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Which row states the correct Sl unit for temperature and amount of substance?

temperature amount of substance
A °C kg
B °C mol
C K kg
D K mol

A ball is released from rest above a horizontal surface. The graph shows how the velocity
of the bouncing ball varies with time.

At which point on the graph does the ball reach its maximum height after the first bounce?

I 3
velocity

Car X travels at a constant speed V along a straight road. At time =0 s, it passes car Y
which immediately accelerates uniformly from rest to speed 2V. Car Y then decelerates
uniformly to rest in the same amount of time that it takes to accelerate from rest.

carY

car X

f'e ) MR SR

Which statement is correct?

A Attime Q, car Y has travelled twice as far as car X.

B Attime R, both cars have the same acceleration.

C Both cars have the same average speed from time =0sto S.

D The average speed of car Y is greater than car X from time =0sto S.
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4 The diagram shows how the resultant force acting on a rocket varies with time.

resultant force
A

> time

Which of the following describes how the velocity of the rocket changes with time?

It decreases and then becomes zero.
It decreases and then remains constant (non-zero).
It increases and then becomes zero.
It increases and then remains constant (non-zero).

ocoOom>»

5 An elevator of mass 250 kg is moving downwards with a constant deceleration of
2.0 m/s?. The gravitational field strength is 10 N/kg.

What is the tension in the cable of the elevator?
A 750N B 2000 N C 2500 N D 3000N
6 An alloy consists of 25% metal P and 75% metal Q by volume. The densities of P and Q
are p and 0.5p, respectively.
What is the density of the alloy?

A 0.25p B 0.50p C 0.63p D 0.750
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An object of mass 20 kg weighs 400 N on Planet P. The gravitational field strength on
Planet P is five times that on Planet Q.

What is the mass and weight of the object on Planet Q?

mass of object on Planet Q / kg | weight of object on Planet Q / N
A 4 20
B ) 80
C 20 20
D 20 80

A barrel of weight 100 N and diameter 1.0 m is rested against a step of height 10.0 cm as
shown in the diagram. O is the centre of the barrel.

barrel

A ’
10.0 cm v

What is the smallest horizontal force F needed to push the barrel over the step?

A 25N B 40N C 75N D 100N
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9 The diagram shows a non-uniform 100 cm rod of mass 40 g pivoted at the 60 cm mark,
and kept in equilibrium by two suspended masses of 40 g and 60 g respectively.

0Ocm 20 cm 60 cm 100 cm

A

409 | 60 g

Where is the centre of gravity of the rod?

A atthe 20 cm mark B at the 40 cm mark
C atthe 60 cm mark D at the 80 cm mark

10 A piece of plasticine resting on a table exerts a pressure on the table. The plasticine can
be remoulded into different shapes, each with a different base area resting on the table.

Which graph shows the relationship between pressure exerted by the plasticine on the
table and its base area?

A B
f I 3
pressure pressure
0 = % »
0 base area base area
c D
‘ 3
pressure pressure
0 > 0 >

0  pasearea 0 basearea
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Two mercury barometers X and Y are placed beside each other in a room. The height of
the mercury column in X is slightly lower than that in Y.

What is a possible reason for the difference in height of the mercury columns?

The atmospheric pressure is different.

There is air in the space above liquid X.

The diameter of the tube of X is larger than that of Y.
Barometer X is slightly tiited while barometer Y is upright.

oo0Om>

A golf ball travels horizontally in the direction shown.

golf ball
QL
X

Assume that no kinetic energy is transferred to thermal energy or sound, and the
gravitational field strength is 10 N/kg.

What is the minimum speed the golf ball must have at point X to enable it to reach point
Y?

A 10m/s B 1.4m/s C 1.7m/s D 20m/s

An electric motor is used to raise a weight of 2.5 N through a vertical height of 40 cm in a

time of 2.0 s.
motor
o8

25N
The motor has an efficiency of 40%.

What is the electrical power supplied to the motor?

A 020W B 13W Cc 80w D 500w
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A substance consists of particles that are close together and moving past each other at
random. The average speed of the particles is gradually decreasing.

Which statement best describes the substance?
A asolid melting
B asolid being cooled

C aliquid freezing
D aliquid being cooled

Air is pumped slowly into a car tyre to increase the pressure in the car tyre. The
temperature of the air in the car tyre does not change.

Which row is correct?

frequency of collisions
average speed with walls
A increases decreases
B increases increases
C unchanged decreases
D unchanged increases

The diagram shows a metal saucepan containing water and placed on a hot plate. After
some time, the air at point X becomes hot.

metal saucepan

What are the main ways by which thermal energy travels through the different mediums?

tg{?ﬁgggﬂi:pa:: through the water through the air
A conduction convection convection
B conduction radiation convection
C radiation convection conduction
D radiation convection convection
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Two metal blocks are placed beside each other. Block X has a temperature of 500 °C
while block Y is at room temperature.

Which method can increase the rate of heat transfer between the blocks through radiation?

A  connect the blocks using a copper rod
B paint block X black

C paint block Y white

D

remove all the air between the blocks

A mercury-in-glass thermometer and a resistance thermometer are both calibrated using
the same fixed points of 0 °C and 100 °C.

When the thermometers are used to measure the temperature of a body, the temperatures
measured on both thermometers will be exactly the same

for all temperatures between 0 °C and 100 °C only.
for any temperature.

only at room temperature.

only at the fixed points.

coOw>»

A centimetre scale is fixed next to an unmarked mercury-in-glass thermometer. The ice
point and the steam point are marked.

; .. thermometer .
ice point N steam point
‘ ;‘ T : ’)
T I T ] T I 1 1 T l I
{ 2 3 4 5 6 7 8 :9 10 11 12 13 ?
i
centimetre scale 8.6

What is the temperature shown on the thermometer?

A 44°C B 56°C C 66°C D 86°C
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20 Equal masses of three liquids P, Q and R are heated from room temperature. Each liquid
is supplied with heat at the same rate.

The graph shows how the temperature of each liquid varies with time after heating starts.

' 3
temperature
P
/—i Q
R
0 >
0 time

What can be deduced from the graph?

P has the highest melting point.

Q has the largest specific heat capacity.

R gains the least internal energy.

R has the smallest specific latent heat of vaporisation.

cow>»

21 Which of the following could increase the rate of evaporation of a liquid?

decreasing the humidity surrounding the liquid
decreasing the surface area of the liquid
increasing the mass of the liquid

increasing the temperature of the liquid

P WN -

1and 2
1and 4
2and 3
1,3and 4

o0Ow>
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The wavefronts of a wave are shown below.

M 12 cm N

If the wavefront at position M takes 2.0 s to travel to position N, what are the wavelength
and frequency of the wave?

wavelength / cm frequency / Hz
A 24 25
B 24 3.0
Cc 4.8 3.0
D 4.8 2.5

The diagram shows a transverse wave on a rope at a particular instant. The wave is
travelling from right to left.

%_
direction of wave travel /\ \y\
&\/

Which of the following describes the direction of motion of the points P and Q at this
instant?

point P point Q
A downward downward
B downward upward
Cc upward downward
D upward upward
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24 The diagram shows a man standing at position M in front of a plane mirror.

plane
mirror 3 X moves 3.0 m away

&
M

If the man moves 3.0 m away from the mirror, the new distance between the man and his
image is 12.0 m.

-~

What is the value of x?

A 10m B 20m C 30m D 40m

25 Aray of light enters a glass block at an angle of incidence i and has an angle of refraction
rin the glass.

I

—

5 ]
\Qﬁ
I

glass
block

Different values of j and r are measured, and a graph of sin / against sin ris plotted.

Which graph is correct?

A B C D
sini sin / sin | sini
1- 14 14 14
054 0.5 0.5 0.5+
0 T | 0 T ] 0 T \ 0
0 05 1 0 05 1 0 05 1 0 0.5 1

sinr sinr sinr sinr
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Which one of the following is not a correct use of the stated electromagnetic wave?

electromagnetic wave

use

X-rays
radio waves
infra-red radiation
ultraviolet radiation

ocooOow>»

detection of cracks in buildings
optical fibres
intruder alarm
sterilisation

A sealed container contains three different substances as shown: helium gas, water and
aluminium. A source which emits sound waves is located at the base of the container.

container — m

helium gas

water

aluminium

v

— source emitting sound

Which of the following is true?

A The sound waves travel with the same amplitude in all the substances.
B The sound waves travel with the same frequency in all the substances.
C The sound waves travel with the same speed in all the substances.

D The sound waves travel with the same wavelength in all the substances.

An ultrasound is transmitted vertically downwards onto the seabed and reflected back.

The diagram shows the pulses captured on

a cathode ray oscilloscope (c.r.o.).

.

1cm

1cm

The time base of the c.r.o. is set at 400 ms/cm and the speed of the ultrasound in water

is 1500 m/s.
What is the depth of the sea?

A 1800m B 3600m

C 3750m D 600000m
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29 The diagram shows the direction of electric field lines around an isolated point charge Q.

./

If a charged object R is placed in the position shown, it experiences a force to the right.

@ @

What are the charges of Q and R?

Q R
A negative negative
B negative positive
Cc positive negative
D positive positive

30 A wire has a resistance of 8 Q. A second wire, made of the same material, has half the
length and twice the diameter.

What is the resistance of the second wire?
A 1Q B 2Q C 8Q D 16Q
31 Adriver parks his car but forgets to turn off the car headlights. The 12 V car battery stores
a total charge of 3.4 x 10° C and the power of the headlights is 95 W.
How long does it take for the battery to lose all its charge?

A 11x10%s B 36x10°s C 43x10%s D 27x10%s
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32 Four resistors are arranged in a circuit as shown.

_____H4L€E{|

20 1Q

3Q 3Q

What is the potential difference across the 2 Q resistor?

A 133V B 200V C 266V D 3.00V

33 A student sets up a circuit, complete with fuses, as shown below. F1 has a rating of 10 A
while F2 and F3 each has a rating of 2 A.

F1 (10 A)

e —
| BS—

S) F2(2A) Fa (2 A)
-

6V 30 20

|

If switch S is closed, which fuse(s) in the circuit will melt?

A F2only B Fsonly C FzandFsonly D Fi1,Fz2andFs
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34  Which circuit shows how a lamp and a switch should be connected in a household lighting
circuit?

A B

35 The following shows a three-pin plug of a kettle whose live wire has not been connected
properly.

earth wire

: X - fuse

“ live wire

neutral wire

“cable grip

The exposed copper wires of the live wire touch the neutral pin.
Which of the following will occur?

A The metal casing of the kettle will be at a high potential and poses an electrical
hazard.

The current increases and the fuse will blow to prevent any electrical hazard.

The live wire will divert the high current to the ground to prevent any electrical hazard.
The neutral wire will divert the high current to the ground to prevent any electrical
hazard.

o0Om
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Four magnetic fields are shown.
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1 2 3 4
Which row shows the objects that matches these fields?
1 2 3 4
A flat circular coil bar magnet solenoid long straight wire
B flat circular coil solenoid bar magnet long straight wire
C long straight wire flat circular coil bar magnet solenoid
D long straight wire solenoid bar magnet flat circular coil

The diagram shows a negatively charged particle moving towards the right and entering a

uniform magnetic field.

direction of travel
e —>

field

What is the direction of the magnetic force on the particle?

upwards
downwards

into the diagram
out of the diagram

o0Ow>»

uniform
magnetic
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38 Three parallel wires X, Y and Z are fixed at three corners of a square. They carry the same
current in the directions shown.

In which direction is the force on wire Z?

()X

39 The diagram shows an experimental set-up.

What is the application of the set-up and component X?

application component X
A a.c. generator slip ring
B a.c. generator split-ring commutator
C d.c. motor slip ring
D d.c. motor split-ring commutator
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40 An ideal transformer is connected to a 240 V a.c. supply. The primary coil has 1000 turns
while the secondary coil has 50 turns. The output voltage is connected to a lamp of

resistance 10 Q.
%} 10Q

240V ™\

il
A\

What is the current passing through the lamp?

A 12A B 24A C 48A D 120A

END OF PAPER
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SECTION A
Answer all the questions in this section.

1 Fig. 1.1 shows a man of mass 70 kg jumping vertically upwards. He takes a time of
0.50 s to rise from his lowest position and leaves the ground with a speed of 1.2 m/s.

man at lowest position  man just leaves the ground
Fig. 1.1
The gravitational field strength is 10 N/kg.

(a) Determine the average acceleration of the man during this time.

2o b1 R SR — [1]

(b) Hence, determine the average force acting on the man by the ground.

(c) The force in (b) and the weight of the man are not an action-reaction pair.

Describe the other force that is a part of the action-reaction pair with the force in
(b), and state the body on which it acts.
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A submarine of mass of 2.2 x 108 kg descends from the surface of the sea to a depth of
500 m.

The density of sea water is 1025 kg/m® and atmospheric pressure is 1.0 x 10° Pa. The
gravitational field strength is 10 N/kg.

(a) Calculate the increase in pressure on the submarine due to the seawater at 500 m
below the surface of the sea.

increase in pressure = ................cocoveeniennne. [1]
(b) A hatch cover on the submarine has an area of 2.5 m?. Calculate the total force

exerted on the cover when the submarine is at a depth of 500 m below the surface
of the sea.

totalforce = ... [2]

(c) In reality, the temperature, salinity and density of seawater varies with depth as
shown in Fig. 2.1.

temperature / °C salinity / ppt density / kg m
0 51015202530 34 35 36 37 38 1024 1026 1028

0 RARAS RALES SRALE RARAS: e Y L0 H
- 4 3

2000 -

Fig. 2.1

Without further calculation, suggest, with a reason, how the information shown in
Fig. 2.1 would affect your answer to (b).
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(a) Fig. 3.1 shows a uniform metre rule of mass 0.15 kg pivoted at the 60 cm mark. A
4.0 N weight is suspended from one end of the rule, causing the rule to rotate about
the pivot.

uniform metre rule

weight

40N

Fig. 3.1

Determine the resultant moment about the pivot, at the instant when the rule is
horizontal. The gravitational field strength is 10 N/kg.

resultantmoment= ... [2]

(b) A block is placed on a ramp as shown in Fig 3.2.

weight of
block

Fig. 3.2
At the position shown in Fig. 3.2, the block is at rest.

(i) State two other forces acting on the block in Fig 3.2.

(ii)  Using the concept of moments, explain why the block topples when the ramp
is tilted further.
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Fig. 4.1a and Fig. 4.1b show a female gymnast of mass 50 kg on a trampoline. At position
Ain Fig. 4.1a, the gymnast is at her lowest position and starts to rise.

She passes position B in Fig 4.2b with a speed of 8.0 m/s and reaches her maximum
height at position C.

The gravitational field strength is 10 N/kg.

stretched
springs B

Fig. 4.1a Fig. 4.1b

(a) State the form of energy stored in the stretched springs shown in Fig. 4.1a.

(b) The gymnast moves through a height of 0.30 m from A to B.

By considering the changes in energy, determine the energy stored in the stretched
springs at A.

energy = ............ S [2]

(c) Calculate the distance moved by the gymnast from B to C.

distance = ... [2]

(d) Another male gymnast of a greater mass uses the trampoline. He also passes B
with a speed of 8.0 m/s and reaches his maximum height at C'.

State and explain whether the distance moved by the male gymnast from B to C’ is
different from your answer to (c).
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A cylinder that contains a fixed amount of gas is shown in Fig. 5.1.

7

_ piston

/
cylinder | e / M
i

F.

Fig. 5.1
The cylinder is fitted with a piston that moves freely.

(a) Explain how the gas molecules create a pressure.

BP~258

(b) The gas is heated to a higher temperature.

Explain, using the kinetic model of matter, how the gas pressure can remain

constant as the gas is heated.
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Fig. 6.1 shows the positions of particles in a medium at a particular instant when a sound
wave, travelling from left to right, passes through the medium. Before the wave arrives,
the particles are equally spaced at their original undisturbed positions as indicated by the
vertical lines.

The speed of sound in the medium is 1500 m/s.

P Q R
. . L | | L
+ ‘. .i .' e (o + e o o f. .E :. |
o A A A I N
1cm

Fig. 6.1

(a) Explain how Fig. 6.1 shows that sound wave is a longitudinal wave.

(b) On Fig. 6.1, indicate the amplitude of the wave by drawing an arrow from the
equilibrium position of one of the particles to its maximum displacement.
[1]

(c) Calculate time taken for the wave at position Q to travel to position R.

timetaken = ... [2]
(d) A softer sound with a lower pitch now passes through the medium.

Describe how the movement of the particle at position P will change, if at all.
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Fig. 7.1 shows a converging lens AB with principal focus F. XY is an object placed in
front of the lens.

AA
Y
| |
[ X |
F F
\/B
Fig. 7.1
(a) On Fig. 7.1, draw a ray diagram to locate the position of the image of XY. Label the
image I.
[2]
(b) State the properties of the image obtained.
......................................................................................................... [1]
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A plastic rod becomes negatively charged after it is rubbed with a cloth.

The charged plastic rod is placed on an insulator on top of a balance. The balance shows
a reading of 32.8 g.

An uncharged metal rod is then held above the plastic rod but not touching it, as shown
in Fig. 8.1. The hand provides an earthing mechanism for the metal rod.

plastic rod, metal rod., hand

[ aing
Fig. 8.1

(a) Explain why the plastic rod becomes negatively charged after it is rubbed with the
cloth.

(b) State and explain the charge on the metal rod, if any, when it is held above the
plastic rod as shown in Fig. 8.1.

(c) Hence, state and explain how the reading on the balance will change from its initial
value of 32.8 g, when the metal rod is held above it.
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9 Fig. 9.1 shows an electrical setup for an alarm bell. Assume that the alarm bell draws
negligible current from the circuit.

+200V
Oi
TR1
50 Q Alarm Bell
ovVv
O

Fig. 9.1
Fig. 9.2 shows the variation of the resistance of the thermistor TR1 with temperature.

Thermistor's resistance / Q3

\
NS
20 = N
N
\‘
NS
T~ S
TR2
100~ - : ] ) S ERRRR
TRA1
0
0 20 40 60 80

Temperature/ °C
Fig. 9.2

(a) If the thermistor TR1 is at a temperature of 45 °C, determine

(i) the resistance of the thermistor,

resistance = .........cooooiiiiiiiiieiee, [1]

(ii)  the current in the thermistor.

current = L 1
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(b) The alarm bell is triggered when the potential difference across it is greater or equal

(c)

to5.0V.

Determine the temperature range that will trigger the alarm bell.

temperaturerange = ..........coooiiiiiiiiininennee. [2]

The thermistor TR1 is replaced by thermistor TR2, whose resistance-temperature
graph is shown in Fig. 9.2.

State how your answer to (b) would change.
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10 Fig. 10.1 shows a d.c. motor with a rectangular coil ABCD mounted on an axle and
placed between the poles of a permanent magnet. The coil is rotating clockwise, as seen
by the observer.

north pole south pole

observerm

Fig. 10.1

(a) On Fig. 10.1, draw the direction of current flowing through sides AB and CD of the
coil. (1]

(b) The coil is able to rotate about the axle continuously because of a split-ring
commutator, which is not shown on Fig. 10.1.

With reference to side AB of the coil, explain how the split-ring commutator ensures
that the rotation continues.

(c) The coil rotates from the position shown in Fig. 10.1 by 90°.

State and explain how the moment experienced by the coil changes.
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1 Fig. 11.1 shows high voltage cables being used to transmit electrical energy.

power

station cables

transformer transformer
8

Fig. 11.1

(a) State the function of transformer B.

(b)

(c)
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Answer all the questions in this section.
Answer only one of the two alternative questions in Question 14.

Fig. 12.1 shows an experimental setup used to determine the specific heat capacity and

specific latent heat of vaporisation of liquid X.

A data logger, equipped with voltage sensors, is connected to the thermocouple
comprising hot and cold junctions. The hot junction of the thermocouple is placed inside
an insulated copper container filled with liquid X. The cold junction is placed inside
another container of melting ice, kept at a steady temperature of 0 °C.

data logger

— melting ice *
hot junction

X ¥ XX

cold junction
keptat 0 °C

Fig. 12.1

Table 12.2 shows the data relevant to the setup.

1 ifﬁ O

O
& +
ORI

outlet for steam

/ to escape

liquid X
S heater
> insulation

XXX XENLXX

copper container

Table 12.2
power of heater 800 W
initial mass of liquid X 0.50 kg
mass of copper container 0.80 kg

specific heat capacity of copper

400 J kg™ °C™"

voltage reading shown on data logger when the hot
junction is placed in pure steam and the cold junction is
placed in melting ice at 0 °C

8.0 mVv
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Fig. 12.3 shows the variation with time ¢ of the voltage V recorded on the data logger
when the heater is switched on at f = 0 s. Both the copper container and liquid X are
initially at the same temperature.

V/imV

A

6.0 f------rmmmmemeeo

e

v

t/s
~0.2 / 300 500

Fig. 12.3

(a) Show that the temperature of liquid X at t=0s is -2.5 °C.

[2]
(b) (i) Att=300s, liquid X starts to boil at 75 °C.

Calculate the specific heat capacity of liquid X.

specific heal Capacity = .........uwuimmesmsimemmmmren [3]
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(ii) Att=500 s, the heater is switched off and the mass of the liquid X left in the
copper container is found to be 0.30 kg.

Calculate the specific latent heat of vaporisation of liquid X.

specific latent heat of vaporisation = ... [2]

(iii)  State one assumption you made in your calculations for (i) and (ii).

(c) Explain why the temperature of liquid X does not rise from 300 s to 500 s, even
though thermal energy is still being supplied by the heater.
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13 A student stands near the edge of a cliff. He throws a ball upwards with a velocity of
4.0 m/s, at a height of 1.0 m from the top of the cliff, as shown in Fig. 13.1. The ball rises
vertically over a short distance and then falls.

highest point
of the motion

path of ball
.

Fig. 13.1

Fig. 13.2 shows the displacement-time graph and Fig. 13.3 shows the velocity-time graph
of the ball for the first 1.0 s of the motion. Air resistance is negligible in the first 1.0 s of
the motion. The gravitational field strength is 10 N/kg.

displacement

from clifftop/m 4

H.. ______________

1.0 1

{ » time /s
1.0

Py e -

Fig. 13.2

velocity/ms™ 4

» time /s

Fig. 13.3
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(a) Attime t, the ball reaches its maximum height H from the cliff top.

(i) State the velocity of the ball at time t and explain how this value can be
derived from the graph in Fig. 13.2.

(i) By drawing a free-body diagram of the ball, show that the magnitude of its
acceleration at time tis 10 m s™2.

2]

(ifi) Using Fig. 13.3 and your answer to (ii), determine time t.

(iv) Hence, determine the maximum height H from the cliff top.
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(b) The ball continues to fall after 1.0 s. The effect of air resistance becomes significant
and the ball eventually falls at terminal velocity.

(i) Explain, in terms of forces acting on the ball, how the acceleration of the ball
changes from time = 1.0 s until terminal velocity is reached.

(i)  The mass of the ball is 15 g.

Determine the maximum air resistance acting on the ball.

maximum air resistance = ...........ccccccciiiiiiiiieneneenn. 1]
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14 EITHER

(a) Fig. 14.1 shows the path of a ray of blue light as it passes through a glass prism.

glass

Fig. 14.1

(i) Determine the critical angle.

EHCAl aNgIe = ..o naaiamrses [2]

(i) Explain why the light ray does not emerge from the prism at B.

(iii) Suggest and explain what would be observed if the ray of blue light is
replaced with white light.



(b)
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(iv) Fig. 14.2 shows a second ray of blue light striking the prism at point C. The
second ray of light is parallel to the first ray.

Fig. 14.2

On Fig. 14.2, continue the path of the second ray through and out of the
glass prism.
(2]

The ultraviolet region of the electromagnetic spectrum contains two sections, UVA
and UVB. The wavelength range of UVA radiation is from 320 nm to 400 nm and
the wavelength range of UVB radiation is from 280 nm to 320 nm.

(i) UVA radiation is used in sunbeds.

Suggest why the amount of ultraviolet radiation used is carefully controlled.

(ii)  Calculate the lowest frequency of UVA radiation.

lowast FeQUeNCY ® .....ocwnnnimswavsaviases [1]

(iii) Name another region in the electromagnetic spectrum which has
frequencies higher than those of UVB radiation.
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14 OR

(a) When the switch S is closed as shown in Fig. 14.3, the ammeter reading is 2.0 A.

22V 8.0Q
Y |
il | —
8‘9
30Q s
0,
Fig. 14.3

(i) Calculate the potential difference across the 9.0 Q resistor.

potential difference = ...........ooooiiiiiiii. [1]

(i)  Determine the current in the 3.0 Q resistor.

(o155 =141 o ——— [2]

(iii) Determine the resistance of the lamp.

resistance = .........cccoveeerieeeeeeee [2]
(iv) Switch S is now opened.

State and explain how the brightness of the lamp will change.
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(b) All refrigerators sold in Singapore must carry energy labels which will show the
number of “Green Ticks” awarded to them. A fridge with more Green Ticks is more
energy-efficient than one with fewer Green Ticks.

Table 14.4 shows some data of fridges and the number of Green Ticks that they
are awarded. The Annual Energy Consumption is the amount of energy the fridge
would consume if it is used continuously for an entire year.

Table 14.4
Fridge Green Ticks | Volume/ litre Coﬁgz:la;tliz::ﬁ({vh
A 2 200 508
B 3 200 452
C 2 400 697
D 3 400 549

(i) Calculate the power, in W, consumed by Fridge A in a year.

(ii)  Agnes is considering buying either Fridge C or Fridge D. Fridge D costs $200
more than Fridge C.

Assuming that the lifespan of each fridge is 8 years and the cost of electricity
is $0.29 per kWh, determine which fridge Agnes should buy in order to save

cost in the long term, and state the total cost saving over 8 years if she buys
that particular fridge over the other one.

fridge 10 DUy = .coccccinmmmimmsmmusinsas

total CO8t BAVING = ........ccremrsssisnsissinissiasssstos [2]

END OF PAPER



2023 4E Physics Prelim Exam Solution

Paper 1

Multiple Choice Questions [40 marks]

1 D 11 B 21 B 31 C
2 ¥ 12 D 22 A 32 A
3 C 13 B 23 C 33 B
4 D 14 D 24 | C 34 A
5 D 15 D 25 A 35 B
6 C 16 A 26 B 36 C
7 D 17 B 27 B 37 C
8 C 18 D 28 | A 38 D
) B 18 B 29 | A 33 |A
10 D 20 B 30 |A 40 A

Paper 2

Note:

Deduct one mark overall for incorrect significant figures.
Deduct one mark overall for no unit or incorrect unit.

Section A: Structured Questions [50 marks]

BP-277

Qn

Solution

Mark

1{a)

5-1:2-0
0.50
a=24 ms?

(1]

1(b)

N-W =ma
N—(70x10)=70x2.4
N =868 N

[1]
[1]

1(c)

Force on the ground by the man, acting vertically downwards.

(1]

2(a)

Increase in pressure = 500(1025)(10}
=513x10%Pa

(1]

2(b)

Total pressure =5.13 x 105 + 1.0 x 108
=523 x 10° Pa

Total force = (5.23 x 10°)(2.5) -
=1.31 x 107N

2(c)

Since the density of seawater increases with depth, the increase in
pressure on the submarine at a depth of 500 m would be greater than
5.13 x 10° Pa. Hence the total force exerted on the hatch cover would

be slightly greater.

11

3{a)

Resultant moment = 4.0(0.40) — (0.15)(10)0.10)
=145Nm

1
)
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3(b)i)

1. Normal contact force exerted by the ramp on the block
2. Friction exerted by the ramp on the block

3(b)ii)

Normal
contact force

When the ramp is tilted further, the anticlockwise moment produced by
the normal contact force exerted by the ramp on the block about point

X is greater than the clockwise moment produced by the weight of the
block about X. Hence the block topples.

(1]

4(a)

Elastic potential energy

(1]

4(b)

loss in e.p.e. = gain in k.e. + gain in g.p.e.
ep.e. atA = (50x10x0.30)+(-;—x50x8.02)
e.p.e.atA =1750J

(1]
conservation
of energy

(1]

4(c)

lossink.e.=gaining.pe.
%xSOXB.OZ =50x10xh
h=32m

[1]
Wl

4(d)

Since loss in k.e. = gain in g.p.e., the factor mass m cancels on both
sides of the equation, such that v2 = 2gh. Hence, £ only depends on v
and so the distance moved is the same.

[1] any
reasonable
answer

5(a)

The gas molecules collide with the walls of the cylinder and piston, and
exert an average force on the walls.

The average force per unit area exerted by the gas molecules on the
walls is the gas pressure.

{1
[1]

5(b)

As the temperature of the gas increases, the kinetic energy and average
speed of the gas molecules increase. Since the force of collision and
the rate of collision of the gas molecules with the walls of the cylinder
and piston increase, the gas pressure increases beyond atmospheric
pressure.

A net force is exerted by the gas molecules exerted on the piston,
causing the piston to move outward towards the right as the gas
expands. This results in a decrease in the number of gas molecules per
unit volume.

The rate of collision decreases and therefore the pressure of the gas
decreases until it reaches its original pressure before it was heated (i.e.
atmaspheric pressure).

(1

(1]
(1]

6(a)

The_particles in the medium vibrate in a direction that is parallel to the
direction of wave travel.

i1
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6(b)

P Q

|
{ ® LJ * |® [ 4

1cm

Pyl

]

6(c)

Distance from Qto R=6.0cm =0.060 m

Dist
Speed
~0.060

1500
—4.0x10° s

Time taken =

Or

Wavelength=2x6 =12 cm
_Z
T

0.12
1500 = —
v

v

T=80x10"s

Time taken = 712
= (8.0 x 105)/2
=40x10%s

11

6(d)

The particle will vibrate with a smaller amplitude and more slowly.

[

7(a)

N P
7

¢

’

vB

Rays correctly drawn with arrows and extended backwards with dotted

lines: [1]
Image correctly located, labelled and drawn with dotted lines: [1]

[2]

7(b)

The image is virtual, upright and magnified.

1
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8(a) The cloth transfers its electrons to the plastic rod during the rubbing [1]
process. Hence the plastic rod becomes negatively charged.
8(b) When the metal rod is held above the plastic rod, the negative
charges in the plastic rod will repel the electrons in the metal rod. 1]
These electrons will flow from the metal rod to the earth through the
hand, leaving behind the positive charges in the metal rod.
Therefore the metal rod will become positively charged. [1]
8(c) Attractive forces between the neqatively charged plastic rod and the
positively charged metal rod will result in an upward force exerted on
the plastic rod.
Hence the reading on the balance will decrease. [1]
9{a)(i) Resistance = 95 Q (1]
Accept resistance between 95 Q and 97 Q.
9{a)(ii) Current = 20 / {95 + 50)
=0.138 A 11
9(b) 50 205
50+R
R=150Q
From Fig. 9.2, when resistance of thermistor is 150 Q, its temperature [1]
is 13°C.
Hence temperature range is 13 °C and above. 11
9(c) The alarm bell wil be triggered at a temperature range greater or .
equal to 31 2C. ) [1]
Accept minimum temperature between 30 °C and 31 °C.
10(a) % [11
axle

south pole
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10(b}

The function of the split-ring commutator is to reverse the direction of
the current along side AB every half a revolution. This occurs whenever
the commutator changes contact from one brush to the other.

The force acting on AB will change to downwards, and this ensures that
the coil will always turn in one direction.

(1]

10(c)

As the coil turns, the moment decreases from its maximum value to

Zero.
This is because of a decrease in the perpendicular distance from the
axle to the line of action of the force.

11(a}

To step down the voltage.

11(b)

At high voltages, the current flowing through the transmission cables

will be smaller.
Hence, the power wasted in the fransmission cables will be reduced.

11(c)

The alternating current in the primary coil creates a changing magnetic

field through the soft iron core.
The secondary coil hence experiences a ¢change in magnetic flux and

so an e.m.f. is induced.

Section B: Structured Questions [30 marks]

Qn Solution Mark
12(a) £ x AO
AG_ a0 1]
£ &'
100-0_ #6-0
80 02 (]
g=-25°C
12(b){i} | heat supplied by heater = heat gained by copper container + heat [1] for heat
gained by liquid X supplied by
800x 300 =[0.80x 400x(75~(-2.5)) |+ 0.50xc x (75 - (-2.5 heater
[ ( ( )):I [ ( ( ))] [1] for heat
¢ ~5550 J kg™ °C™" gain by
copper
container &
liquid X
[1] answer
12(b)(ii} | Heat supplied by heater = heat gained by liquid X
800x 200 =0.20x/, [1]
I =8.0x10° J kg [1]
12(b)(iii) | All heat supplied by the heater is gained by the copper container and | [1]
liquid X. No heat is lost to the surroundings.
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12(c) The heat absorbed by liquid X is used to overcome the forces of | [1]
attraction and separate the particles further.
The internal potential increases but the internal kinetic energy remains | [1]
constant and so the temperature does not change.
13(a)(i) The velocity is zero. The gradient of the displacement-time graph at t is | [1]
zero, which shows that the velocity is zero.
13(a)(ii)
W =ma [1] free
a mg =ma body
a=g diagram
a=10 ms™ (shown)
[1] use of
weight W N2L
13(a)(jii) | gradient= —-10 [1] relate
40-0 gradient to
0—t -10 acceleration
t=0.40s [1] time
13(a)(iv) | distance moved upwards
= area under graph from0sto 0.4 s
= 0 x0.4%x4.0
2
=0.80 m 1]
H=1.0+0.80
H=18m (1]
13(b)(i) | As the ball falls, its velocily increases and air resistance acting on the
ball increases. The resuitant force acting on the ball decreases and so | [1]
its acceleration decreases. '
The weight of the ball and the air resistance acting on it cancel out at
some point of its motion. There is no resultant force acting on the ball | [1]
and it then falls with zero acceleration.
13(b)(ii} | At terminal velocity, maximum £, =W .

15

—X
1000
=0.18N

maximum F,, = 10

(1]
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14
EITHER
14(a)(i) - ’1
sinc
sini 1
sinr  sine
sin45° 1 [1
sin28° sinc
c=433° [
14{a)(ii} | When the light ray hits B, it is travelling from an optically denser
medium towards a less dense medium.
Since the angle of incidence at B is greater than the critical angle, the
light ray undergoes total internal reflection and does not emerge from | [1]
the prism at B.
14(a)(iii) | White light comprises light of different colours, each with a different
wavelength (or frequency).
Light with different wavelengths will travel at different speeds in the {1}
glass prism, so they will be refracted at different angles.
Hence light rays emerging from the prism will be dispersed into
different colours and emerge at different angles. [1]
14(a)(iv)
[2]
Refracted ray CD is parallel to AB and drawn with arrow, and
Reflected ray DE has same angle of reflection as the angle of
incidence and drawn with arrow: [1]
Refracted ray emerging at E is horizontal and drawn with arrow: [1]
14(b)(i) Overexposure to ultraviolet radiation can lead to skin cancer. [1]
14(b)(ii) | v=7A
3.0x10° = f(400x107°)
f=75%x10" Hz [1]
14(b)(iii} | X-rays or Gamma rays [1]
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14(a)(i)

V= (2.0)(9)
=18V

14{a)(ii)

P.d. across resistor =22 -18=40V
Current in resistor=4.0/3.0=1.33 A

14(a)iii)

Currentin lamp =2.0-1.33=0.67 A
Resistance of lamp = 4/0.67 =6.0 Q

14(a)(iv)

When switch S is opened, the potential difference across the lamp will
increase (by the potential divider principle).

2

v
The power dissipated by the lamp is thus greater (£, = ;mp ),

famp

Hence the brightness of the lamp increases.

(1]

14(b)(i)

Power = energy/time
3 508 x10° x 3600
 365x24x3600
=58.0W

M

14{b)(T)

Cost of using Fridge C for 8 years

|=697x0.29x 8 =$1617.04

Cost of using Fridge D for 8 ye’érs
=549 x0.29 x 8 = $1273.68

Hence Agnes should buy Fridge D.
Total cost saving over 8 years = 1617.04 — 1273.68 — 200 = $143.36 or
$143 (3 s.f)

]
M




