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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
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X tsem o
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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.
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(i) On Fig. 1.2, draw and label all the forces acting on the particle at
point X.

O

Fig. 1.2

[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.
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(@) Determine the displacement of the block from timet=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]

(i)  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 = ...l [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]
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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.
| 2
piston
cylinder — |
combustible
‘ material
G
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.

e 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.
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Fig. 4.2

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

atmospheric pressure = ................. [1]
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(i) 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
l\cord
0.45m._ 1.40m . 0.75m
i ! 22N
wall
A B C
wheel wheel
Y
W 19N ",
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.
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(i) By taking moments about end A, show that the weight W of each wheel
is 14N.

[2]

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

forceatend A= ... [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.

brass 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

brass wooden
tube rod
burn mark
heat
Fig. 6.2

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

1.0 cm{ 4 P plastic
1.0cm? /

80 cm /,’I air

%“—80cm —

Fig. 7.1

(&) What is meant by a refractive index of 1.557?

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

criticalangle = ...l [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.
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(b) Fig. 8.2 shows the electric field between two charges, A and B.

D

_

Fig. 8.2

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

(i) Describe one similarity between the electric field line diagram and a
magnetic field line diagram.
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9 Fig. 9.1 shows a reed switch in the magnetic field of a strong permanent magnet.

soft iron _glass
N pole M~ S pole
of magnet A R 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

coil

11177
\J [ 7T ]

™
V V V vV j/

Fig. 9.2

/

thermistor

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—__|
L

Fig. 10.1

(&) Explain how a current in the coil leads to a reading on the ammeter.
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(b) Fig. 10.2 shows two metal rods A and B placed on two fixed smooth
conducting rails.

S X X XXX X X XX
— |
X XXX ]IX XX XX
X XXX ]I X XX XX
—L XX X[ X ]I X XX XX
T XX X[ X ]I X XX XX
XX X[ XX XX XX
—1 |
X XXX HEX XX XX
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’.

total energy = ..., [1]

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

efficiency = ... [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.

(i) 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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(i) 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 Magnet
'Ilr /
7} 1
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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(i) 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.

small coil

solenoid

+ -
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.
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t f time t

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]

(i) 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]

(iif) 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.

or | [
+0O
12V
—0
6.0kQ
Fig. 13.1

(i) The circuitis 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.

(i) A buzzer, which produces a sound when the potential difference
across it goes above 4.5 V, is placed in parallel to the 6.0 kQ resistor

as shown in Fig. 13.2

or | %
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 = ... [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
1
|
I
e filamentdlamp e e
current/A 0.8 H
= i 8 i
i resistor
0.6 A » y,
> 'J ,
P P! d "’
0.4 P 7 ’ hermistor
I " " >
0.2 2 »
/ . L
¥ P 4 Lt a
M - L =
0 7|t
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 =
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13 OR

(@) 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 ¢» V) W ) i o S o O
air particles ! i i i i i i i i
pesswe L
4 : - : | : | : :
surrounding | i i i | i i distance/m
20 40 60 80 10W\_ 120 140 160

air pressuré

o

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]

(i) 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.

(iii) 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.

(i) 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 patrticles, 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

PRELIM 4E PHY 2022 6091/2



