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2
Max Planck’s equation of radiation states that the energy, E, of electromagnetic waves is equal
to the product of Planck’s constant, h and the frequency, f of the electromagnetic wave. The

equation is E=hf.

What is the unit of Planck’s constant, h, expressed as S| base units?

A J/Hz

B ms?/kg?
C kgm?/s
D kgmd/s?

An air-traffic control centre at Seletar looks after aircraft within a 400 km radius of Singapore.

A small aircraft, flying due north at 300 km/h, passes over Seletar at 12:00pm. It carries enough
fuel for another 550 km of flying.

At 12:30pm, air traffic control instructs the pilot to turn through 45° onto a north-westerly bearing.
The aircraft continues at 300 km/h until 1:30pm.

N4

not to
scale

Seletar

At 1:30pm the aircraft is still 150 km from its destination.

What is the location of the aircraft and which action is required?

location of aircraft action required

A outside Seletar’s air-traffic carry on to destination
control space

B outside Seletar’s air-traffic make an emergency landing before getting
control space to destination due to insufficient fuel
C | within Seletar’s air-traffic control carry on to destination
space

D | within Seletar’s air-traffic control | make an emergency landing before getting
space to destination due to insufficient fuel
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3 Which of the following distance-time graphs best describes a skydiver jumping off a plane till
reaching terminal velocity?

A B
distance distance
rF 3 5
» lime » time
C D
distance distance
[ 3 A
» time » time

4 At the top of a cliff of height 100 m, a girl throws a rock upwards with a velocity of 15 m/s.

How much time later will the rock hit the bottom of the cliff? Ignore the effects of air resistance
and take acceleration due to gravity as g = 10 m/s2.

A 62s B 68s

C 175s D 82s

5 P, QandR are three identical blocks resting on a smooth surface as shown below.

The blocks are joined by strings with tensions 77 and T> when a force of 30 N is applied at one
end as shown in the diagram below.

Ty T2

What are the tensions Ty, and T2 in the strings?

T; T2
A 15N 15N
B 30N 30N
c 10N 20N
D 10N 15N

[Turn over
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6 Two objects, A (mass 6.0 kg) and B (mass 4.0 kg), are stacked one on top of the other as shown.

B > 20N

B is pulled by a horizontal force of 20 N and all surfaces are frictionless.

What is the acceleration of A?

A 0 m/s?

B 2.0 m/s?
Cc 3.3 m/s?
D 5.0 m/s?

7 A sealed tank filled to the brim with water is mounted on wheels. A balloon is fixed at the base
of the tank. The tank is initially moving at a constant velocity.

tank of water
T =7 constant velocity

- balloon

O @)

Which statement correctly describes the motion of the balloon when the tank starts to slow
down?

A The balloon will move backward.

B The balloon will move forward.

C The balloon will remain in its original position.
D

The balloon will start to oscillate back and forth.
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8 Four cubes P, Q, R and S are used to balance a uniform beam pivoted about its mid-point. They
have the same volume but different masses.

P R

Which cube is the heaviest?

A P B Q C R D S

9 The diagrams show a force of magnitude F being applied to the same door handle.
Which diagram shows the greatest moment?

A B c D

hy
5

7

>
MINRNE;

Given that the height of the mercury barometer is h when the atmospheric pressure is
100 000 Pa, what is the pressure at point X?

A 20000 Pa B 80000Pa

C 120000 Pa D 180000 Pa

[Turn over
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11 The figure below shows a box of mass 6.0 kg being dragged to the top of a slope at a constant
speed by a constant force F.

60m

j¢e———— 8.0 m ——H

Given that the total work done against friction is 160 J and the gravitational field strength is 10
N/kg, what is the value of force F?

A

16 N B 20N

C 52N

D 60N

12 A man can either take an escalator or a lift to travel up between two floors in a hotel.

escalator

1] an
1] T
1] T
1] [T
1] e
T [ I~
1 L
1] N
1] | T
1] 1.
1 WO[ES

fift

The escalator takes 20 seconds to carry the man between the two floors. The useful work done
against gravity is W. The useful power developed is P. The lift takes 30 seconds to carry the

same man between the same two floors.

How much useful work against gravity is done by the lift, and how much useful power is
developed by the lift?

useful work done against useful power
gravity by lift developed by lift
A more than W less than P
B more than W P
C w less than P
D w P
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13 When a hot gas is left to cool, its internal energy decreases.

14

What causes this?

A

B
o
D

a decrease in the kinetic energy of the gas particles
a decrease in the gravitational potential energy of the gas particles
an increase in the average speed of the gas particles

an increase in the average distance of separation of the gas particles

An experiment is carried out to investigate the rate of transfer of internal energy by conduction
and radiation through different mediums — mercury, vacuum and wood.

Which mediums show the greatest rate of transfer of internal energy by conduction and
radiation?

o0 w >

conduction radiation
mercury vacuum
vacuum mercury
vacuum wood
wood vacuum

[Turn over
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15 A student filled an upright ring-shaped container completely with warm water. He then placed a
pack of ice at a corner of the container.

water ice pack

IS S
. »
.

16 Two different liquids, P and Q with the same mass and initial temperature, are heated by the
same heat source. Liquid P reaches a temperature of 80°C faster than liquid Q.

17

This shows that

A

B
o
D

liquid P has a higher specific heat capacity than liquid Q.
liquid P has a lower specific heat capacity than liquid Q.
liquid P has a higher specific heat of vapourisation than liquid Q.

liquid P has a lower specific heat of vapourisation than liquid Q.

A wave in the sea collides with a cliff.

A crest of the wave hits the cliff once every 6.0 s.

The horizontal distance between a crest and the adjacent trough of the wave is 4.5 m.

What is the speed of the wave?

A

0.67m/s B 075m/s C 13m/s D 15m/s
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18 The figure below shows two waveforms produced by a flute (Y) and tuning fork (Z) played by two
students.

pressure vanation
Fy o ", z . T

How do the loudness and pitch of the sound from the tuning fork Z compare to that of the flute Y?

A The loudness of Y is lower but its pitch is the same as Z.

B Both Y and Z have the same loudness and pitch.

c The loudness of Y is higher but its pitch is lower than Z.

D The loudness of Y is the lower but its pitch is higher than Z.

19 The diagrams below show the waves travelling from air to water. The wave direction and
wavefronts along the wave are also shown in each diagram.

P Q

%% water water W

R S

airiy | &X air

water M g)%water

Which of the diagrams above correctly represent light and sound waves as it travels from air to

water?
light wave sound wave
A P Q
B S Q
c P R
D S R

[Turn over




20 The diagram shows two persons (X and Y) standing 340 m apart and 170 m away from the wall.

21

10

e s }ff:”{i s, wal

170 m

340m

o« »®

X Y

When person X fires a gun, person Y hears the gunshot twice.

Given that the speed of sound in air is 340 m/s, what is the time interval between the two
gunshot sounds heard by person Y?

A 041s B 050s C 062s D 1.24s

What is one of the uses of ultrasound?

A  cleaning jewellery
fluorescent tubes
optical fibres

(= B o I

sunbeds

BP~290
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22 One night, Chester switched off all the lights in his room and placed a large piece of blank white
paper onto his table.

He placed a small mirror, with its reflecting surface facing upwards, at the centre of the paper.
Chester then shined a torch directly above the mirror as shown in the diagram below.

-

m torch
sl
]

XV ; | mirror

blank white paper>/ ("’/8‘ N /

What would Chester see if he looks at the setup at position X?

A The mirror appears brighter than the paper as most of the light rays undergo regular
reflection into his eyes.

B The mirror appears brighter than the paper as most of the light rays undergo diffused
reflection into his eyes.

C  The paper appears brighter than the mirror as most of the light rays undergo regular
reflection into his eyes.

D  The paper appears brighter than the mirror as most of the light rays undergo diffused
reflection into his eyes.

23 The diagram shows a ray of light entering a glass prism at the surface AB and travelling along

the surface AC.
A
40°
ch 50 .
What is the refractive index of the glass prism?
A 1.31 B 142 C 1.50 D 1.56

[Turn over
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24 Applications use different components of the electromagnetic spectrum.

25

Which shows correct applications for X-rays, ultraviolet light and microwaves?

X-rays

ultraviolet light

microwaves

mobile phone

killing cancerous
cells
medical imaging

sterilising surgical
instruments

fluorescent tube

sterilising surgical
instruments
television controller

television controller

intruder alarm

satellite television

sunbed

detecting cracks
in metal

An electrically charged plastic ball is dropped from rest.

Which types of fields are caused by the ball?

A

B
Cc
D

gravitational and magnetic only

electric and gravitational only

electric and magnetic only

electric, gravitational and magnetic

BP~292
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26 A metal sphere P has a positive charge distribution as shown.

A similar sphere Q, connected to an earthing wire, is brought close to P.

Which diagram best shows the final distribution of charge between the two spheres?

A B

27  Astudent touches the body of a car that has become charged during its journey.
A current of 10 mA passes through him for 20 ms.

How much charge flows through him?

A 20x10*C B 0.50C C 2o0C D 200C

[Turn over
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28  Conducting putty is a soft material which can easily be made into different shapes. It conducts
electricity.

50 g of conducting putty is placed between two metal plates as shown.

metal plate.._

e

puity
With the putty arranged like this, it has a resistance of 8 Q.

The plates are now squeezed together so that the distance between them is halved.

What is the resistance of the putty now?

A 20 B 4Q C 8Q D 16Q

29 In which circuit does the voltmeter not read 12 V?

A B c D
12V ) 12V 12V 12V
o O O (o,

12V

©

BP~294
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30  When the flash on a camera is used, a charge of 1.5 C flows for 0.0030 s through the flash lamp.
The average voltage across the flash lamp is 3600 V.

What is the energy supplied electrically to the flash lamp and what is the average power

supplied?
energy / J power / W
A 2400 7.2
B 2400 800 000
Cc 5400 16.2
D 5400 1.8 x 108

31 The diagram shows two resistors in a circuit with a power supply and a voltmeter.

|

/ 0-75Q

/1

6.0V
XP‘
15Q V>

e

e

Y
What is the range of voltages that can be obtained between points X and Y?

A 00Vtot10V
B 00Vto6.0V
C 10Vto3.0V
D 10Vto6.0V

[Turn over
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At a construction site, a metal scaffolding is firmly embedded in the damp ground. A builder holds
a mains-operated electric drill in one hand, and the metal scaffolding with the other hand.

The power cable of the drill is damaged such that parts of the exposed cable enters the metal
casing of the drill, where an earth wire is connected.

Which of the following could happen?
A current could pass through the builder and electrocute him.

A current in the scaffolding could heat him up and burn him.

The large current could blow the fuse.

o O @ »

The large current could make the motor spin too quickly.

A 240 V mains circuit contains eight 60 W lamps in parallel.

At the time when the lamps are switched on, the filaments are cold and the current is four times
as large as the final steady current in the circuit.

What is the initial current supplied by the mains?

A 025A B 1.0A C 20A D 8.0A

The diagram shows two magnetic field lines of the magnetic field around two bar magnets.

N~

Which row shows the magnetic poles at end P and end Q of the two magnets?

P Q

0w >»
n n Zz Z
nw Zz un Z
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A long straight wire P is placed along the axis of a flat circular coil Q.

The wire and the coil each carry a current as shown.

® currentin Q

What can be deduced about the force acting on each part of Q due to the current in P?

A

B
o
D

The force is away from P.
The force is towards P.
The force is perpendicular to the plane in the diagram.

There is no force in any direction.

The diagram below shows an electrically neutral copper rod moving at speed v into a
magnetic field. The direction of the field is into the page. P and Q are the ends of the copper

rod.

P X X p X X X
— -
X X X X X
neutral v Y magnetic field
copper —> X X : :X___> X X into page
L
rod X X 1 'x X X
by
. |
Q X X X X X

Which of the following options best describes the net charge found at P and Q when the rod
is moving and is completely inside the magnetic field?

P Q
A positive postive
B negative positive
Cc neutral neutral
D positive negative

[Turn over
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37 The figure shows an electrical generator, which consist of a rotating coil between a pair of
permanent magnets.

direction of
rotation

commutator carbon brush

Which of the following graphs shows the variation of e.m.f. produced by the generator?

A B
emf emf

NI | VaVaVN

{ N\ time ' time

emf emf

time

BP~298
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38  Asimple a.c. generator produces a voltage which varies with time as shown in the graph
below.
voltage /V
2 .........

0 2\/4 time/s
_2 bomem e mcmmcmmmeo X

Which of the following reflects how the correct voltage varies with time when the generator
rotates at half the original speed?

maximum voltage / V frequency / Hz
A 1 0.13
B 1 0.50
c 4 0.13
D 4 0.50

[Turn over
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39 Long-distance power transmission occurs at high alternating voltages.

Generation _ Transmission Distribution

The following are reasons suggested to explain why high alternating voltages are used.

reason
1 Alternating voltages can be stepped up or down efficiently by transformers.
2 For a given transmission power, the current will be reduced if a high
voltage is adopted.
3 The power loss in the transmission cables will be reduced if a high voltage
is adopted.

Which of the above reasons are correct?

A bothreasons 1 &2
both reasons 1 & 3
both reasons 2 & 3

all the given reasons

OO mw

40 Aradioisotope has a half-life of 18 hours.
At 9:00 am on 1 May, a sample was prepared which contained 4.00 mg of the radioisotope.
At what time will the mass of the radioisotope remaining be 0.50 mg?

A 3:00 am on 2 May
B 3:00 pm on 3 May
C 9:00 am on 4 May
D 9:00 pm on 7 May

- End of paper -
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Section A
Answer all questions in this section.

1 (a) Adballis thrown vertically down towards the ground and rebounds as illustrated in Fig. 1.1.

ball passing point A

i
.

ball at maximum
?}eight after rebound

50m
h
Fig. 1.1

As the ball passes A, it has a speed of 8.4 m s™'. The height of Ais 5.0 m above the ground.
The ball hits the ground and rebounds to B. Assume that air resistance is negligible.

(i) Calculate the speed of the ball just before hitting the ground.

(ii) Show that the time taken for the ball to reach the ground is 0.46 s.

[1]
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(b) The ball rebounds vertically with a speed of 4.2 m s™' as it leaves the ground. The time
the ball is in contact with the ground is 20 ms. The ball rebounds to a maximum height h.

The ball passes A at time t = 0. On Fig. 1.2, plot a graph to show how the velocity v of the
ball varies with time {. Continue the graph until the ball has rebounded from the ground
and reaches B.

vims™?

Fig. 1.2
[3]

[Total: 6]

2 Fig. 2.1 shows a 60.0 kg painter on a uniform scaffold of mass 25.0 kg and length 6.0 m,
supported from above by ropes at points A and B. A 4.0 kg pail of paint is placed 1.0 m away
from one of the supports.

|- paint

1.OmA 40m

Fig. 2.1

[Turn over




4
(a) On Fig. 2.2, draw and label the forces acting on the scaffold. [2]
scaffold
| ]
- »le >le »>
1.0m 5 40m g 1.0m
Fig. 2.2

(b) Given that the painter is standing at x = 3.6 m, determine

(i) the tension in the rope attached to point B,

tension = ... [2]

(i) the tension in the rope attached to point A.

tension = ... [2]

BP~304
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(c) Describe and explain what would happen to the tension in both ropes as the painter walks
slowly towards point A on the scaffold.

[Total: 9]

3 Fig. 3.1 shows a gas sealed in container using a rubber bung. The container is connected to

a mercury manometer.

gas

o bun
I g

15 cm

rubber

\__/

mercury

Fig. 3.1

32cm

(@) The atmospheric pressure is 76 cm Hg and density of mercury is 13 600 kg/m?.

Calculate the pressure of the gas in pascal. Take g as 10 N/kg.

pressure =

[Turn over
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(b) The gas pressure exerted at the rubber bung is equal to the gas pressure exerted at
the walls of the container. Explain why this is true, in terms of the particles of the gas.

(c) A Physics student notices that small increases in gas pressure are not noticeable
enough because the mercury level in the right column of the manometer rises very
little.

Suggest and explain a change that the student can implement to the manometer so
that the rise in level is more noticeable.

[Total: 7]

Yunnan Guogiao-mixian (Z#i3#i X 4) is a famous Chinese noodles dish.

The first step in preparing this dish is to cook a pot of chicken broth. A pot of water containing
chicken is heated over a high flame until it boils. A low flame is then used to keep the soup
boiling for 3.0 hours.

(a) Explain, in terms of molecules, why the temperature of the boiling soup remains
unchanged, even though it is being heated.
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(b) (i) The power output of the low flame is 300 W. If 70% of the energy supplied is
transferred to the surroundings, calculate the mass of soup that would be vaporized
after being heated for 3.0 hours. Assume the specific latent heat of vaporization of
the soup is 2.26 x 108 J kg™".

mass of soup vaporized = ............................... [2]

(i) Explain, in terms of the amount of water molecules remaining in the soup, why it is
preferable to use a low flame than a high flame to keep the soup boiling.

(c) As shown in Fig. 4.1, customers ordering the mixian are served with the following:

a bow! of hot soup with a layer of oil on the surface,
a dish of thin slices of raw meat, and
a bow! of pre-cooked mixian (noodles)

Fig. 4.1

The meat is first put into the soup. After a while, the mixian is also added.

(i)  Explain, in terms of thermal processes, why the meat must be sliced into thin pieces.

.......................................................................................................... [1]
(ii) Explain, in terms of thermal processes, the purpose of adding a layer of oil to the

bowil.

.......................................................................................................... 1

[Turn over
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8
(iii) The following data are given:
Mass of the soup =1.0kg
initial temperature of the soup =97°C
Specific heat capacity of the soup = 4200 J kg™' K™’
Mass of each slice of meat = 0.020 kg
Initial temperature of the meat =27°C

Specific heat capacity of the meat = 3500 J kg™" K’

For health reasons, the meat has to be heated to a minimum temperature of 82°C.

Determine the maximum number of slices of meat that can be added to the soup.

You may assume that there is no transfer of energy to the surroundings.

maximum numberof meat slices = ...l

(iv) A customer first places the mixian into the soup before adding the meat.

Explain why this is undesirable.

[Total: 9]

Fig. 5.1 shows an object placed 20 mm from a converging lens of focal length 40 mm.

> F

SO '.fﬁf_:..f, SRS JRNUE NN
= |

Fig. 5.1

BP~308
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(a) On Fig. 5.1, complete the diagram to locate the position of the image. [2]
(b) Ratio of image to object size is known as the magpnification.

Using Fig. 5.1, determine the magnification.

magnification = ... [1]

(c) OnFig. 5.1, complete the path of the given ray P to show its passage through the lens
and to the image. [1]

[Total: 4]

6 Fig. 6.1 shows a conducting sphere that has been given excess positive charges. The
sphere is mounted on an insulating stand.

conducting
sphere

insulating stands

Fig. 6.1
(a) Draw in Fig. 6.1 the distribution of excess charges on the conducting sphere. [1
(b) Draw in Fig. 6.1 the electric lines of force produced by these excess charges. 11

[Turn over
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(c) An electrically neutral aluminum ball suspended from a nylon string is brought near to
the conducting sphere. 1t is attracted towards the conducting sphere but not touching
the sphere as shown in Fig. 6.2.

P
nylon C conducting
string sphere

| insulating stands

Fig. 6.2
Charges are induced on the aluminum ball as shown in Fig. 6.2.

Explain, in terms of electric forces, why the aluminum ball is attracted towards the
positively charged conducting sphere.

(d) The aluminum ball is moved to the right such that it is allowed to touch the conducting
sphere as shown in Fig. 6.3.

conducting
sphere

insulating stands

Fig. 6.3

On Fig. 6.3, draw the final position of the aluminum ball and label it as (d).

Explain, in terms of charges, your answer for the final position of the aluminum ball.

[Total: 6]

BP-~310
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7 A battery of electromotive force 12 V and negligible internal resistance is connected to two
resistors and a light-dependent resistor (LDR), as shown in Fig. 7.1.

8.0kQ2

12k

©

Fig. 7.1

An ammeter is connected in series with the battery. The LDR and switch S are connected
across the points XY.

(@) The switch S is open. Calculate the potential difference (p.d.) across XY,

(b) The switch S is closed. The resistance of the LDR is 4.0 kQ. Calculate the current in the
ammeter.

current = L., [2]

(c) The switch S remains closed. The intensity of the light on the LDR is increased. State
and explain the change to

(i) the ammeter reading,

[Turn over
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(ii) the p.d. across XY.

[Total: 8]

8 (a) Current is passing through an air-cored solenoid that is connected to a direct current
(d.c.) emf voltage source as shown in Fig. 8.1.

air-cored solenoid

' H H K
i h } !
! ! ! !
' h !
) H ! i

CA
il

Explain why reading on the ammeter decreases when an soft iron core is inserted into
the solenoid.

softiron core

Fig. 8.1
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(b) The primary coil of a transformer is connected to the mains supply. The voltage of the
a.c. mains supply is 240 V.

Fig. 8.2 is a diagram of the arrangement.

primary coil, _~iron core
\\;
S
.

240V o~

secondary coil

Fig. 8.2

There are 5600 turns on the primary coil of the transformer and 350 turns on the
secondary coil.

The output of the transformer is connected to a 90 W filament lamp which operates at

normal brightness.

Calculate the current in the lamp.

CUITENE = Lo [3]

[Total: 5]

[Turn over
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9 Sodium-24 is used in the treatment of various conditions. It is used to trace blood flow and
locate obstructions in blood vessels.

The half-life of 24Na is 15 hours. A sample of 24Na having an activity of 32 x 10° disintegrations
per second is injected into the blood stream of a patient.

After 45 hours, 6.0 cm? of biood is taken out from the patient's body and its activity is found
to be 5.0 disintegrations per second.

(a) Deduce the number of half-lives elapsed after 45 hours.

........................................................................................................... [1]
(b) Estimate the volume of blood in the patient's body.
volume = ..., [2]
(c¢) Suggest a reason for using {Na as a medical tracer.
........................................................................................................... [1]

[Total: 4]
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10 Alight bulb manufacturer makes 240 V, 60 W bulbs, like the one shown in Fig. 10.1.

Glass bulb
inert gas
{Argon}
Tungsten
filament
Lead-in wire
Glass mount
{Stem)
Ca . '
§Fmt cortact
Fig. 10.1

The filament of the bulb is at a temperature of 2600 °C and the bulb lasts for 1000 hours
before the filament breaks.

There are two schools of thought concerning these bulbs. One group of people wants the
manufacturer to raise the temperature at which the filament operates, so that for the same
power, more light is emitted. The other group of people thinks that the manufacturer makes
too much profit on the bulbs by making them so that they break after 1000 hours. They want
the manufacturer to make bulbs that last 2000 hours. The manufacturer can happily satisfy
both of these requirements — but only by manufacturing the two other bulbs alongside the
original bulb.

The material used for making the filament of the bulb is made of tungsten which has a
resistivity of 7.9 x 1077 Q m at 2600 °C.

The manufacturer is going to make the 3 bulbs using different length and diameters of
tungsten filament as shown in Fig. 10.2. The filament B is used to manufacture the standard
bulb operating at 2600 °C.

Fig. 10.2

The manufactured bulbs will have the same resistance.

(a) (i) State whatis meant by the resistance of the bulb.

[Turn over
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(ii) Calculate the resistance of the 240 V, 60 W bulb.

resistance = ... [2]

(b) Calculate the diameter of tungsten wire needed to manufacture this bulb if the length
of the filament wire in bulb B is 0.14 m. Leave your answer in mm.

(c) Explain how it is possible for the filaments in Fig. 10.2, to have the same resistance.

................................................................................................................ 1]
(d) State and explain which filament should be used to manufacture the bulb that can last
2000 hours.
................................................................................................................ [2]
(e) Fig 10.3 compares the characteristics of the different filaments.
A B C
resistance/ Q
diameter/ mm 0.0129 0.0113
length/ m 0.14
Fig. 10.3

Complete the missing values in Fig. 10.3. [2]
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(f) The bulb at the highest temperature lasts 500 hours. The cost of manufacturing each
bulb is $0.50 and each kilowatt-hour electricity costs $0.172.

Determine the running cost when used for a duration of 2000 hours.

TUNNING COSt = ... [2]

[Total: 12]

[Turn over
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Section B
Answer one question in this section.

11 Fig. 11.1 shows a bar magnet dropped from rest through the centre of a coil of wire which is
connected to a resistor and datalogger.

]

To datalogger

Fig. 11.1
(a) InFig. 11.1, points Q and R represent positions lying along the central axis of the coil.

Identify and explain the position (Q or R) where the acceleration of the falling magnet
is greater.

........................................................................................................... [2]
(b) Fig. 11.2 shows the variation of the induced current in the resistor with time as the
magnet falls.
induced
current

Iy e

time
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(i)  Explain why the magnitude of I is greater than I,.

(ii) With reference to Fig. 11.2, explain why direction of the current changes in the
coil as the magnet falls.

(iii) The experiment is repeated with a length of coil of wire that is much longer than
before, for instance 10 times or more than the magnet'’s length.

On the same axes in Fig. 11.2, sketch the expected current — time graph.  [2]
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(c) The original setup in (a) is now modified with a diode connected in series to the coil
as shown in Fig. 11.3 below.

diode

S
N
A
\Z
To datalogger )
Describe how the motion of the magnet and the current in the coil are being affected
by the diode.

Fig. 11.3

[Total: 10]
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12 Fig. 12.1a shows a smoke detector. The circuit within the detector is shown in Fig. 12.1b.

to alarm circuit

o |
N

electrode americium source

Fig. 12.1a Fig. 12.1b

A small amount of the radioisotope americium-241 (241Am) is placed between two electrodes.
The two electrodes are connected to a battery and an alarm circuit. The detector has slots in
it to allow air flow.

(a

(b)

An americium-241 nucleus decays by emitting an a-particle to form a daughter nucleus
neptunium (Np), with a half-life of 432 years.

(i)  Write down an equation for the decay of an americium-241 nucleus.

(ii) Deduce the number of neutrons in the daughter nucleus.

number of neutrons = ....................oo. 1]
Under normal conditions, a small current flows in the circuit inside the detector. However,
when smoke particles enter the detector, the current drops significantly. This triggers the
alarm to sound.

(i)  Explain why a current flows between the electrodes under normal conditions.

(i)  Suggest one possible reason why the current drops when smoke particles enter
the detector.
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(c) Explain why it is preferable for the radioactive source used in smoke detectors to have
a long half-life.

(d) Carbon-14 (14C)is a radioisotope which decays by emitting B-particles and has a half-life
of 5700 years.

Explain whether this source is suitable for use in smoke detectors.

(e) Members of public are concerned about the biological hazards of radiation.

If you were the manufacturer of the smoke detector, describe how you would convince
the public that using the detector will not pose a health hazard.

[Total: 10]

- End of paper —
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2025 MSHS 6091Physics
Prelim Exam Solutions

PAPER 1
1 2 3 4 5 6 7 8 9 10
c B D A c A A D A B
1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20
c c A A B B D A c A
21 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30
A A D B D A A A A D
31 32 | 3 | 3 | 35 | 36 | 37 | 38 | 39 | 40
D c D B D D B A D B
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Deductions
U (units) — 1M for each occurrence capped at 1 M per question

SF (significant figures) & P (presentation) — 1M for each occurrence capped at 1M per paper

PAPER 2
SECTIONA
1(ai) | Distance = Area under v-t graph C1
5 = I(Av)(84+84+A )
AN T A
Av? +16.8Av — 100 =0
Av=4.66 m/s
v=8.4+4.66
=13 m/s A1l
1(aii) | Acceleration = gradient of v-t graph C1
13 -84
10 = ——
t
t=0.46s A1
1(b)
v/ms™! i
10 = —
Ok .
) } 40 N i § ) t/s
-10
reasonable shape M1
suitable scale A1
correctly plotted 1st and last points at (0,8.4) and (0.90,0) A1

with non-vertical line at 0.46 s
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2(a) T, Te
l ; ]
| Ney l I
A B
Wscaf"f‘.»iﬂ
N_i"-:ih‘ €.
\ 4
all correct A2
any 3 correct A1
2(bi) | Taking moments about pointA,
sum of anti-clockwise moments = sum of clockwise moments C1
Tsx4.0=4.0x10x1.0+25.0x10x2.0+60.0x10x 3.6
Te=675N A1
2(bii) | Sum of forces acting on scaffold =0 N
Upward forces = downward forces C1
Ta+Te=4.0g + 25.0g + 60.0g
TA=89x10-675
=215N Al
2(c) | Asthe painter walks towards point A, the tension in rope A will
increase and the tension in rope B will decrease.
By considering the moment of the forces about point A, as x
decreases, the sum of clockwise moment decreases. B1
(Since the beam is in equilibrium), tension in rope B must also B1
ecrease.
Hence the tension in rope A increases, as total downward B1
force remains the constant.
3(a) | height difference =32-15=17 cm
Pgas =76 + 17 = 93 cmHg M1
Pgas = pgh
=13600x0.93 x 10
= 126000 Pa A1l
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3(b) | The number of gas molecules per unit volume is equal both at the bung B1
and at the walls.

Hence, the frequency of collision of the gas molecules per unit area B1
against the walls and the bung are equal,

exerting equal force per unit area, B1
which is the same gas pressure.

3(c) Use a liquid of smaller density. B1
For any gas pressure increase, the height increase will be more B1
because the density is lesser, according to the formula P = pgh.

4(a) During the change in state, energy is being transferred to the internal B1
potential store of the molecules.

Since there is no increase in energy in the internal kinetic store,
temperature remains constant.

4(bi) | Energy transferred from flame = Energy transferred to soup C1
(Pt) x 30% = miy,

(300) (3.0) (3600) (0.30) = m (2.26 x 10°)
m = 0.430 kg A1
4(bii) | When high flame is used, large amount of soup will be vaporized in 3 B1
hours.
Hence a large amount of energy will be wasted in preparing the soup.
4(ci) e Meat is a poor conductor of heat. If it is too thick, its interior might | B1
not be fully cooked.
o To increase the size of contact area between the meat and the
soup.
Either one of the above.

4(cii) | The layer of oil helps to reduce the rate of evaporation from the soup. B1
This reduces the energy transferred from the soup to the surroundings.

4(ciii) | Let n be no. of slices of meat
Energy transferred from soup = Energy transferred to meat slices C1
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(1.0) (4200) (97 — 82) = (0.020) (3500) (82 — 27) n

n=16.4
Maximum no. of slices is 16. A1
4(d) Energy will be transferred from the soup to mixian which will reduce | B1
temperature of the soup significantly.
This might result in the meat not able to reach 82 °C subsequently.
5(a) ‘,;"E; A
e i
™~ < \‘\ {a :
NG I R
3 O™ .. D TR e F\\“\\_
\\;\\ N @) R
i Y I
O™~ T~
Ray through optical centre drawn correctly and ray through focal
point drawn correctly.
B1
Arrows included for light rays. Dotted lines used for construction.
B1
5(b) Magnification =2/1
=2 A1
5(c) Ray P extends backwards from lens to base of image. B1

Light ray from lens forms a straight line to the base of image.
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6(a) | Atleast 4 charges B1
6(b) | At least 4 lines (originate from centre)
i B1
\\\X\
conducting
< sphere
/ insulating stands

6(c) Negative charges nearer to sphere B1
Attractive force stronger than repulsive force B1

6(d)

conducting

sphere

insulating stands
Aluminum drawn displaced to the left B1
Negative charges move from aluminum to sphere, resulting in net B1
positive charge of both objects.

6(d) | Copper is a non-magnetic material whereas steel is a magnetic material. | B1
Steel will magnetise and interfere with the function of the solenoid.is this
excess? Can delete?

7(a) | total resistance = 20 kQ C1
current = 12 / 20 mA or potential divider formula
p.d.=[12/20]1x12=7.2V A1

7(b) | parallel resistance = 3 kQ C1
total resistance 8 + 3 = 11 kQ
current=12/11x 103=1.09 x 103 or 1.1 x 102A A1

7(ci) | LDR resistance decreases M1
total resistance (of circuit) is less hence current increases A1l

7(cii) | resistance across XY is less M1
less proportion of 12 V across XY hence p.d. is less A1
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8(a) | Inserting the iron core gives rise to rate of change of flux within the solenoid | M1
and e.m.f is induced in solenoid
induced e.m.f. opposes applied d.c. emf so current smaller/acts to reduce | A1
current
8(b) E _ I_V_s_ C1
Vo Np
Vs 350
240~ 5600
Vs=15V
Is=Pl Vs C1
=90/15
=6.0A A1
9(a) Number of half-lives elapsed = 45/15
=3 A1
9(b) | Initial activity of 6.0 cm?® biood = ((5x 2) x 2) x 2 C1
=40
Let V be volume of blood
|4 _ 32 x 103
6 40
V =4800 cm? A1
9(c) The half-life of 15 hours is short and hence the source will not remain | B1
inside the body for a long time.
10(ai) | Resistance of the bulb is the ratio of the potential across the bulb to B1
the current flowing through it.
10(aii) _ v?
2407 C1
T 60
R =960 Q A1
10(b) pl
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pl

(/4)d?

_ o
= [T®

R =

4 j(7.9 x 10-7)(0.14) c1
- 7/,)(960)
(™/4) N
d=0.0121 mm
10(c) | By varying the length and cross-sectional area of the wires so that the | B1
ratio I/, remains constant.
10(d) | FilamentA. B1
It has the lowest resistance per unit length. Hence power dissipated B1

per unit length is the lowest and it will take a longer time to break.
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10(e) A B C
resistance/ Q 960 960 960
diameter/ mm 0.0129 0.0121 0.0113
length/ m 0.158 0.14 0.122
All values correct A2
. A1
Three to five values correct
10(f) | Running cost = cost of electrical consumption + cost to make bulbs C1
= ((60/1000) x 2000) x 0.172 + (2000/500) x 0.50
=$226 A1
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SECTIONB

11(a) | The position with greatest acceleration is Q. At point Q, there is no net | B1
change in magnetic flux of the coil, hence there will not be e.m.f. or
opposing magnetic field produced by the induced current to siow down
the magnet.

When the magnet is just falling into (P) or out of the coil (R), it produces | B1
a change of magnetic flux within the coil. This induces a current in the
coil which produces an opposing magnetic field to slow down the
magnet according to Lenz’'s Law.

11(bi) | As the magnet falls through the coil, it speeds up due to gravitational B1
force, this results in a greater rate of change of magnetic flux.

Based on Faraday's Law, greater rate of change of magnetic flux | B1
results in greater induced e.m.f. and hence current.

11(bii) | As the N-pole of the magnet approaches the coil, current flows within B1
the coil to produce a N-pole at the top of the coil to repel the falling
magnet.

When the S-pole of the magnet is leaving the coil, current flows in the | B1
opposite direction in the coil to produce a N-pole at the bottom of the
coil to attract the falling magnet.

11(biii)
induced
current
Iy
time
No current between the two parts of the graph B1
No change to the part representing magnet just falling into the coil. B1

Larger peak and shorter duration for the part representing magnet
falling out of the coil.

11(c) | Presence of the diode allows current to fiow only in one direction.

10



Hence current is unable to flow within the coil when the magnet just

falls through it. Therefore, the magnet does not encounter an B1
opposing force when it is entering the caoil.
However, induced current in the coil is able to flow when the magnet
is leaving it. Hence, it will produce a N-pole at the bottom to slow B1
down the magnet when it is leaving the coil.
12(ai) | *31Am — Z37Np +3 B1
12(aii) | Number of neutrons
=237 -93
=144 A1
12(bi) | The a-particles emitted by the source will ionize the air molecules to B1
produce ions. The ions are attracted to the electrode with an opposite
charge. As a result, a current flows between the electrodes.
12(bii) | The smoke particles block the movement of the ions. As a result, B1
fewer ions reach the electrodes, so the current drops.
12(c) | The activity of the radioactive source remain stable for a long period B1
of time.
So, the detector needs not be replaced frequently. B1
12(d) | As pparticles have a weak ionizing power, B1
the current flowing between the electrodes will be extremely small. B1
So, Carbon-14 is not suitable.
12(e) | Due to the small amount of radioactive material used, the radiation B1
dose from the smoke detector is very small,
moreover, the emitted a~particles have low penetrating ability, so the B1

radioactive emissions are sealed and shielded preventing harmful
radiation from escaping.

Hence, using the detector will not pose any health hazard.

11
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