radius of air = 8.57 cm M1
t=10-8.57=1.43cm A1
3 (a) The principle of moments states that when a body is in equilibrium, B1
the sum of clockwise moments about a pivot is equal to the sum of B1

anticlockwise moment about the same pivot.
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b(i) It is not uniformly distributed B1
(ii) taking pivot around Rope 1,
CWM=ACM
0.75x 15000 =2 x T> M1
T, =5625=5630 N A1
T1+ T2=15000
T1=15000-T,=9380 N A1
(a) As the air is heated up, the average kinetic energy of the air molecules
increases. B1
The frequency and the force of collision of the air molecules on the walls
increases. B1
With Pressure = Force / area, with a higher force over the same
volume/surface area, the pressure increases. B1
(b) i. The air will expand, and so the piston will move to the right. B1
ii. the trapped air will expand until its pressure drops B1
to be the same pressure as the atmospheric pressure B1
(a) melting requires energy to break the intermolecular forces of the solid to B1
liquid.
Melting does not increase the kinetic energy of the meleetles so the B1
temperature remains constant.
(b)i. 0 °C A1
ii. heat loss by 100 °C water to 0 °C = heat gained by melting of ice
0.16 x 4.2 kd x 100 = (0.365 — 0.16)x | M1
= 328 kJ/kg A1
i) Conduction — put the ice in a poor conductor/‘insulator contalner B2
Convection — coverthe told of the ice with a lid :
Radiation — use a.shiny and bright material as as€ontainer
Note: Mode oftransfer of energy musticoincide with-the suggestion.
(a) Longitudinal waves-are waves thatiravel parallelto partlcle vibration. B1
(b)v=~fA
340 420,000 x A 340= 80 000:x A M1
A =0.017 m A =0.80425 A2
(c)v=d /1 '
340 = d'/0.1 M1
d =34
distance'between bat and msect £34/2= 17 m A1
(a)(b)
Compass
cOmpass : ' magnet
\ ' nails
(e ST ANEEE
\D[ S ' N
[1] for each correct arrow B2
[1] for each correct pair of N-S B2
(c) Test the nails with another magnet, using two sides of the magnet. B1
The nails are only magnetized, when it is repelled by another magnet. B1
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Cannot accept: Placing near another metal and the nail is attracted to it (the B1
test metal could be magnetized).
Accept: place near a compass, and see deflection
(d) heating, hammering or using a coil with a Alternating current
8 (a) when the switch is turned on, coil P creates a magnetic field that could
be experienced by coil Q. B1
By Faraday’s Law, Q experienced a change in magnetic flux, it would
induce a current in Q B1
(b) As S is opened, the magnetic field in coil P is destroyed. B1
As coil Q experience a change in magnetic flux (from magnetic field to B1
none), it would induce a current in Q. (oppositein‘direction to (a))
(c) As wood is not a soft magnetic material, the magnetic flux/field B1
experienced by coil Q will be lower.
The current induced would also be lower. B1
Qn Marks
9 (@)A=mr?=3.142x (9x 10°)? = 2.545 x 108 m? M1
_ L 8 96 M1
R=pp =1.7x10° X5 545 3 40
= 64.1 Q (shown)
(b)) V=AxI
For the same volume, as length'increases, B1
The cross-sectional.area of the wire decreases. B1
ii, with the length increasing-and cross<sectional aréa decreasing, B1
L %
by R = PR - the‘resistanceof the wire will increase B
(c) with 16 wires bundled together, it is as if,it is 18.resistors parallel to each
other. Hence, theeffectivesresistance, .
QO M1
Reffh R %
W
Accept: the gffective area‘increases by 16 times, and so the resistance % .
(d) B=4%R.=2'5% x«4D1 M1
= 25.1\W A1
10 | ai) upward force (by Fleming left hand rule B1
P=VI>3s6x|I—>1=05A M1
F =BIL B1
=0.05 x 0.5 x 0.0051 A1
Fmag = 0.0001275 N = 0.000128 N
i) When the magnetic field is reversed, it would exert a downward B1
force, and so it would cause the reading on the balance to be higher. B1
Allow ecf
bi)v=~fA
125
8= fy —=
3x10°=fx 100 M1
f=24x108Hz A1
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i) When radiowaves enter water from air, the frequency remains the

same. B1
The speed of the wave reduces in speed while in water.
With v = f A, hence, the wavelength decreases. B1
11Ei | a) Acceleration is the rate of change in velocity per unit time B1
. 30-0 - A1
bi) a= 40 =0.75ms
ii) Total mass = 3500 + 7500 + (4500 x 2) = 20 000kg
F = ma = 20 000 x 0.75 v
=15 kN
iii) Fnet = Driving force — Frictional forces
15 kN = Driving force — (2 + 4 + 3 + 3) kiN M1
Driving force = 27 kN A1
iv) using graph of speed time graph
A
30
M1
40s
Area =l¥%.x 30 x 46,=600 m . _. M1
Accept: since acceleratiomis constani,-average speed is 30/2 = 15
mis
Therefore, distanceys/averagesspeed x40s = 600 m
P S WorkeDene _ Foreg X Distance
V) POWER="Fime* - Tifne
_2%.000 x 600
3 40 v
=405 KW
110r | a)4.Fhe angle ofincidence must be greater than the critical angle B1
2. Lkight trayets from an optically denser medium to an optically less B1
dense medium
N1
bi) n = Sinc
1
1.5= sinc M1
: 1
c=sm'1(ﬁ)=41.81° A1
ii) 1. With i < ¢, the ray undergoes refraction.
nisini=nrsinr
1.5sin13=1sinr M1

r=19.7°
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2. with i = ¢, the ray should refract exactly at 90°, (show on diagram)

3. with i > ¢, the ray should undergo total internal reflection, when
angle of incidence = (90 — 25) = 65°, and so the angle of
reflection is 65°

M1

A3

le @*F?g

pg opticatfibres. B1
e

for fi @; - F@@ac%@' take, deduct 1 mark up to a maximum of 3
narks per pa §
g@%ot answer to 3 SF.)

,n

e Nou ritten(obfinal answer - For each mistake, deduct 1 mark up to a
maximum o&%arks per paper.
N

e Don’t give /2 mark.

Setter: Mr Kan Cheng Mun
THE END
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2

The diagram shows a vernier calipers scale.

7

Which reading is shown?

A 640cm
B 6.45cm
C 6.50cm
D 7.35cm

A motorcyclist accelerates from rest at 2.0 m s™2 along a level road until he reaches and

0 5

maintains a steady speed of 40 m s™".

How much time will elapse before the motorcyclist covers a distance of 1.0 km from his

starting point?

20s
25s
35s
50s

ooOow>»

A stone is released from rest at a great height in air and falls vertically. Each of the three

graphs represents the variation with time of one of the three variables p, g orr.

time

Which row correctly identifies the three variables p, q and r?

time

B
-

\

time

displacement
acceleration

ooOow>»

velocity
displacement

p q r
velocity displacement acceleration
velocity acceleration displacement

acceleration
velocity
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4 A force P is required to hold a barrel of weight W at rest on a ramp. Friction between the
barrel and the ramp stops the barrel from slipping.

Which arrow represents the resultant force the ramp exerts on the barrel?

5 When a block of wood of mass 1 kg is pushed with a force of 5 N along the horizontal flat
surface of a bench, the block moves with a constant speed of 2 m s™.

When the block is pushed along the same bench with a force of 10 N, it moves with a
constant

speed of 4 ms™',
speed of 5m s™.
acceleration of 4 m s™2.
acceleration of 5 m s™2.

ooOow>»

6 The diagrams show three containers. One container is empty and the other two contain
sand and water respectively. The density of water is known to be 1.0 g cm™3,

100 g 250 g
empty cohtainer container container
with sand with water

What is the density of the sand?

A 125gcm™
B 1.50gcm
C 200gcm3
D 240gcm3
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The weights of two objects measured on two different planets are listed below.

Weight of object M on Mercury = 2000 N
Weight of object J on Jupiter = 6000 N

The gravitational field strength of Mercury and Jupiter are 3.8 N kg~' and 25.4 N kg™’
respectively.

Which of the following statements describing the mass and/or weight of the objects is
correct?

A

B
C
D

Object M has a smaller mass than object J because object M has a smaller weight
than object J.

Object M has a smaller mass than object J because the gravitational field strength
of Mercury is smaller than that of Jupiter.

Object M has a smaller weight than object J because the gravitational field strength
of Mercury is smaller than that of Jupiter.

Object M has a mass one-third of the mass of object J because the weight of object
M is one-third of the weight of object J.

The diagram shows two equal and opposite forces applied to the ends of a pivoted bar of
length L.

What is the magnitude of the moment exerted by these forces on the bar?

OO w>»

FL
FLsin@
FLcosé@
2FLcos@
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9 The diagram shows a toy monkey with a lump of plasticine placed at the end of its tail.
When displaced about point P, it oscillates and eventually comes to rest at this same
position.

How does the plasticine help the toy in maintaining its state of equilibrium?

It increases the weight of the toy.

It moves the centre of gravity to be directly above P.
It moves the centre of gravity to be directly below P.
It moves the centre of gravity to be exactly at P.

ooOow>»

10 The diagram shows a simple hydraulic jack.

handle

- piston Y
Yy~ hydraulic fluid
The base areas of both pistons X and Y in contact with the hydraulic fluid are circular in

shape.

Which of the following changes should be made in order for heavier loads to be lifted?

radius of piston X radius of piston Y
A halved doubled
B doubled halved
C doubled remains the same
D remains the same halved
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A mercury barometer and a mercury manometer are placed side by side on a laboratory

bench.
-~ cam
vacuum %0
M —80
trapped 70
gas --1-60
—~--t4--+-50
76.0 cm mercury 40
| -
—20
—10
e \/
laboratory bench et e e o e T T T T T
barometer manometer
What is the pressure of the trapped gas?
A 10cmHg
B 50cmHg
C 66 cmHg
D 86 cmHg
A boy weighing 800 N runs up a flight of stairs.
\
10m
|
: 8 m
\ |
\ |
Mo ] Y _____.
| |
<l
'6m '

How long does he take to run up the flight of stairs with an average power of 400 W?

12s
16 s
20s
32s

ooOow>»
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A marble is allowed to roll along an undulating plane from left to right. It is in motion at P
and at rest at Q.

Neglect air resistance and assume the plane is smooth.

Which of the following statement(s) is/are correct?

I The marble has zero gravitational potential energy at P.
Il The speed of the marble at R is less than that at P.
[l The marble will only roll up to S and return.

A lonly

B landllonly
C Iland lll only
D I llandlll

In a Brownian motion experiment involving smoke particles in air, larger smoke particles
are seen to be less agitated in their motion as compared to the smaller smoke particles.

Which statement(s) explain(s) the motion of the larger smoke particles?
I The larger smoke particles have greater weight than the smaller smoke particles.

Il The larger smoke particles have greater density than the air molecules.
Il There is less bombardment by air molecules on the larger smoke particles.

A lonly

B lll only

C I llandlll

D None of the statements

A fixed mass of gas is cooled down while its pressure is kept constant.

How do the properties of the molecules of the gas change?

average speed frequency of collisions average distance apart
with walls
A decreases decreases decreases
B decreases increases decreases
C decreases increases unchanged
D unchanged decreases increases
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16 A heating element is to be positioned in a narrow sealed tube of liquid.

i E—

QK D //

Which would be the best position, A, B, C or D, to place the heating element in order to
obtain the best circulation of the liquid throughout the tube?

17  The diagram shows the cross-section of a plastic container that a manufacturing company
has created.

plastic cover

and box
| ]
silvered
inner T

vacuum

wall

The company claims that the container can keep food warm or cold for a duration that
surpasses other brands of containers. It offers the following explanations to justify its
claims.

I The plastic cover will reduce heat gain or heat loss through conduction as plastic is a
poor conductor of thermal energy.

Il The vacuum between the interior and exterior walls of the container will reduce heat
gain or heat loss through conduction, convection and radiation.

Il The silvered inner walls will reflect hotness or coldness back to the food as silver
surfaces are good reflectors.

Which of the above explanation(s) is/are correct?

A lonly

B |andllonly

C landlllonly
D Iland Il only
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9

One of the steps required to calibrate a thermometer is the selection and determination of
the two fixed points.

Which of the following statement(s) about the fixed points is/are correct?

ooOw>

The fixed points must be easily obtainable and reproducible.

The fixed points should be based on the physical property of the substance of the
thermometer.

The lower fixed point is the melting point of a substance and the upper fixed point is
the boiling point of the substance.

| only

| and Il only
Il 'and Il only
[, IIand Il

When one junction of a thermocouple is placed in pure melting ice at 0 °C and the other
junction in steam at 100 °C, the e.m.f. is 8.0 mV. The cold junction is then removed from
the melting ice and placed in a liquid at constant temperature. The e.m.f. is now 2.0 mV.

What is the temperature of the liquid?

oo w>»

20°C
25°C
55°C
75°C

The characteristic of certain cooking pots is that when they are removed from the source
of heat, the contents in the pots may continue to boil for some time.

What may be the reason for this?

ooOow>»

The material of the pot has high specific heat capacity.

The material of the pot has low specific heat capacity.

The pot is made of a very poor conductor of thermal energy.
The pot is made of a poor radiator of thermal energy.
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The graph shows the variation in temperature with time of two equal masses of substances
P and Q, when they are separately heated by identical heaters.

temperature
A

Q
v
room temperature

0 » time

Which of the following deductions is correct?

The boiling point of P is lower than Q.

The specific latent heat of fusion of P is larger than that of Q.

The specific heat capacity of P in the solid state is smaller than that of Q.

Less energy is required to raise the temperature of P from room temperature to its
boiling point than Q.

ooOow>»

A pebble is dropped into still water and circular wavefronts are seen to travel outwards
with a speed of v.

pebble Q

If the wavelength is A , what is the time taken for the wave to travel from P to Q?

Al2v
Alv

21 /v
31/ 2v

oo m>»
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23 A transverse wave travels along a string with a speed of 0.5 m s™'. The graph shows the
shape of the string at a certain instant.

displacement / cm

direction of
wave motion

Which of the following graphs shows the shape of the string 0.7 s later?
A B

displacement / cm displacement / cm
K A

.3 _____________________ 3" __________________
/\ /\ distance / cm /\ /X distance / cm
0 } { 4 4 . 0 ¢ o

0 y 10 20 \ 30 y
\/a za\fﬂ e i
7 . W . =3 s
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24 Avray of lightin air is incident on a semi-circular block of glass at point Q. OQ is the radius
of the semicircle.

air

I
I
I
7
(O]
I

Which of the following ray diagrams shows how the ray will pass through the block and
into the air again?

25 The human eye has a converging lens system that produces an image at the back of the
eye.

If the eye views a distant object, which type of image is produced?

real, inverted, diminished
real, upright, same size
virtual, upright, diminished
virtual, upright, same size

ooOow>»
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Which of the following is true about gamma rays?

Gamma rays travel at the highest speed in any medium.

Only gamma rays are used to kill cancer cells in radiation therapy.
Gamma rays are the most energetic in the electromagnetic spectrum.
Gamma rays are the only electromagnetic waves that have ionising effect.

ooOw>

The diagram shows a sound wave passing through a medium. The dots on line X
represent the equilibrium positions of the air molecules and the dots on line Y represent
the positions of the same air molecules at a particular time.

inex ¢ ¢ & ¢ o & & o & o o o

IineY+ .....

.
P Q
Which of the following statement(s) is/are correct?

| Molecule Q is always at rest.
Il The distance between molecules P and Q is the wavelength of the sound wave.
Il dis the amplitude of the wave.

[l only

| and Il only
I and Il only
[, I'and III

ooOw>

Tuning forks with prongs of different lengths produce sounds of different pitch.

il “Um}ﬁ;ﬁ? )DD}J )} (li= MDE}D D }

Which of the following describes the characteristics of the sound produced?

The sound produced by Q has a longer wavelength and so has a higher pitch.

The sound produced by P has a shorter wavelength and so has a higher pitch.

Q has longer prongs and so the sound it produces has a higher pitch.

The sound produced by P has closer regions of compressions and so has a lower
pitch.

ooOow>»
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An electroscope is used to determine the presence of charges. Plate A is fixed in position
but plate B can swing freely about pivot P. Diagram 1 shows that initially, the electroscope
is charged positively. Both plates A and B are not touching each other.
negatively charged rod
[o----- |
insulator —_ [ brass cap brass cap
brass rod \l\

pivot P \\ /plate B /plate B

X X

— + //+
plate A plate A
Diagram 1 Diagram 2

A negatively charged rod is then placed near the brass cap of the electroscope, as shown
in Diagram 2.

Which of the following explains what happens to plate B?

A Plate B swings further away from plate A because more positive charges are repelled
downwards from the cap, causing both plates to be more positively charged.

B Plate B swings further away from plate A because negative charges are repelled
downwards from the cap, causing both plates to become negatively charged.

C Plate B swings less from plate A because negative charges are repelled downwards
from the cap, causing both plates to be less positively charged.

D Plate B swings less from plate A because positive charges are attracted upwards to
the cap, causing both plates to be less positively charged.

www.KiasuExamPaper.com
477



30

31

32

15

A conductor XY has a potential difference of 12 V between its ends. There is a current of
3 Ain XY.

+12V<X> >OV

Which statement is correct?

The charge flowing each second in the conductor is 12 C.
Electrons flow from X to Y.

The power dissipated in the conductor is 36 W.

The resistance of the conductor is 3 Q.

ooOow>»

The resistance of a piece of wire, of length 1 m and diameter 0.3 mm, is R.

Another piece of wire, made of the same metal, is 2 m longer than the first wire. Its
diameter is 50% that of the first wire.

What is the resistance of the second piece of wire?

4R
6R
8R
12R

ooOow>»

The diagram shows a circuit containing a 12 V source and three resistors each of
resistance 2 Q. An ammeter measures the current leaving the source.

2Q
—
20)
. —
20
 — —
@
O O
12V

How will the ammeter reading change, if the connection to one of the resistors is broken?

decreases by 6 A
decreases by 1 A
increases by 1 A
increases by 6 A

ooOow>»
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33 A circuit is needed to switch on a warning lamp when the temperature of a thermistor is
too high.

Which circuit is suitable?

A B
+10V +10V

warning warning
lamp lamp

OvVe OVe

+10V +10V°—AL

i

warning 1 warning
lamp lamp

oV e OVe

*—
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34 Afixed resistor, a variable resistor, a filament lamp and a cell are arranged in four different
circuits.

In how many of these circuits will the brightness of the lamp be changed by adjusting the
resistance of the variable resistor?

OO w>
AowN =

35 A plug for a lamp contains a fuse with a 3.0 A rating.
Which statement is incorrect?

The fuse breaks the circuit if the current exceeds 3.0 A.
The fuse contains a thin wire.

The fuse is connected to the live pin of the plug.

The fuse can be reset like a circuit breaker after it blows.

ooOw>
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36 Diagram 1 shows a compass needle pointing north when there is no other magnet around.
It is then placed at a point P near to a magnet surrounded by a soft iron ring as shown in

Diagram 2.
magnet
oP
soft iron

Diagram 1 Diagram 2

Which of the following diagrams shows the possible orientation of the compass needle?

37 Plotting compasses X and Y are placed below and on top of a current-carrying wire
respectively, as shown in the diagram.

current direction

Which of the following shows the possible directions of the compass needles?

A B C D
current direction current direction current direction current direction
X X X X
Y Y Y Y
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Three vertical conducting wires have the same amount of current flowing through them in
the direction shown.

Given that the distances between the wires are the same, what is the direction of the
resultant electromagnetic force acting on the middle wire?

to the left

to the right

perpendicular to the plane of the paper
resultant electromagnetic force is zero

ooOw>

Diagram 1 shows the oscilloscope trace produced by an input of maximum voltage 2 V
and frequency 50 Hz.

/[ AL AL

/ Y EVIE\VIELV

1cm 1cm
Diagram 1 Diagram 2

With no changes in the oscilloscope setup, what are the new values of maximum voltage
and frequency as shown in Diagram 27?

1V and 50 Hz
2V and 25 Hz
2V and 100 Hz
4V and 100 Hz

ooOow>»
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40 A transformer is used to operate a 12 V lamp from a 250 V mains supply. The mains
current is 0.10 A and the current flowing through the lamp is 2.0 A.

What is the efficiency of the transformer?

250V < S Z %)1”
0.10AT \ / 20A
A 48%
B 50%
C 9%
D 104 %

END OF PAPER
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SECTION A
Answer all the questions in this section.

Fig. 1.1 shows a man of mass 90 kg standing on a weighing scale in a lift.

[
]

/
weighing scale

Fig. 1.1
The gravitational field strength is 10 N kg™'.
(@) (i) On Fig. 1.1, draw and label the two forces acting on the man. [1]

(i) Explain why the forces in (a)(i) are not an action-reaction pair.

(b) The lift is moving upwards at a velocity of 1.8 m s™'. It then comes to a stop in a
time of 0.50 s.

Determine the scale reading (in Newton) during this deceleration.

scale reading = ......cooeeviiiiiiie e [2]
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3

Fig. 2.1 shows a desk lamp with the dimensions shown. The base of the lamp is circular
and has a radius of 10 cm. The total weight of the light bulb and shade is 5.0 N and each
of the uniform arms has weight 1.5 N.

30 cm

shade

30 cm
light bulb

50N

desk |<—->| I
10 cm

Fig. 2.1

The lamp must be constructed so that it does not topple over when fully extended as
shown in Fig. 2.2. The base must be heavy enough so that the lamp will not rotate about
a point X.

first arm ~ second arm
A ,
0N O] :
— A
desk X I
Fig. 2.2

(a) By taking moments about X, calculate the minimum weight of the base required to
prevent toppling.
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(b)

(c)

4

Explain why the lamp tends to topple over when fully extended as shown in
Fig. 2.2, rather than when partially extended as shown in Fig. 2.1.

State and explain one change that could be made to the base to increase the
stability of the lamp. The weight of the base is to remain constant.
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Fig. 3.1 shows a manometer that is connected to two separate containers containing
pressurised gases X and Y. The pressure of both gases is much greater than the
atmospheric pressure. There are two immiscible liquids A and B in the manometer, of
densities 5.2 g cm™ and 2.8 g cm™3 respectively.

""""""""" liquid B

liquid A
Fig. 3.1

The gravitational field strength is 10 N kg™".

(a) Explain which gas has a larger pressure.

......................................................................................................... [11
(b) Calculate the pressure difference due to the gases.
pressure difference = ...........c.ciis [3]
(c) There is a crack in the container containing gas X.
State and explain what will happen to the liquid levels in the manometer.
......................................................................................................... [2]
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An archer pulls the string of his bow and it stretches by a horizontal distance of 40 cm,
as shown in Fig. 4.1. As he releases the string, an average force of 150 N acts on the
arrow before it loses contact with the string.

(@)

(b)

(c)

string

arrow

bow

—

40 cm

Fig. 4.1

State the main energy change that occurs as he releases the string.

......................................................................................................... [1]
Calculate the average work done on the arrow.
WOork done = .......oooiiiiiiieee e, [1]
(i) The arrow has a mass of 100 g.
Calculate the speed of the arrow as it loses contact with the string.
Speed = .o [2]
(ii)  State two ways in which the speed in (c)(i) may be increased.
................................................................................................ [2]
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A tyre that is originally completely deflated is inflated by using a pump.

(a) Describe, using the concept of pressure, how the pump pushes the air into the tyre.

(b) Explain, using the kinetic model of matter,

(i) how the atmosphere exerts a pressure on the outside of the inflated tyre,

................................................................................................ 2]
(ii)  why the air inside the tyre exerts a greater pressure on the tyre than the air

outside.

................................................................................................ [2]
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6 Fig. 6.1 shows the positions of a travelling wave attimet=0s andt=4 s. P is a particle
on the wave.

displacement / cm

A
t=0s t=4s
\ v / AN ‘\ / N "
\ ! / 0 \ M / ! \ !
\ A L VR I \ \ I
\ / 1 / I / I
\ \ wlE \ \ 1] \ \
A} / /I \ / ,I A) I T
N ‘/\ N ‘
0 0.1 0.2 0.3 0.4 0.5 0.6
distance / m
Fig. 6.1
(a) Describe the movement of P for one complete cycle, starting fromt =0 s.
......................................................................................................... [2]
(b) Determine the speed of the wave.
Speed = ..o [2]
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Fig. 7.1 shows a narrow road with a plane mirror mounted at the corner of a 90° bend.
Point C represents a car and point M represents a man. The image of the car seen by
the man at M in the mirror is indicated by the point I.

°C

Fig. 7.1

(a) State one characteristic of the image of the car.

(b) Complete the following on Fig. 7.1.

(i)

(ii)

(iii)

Draw a ray of light from C, reflected by the mirror, to the man at M. Mark and
label the angle of incidence i and the angle of reflection r. [2]

Mark the position of the image of the man at M as seen by the driver of the
car at C. Label this position M’. [1]

The car is travelling towards the bend. Draw an arrow at I to show the
direction in which the image of the car I appears to be travelling to the man
at M. [1]
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Fig. 8.1 shows two horizontal metal plates connected to a high voltage power supply. A
charged styrofoam ball is placed between the plates and is observed to be floating above
the bottom plate.

I F—
O+
O -
charged styrofoam ball,,//o
I p——
Fig. 8.1

(@) On Fig. 8.1, draw the electric field lines between the two plates. (Ignore the effect
of the field lines of the charged styrofoam ball.) [1]

(b) Explain why the styrofoam ball is able to float just above the bottom plate.
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A lamp is marked 240 V, 60 W.

(@) Calculate the charge that flows through the lamp in 2 hours, when it is operating at
normal brightness.

(b) Calculate the cost of switching on the lamp for 2 hours, given that the cost of
electricity is $0.25 per kWh.

(c) In practice, the filament in the lamp gets hot and its resistance changes.

Suggest how this affects the current in the lamp and its brightness.
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10 Fig. 10.1 shows a bar magnet hanging from one end of a spring. Its N pole is just inside
a vertical coil whose ends are connected to a centre-zero galvanometer.

spring

000000 Y
\

| — bar magnet

w

N

vertical coil

=

Fig. 10.1

The magnet is pulled down and released, such that the S pole stays well above the coll
and only the N pole moves in and out of the coil.

(@) The galvanometer shows deflection as the magnet moves. Explain why.

(b) On the axes in Fig. 10.2, sketch a graph of the readings on the galvanometer for 5
complete oscillations of the magnet.

galvanometer reading

A
| | | | | >
| | 1 1 1 >
0 1 2 3 4 S number of complete
oscillation of magnet

Fig. 10.2
[2]
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(c)

13

Suggest two ways to increase the galvanometer reading.
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SECTION B
Answer all the questions in this section.
Answer only one of the two alternative questions in Question 13.

11 Fig. 11.1 shows a section of the solar heating system which helps to provide water for a
house. It consists of a solar collector placed outside on a roof. Water pipes are connected
to the solar collector.

coil
water tank :

black base

water pipe

solar coIIec t cold water in

Fig. 11.1

It is found that tilting the solar collector at different angles affects the amount of energy
received during different months of the year.

sun’s rays \\ solar collector

angle of tilt

Fig. 11.2

Table 11.1 shows the results of the amount of energy in megajoules received by a 1 m?
solar collector at different angles of tilt between the months of April and September.

Table 11.1 (Energy received in megajoules by a 1 m? solar collector)

angle of tilt
month 0° 10° 20°  30°  40° 50° 60°  70° 80° 90°
April 205 223 238 249 248 241 227 205 184 151
May 26.3 277 284 288 274 252 230 198 166 13.0
June 284 288 292 292 274 252 223 191 151 11.2
July 281 284 288 292 274 256 23.0 202 16.2 122
August 23.0 248 256 259 263 248 227 205 173 137
September | 16.2 187 205 216 223 227 216 190 150 10.9
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(b)

(c)

15

State and explain two features of the solar collector that allow the heating of water
in the water pipes to be more efficient.

For the range of angles of tilt in Table 11.1, state, for the months from April to July,

(i) a similarity in the amount of energy received,

(ii)  a difference in the amount of energy received.

Determine, by calculation, whether it would be better to tilt the solar collector at an
angle of 30° or 40°, between the months of June and September, in order to obtain
the greatest amount of total energy.

(d) The amount of energy received in September seems very different from the other

months. Suggest a reason for this.
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(e) Fig.11.3 shows a graph of the power generated by the solar collector on a particular
day.
power / KW
4
; h!
| | A
M
] r
\ \ rd
2 i\. ‘- \ ;"f/- g \\\
1 A i
r/,./
0 - TN
4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00  20:00 22:00
time of day / h
Fig. 11.3
(i) Suggest a reason for the irregular shape of the graph.

(ii)

In the solar heating system, the water tank holds 30 kg of water. Calculate
the maximum change in temperature of the water in the water tank between
12.55 pm and 1.05 pm. (Specific heat capacity of water = 4200 J kg™" °C™")

temperature change = ........cccccoeeiiiiiiiiiiiiies [2]
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Fig. 12.1 shows a simple motor that can be used to turn a fan.

electromagnet electromagnet

-

battery

/' split-ring commutator

Fig. 12.1

(@) (i) State the polarity of Q and R.

................................................................................................ [11

(ii)  State the purpose of the soft iron core.
................................................................................................ [1]
(b) (i) On Fig. 12.1, draw an arrow on wire AB to show the direction of the force
acting on the wire. [1]

(ii)  Explain why the wire experiences a force in the direction shown in (b)(i).

(iii)  State two ways to increase the magnitude of the force on AB.
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(iv)  Suggest one way to change the direction of rotation of the coil.

................................................................................................ [1]
(c) As the coil rotates by 180°, explain what happens to the
(i) current in AB,
................................................................................................ [1]
(ii)  force on AB.
................................................................................................ [1]
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13 EITHER
A student stands near the edge of a cliff. He throws a ball upwards with a velocity u, at

a height h from the top of the cliff, as shown in Fig. 13.1. The ball rises vertically a short
distance and then falls.

highest point
of the motion

path of ball

(@) Fig. 13.2 shows the displacement-time graph and Fig. 13.3 shows part of the
velocity-time graph for the first 1.0 s of the motion. Air resistance is very small in
the first 1.0 s of the motion.

displacement

from clifftop /m 1
1.8 1
h 4
» time /s
0
Fig. 13.2
velocity /ms™ 4
u -
| | » time /s
0 0.4 1.0
Fig. 13.3
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Using Fig. 13.2, explain why the velocity is zero at 0.4 s.

......................................................................................................... [1]
(b) (i) On Fig. 13.3, complete the velocity-time graph for the first 1.0 s of the motion.
[1]
(ii)  Explain your answer to (b)(i).
................................................................................................ [1
(c) (i) Using Fig. 13.3, determine the velocity u.
U [2]
(ii)  Hence, determine the height h.
D= [3]

(d) The ball continues to fall. The effect of air resistance becomes significant and the
ball eventually falls at terminal velocity.

Describe the velocity and acceleration of the ball as it falls at terminal velocity.
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OR

Fig. 13.4 shows the | / V characteristic graph of a diode.

10
8 7
I/ mA 6
4 y
4
2
//l/
0 L
00 02 04 06 08 10 1.2
VIV
Fig. 13.4

(@) (i) Describe how the current and the resistance of the diode change as the
voltage is increased from 0 to 1.0 V.

(ii)  Determine the resistance of the diode at 0.8 V.

resistance = ... [2]
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(b) (i)

(ii)

22

To obtain the | / V characteristic graph, a student connects the diode to a
circuit containing a 1.5 V cell and a variable resistor X, as shown in Fig. 13.5.
The maximum resistance of X is 100 Q.

15V —0

diode

Fig. 13.5

On Fig. 13.5, complete the circuit by drawing the following electrical
components:

e adiode (inside the dotted box)

e an ammeter

e a voltmeter
[2]

Explain how this circuit can be used to obtain the | / V characteristic graph
of the diode.
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(c) Using the same apparatus in (b), another student sets up a circuit as shown in

Fig. 13.6 instead.

15V —— X

slider

Fig. 13.6

State and explain why the circuit shown in Fig. 13.6 is inappropriate for determining

the 1/ V characteristic graph of the diode.

END OF PAPER
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Solutions to 2022 4E Physics Prelim Exam

Paper 1

Multiple Choice Questions [40 marks]

1 B 11 D 21 D K} D
2 C 12 B 22 C 32 A
3 A 13 C 23 A 33 A
4 C 14 D 24 C 34 A
5 D 15 B 25 A 35 D
6 B 16 C 26 C 36 B
[ C 17 A 27 A 37 B
] C 18 B 28 B 38 D
9 C 19 D 29 C 39 C
10 A 20 A 30 C 40 C
Paper 2
Section A: Structured Questions [50 marks]
Qan Solution Mark
1(a)(i)
‘mrml cunta-:ilbr-:-:— (1]
I ; JI-. ||
{
>
| |
| b
}
i
AN |
L ar GE -~
Weighing scale _
raweight

1(a)ii) They are not 47 the same nature and they both act on the same | [2]
body (man)

1(b) __0-18

050
a=-36 ms™= [1]

W-N=ma
(90 =10)-N=90=3.6
N=576 N [1]
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2(a)

Total anticlockwise moments = total clockwise moments

Wx10=(1.5x5)+(1.5%35)+(5.0=50) [1]
W=31N [1]

2(b) The perpendicular distances from the lines of action of the | [1]
components of the weights to the pivot are maximum,
creating the maximum clockwise moments about X. [1]

2(c) The area of the base could be increased. This decreases the | [1] any
clockwise moment about the new point X, and increases the | accepiable
anticlockwise moment as well. explanation to

increase in
stability

Ja) (Gas X has a larger pressure because the liguid level is lower than | [1]
that exerted by gas Y.

3b) pressure difference [1] pressure
= pressure difference due to the liquid [2vels due to liquid A
=(0.080=5200x10)+(0.060 = 2300 109 [1] pressure
— 5840 P3 due to liquid B
- [1] concept and

answer

3c) Gas X will escapegiomitihe container, decregsipg s pressure | [1]
within the contaiper.

The liquid level anthede™will increass: While thefiquidsevel on the | [1]
right will decrease.

4(a) Elasiic poteniial enesgy of the sirng to Kineticenergy of the amow. | [1]

4({b) Work Done= F X . d

=130 o A4
=60 J [1]

4(c)i) 2mye = 60
Yz xT 010D >NV = 68 ECF for [1]
energy [1]

{ =24 6m /s (accept sf)

4(c)(ii) Pull the string a longer horizontal distance back. [1]
Use a lighter arrow. [1]

5(a) When the pump is pushed down, the volume inside the pump
decreases, and the pressure of the air in the pump increases. This | [1]
air pressure in the pump is higher than the air pressure in the tyre
and so the air is pushed into the tyre.

S5(b)i) The air molecules gutside the tyre are confinuously bombarding the | [1]
walls of the tyre. This bombardment produces a force per unit area | [1]
and hence an atmospheric pressure on the tyre.

2
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5(b)(ii)

The tyre contains more air molecules per unit volume than outside.
Thus, molecular collisions with the wall are more frequent, resulting
in the air inside the tyre exerting a greater pressure in the tyre.

[1]
[1]

6(a) Particle P will move downwards and reach the maximum negative | [1]
displacement. It then moves upwards passing the equilibrium
position and reach the maximum positive displacement. After which
it moves downwards passing the equilibrium position again and | [1]
back to its starting point.
6(b) wavelength, A =0.18 m (0.1/10 x 18) [1]
113 of a wave takes 4 s
therefore, f = 2 i4="1Hz
18 18
v=fL=-x0.18=0.010 ms"' [1]
18
7(a) 1. Virtual [1] any one
2. Upright
3. Laterally inverted
4. As far behind the mirror as the objectisia froni
5. Same size
7(b)
A<
',0 M’
l|'|l
4
M ! !
X—4 & Ve P NN T °
,""’i h
directjon of car travel
.
A
*C
3
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Correct ray drawn with arrows, label i and r

Correct position of M’ (equal perpendicular distance from mirror
as M)

Correct direction of car travel

[2]
[1]

[1]

8(a) Correct direction and shape of electric field [1]
| f———
YYYVYY Yy Vv YY o
charged styrofoam_——\—{ [ s _
ball L =

8(b) The ball is negatively.charged. ~ [1]
Upward electric force balances its downwardyveight * [1]

9(a) V- w

o)
240:60><2><3600 (]
0=1800 C [1]
9(b) cost & Y %2 x $Q:25 1]
4000 .
= $0.03 [1]

9(c) The resistance of the lamp increases.

Hence, the current decreases and the brightness decreases as | [1]
well.

10(a) When the magnet moves, its lines of magnetic flux are being cut by | [1]
the coil, and so a current is induced in the coil which causes the | [1]
deflection of the pointer of the galvanometer.

10(b)

galvanometer reading
A

AWAWAWAWAT.
VEAVEAVARVARY

magnet

o

[1] correct shape, starting at zero
[1] 1 complete cycle for one oscillation of the magnet

on of

[1]
[1]
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10(c)

1. Use a stronger magnet
2. Use a coil with more turns per unit length
3. Insert the magnet in and out of the coil at a faster rate

[1]
[1]

Any two ways

Section B: Structured Questions [30 marks]

Qn Solution Mark
11(a) The base of the solar collector is painted black.
Black is a good absorber of infra-red radiation and is able to absorb | [1]
radiation from the Sun to heat up the water pipes.
The water pipes have a loop design.
The loops increase the surface area of absorption of radiation to | [1]
heat up the water pipes.
11(b)(i) 1. The amount of energy received increa h the angle of | [1] any one
tilt from 0° to 30° and decreases from=3€ reasonable
2. Atangle of tilt of 90°, the energy rege an 16 MJ | similarity
(the lowest in all the 4 months) /
3. At angle of tilt of 30°, the ener e, highest in
all the months April to July / N
y ,&)‘b
11(b)(ii) 1. At angle of tilt of 0° enérfyereceivediis mch fggher of | [1] any one
more than 25 Mg  July but n pril © reasonable
: For every 10° cre infthe angle It, th&amount of | difference
decr 1 ceived |SQ‘@ thecsame for
(}O
Q
O
11(c) omJLg&%sQSnszgzugz
: | Q‘ﬁ%nq@o Septis 27.4 +27.4
[1]
g’&ctor will receive the most | [1]
&
11(d)  . /é&hy@nth with not much solar energy | [1] accept any

\b ) reasonable
6$ answer
11(e)(i) The amoun @@éolar energy received depends on the weather | [1]
(amount of daylight), any clouds cover above the collector
11(e)(ii) Energy output of the solar collector = 3.8 kW x 10 min x 60 [1]
=2.28 MJ
Energy output = mcAf
2.28 x 108 = 30 x 4200 x A8
Af =18.1°C [1]
12(a)(i) Q is north pole and R is south pole [1] for both
correct
12(a)(ii) The soft iron core will concentrate the magnetic field lines and | [1]
increase the magnetic field strength of the solenoid.
5
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12(b)(i)

electromagnet

l‘. 2,
y

battery A - Ale
,’( split-ring corpmutator 5O

Correct downwards direction

7
’ -
’ -
’
/
ra "
/ R

%,Col soft iron core

electromagnet

[1]

12(b)(ii)

There is a combined magnetic field between that due’to the two
electromagnets and that due to_theictifrent earrying’conductor AB.
The resultant magnetic field above AB is strongetand the resultant
magnetic field below AB.is weaker. '

The difference between.the magneticiield strength around the wire
AB causesia net force+to act on the wire downwards.

[1]
[1]

12(b)(iii)

Increase the strength of the-magngtic field by the electromagnets
(increase the number of turns pepunit length),

and increase-the currentflowing through the wire AB (increase the
voltagé ofsthe batteryy:

[1]
[1]

12(b)(iv)

Switch the pqlarity of the magnets by reversing windings on the
solenoid (Notacceptable - switching the polarity of the battery)

[1]

12(c)(i)

The split-ring commutator changes its _contact position with the
carbon brushes and so reverses the direction of the current flowing
in AB.

[1]

12(c)(ii)

With the direction of the current flowing in AB reversed, the force
acting on AB is reversed.

[1]

EITHER

13(a)

The gradient of the displacement-time graph at 0.4 s is zero, which
shows that the velocity is zero.

[1]
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13(b)(i)

velocity /ms™ 4

u

» time /s

[1]

13(b)(ii)

The acceleration remains constantas the ball coantinues to.fall'with
negative velocity.

[1] any
reasonable
answer

13(c)(i)

gradient =-10
u-0

0-04

u=4.0ms'

=-10

[1]
[1]

13(c)(ii)

distancesmoved upwards
= area under graph from 0 s to @4 s

:1X0.4X4.0
2

[1]
[1]

[1]

13(d)

The velocity remains constant and the acceleration is zero.

[2]

OR

13(a)(i)

From 0 to 0.2 V, the current is zero and so the resistance of the

diode is infinite.

From 0.2 V to 1.0 V, the current increases at an increasing rate

(with respect to p.d.) and the resistance of the diode decreases.

[1]

[1]

13(a)(ii)

0.8

T 44x10°
R=~182 Q

[1]
[1]
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13(b)(i)

1.5V ———

13(b)(ii)

When the slider is placed

and the current flowi

As the slider i
increases to 1
measured.

13(c)

V

[1] diode
[1] ammeter
and voltmeter

N
L
d. thdl%@’*fs zero | [1]
can be m red. @y
s
he p.d. e diode | [1]
orre A&ng cu@nt @)ilg; can be

[1]
[1]

Accept any
other
reasonable
answer.
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2022 4E Pure Physics Prelim
Whitley Sec

Answer all questions on the optical mark sheet.

1  The light year is defined as the distance light travels in 1 year. There are 365
days in 1 year.

Which of the following is the nearest estimate of 1 light year?

A 100 Gm B 1000 Gm C 10000 Gm D 10 000 000 Gm

2  The diagram below shows the reading on a micrometer screw gauge.

______...r-""'_.'fﬂ_
0 5 . 30
- ; 25
A @ ...... 20
( 15
T an |

What is the reading on the micrometer screw gauge?

A 7.22 mm B 7.72 mm C 7.22cm D 7.72cm

3 A cube of mass 5.0 kg with sides 0.20 m long has a cube of sides 0.10 m cut from
its corner as shown.

What is the density of the remaining section of the cube?

A 25kg/m3 B 547 kg/m? C 625 kg/m?3 D 714 kg/m?3

4 A bulletis fired towards a nearby tree trunk with a speed of 200 m/s. The bullet is
found at a depth of 0.05 m in the tree trunk.

What is the time taken by the tree to stop the bullet in its trunk?

A 5x102s B 5x1073s C 5x10*s D 5x10°%s

© BGSS 2022 [Turn Over
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5

3
The following graph shows the velocity-time graph of a body.

V A

Which of the following graphs shows the correct displacement-time graph of the
body?

A B
A S A S 4

v
v

v
Y

A ball rolling across a field will slow down and eventually stop because

A inertia will cause all objects to remain in a state of rest.

B there is no net force acting on the ball.

C there is a force that acts in the direction opposite its motion.
D

the ball has no energy since there is no work done on the ball.

A 2000 kg car travelling at a constant velocity of 25 m/s encounters a total
resistive force of 50 kN. You may assume that there are no other horizontal
forces acting on the car.

Which of these relationships describes the driving force F provided by the
engine?

A F=0N B F <50 kN C F=50kN D F>050KkN

© BGSS 2022 [Turn Over
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4
A pellet of mass 50 mg is fired vertically upwards and reaches a height of

1000 m.
The gravitational field strength g is 10 N/kg.
What is the total energy at the highest point?

A 0J B 05J C 500J D 500 000J

The diagram shows a bottle containing air, oil and sand.

air

/

/ oil
/ sand

More sand is added to the bottle. This affects the position of the centre of gravity
of the bottle and its contents.

/

I

/

N
. .t .
e ey T
- - * .
e . *
teemy 'j’
fo o . *
e . .
Traa, Tee,
.. . .
e . =
ek a, "re
e . .

How might the centre of gravity move?

A from X towards W
B from W towards X
C fromY towards X
D

from Y towards Z

A rectangular box of dimensions 4.0 m by 2.0 m by 3.0 m weighs 50 N.
What is the minimum pressure it can exert on the surface it rests on?

A 21Pa B 4.2Pa C 6.3Pa D 8.3Pa

© BGSS 2022 [Turn Over
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5
11 The diagram shows the cross-section of a hydraulic jack. Piston K is supporting a
weight of 80 N. The liquid in the hydraulic jack is not compressible.

80N

piston L liquid piston K
/ N
area 2 cm? area 40 cm?

Which of the following statements is correct?

A The force at piston L is 1600 N.

B Piston K will move a longer distance than piston L.
C The pressure at piston K and piston L is the same.
D

The pressure at piston K is lower than at piston L.

12 A man lies on a bed of needles. The number of needles is doubled.

What row describes the change on force on the man and the pressure at the

contact?
force on man pressure at contact
A doubled remains the same
B remains the same halved
C doubled doubled
D remains the same remains the same
© BGSS 2022 [Turn Over
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6

13 llluminated smoke particles, suspended in air, are viewed through a microscope.
They appear to move randomly.

Which of the following best describes the conversion or transfer of energy that
takes place?

A

B
C
D

kinetic energy of air molecules — kinetic energy of smoke particles
potential energy of air molecules — kinetic energy of smoke particles
heat energy from source — kinetic energy of smoke particles

light energy from source — kinetic energy of smoke particles

14 Which of the following statements is true when the temperature of a solid is
raised?

A

B
Cc
D

The mass of the solid increases as the volume increases
The molecules expand and the solid occupies a greater volume.
The molecules in the solid start to slide past each other at a greater speed.

Heat travels to all parts of the solid in the form of kinetic energy of the
molecules.

15 A gas in the process of condensation.

Which of the following statements best describes what happen to the gas?

A

B
Cc
D

It will take in heat in order to break the intermolecular forces.
It will give off heat because intermolecular forces are forming.
It will give off heat because its molecules are losing kinetic energy.

It will not give off or take in any heat because there is no change in
temperature.

16 Blowing across the surface of a bowl of hot soup will cause it to cool.

Which of the following statements best explains this observation?

A

B
Cc
D

Convection cannot occur without blowing.
Blowing across the surface allows more evaporation to take place.
Blowing across the surface increases the surface area for radiation.

Still air is a poor conductor of heat but moving air is good conductor of heat.

© BGSS 2022 [Turn Over
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7

17 The diagram shows a vacuum flask and an enlarged view of a section through the

18

flask wall.
|"‘ __———stopper
._.:‘l'\;"__ l[:\:“ J
/( \-— silvering
o ——vacuum
Ess

Which of the following best explains why the silvering is needed in reducing heat
loss of the liquid in the flask?

A

B
Cc
D

silver surfaces are poor absorbers of radiation
silver surfaces are good absorbers of radiation
silver surfaces are poor emitters of radiation

silver surfaces are good emitters of radiation

In the experiment shown below, the amount of electrical energy used to melt
some ice is measured using a joulemeter.

+———— = electricity
, supply

\ l—._‘.‘\

ice joulemeter

-heater

What is needed to find the specific latent heat of fusion?

A

B
C
D

the final temperature of water
the temperature change of ice
the voltage of the electricity supply

the mass of water produced by the melting ice

© BGSS 2022 [Turn Over
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8

19 The diagram shows a graph of wave motion.

20

21

4 displacement

Y

X L | >
distance

What information can you deduce from the graph?

A The amplitude of the wave is X.
B The amplitude of the wave is X/2.
C The period of the wave is Y.

D The period of the wave is Y/2.

A wave moves across the surface of the water in a ripple tank. In 1.0 minute, a
wavefront moves 12 wavelengths.

What is the frequency of the wave?

A 0.20Hz B 25Hz C 50Hz D 12Hz

The critical angle of a medium is 45°.

What is the refractive index of the medium?

A 0.71 B 1.00 C 1.33 D 1.41

© BGSS 2022 [Turn Over
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9
22 An objectis placed 12 cm from a lens of focal length 8 cm.

Which of the following best describes the property of the image?

A real, inverted, diminished
B real, inverted, magnified
C real, upright, magnified
D virtual, upright, diminished
23 The refractive index of water is 1.33.

What is the speed of light in water?

A 75x10'm/s B 2.25x108m/s C 3.00x108m/s D 4.00x 108 m/s

24 A boy shouts on a mountain and hears the echo from the nearest neighbouring
mountain after 2.0 s. The speed of sound in air is 300 m/s.

How far is the neighbouring mountain from the boy?

A 75m B 150m C 300m D 600m

25 The diagram shows a graph which describes a longitudinal wave, with right
defined as the positive direction.

Which is a center of compression?

displacement
A

>
position

© BGSS 2022 [Turn Over
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10

26 Which of the following observation/s shows that an unknown material X is a
magnet?

I A current carrying wire is wound around X deflected a compass needle.
Il A North pole of a permanent magnet will attract X.

lll A South pole of a permanent magnet will repel X.

A landlllonly B Il andlll only C land ll only D Il only

27 The diagram shows two charges placed near to each other.

In which direction will the electric field act?
A
A

(-) p< >8 (+)

O <€

© BGSS 2022 [Turn Over
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28 The diagram shows two insulated metal spheres P and Q touching each other.
The following steps are carried out in succession on both spheres.

Step 1: Bring a positively charged rod near to sphere P on the left.
Step 2: Earth sphere Q momentarily.

Step 3: Separate sphere P and Q.

Step 4: Remove the positively charged rod.

What are the final charges on sphere P and Q?

charge on sphere P charge on sphere Q
A positive positive
B positive neutral
C negative neutral
D negative negative
© BGSS 2022 [Turn Over
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29 A resistor and a thermistor are connected in series with a cell, as shown.

The thermistor is exposed to high temperature, the readings on both ammeter
and voltmeter change.

How do they change?

reading on ammeter

reading on voltmeter

o o0 m »

decreases
decreases
increases

increases

decreases
increases
decreases

increases

© BGSS 2022
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13
30 Which graph shows the | / V characteristics for a semiconductor diode?

A B
/ /

N N

<V

0 >V /O

31 A wire has resistance R. Another wire has a length that is half as long with twice
the diameter of the original wire. Both wires are made of the same material.

What is the resistance of the new wire?

A (R/8) B (R/4) C R D 2R

32 A battery moves a charge of 60 C around a circuit in a time of 15 s.
What is the current in the circuit?

A 900 A B 240A C 40A D 0.25A

© BGSS 2022 [Turn Over
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33

34

35

36

37

14
A heater is marked 240 V, 1.2 KW.

Which fuse rating is suitable for the heater?

A 5A B 7A C 12A D 20A

The cost of a unit (kWh) of electricity is 24 cents.

What is the cost, to the nearest cent, to turn on a 0.5 kW computer for 30
minutes?

A $0.06 B $3.60 C $21.60 D $60.00

A current of 4 A flows in the live wire of a socket when the appliance is
functioning normally.

Which of the following statements is true?

A A current of 4 A flows in the neutral wire.

B A current of 4 A flows in the earth wire.

C A current of less than 4 A flows in the neutral wire.
D

A current of less than 4 A flows in the earth wire.

The electric light switch for a bathroom is sometimes fitted on wall outside the
bathroom.

Why is this safer than fitting the switch on the wall inside the bathroom?

A The heat from the light affects the switch.

B The switch is less likely to be damaged outside the bathroom.

C The warm air in the bathroom causes the switch to overheat.

D The person in the bathroom may be electrocuted if the user touches the
switch with wet hands.

Which of the following statement best expains why a magnet will attract a piece of
soft iron?

A The piece of soft iron becomes an induced magnet.

B The piece of soft iron becomes a temporary magnet.
C The piece of soft iron becomes a permanent magnet.
D

An induced current will flow in the piece of soft iron.

© BGSS 2022 [Turn Over
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15
38 The diagram shows the direction of a beam of electrons passing through a

magnetic field.
A A A A

beam of electrons

v

magnetic field

In which direction will the beam of electrons deflect?

A into the page

B out of the page

C up towards the top of the page
D

down towards the bottom of the page

39 An a.c.input of 240 V is connected to the primary coil of an ideal transformer. The
output current is 6 A.

Which of the following is a possible combination of the input current and output

voltage?
input current output voltage
A 12 A 120V
B 480 A 24V
C 1A 40V
D 0A oV
© BGSS 2022 [Turn Over
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16

40 An ac generator produces an output voltage as shown in the diagram.

voltage
A

>
02s \/ time

Which of the following best describes the changes if the generator is turned twice

as fast?

output voltage period
A doubles doubles
B halves doubles
C doubles halves
D unchanged doubles

www.KiasuExamPaper.com
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2

SECTION A [ 50 marks ]
Answer all questions in this section.

A car describes a linear motion represented by the graph shown in
Fig.1.1.

v/ m/s
A
30 .
20——
10— i
0 | | I | [ [ "
4 10 20 30 40 50 60 70 80\ 90 1 110 t/s
e i A S TG

Fig. 1.1
(@) (i) Describe the motion of the car from t=50 s to 90 s.

(ii) Calculate the deceleration of the car from t = 50 to 70 s.
deceleration = ...............
(b) Calculate the total displacement of the car for the whole journey.
total displacement = ...............
© BGSS 2022 [Turn Over
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2

3

(c) On Fig. 1.2, sketch the displacement-time graph for the car’'s motion
fromt=0stot=80s. Indicate all relevant values on the graph.

displacement/ m
A

»
L

time/s

Fig. 1.2

A uniform rod PQ of length 80.0 cm and weight 2.0 N is placed on the
pivot as shown in Fig. 2.1 below. A spring balance is attached to the other
end of the rod. A load of 8.0 N is placed 20.0 cm from the spring balance.

spring balance

o)
‘[\ T, tension
P| = 5 Q
A 200cm !
| r |
: 8.0N I
€ |
h 80.0 cm i
Fig. 2.1

(@) (i) Calculate T, the tension on the spring balance in order for the
rod to balance horizontally.

tension, T=......cccoiiiniiinnnn.

© BGSS 2022 [Turn Over
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4 For

(ii)  Calculate the magnitude of the reaction force on the pivot and ﬁzgmi”er's
state the direction of the force.

direction : ...
magnitude of force = ...................... [2]

(b) The 8.0 N weight is pushed horizontally towards point P. The rod
remains horizontal throughout.

State and explain the change in the magnitude of T.

.......................................................................................... [2]
Fig. 3.1 shows a 0.50 kg ball sliding down a rough incline from position A
which is 7.5 m above the ground with an initial speed of v, m/s. Friction
along the incline produces 10.7 J of heat energy. The ball leaves the
incline at position B moving vertically upward and reaches a height of
13.0 m above the floor at position C.
Jc
I
l
|
: A
13.0m |
|
|
7.5m
Y l
Fig. 3.1
© BGSS 2022 [Turn Over
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S For

(a) State the principle of conservation of energy. ﬁzgmi”er's
.......................................................................................... [1]
(b) (i) Calculate the gravitational potential energy of the ball at
position C.
gravitational potential energy = ...................... [2]
(iif) Calculate the initial speed vo, at position A.
VO = i, [2]
(c) State one assumption for your calculations in (b)(ii).
.......................................................................................... [1]
Fig.4.1 shows the top view of a fish tank. A light ray from the fish exits
from the water into air as shown.
The diagram is drawn to scale.
air water
glass tank
X Fig. 4.1
© BGSS 2022 [Turn Over
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For
(@) (i) On Fig.4.1 measure the angle of incidence, i and the angle of examiner's
refraction, r . use
=
F = e [1]
(iif) Calculate the refractive index of the water in the tank.
refractive index = ...................... [2]
(b) Explain why it is possible to see two images of the fish at position X.
.......................................................................................... [1]
5 Explain, in terms of the air molecules, how the air inside a car tyre exerts
a pressure on the walls of the tyre.
.................................................................................................. [2]
© BGSS 2022 [Turn Over
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Fig. 6.1 shows a charged light perspex ball placed near a positively
charged metal dome in a Van de Graaf generator. The ball swings away
from the positively charged metal dome and remains stationary at X.

metal dome

perspex ball

@

Fig. 6.1

(@) Explain why the perspex ball moves away from the metal dome.

© BGSS 2022 [Turn Over
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8 For

(b) The perspex ball has a weight of 0.05 N. ﬁzgmi”er's
Fig. 6.2 shows the instant where the ball is stationary at X. There is
a horizontal electric force of 0.15 N acting to the right, tension T
along the string and the weight of the ball.
»0.15N
0.05N
Fig. 6.2
By using a scale drawing, determine the tension T and the angle 6
that the string makes with the vertical.
The gravitational field strength g is 10 N / kg.
T =
0= oo, [4]
© BGSS 2022 [Turn Over
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9

(@) Fig. 7.1 shows an electric circuit powered by a 12.0 V battery of
negligible internal resistance.

4.0Q 3.00

— | [

120V T 600 D 9.0 0 D C\D

Fig. 7.1
When switch S is closed, calculate

(i) the total resistance of the circuit,

total resistance = ...................... [2]

(if)  the current flowing through the ammeter.

current= ... [2]

(b) Switch S is then opened.
State the effect on the reading of the ammeter when the switch is
opened.

© BGSS 2022 [Turn Over
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10 For
(c) Fig. 7.2 shows the same power source connected to a potential ﬁzgmi”er's
divider consisting of an LDR and a resistor instead.
An LDR (light-emitting diode) is an input transducer whose
resistance can change according to the amount of light falling on it.
10 kQ
120V
| V=
Fig. 7.2
(i) Explain the term ‘input transducer’.
.................................................................................. [1]
(iif) Calculate the resistance of the LDR when the voltmeter reads
20V.
resistance = ...................... [2]
© BGSS 2022 [Turn Over
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11

A student makes a simple d.c motor as shown in Fig. 8.1 using some
common materials connected to a 6.0 V battery.

paper clips

coil of wire mounted
on paper clips

magnet —]

6.0V
"II
a

Fig. 8.1

The ends of the coil are placed on large paper clips inserted into the cup.
When the power source is turned on, the coil is given a slight push and
the coil begins to spin.

(a)

(b)

(i)  Explain why the coil is given a slight push.

.................................................................................. [1]
(ii) Explain why the coil starts to rotate.
.................................................................................. [2]
If a stronger power source is used, state its effect on the rotation of
the coil.
.......................................................................................... [1]
© BGSS 2022 [Turn Over
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9 Fig. 9.1 shows the structure of a transformer which is used in the
transmission of electrical power through the cables.

coil number of turns
| J———05 J 50
A, XF o K 100
[ L 1 000
M 1 500
Fig. 9.1 Table 9.2

An engineer is assigned to build a step-down transformer for stepping
down the voltage from 3.3 kV to 220 V in the substation of a housing
estate. He has the choice of using four types of coils with different number
of turns as shown in Table 9.2 above.

(@) Based on Table 9.2, select the most suitable pair of coils for making
the primary coil and secondary coil of the transformer.

Explain your choice.

(b) Assume that the transformer is 75 % efficient and the power output
is 15 kW, calculate the current flowing in the primary coil.
resistance = .....................
(c) State and explain one feature that can improve the efficiency of this
transformer.
© BGSS 2022 [Turn Over
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13

SECTION B [ 30 marks ]

Answer all questions from this section.

Answer only one of the two alternative questions in Question 12.

10 (a) A heater was used to melt a pure substance X from its solid state

until it reaches the gaseous state. Substance X was heated

uniformly throughout the entire process. Fig. 10.1 shows the

temperature of X taken in intervals of 2 minutes.

You may assume that the heat supplied was constant and no heat

was lost during the heating process.

time / min | temperature /° C
0 25.0
2 35.0
4 45.0
6 45.0
8 45.0
10 60.0
12 75.0
14 90.0
16 90.0
18 90.0
20 90.0

Fig. 10.1

(i) On Fig. 10.2, draw the heating curve of pure substance X in

the grid lines provided.

temperature / °C

20.0

»

Fig. 10.2

© BGSS 2022

www.KiasuExamPaper.com
544

time / min

[Turn Over

[1]

For
examiner’s
use



14
(ii)  Using the data from Fig. 10.1, determine the melting point and
boiling point of substance X.
mass of substance X = 2 kg
power of heater used = 1 000 W
melting point= ......................
boiling point=....................... [1]
(ifi) Calculate the specific heat capacity of the solid X.
specific heat capacity = ................... J/kg°C [3]
(b) Fig. 10.3 below shows the cooling curve graphs of two pure liquids, Y
and Z, of the same mass.
temperature A
Y
zZ
\ X
0 \ time
Fig. 10.3
(i) State why both liquids are losing thermal energy throughout
the experiment.
................................................................................. [1]
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15
(ii)  Which substance (Y or Z) has a greater specific heat capacity
in the liquid state?

Explain your answer clearly.

(iii) Which substance (Y or Z) has a greater specific latent heat of
fusion?
Explain your answer clearly.
© BGSS 2022 [Turn Over
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11 Fig. 11.1 shows the hydraulic braking system for a car from the brake
pedal to the braking discs of the wheel.

piston Q
cylinder

brake pedal

piston P

braking disc
Fig. 11.1

A force is applied downwards on the brake pedal in order to slow down
the wheels of the car.

(@) Using Fig. 11.1, explain clearly how a force applied on piston P can
create a larger force to slow down the wheels of the car.

.......................................................................................... [2]
(b) The surface area of piston P in contact with the brake fluid at the
master cylinder is 5.0 x 10* m? and the area of piston Q of the slave
cylinder is 7.5 x 103 m2.
(i) Explain why the area of piston P is smaller than piston Q.
................................................................................. [1]
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(c)

(d)

17

(ii) Calculate the force exerted on Piston Q when a force of 120 N
is exerted on the brake pedal.

In order to ensure that the braking system functions properly, air
cannot be trapped in the oil.

Explain clearly how trapped air in the oil can affect the performance
of the hydraulic braking system.

When the road is wet, a sudden hard braking when the car is
moving at a high speed can cause the wheels to stop rotating
instantly and the car will skid.

(i) Explain why a fast moving car skids on the wet road when the

brake is suddenly pressed very hard and the wheels stop
rotating.
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18

To reduce the possibility of a car skidding on a wet surface,
the wheels of the car have specially designed threads as
shown in Fig.11.2. Suggest how these threads are able to
reduce the chances of the car skidding on a wet surface.

© BGSS 2022 [Turn Over
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EITHER
12 (a) Fig. 12.1 shows an object AB near a thin converging lens. The
principal foci of the lens are at F and F'.
A
| F F
B
Fig. 12.1
(i) By means of an accurate drawing, draw rays to find the
positions of the images of the points A and B. [2]
(if)  If object AB is gradually brought closer to the converging lens
until a distance less than one focal length, describe clearly the
changes to the image of AB.
................................................................................ [2]
(b) Fig. 12.2 shows a scaled drawing of an object PQ and its image
P’Q’ after passing through a thin converging lens. P’Q’ is a virtual
image.
With the aid of drawing light rays on the diagram, find the focal
length of the converging lens.
"t
I
I T
|
|
!
Q' Q
Fig. 12.2
J 2]
focal length = .................
© BGSS 2022 [Turn Over
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20

(c) Light rays passing into an eyeball undergo two refractions; once as
they pass through the cornea and another as they pass through the
lens of the eye. Fig.12.3 shows how light rays pass through the
eyeball and the image of an object is formed in front of the retina for
an individual with short-sightedness.

lens

cornea

retina

light rays

image formed in
front of the retina
Fig. 12.3

(i)  One way to correct short-sightedness is to use a pair of
spectacles. Which type of spectacle lens (converging or
diverging) would be suitable to correct short-sightedness?

Explain your answer clearly.

(ii)  Another method to correct short-sightedness is by performing
a ‘lasik surgery’ which removes a small portion of tissue in the
cornea to make the cornea less rounded.

lens
less-rounded cornea

N

Fig. 12.4

Suggest how the less-rounded cornea in front of the eye’s
lens can help to correct short-sightedness.

................................................................................. 2]
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OR

12

(a)

21

Fig. 12.4 shows a solenoid with an alternating current (a.c) supply
coiled around a soft iron core. An aluminium ring is placed through
the soft iron and rests on the solenoid. When the a.c supply is
turned on, the ring ‘floats’ above the solenoid as shown in Fig. 12.5.
Soft iron core
aluminium ring
solenoid L :
switch
Fig. 12.4 Fig. 12.5

(i) Explain clearly why the aluminium ring ‘floats’ when the a.c
supply is turned on.

................................................................................. [
(if)  If the a.c supply is now replaced by a d.c supply, state what
will be observed after the supply is turned on.
© BGSS 2022 [Turn Over
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22

(iii) The solenoid has an a.c supply but the aluminium ring is
replaced with a ‘C’-shaped ring instead as shown in Fig. 12.6.
When the supply is turned on, the C-shaped ring does not

‘float” upwards but continued to remain at rest on the solenoid
instead.

(b) Fig.12.7 shows a simple a.c generator which has a frequency of 60 Hz

and peak voltage 12 V.
,7:'_ axle of rotation
I’
,

slip rings @

o

’

connected to load

carbon brushes

Fig. 12.7
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23

(i)  Sketch the graph of the voltage produced against time for two
complete cycles below. The position of the coil at time =0 s is as
shown in Fig. 12.7.

voltage
*

0 time

(ii)  If the speed of rotation of the coil is reduced, sketch the new
graph of the voltage produced on the same axis above.

Label this new graph with (ii).

(iii) Explain the difference in amplitude between the graphs for
b(i) and b(ii).

END OF PAPER
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MARKING SCHEME 4E Pure Physics PRELIMS 2022

Paper 1 (40 marks)

1 (D]l CcC | M|(C|1w({B|2M[{D |2 (D |31 ]| A 36| D
2|/ B | 7FlCcl12{Blwwm|{Cc 2B |2T[D]|]32]|C |37 A
3| CclaB|13[A|1B[D]23[B |28[C |33 B |3 A
4 |Cl 9| Cl|l14| D1 B2 C[209|D[34]|A[W]|C
5| Bl1O|{B |15 |B |20 A |25 B |30[B |3 | A |40 C
Paper 2 Secfion A (50 marks)
an | Answer Sub Total
marks marks
1ai | The car decelerates uniformty to stop from i= 80 s 1o 70 =, 1m 2m
and remain stationary / at rest for a further 10 5,
It reverses / change direction and accelerates uniformiy 1m
laii [a=(v—-u)/t 2Zm
=(0-30)720 1m
=-1.5m/s? :
deceleration = 1.5 mJs- 1m
1b | Total displacement 2Zm
= distance mowed (first d0sj=distance moved (-=20s ta-110s)
=% (50 + TO K 30=0a x 30 x 200 1m
= 150@8m 1m
1c 2m
&/ m
&
Tan0
1500
0 -
t's
Correct shape of graph jl m
Correct values on both x and y axis m
2ai | Using principle of moments about P 2Zm
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Total anticlockwise moment = Total clockwise moment

Tx80=(2x40)+(8x60) 1m
T=70N 1m
2aii | Let the reaction force at the pivot be R. 2m
Since net force = 0 ( not moving / at balance)
T+R=2+8
7+R=10
R=3N 1
Direction of R is upwards. 1 :
2b | Magnitude (size) of the spring balance reading decr 1m 2m
The total clockwise moment has decreased as ent
by the 8 N weight about P has decreased with the r
distance.
To maintain equilibrium, the anticlockwiy t 1. must also N
decrease proportionately. 3} 1m
As moment = force x perpendic diﬁmge (and t stancg’is coéént),
the spring force must decrease to pens&e the reddction (b(b
in the moment. o)
O
3a | Total energy is alw n unehanged) E y cannot 1m
be created or destr v b %/erted fi one<erm to 1m
another. Q &S/
Q}.Q &
xf:) Ib\e 2m
(\‘b' A4 1m
N\ &F
rayis | gyd')sﬁﬁnserved, 2m
i e RS
0. 0 1m
%’ 1m
<
\" R
3c | Thereis do gainst air resistance as the ball moves up to position 1m 1m
C.
_ &
4ai | °=26° 1m
ro=35° 1m
4aii n=sini/sinr 2m
= sin 35°/ sin 26° (+/-1°) 1m
=1.31 (1.28 to 1.39) 1m
4b | Light can also be refracted from the longer side of the fish tank giving another | 1 m 2m

image of the fish.
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5 Air molecules moving randomly and bombarding / colliding with the 1m 2m
tyre walls.
This exerts a force on the wall’s surface which produces a pressure. 1m
6a | Perspex ball is positive charged. 1m 2m
As like charges repel, the Perspex ball moves away from the charged metal
dome. 1m
ob Fe=0.15N 4m
/
Diagram drawn to scale * (b(b 1m
Arrows drawn and values l@belled ¢ tly %Q) 1m
6=72°
m
T=0.16N
® @
O
7ai 1m 2m
1m
7aii 2m
1m
1m
7b 1m 1m
7ci | A devic on\‘/{@ﬁ‘other form of energy(s) to electrical energy. 1m 1m
“ m
7cii | Rior/ 10 =240V 1m 2m
Rior = 2.0 kQ 1m
8ai | To overcome inertia of the coil so that it can start to turn / enable the Tm 1m
conducting (enameled) part of the wire to be in contact with paper clip
to allow current to pass into the coil.
8aii | When electric current flows into the coil via the paper clip say from 2m
it sets up a magnetic field around the coil which interact with the ]
m

magnetic field of the permanent magnet below.
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This produces a force pushing the bottom coil near the bottom tape
which turns the coil.

This causes the conducting enameled copper wire to rotate. 1m
8b | The coil will rotate faster. 1m 1m
9a | Comparing the voltages of primary coil to secondary coil: 2m

Step down ratio

=3 300 : 220

=15: 1 Tm

Hence the coils must be step down to the sam of 15: 1

Comparing the turn ratio

i.e Coil M : Coil K

=1500: 100 1m

= 15: 1 /

N
rd (‘;b

9b | Input power =100/75x 15 s Q 2m

= 20 kW ° (b(b 1m

qu’

I=P/V \\\

=20 000/ 3 300 QO

=6.1A ‘ O 006\ Tm

RPN
9¢c %Q 1m 2m
1m

Feat
eature (b\‘c, Q
Expl tion ‘\ ’b((\
\>+
one) \
& & P
care r% st ower loss due to heat
curr in th®* core itself.

sistan \'lmary and secondary) coils will minimize the

amount ced in the coils.

O
To increase tﬁ?magnetic flux linkage between the primary and
secondary coils by using a soft magnetic material (iron core) to link
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SECTION B (30 marks)

QN Answer Sub- Marks
marks
10ai femperature°C 1m
60.0
50.0 —
30.0 / \
e 2 4 6 8 10 12 14 1 2" min Q(b
’ 2, S
All plots are correct. qu)@ Tm
10aii | melting point = &‘\ Tm Tm
boiling point = ‘ 06\
Q58
10aiii | Heat sup ,b,Q‘ QQ,\ 3m
= \C;)
= Q’b 1m
eat i heate nergy ga‘h\ed % |d X
1m
(
kg ° \{Sb 1m
‘.&\
10bi w$~®an the liquids, thermal energy flows from | 1 m 1m
@ urrou
10bii | Substan 1m 2m
When subj to the same cooling condition, the fall in temperature for
substance Y is slower than substance Z.
This indicates that a higher amount of energy needs to be lost by 1m
substance Y compared to Z for the same amount of fall in temperature.
10biii | Substance Z 1m 2m
For the same mass, same period of time,
Substance Z takes a longer time to change state indicating that higher
amount of latent heat needs to be lost by Z compared to Y to change from
liquid to solid state. 1m
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11a A force exerted on the brake pedal acts on the surface area of Piston Pin | 1 m 2m
contact with the oil in the master cylinder to create a pressure
This pressure in the oil is transmitted to all parts of the oil
Since oil is incompressible, this creates a force to slow down the wheels 1m
of the car.
11bi Since the pressure acting in the liquid is the same throughout, 1m
A small area at Piston P would require a smaller force exerted to 1m
produce a larger force at Piston Q.
11bii | Force exerted on piston Q = (Fp X Ag)/Ar 2m
= (120 x 7.5 x 10%)/ 5.0 x 10* 1m
=1800 N 1m
11c Since air is compressible, 1m 2m
pressure exerted at the master cylinder
the disc brakes
resulting in an insufficient force to s}) 1m
11di On a wet road, there is less fricti 1m 2m
When wheels suddenly
frictional force bet 1m
11dii | The threads allo m, inc?eésinq}@lé friction 1m 1m
between the car a even ding. *
ot o
Either 1m
12ai
A 3
& 9
N
L A
CSY.\\ N
. é@(\
Correct pairof rays from Ato A’ 1m
Correct pair of rays from A to A’ 1m
12aii | As the object is brought nearer to the lens towards one focal length 2m
distance, 1m
image becomes magnified but remain inverted and real
When the object is less that one focal length distance from the lens, the
image becomes magnified, upright and virtual. 1m

www.KiasuExamPaper.com
561




12b 2m
=y
Q Q T
Comect line passing through top of object and i mage tcu locate positionof |4 m
lens, Comect line from object to lens, combined with
Fncallengthbetw-&en4?m51mﬂ 1m
12ci | Diverging lens. 1m 2Zm
Diverging lens will spread the incoming rays
The more diverged rays entering the lens 1m
distance in the eye onto the retina
12cii | When rays enter the less rounded 1m 2 m
refraction/less converging
This causes the lesser refract 1m
the eye after passing thmough the lens.
OR When the suppl ed gingimagnefic ES&E p@ucﬁ:l 1m 3 m
12ai around the =ol
The changing ma neh{:@llnes @ng ﬁlﬂ“élumlnlum ring
induces amemf on the 1m
By Lenz‘sw ergg ch& magnetic field
ind i netic field of the
le th
ilf e lhe al g EI'Id the solenoid
g upwards Inc im
- ‘\
12aii f'il"il;vdI and subsequently fallz back 1m 1 m
I:if E nl;igui!
1 2aiii ﬂngb@és not "“I'I::rw current to pass around the aluminium 1m 2m
Contin d
Thiz does not any induced current, magnetic forcefield to be 1m

produced arﬁﬂ‘n:l the C-ghaped ring. Hence the ring will remain at rest on
the top pari of the solenoid.

www.KiasuExamPaper.com
562




12bi

T

12.\

#

Solid line:

: f ] s |
~ F T | K
S EL -
-12

max emf 12V, min emf 12 V.

penod =0.01 5

12bii

Dotted line in diagram above
Smaller peaks, longer peroid

12biii

A lower speed of rotation
magnetic flux is reduced.

1m

results in s

-“*”
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1.

2

A student uses a micrometer screw gauge to measure the diameter of a ball bearing.
Diagram 1 shows the zero error of the gauge and diagram 2 shows the measurement

of the diameter before it is corrected.

e el
—

= 10 =] 30

0= =

= 3 B

—] =

—— 0 = 20

=45 =15
_IJ'*‘E__‘_ =_]

diagram 1 diagram 2

What is the true diameter of the ball bearing?

A 7.19 mm B 7.69 mm C 7.72 mm D 7.75 mm
An object in a space probe above the Earth weighs 3.5N.

The gravitational field strength at the height of the space probe is 7.0N/ kg.

The gravitational field strength on the Earth’s surface is 10N/ kg.

What are the mass and the weight of the object on the Earth’s surface?

mass / kg weight / N
A 0.50 3.5
B 0.50 5.0
C 2.0 3.5
D 2.0 20

A measuring cylinder contains 40 cm?® of water. A stone of mass 94 g is lowered into
the water so that it is fully submerged as shown.

cm? P
1005

o 90>

E

o
D\ o
Il |II

U
o
gy

885
TR

oo
ITIl-..J...'... i |

What is the density of the stone?

A 1.1 g/cm?® B 1.2 g/lcm3 C 2.1 g/cm? D 2.6 g/cm?
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3

4. The graph shows how the speed of a car varies with time at the start of a journey.
6
speed 5 |
m/s 4| /
3
2 //
1 e
0 !
0 1 2 3 4
time/s
Which distance—time graph represents the motion of the car over the same time
period?
A B
12 12
10 10 ]
distance/m / distance/m P
8 4 8 /
6 /’ 6 //
2 // 2
01— 0
0 1 2 3 4 0 1 2 3 4
time/s time/s
C D
6 6
5 5 T
distance/m P distance/m pd
g g 3 7
2 // 2 /
1 // 1 /
0 0
0 1 2 3 4 0 1 2 3 4
time/s time/s
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5.

acceleration

acceleration

4

acceleration

A stone falls freely from the top of a cliff. Air resistance may be ignored.
Which graph shows how the acceleration of the stone varies with time as it falls?

> 0 -
time 0 time
A
acceleration
- ; 0 . ;
time 0 time
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A resultant force acts on an object and causes it to move in a straight line.

The graph shows how the resultant force varies with time.

resultant force

A

5

oy

I =

0 ty time

Which graph is the speed-time graph for the object?

A B
A
speed speed
0 i > 0 . >
0 t time 0 ty time
C D
A
speed speed
0 : - 0 ! -
0 t time 0 t time
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Forces of 4 N and 2 N act at a point.

Which scale diagram shows the forces that have a resultant of 4 N?

A 3
2N
2N
é Py \ ,,r:\
c »
| - . -
2N i 2N 4N
I\ v >

The diagram shows a wooden beam PQ, of negligible weight, which is attached to a
wall by a hinge at P and kept in a horizontal position by a vertical rope attached at Q.
The beam is 3.0 m in length.

A man of weight 800 N walks along the beam from P to Q.

wall\///
/]
| __-rope
7
PG Q

What is the distance of the man from P when the tension in the rope at Q becomes
equal to 500N?

A 0.53m B 1.1m C 1.9m D 25m
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7

A ball is dropped onto a floor. Its speed just before hitting the floor is 3.0 m/s.

Ignore any effects due to air resistance.
Which change would result in a speed of 6.0 m/s just before hitting the floor?

A Drop the ball from double the height above the floor.

B Drop the ball from four times the height above the floor.
C Use a ball with double the mass.
D Use a ball with four times the mass.

A student of mass 60 kg climbs some steps. He travels a horizontal distance of 2.0 m
and a vertical distance of 1.5 m. The gravitational field strength g is 10N/kg.

A

(not to scale)
1.5m

3.0m

2.0m

What is the work done against gravity as the student climbs up the stairs?

A 90J

B 120J
C 900J
D 1800J

A horizontal metal plate of area 0.50 m? lies at the bottom of a lake at a depth of
40 m.
The density of water is 1000 kg/m® and the gravitational field strength g is 10 N/ kg.

What is the downward force acting on the plate due to the water?

A 20 kN
B 80 kN
C 200 kN
D 800 kN
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12. The diagram shows a U-tube manometer containing three liquids: mercury, liquid X
and liquid Y. Neither liquid X or liquid Y mixes with mercury.

liquid X —_| | _—liquid Y

Which row compares the pressure exerted by liquid X and by liquid Y on the mercury,
and the density of liquid X and the density of liquid Y?

pressure exerted by X and densities of
by Y on the mercury XandY
A pressure of X is greater than Y density of X is greater than Y
B pressure of Y is greater than X density of Y is greater than X
C pressure of X and of Y is the same | density of X is greater than Y
D pressure of X and of Y is the same | density of Y is greater than X

13. Very small pollen grains are suspended in a beaker of water. A bright light shines
from the side. Small, bright dots of light are seen through a microscope. The dots
move in rapidly changing, random directions.

Ao

microscope

pollen grains
in water

What are the bright dots?

pollen grains being hit by other pollen grains

pollen grains being hit by water molecules

water molecules being hit by other water molecules
water molecules being hit by pollen grains

o0Ow>»
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14. A liquid at room temperature is put on a metal surface which is also at room
temperature.
A student blows gently across the liquid and its temperature decreases.

What causes the liquid to become cooler?

A Bubbles of water vapour form in the liquid and go into the air.

B The moving air reduces the kinetic energy of all the particles in the liquid.
C Thermal energy flows from the liquid into the metal.

D The more energetic particles in the liquid escape into the air.

15. The mercury-in-glass thermometer shown has a linear scale.

At a temperature of 100°C, h has a value of 28 cm.
At 80 °C, h has a value of 24 cm.

What is the value of h when the temperature is 0 °C?

A 0.0 cm B 2.8cm C 4.0cm D 8.0 cm

16. A sealed metal box contains a fixed mass of air. The sides of the box are insulated.

air top
\
| _—insulation
i/
metal box bottom

A scientist investigates the thermal conductivity of air. She measures how quickly
thermal energy passes between the top and bottom of the box.
Which row gives the correct procedure and conclusion?

procedure conclusion
A heat bottom surface air is a good thermal conductor
B heat bottom surface air is a poor thermal conductor
C heat top surface air is a good thermal conductor
D heat top surface air is a poor thermal conductor

www.KiasuExamPaper.com
573



17.

18.

19.

10

The water from two buckets is mixed together. One bucket contains 5 kg of water at
20 °C and the other contains 1 kg of water at 80 °C.

What is the final temperature of the mixture, assuming no heat is lost to the
surroundings?

A 30°C B 50 °C C 60 °C D 70 °C
Light travelling at a speed of 3.0 x 108 m/s strikes the surface of a glass block and

undergoes refraction as it enters the block.

The diagram shows a ray of this light before and after it enters the block.

55°

;
]
1
1
|
|
]
:
I
: _| —glass block
E
]
I
]

What is the speed of light in the glass?

A 1.8 x 108 m/s
B 2.0 x 108 m/s
C 45x%x108m/s
D 5.0 x 108 m/s

An object is placed 8.0cm from a thin converging lens of focal length 5.0cm.

Objem\f A/converging lens
F

5.0cm

" 8.0cm |

Which statement about the image formed by the lens is correct?

The image is diminished, real and inverted.
The image is magnified, real and inverted.
The image is same size, real and inverted.
The image is magnified, virtual and upright.

o0 o>
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20. The graph shows how the height of a water wave varies with distance along the
wave.
8 —_

height/mm 6

0 | I /I_\ I
24 2 M 10 1W6
—4

distance/cm

Which graph shows a wave with twice the amplitude, half the frequency, and the same
speed? 81

height/mm 6

A 2 SN N N
BN N7 N7 T NSZU ) N2t

distance/cm

height/mm 6

B 0
-2 1 2 1 6
—44 distancg/c
64
_8 -

height/mm 6

C 0 I I I I I ] ] 1
- 2 4 6 8 T0— 42— 16

distance/cm

height/mm 6

distancg?cm
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21. A wave of frequency 6600 Hz travels 1320 m in 4.0 s.
What is the wavelength?

A 0.050 m B 0.80m C 1.3 m D 20m

22. A loudspeaker and a microphone are placed in front of a wall.

wall—

D:l loudspeaker

[J—= microphone

The loudspeaker makes a sound which is detected by the microphone.

The microphone is connected to an oscilloscope which is set so that each division on
the screen represents 0.01 s. The microphone detects the original sound and the
echo

one division
— -

|
sound =

""--..._‘_‘_‘ | |

/echo

display on oscilloscope

The speed of sound in air is 300 m / s.

What is the distance between the loudspeaker and the wall?

A 6.0 m B 12m C 24 m D 48 m
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23. The Sun emits infrared radiation and light. Light from the Sun reaches the Earth in
8 minutes.
Which row gives correct information about the infrared radiation?

wavelength of infrared time taken for infrared
radiation radiation to reach the Earth
A longer than wavelength 8 minutes
of light
B longer than wavelength | much less than 8 minutes
of light
C shorter than 8 minutes
wavelength of light
D shorter than much more than 8 minutes
wavelength of light

24. Two metal spheres X and Y are on insulating bases. Both spheres are negatively
charged.

X Y

insulating
base

—_—

Sphere X is moved towards sphere Y until they almost touch.
Which diagram shows the final pattern of charges?

A B C D
X Y X Y X Y X Y
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The circuit shown is switched on for 1.0 minute.

" 6.0V
o] o T
3.0Q

How much charge passes through the 3.0 Q resistor?
A 20C B 12C C 120 C D 720 C

A thermistor and a light-dependent resistor (LDR) are connected in series. A potential
difference (p.d.) of 6.0 V is applied across them as shown.

I+6.0V

\ thermistor

N

LDR

Lov

The thermistor has a resistance of 6000 Q in a cold room and 1000 Q in a warm
room. The LDR has a resistance of 2000 Q in dim light and 500 Q in bright light.

When is the p.d. across the LDR equal to 2.0 V?

in a cold room with bright light
in a cold room with dim light

in a warm room with bright light
in @ warm room with dim light

o0 w>

A copper wire has a resistance of 2.0 Q.

A second copper wire is twice as long as the first wire, and its diameter is twice the
diameter of the first wire.

What is the resistance of the second wire?

A 1.0Q B 200 C 8.00Q D 16.0 Q
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The circuit diagram shows a cell connected to three identical lamps X, Y and Z. All
the lamps are lit.

&)< 9

Lamp Y is removed by unscrewing it from its holder.
What happens to lamp Z?

It goes out completely.

It becomes dimmer but stays lit.
It stays the same brightness.

It becomes brighter.

OO w>

A desk lamp should have a 3 A fuse fitted, but a 13 A fuse has been fitted by
mistake. The lamp is not faulty.

The lamp is switched on. What happens?

The fuse blows.

The fuse does not blow but the lamp does not light.

The lamp draws too much current and the supply cables could melt.
The lamp works normally.

OO w>»

A microwave oven uses 6.0 A of current when plugged into a 240 V mains supply.
It is used for two minutes each day and electricity costs $0.24 per kWh.

What is the cost of using it for a year (365 days)?

A $4.20
B $11.50
C $420
D $691
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31. The circuits show a cell joined to different combinations of identical resistors.

In which circuit is electrical energy transformed at the greatest rate ?

A B

| |
) |

—____— —

32. An old and expensive steel watch becomes magnetised.
The owner wants to use the watch again. He must demagnetise the watch.

What is the best method to do this?

A Insert the watch in a solenoid that carries alternating current and then slowly
remove it.

B Insert the watch in a solenoid that carries direct current and then slowly
remove it.

C Pass alternating current through the watch.

D Pass direct current through the watch.
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33. Two soft-iron rods are placed end to end inside a coil which is connected to a battery.

-

coil

soft-iron rod soft-iron rod

The connections from the battery to the coil are now reversed.

What happens to the soft-iron rods in each case?

battery connections | battery connections
as shown reversed
A rods attract rods attract
B rods attract rods repel
C rods repel rods attract
D rods repel rods repel

34. A wire perpendicular to the page carries an electric current in a direction out of the
page. There are four compasses near the wire.

Which compass shows the direction of the magnetic field caused by the current?
B

O,

wire with
current out
of page

D
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35. The diagrams show a horizontal wire in a magnetic field.
The horizontal wire is firmly held at each end (not shown) and cannot move.
The magnets and holder are on a balance.

When there is no current in the wire, the reading on the balance is 0.35 g.

fixed horizontal wire o __
t direction
N G/ S |_—curren
balance \v//
\ o | s
/[ 0.35g 88\\ L o fixed horizontal wire

view from side view from above

There is a d.c. current in the wire, as shown.
What happens to the reading on the balance?

smaller than 0.35 g

no change

changing from smaller to larger than 0.35 g repeatedly
larger than 0.35 g

ooOw>»

36. A beam of electrons is passed through the magnetic field of a magnet. How must the
magnet be positioned to deflect the beam in the direction shown?

A B
a
|ﬁ -
N S direction 3
of beam
direction
C D
-
-
S N direction N
of beam
direction
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37. Diagram 1 shows a coil of wire P between the poles of a magnet. The ends of coil P
are connected to a battery by slip rings.
Diagram 2 shows a coil of wire Q between the poles of a different magnet. The ends
of coil Q are connected to a battery by a split-ring commutator.
P I’J Q p/
S
/ oot /
diagram 1 diagram 2
What happens to coils P and Q?
coil P coil Q
A continuously turns makes one quarter turn
anticlockwise anticlockwise then stops
B continuously turns makes one quarter turn
clockwise clockwise then stops
C makes one quarter turn continuously turns
anticlockwise then stops anticlockwise
D makes one quarter turn continuously turns
clockwise then stops clockwise
38. The coil of an a.c. generator is rotated and the output is displayed on the screen of a

cathode-ray oscilloscope (c.r.o.).
The diagram shows the trace on the screen.

Which trace appears on the screen when the speed of rotation of the coil is doubled
but the settings on the c.r.o. are unaltered?

A
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39. A student uses a transformer to light a filament lamp using a 230 V a.c. supply.
The lamp has a maximum voltage rating of 6.0 V.

300 turns 20 turns

230V ~ ®

What happens when the circuit is switched on?

The lamp does not light at all.

The lamp lights dimly.

The lamp lights at normal brightness.

The lamp lights up brightly and then goes out.

oOw>»

40. An alternating supply with a period of 0.020 s is connected to a cathode-ray
oscilloscope (c.r.o.).

AR

1cm
What is the time-base setting of the c.r.o. ?

A 0.2 ms/cm B 0.5 ms/cm C 2 ms/cm D 5 ms/cm

END OF PAPER
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Section A
Answer all the questions in this section in the spaces provided.
The total mark for this section is 50.

Fig. 1.1 is a distance-time graph showing the motion of an object.

25

20 i

distance/m

15

10

0 1 2 3 4
time/s

Fig. 1.1

(a) (i) Describe the motion shown for the first 2 s, calculating any relevant
quantity. [1]

(i) After 2 s the object accelerates. On Fig. 1.1, sketch a possible shape
of the graph for the next 2 s. [1

(b) Describe how a distance-time graph shows an object that is stationary.  [1]
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(c) Fig. 1.2 shows the axes for a speed-time graph.

5

4
speed

m/s 4

2

1

0

0 1 2 3 4
time/s
Fig. 1.2
On Fig. 1.2, draw
(i) the graph of the motion for the first 2 s as shown in Fig. 1.1, [1]

(ii) an extension of the graph for the next 2 s, showing the object
accelerating at a constant rate 1.0 m/s?. [1]
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The rocket shown in Fig. 2.1 is about to be launched.

rocket

The total mass of the rocket and its full load of fuel is 2.8 x 10° kg. The constant force
provided by the rocket’s motors is 3.2 x 107 N.

The gravitational field strength, g near the surface of the Earth is 10 N/kg.

(a) Calculate the vertical acceleration of the rocket immediately
after lift-off. (2]

(b) Suggest one reason why the acceleration of the rocket increases
as it rises above the Earth’s surface. [11

(c) As the rocket burns fuel, it ejects hot gas downwards.

Explain how Newton’s third law of motion applies to the force on the
rocket. [2]
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A microphone in a recording studio has a mass of 0.55 kg. The gravitational field
strength, g is 10 N/kg.

The microphone is suspended from the ceiling by a cord attached to a small ring.

Fig. 3.1 shows the microphone pulled to one side and kept stationary by a horizontal
thread.

ceiling

cord

horizontal thread
ring

microphone

Fig. 3.1 (not to scale)
The tension T in the cord is 8.0 N.

Use a scaled vector diagram to determine the size of the force exerted by the
horizontal thread on the ring. State your scale clearly. [3]

scale :

size of force by horizontal thread:
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When the lid of a freezer is opened, it pivots about the hinge at the back of the
freezer. The handle is at the front.
Fig. 4.1 is a side view of the freezer.

handle

1~~o lid

~
=
L ~o
N ~
-~ P
< -~
~ -
~ -
- ~
-~ <
~ ~

FT i Twag, e hinge

0.80m

Fig. 4.1

The handle is 0.80 m from the hinge. The lid has a mass of 2.0 kg. The lid is
non-uniform and its centre of gravity is at a distance of 0.45 m from the handle.

The gravitational field strength g is 10 N kg.

(@)

The lid is closed. To open the lid, a force F is applied to the handle as shown
in Fig. 4.1.

Determine the size of force, F required to open the lid. [2]

The direction of F is vertically upwards and F is the smallest possible force
that opens the lid.

A force on the handle in any other direction must be larger than F in order to
open the lid. Explain why. [
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5. Fig. 5.1 shows a container of gas connected to a manometer. The tube in the
manometer has a constant cross-sectional area.

cm ruler

30—:/

gas

container

—_
o
|

)]

1
!
I
b

mercury\

ot/

Fig. 5.1

The density of mercury is 1.4 x 10* kg/m?®. The gravitational field strength g
is 10 N/kg. The pressure of the atmosphere is 76 cm Hg.

(a) Calculate the pressure of the gas (in Pa) in the container. [2]
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In Fig. 5.1, the mercury level on the left-hand side of the manometer is lower
than on the right-hand side.

The gas inside the container is heated. This causes the mercury levels on
both sides to become the same.

(i) Determine the mercury level, as shown on the ruler, when
this happens. (11

(i) Explain, in terms of the gas molecules, what causes the level of
mercury to become the same. [2]
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6. Fig. 6.1 shows a kettle containing water placed on the burner of a gas cooker.

The gas burner is lit at time t = 0.
At t = 250 s the temperature of the water is 100 °C, the boiling point of water.

(a) Fig. 6.2 shows how the temperature of the water changes with time t.

120
100 .
80 T
""
temperature/°C 60 T
40
20
0
0 50 100 150 200 250
t/s
Fig. 6.2
(i) The kettle contains 1.5 kg of water which has a specific heat capacity

of 4200 J/(kg °C).
Using Fig. 6.2, determine the increase in the internal energy of the
water betweent=0and t = 250 s. [2]
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(ii) Thermal energy (heat) is transferred to the water at a constant rate but
the temperature of the water increases at a rate that is not constant,
as shown in Fig. 6.2.

Explain why the temperature increases in this way. [1]

When the temperature reaches 100 °C, the kettle is left on the burner.
Thermal energy is still supplied to the water. The water boils as the molecules
form bubbles and rise to the surface.

Explain, in terms of the molecules, why it is necessary to supply thermal
energy in order to keep the water boiling. [2]
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Figs. 7.1 and 7.2 show a semi-circular glass block as rays of blue light are directed
into the block at different angles. The rays are directed towards the centre C of the
semi-circle so that no refraction occurs as the rays enter the block.

(a) At the angle shown in Fig. 7.1, no refracted ray emerges from the block at C.

C

reflected
ray

incident

ray
air
Fig. 7.1
(i) Determine the angle of incidence at C. 1
(ii) State and explain the type of phenomenon occurring at C. [2]
(b) c -
ray emerges in air
close to glass
surface
incident reflected
ray
air
Fig. 7.2
Calculate the refractive index of the glass. [2]
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(c) The experiment in (b) is now repeated with red light. The refractive index of
red light in the glass block is smaller than the refractive index of blue light.

Fig. 7.3

On Fig. 7.3, draw and label the paths of the reflected and refracted rays of red
light. The dashed lines show the paths taken by the blue light in (b). [2]
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8. Fig. 8.1 shows the position of a man working in a rock quarry. A single explosion is used
to break part of one rock face.

ey —

front
rock
face

explosion
// back
\— rock
\ face
man
430 170m
Fig. 8.1

The man hears a second bang shortly after the first bang.

State and explain how the second bang compares with the first bang in terms of
its amplitude and wavelength. [3]

(i) amplitude:

(i) wavelength:

The man stands 170 m from the back rock face. The time between hearing the
first bang and hearing the second bang is 1.0 s.

Use the information in Fig. 8.1 to determine the speed of sound in the quarry.

[2]
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9. Fig. 9.1 shows a wire PQ placed between the poles of a magnet. There is a current in
wire PQ.
P Q
| S \
Fig. 9.1

(a) The force on PQ is into the paper.
Draw an arrow on PQ to show the direction of the current. [

(b) Explain the method you used to determine the direction of
the current in part (a). [2]
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10. A straight length of copper wire lies horizontally between the poles of a U-shaped
magnet.

Fig. 10.1 shows the two ends of the wire connected to a very sensitive, centre-zero
ammeter.

copper wire

sensitive, centre-zero ammeter

Fig. 10.1

The copper wire is moved upwards slowly between the two magnetic poles. The needle
on the ammeter deflects to the right.

(a) Explain why the needle on the ammeter deflects. 2]

(b) The wire is moved downwards very quickly between the two magnetic poles.
State what happens to the needle on the ammeter. [1

(c) State and explain what happens to the needle on the ammeter when the copper
wire is moved horizontally between the two poles. [2]
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11. Fig. 11.1 shows a laptop and a charger. The charger contains a step-down
transformer.

Fig. 11.1

(a) (i) Explain the function of a step-down transformer. 1

(i) The transformer has an input voltage of 240V and an output
voltage of 12V. There are 10 000 turns on the input coil.
Calculate the number of turns on the output coil. [1]

(b) Electricity is transmitted at high voltages.
State two advantages of transmitting electricity in this way. [2]
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Section B

Answer all the questions in this section in the spaces provided.
The last question is in the form either/or and only one of the alternatives should be
attempted.
The total mark for this section is 30.

12. A length of fuse wire is cut into two pieces X and Y. Each piece of wire is clamped, in
turn, between two metal clips, as shown in Fig. 12.1.

fuse wire metal clip

Fig. 12.1

The length of wire between the clips is 1.5 cm for wire X and 0.4 cm for wire Y.

(a) The potential difference (p.d.) across each wire is slowly increased. The p.d.
is measured at various values of current until the wire melts. Fig. 12.2 shows
the readings obtained.

wire X wire Y
current/ A p.d./V p.d./V

0 0 0
0.5 0.15 0.04
1.0 0.30 0.08
1.5 0.49 0.14
2.0 0.77 0.23
2.5 1.19 0.37
3.0 1.99 0.70
3.5 2.98 1.10
3.8 melts 1.50
4.0 melts

Fig. 12.2

(i) Using data from Fig. 12.2, describe the relationship between the
current in X and the p.d. across X 2]

1. for low currents,

2. for high currents,
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The data in Fig. 12.2 provide some evidence of a relationship between
the length of the wire and the current that causes it to melt.
State this possible relationship. [1

With the same current, the p.d. across the two wires is different.
Explain why. [2]

The experiment is repeated with a strong wind blowing over the wires.
Fig. 12.3 shows the new readings obtained at low currents.

(ii)

wire X wire Y
current/ A pd./V p.d./V
0.5 0.14 0.03
1.0 0.28 0.06
Fig. 12.3

Suggest a reason why the values of the p.d. at the same current are
lower in Fig. 12.3 than in Fig. 12.2. [1]

Suggest one other difference that is seen when readings at values of
current greater than 1.0 A are compared to those in Fig. 12.2. [1]
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Just before each wire melts, the middle of the wire in Fig. 12.1 becomes red hot.

(i) Describe two ways in which thermal energy (heat) is lost from the
middle of the wire. [2]
(ii) Explain why the ends of the wire are colder than the middle. [1]
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13. A student sets up the circuit shown in Fig. 13.1 in a laboratory at room temperature.

12V

—— - —

‘ 1
oscilloscope C) 1.3Q 150 CA)

Z
Fig. 13.1

The electromotive force (e.m.f.) of the battery is 12 V.

The switch is closed.

(a) The connecting wires in the circuit are made from copper covered by
insulating plastic.

State the name of the particles that flow in the copper and state the direction
in which they are flowing at point Y in the circuit. [1

(b) At room temperature, the resistance of component Z is 6.0 Q.

(i) State the name of component Z. [1

(ii) Calculate the current measured by the ammeter. 2]

(iii) Calculate the potential difference (p.d.) across the 1.3 Q resistor. [1]

www.KiasuExamPaper.com
605



21

(c) Fig. 13.2 shows the screen of the oscilloscope.

yai N

\ __trace with switch closed

trace with switch open
| = &

C 1/

Fig. 13.2

Before the switch is closed, the trace is a horizontal line across the middle of
the screen, as shown in Fig. 13.2.

When the switch is closed, the trace remains horizontal and moves up the
screen.

(i) Use your answer in (b) (iii) to determine the Y-gain in V/div of the
oscilloscope shown in Fig. 13.2 when the switch is closed. [2]

(i) Component Z is heated.
State and explain what is observed on the oscilloscope screen as the

temperature of Z increases. [3]
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EITHER

14. Fig. 14.1 shows a large container ship travelling at constant speed in a straight line.

]

s
T
T

Fig. 14.1

The resistive force acting on the ship is 2.8 x 106 N.
(a) The ship is travelling at constant speed of 9.7 m/s.

(i) Calculate the work done against the resistive force on the ship
in2.0s. [2]

(ii) The engines are powered by oil.
State the energy transfer that is taking place when the ship is
travelling at constant speed. [1]

(iii) State the size of the forward force produced by the engines. [1
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(b) The mass of the ship is 2.2 x 108 kg.
The engines are switched off and the resistive force causes the ship to
decelerate.

(i) Calculate the initial deceleration of the ship. [1]

(i) As the speed of the ship decreases, its deceleration changes.
Suggest and explain how the deceleration changes. [2]

(iii) On Fig. 14.2, sketch a possible speed-time graph for the ship as it

decelerates to rest. [1]
9.7 -
speed
m/s
0 e
0 time/s
Fig. 14.2
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When the ship is travelling at a different speed, energy is being supplied to
the engines at a rate of 33 MJ/s. The efficiency of the engines is 36%.

(i) State a relationship that defines efficiency. 1

(ii) Calculate the rate at which energy is wasted in the engines. [1
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14.

(a)

25

Fig. 14.1 shows a thunder cloud with a flat, positively charged base. It passes
over a tall tree growing in a region of flat, open land.

+ + + + + + + +

Fig. 14.1 (not to scale)

(i) On Fig. 14.1, mark the charge on the tree. [1]

(i) Explain how the tree becomes charged. [2]
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(iii) A lightning strike occurs and, in 2.0 x 10~ s, a charge of 560 C passes
from the cloud to the tree.
The size of the charge on an electron is 1.6 x 107" C.

Calculate the number of electrons that pass between the tree and the
cloud. [1]

(iv) Calculate the average current in the lightning strike. 1

(b) Two flat metal plates are positioned horizontally, one above the other.

Fig. 14.2 shows the positive terminal of a high-voltage supply unit connected
to the bottom plate and the negative terminal connected to the top plate.

horizontal
metal plates

high-voltage o—
supply unit EI O ok

Fig. 14.2

The high-voltage supply is switched on.

(i) On Fig. 14.2, draw the shape and the direction of the electric
field produced between the 2 metal plates. [1]
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(ii) Explain why a small, charged oil droplet placed between the two metal
plates accelerates upwards. [3]

(iii) The oil droplet touches the top metal plate. State and explain what
happens to the charge on the oil droplet. [1

END OF PAPER
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PHYSICS 6091
PRELI EXAMINATION 2022
MARKING SCHEME

Sec. 4E

Paper 1 [40 marks]

1B 6 A 11 C 16 D 21 A 26 C 31 D 36 B
2 B i B 12 D 17 A 22 B 27 A 32 A ar C
3 D 8 C 13 B 18 B 23 A 28 B 33 A 38 D
4 A 9 B 14 D 19 B 24 C 29 D M C 39 D
5 D 10 C 15 D 20 D 25 C A 35 A D
Paper 2

-1/2 for wrong unit used in each part question.

Final numerical answer should be given to a ma}
minus of 1/2 mark.
The total mark deducted for each part questi
Section A [50 marks]

Answer all the questions in

(i

%+ ﬁ\ﬁ':. SSARRE 1o siBes SaSiESRE
R===ic=c=
.:}'b'

ARy graph with increasing gradient [1]

[+}] distance iz constant/zero gradientifhorzontal line  [1]
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(c)

speed
m/s 3
2
1 ] T
|
[l N
! I{E)
0 N
0 e @° 4

(i) 1 mark fo i (a) £)
(i) 1 marKfor cor| { 00\\\ (0

(a)

a =23 ps? [1]
&S 6\53“

N
m %ocke@ecr es due to burning of fuel

4@ esi ce decrease due to smaller air density at greater height
i 1

ther answer will mark

hx et will exert a downward force on the hot gas, at the same
tim@) he hot gas will exerts an upward force [1] on the rocket that is equal
in magnitude.[1]

(c)

Correct triangle/vector diagram: [2]
Answer [1]

2
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(a) clockwise moment = anticlockwise moment

(F x0.8) = (20 x 0.35) (1]
F=875N [1]
(b) The perpendicular distance from pivot for any other
direction will be smaller than 0.8 m. [1]
(a) Gas pressure = (76-16) cm Hg = 60 cm Hg
= (0.6)(14 000)(10) [1]
=84 000 Pa [1]

(b) (i) 8.cm (1]
(i) speed/K.E of the gas [1/2]
Gas molecules will ¢ rcury will greater force or
' N [1/2]

until it is equal to

(1]

(@ () 1.5)(4200 2@\ [1]

78 800 Q) [1]
Q R &
(i) {@ at higher temperature or
re greater [1]
.@

olecul sepal are @&i Qci’/arefarapart/break bonds / overcome
fat [1]

t|n @e g@\mles or molecules gain PE [1]

work d

(a) @ %Q&?ence 50° [1]
(i) Tot ernal reflection [1]
of incidence is greater than the critical angle [1]

1

(b) refractive index, n = P

_ 1
~ sin40 [1]
=1.34 [1]

3
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(c)

s taken yrays

D Iuel (b)
red
light

1 mark for into air & &
1 mark for reflected ra 0
8. (a) State and @%pq% with the first bang in terms of
i w

Q} .
\\§ [3]

2] asekcor@%ang has lower energy level [1]

meéﬁﬁ] as\lj% speed & frequency is the same as the

$\ @
b ‘ q = dif ference in distance
(b) S ° (Sb, time interval

AN
\c-’ _ x1170) [1]
=340 m/s [1]
9. (a) direction of current is right/PQ [1]

(b) Flemming left hand rule with labelled [1] drawing/diagram [1]

10. (a) Moving the wire upward will result changing in the magnetic field
linking the wire/cutting of the magnetic lines of force, by Faraday Law, an e.m.f
and current will be induced in the wire.

(b) greater deflection to the left [1]

(c) No deflection [1] as there is no cutting of magnetic field line [1] of forces by the
conductor.

4
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11. (a) (i) To make the output voltage lower than the input voltage. [1]

N V
(ii) = = —
Np Vp
Ns 12

10000 240

Ns = 500 turns [1]

(iif) The electricity is transmitted at very high voltage so that the transmission
current will be much smaller since P = VI.
The smaller current will mean lesser power/energy loss along the cables
that results from the heating effect of rrent.

If current is lowered, thinner cable used, which will result in cost

savings.

Section B [30 marks]

12. (a) (i) low currents:

©
83%

s increases at i mcreasmg

\ 55

U|red melt it [1]

Q the
%1 ??ér @chrrent required melt it

ent res \ancé&h as length affect resistance [1]

high curr

shorter

sm(l@r rgﬁ&‘gnce [1/2] due to lower temperature [1/2]

rrer@&at ceuse the wire to melt will be higher. [1]

co tion as the wire is a good conductor of heat. [11

fation in form of infra-red waves. [

(i) As heat is conducted away by the metal clip. [
5
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13. (a) electrons [1/2],
towards the positive terminal of the battery [1/2]
towards the ammeter or
away from the negative terminal

(b) (i) thermistor 1

. 1 -1
Total resistance, Rt = (g + 1—) +1.3

=250 [1]
(ii) Current = 12/2.5
=48A [1]

p.d. across 1.3 Q resistor = 1.3x 4.8 =6.24

allow for e.c.f

) ()  Y-gain=6.24/2.4 1
= 2.60 V/div //
‘b
00

(i) resistance of Z / the tor gtreases [1]
es o%@%

resistance o ination dec resistance (of circuit)
decreases or ses

volta reases \‘\ [1]
p @een / ardg<° [1]
QQ (’
9. 7 '&z [1]

trace move
Either
@Q
14. (@) (i \4
Q&M ™
(1]

“~‘ <°
Q\e%e\gikro thermal energy/internal energy [1]

(iiffs o ard&q%e 2 106 [1]
\‘b'
®) () & F=ma
a=-28x1082.2x108
=-0.013 m/s?

Initial deceleration = 0.013 m/s? [1]
(ii) deceleration decrease [
As resultant force decrease/resistive force decrease [1
(iii) curve with decreasing gradient [1]

Allow for e.c.f

6

www.KiasuExamPaper.com
620



OR

14.

c) @)

(i)

(@) @)

(i}

(iii)

The efficiency of a system iz defined as the ratio of useful energyipower

output to the energy/power input. [1]
Power wasted in the engines = 0.64 x 33 MJ/z

=21.1Wor 21.1 MJis ]
negative charge on free. 1

tree gain electrons [1] from earth [1 .

Mumber of electrons

in direction of fieldfupwards [1]
droplet) or resultant foree upward [1]

7
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