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1 Which order shows the units of energy in the conect order of increasing size?

A J ---+ kJ --+ mJ nJ ---+ UJ

B mJ ---+ nJ pJ kJ GJ

C MJ ---+ mJ -r J ---+ kJ GJ

D nJ .--' UJ ---+ mJ kJ ---+ MJ

A student measures the thickness of 20 sheets of metal with a micrometer.

The diagram shows the reading on the midometer.

15

10

What is the average thickness of one sheet of metal?

A 0.157 mm B 0.182 mm C 0.207 mm

2

D 0.357 mm

3 A student uses a ticker-timer to investigate the movement of a remote-controlled toy car.

ticker-timer remote-controlled
direction
of travel
-____>

paper tape toy car

The ticker{imer vibrates at 10 Hz as the paper tape is pulled through the ticker-timer by the
car and the diagram shows a section of the tape that was cut out to analyse its motion.

12 cm

What is the average speed of the toy car between the two markings P and Q?

A 17 cm/s B 15 crn/s C 9.6 cm/s D 8.4 cm/s

0

.aa aaP oo
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4 The graph shows how the displacement of a car changes with time.

displacement

S

Which row describes the car's motion for each five-second period?

The graph shows how the velocity of a particle moving along a straight line, changes with
time.

m

0

20

5

10

velocitu
mls -10

-20

time

246 14 S

What is the displacement of the particle at the end of '14 s?

A 180m B 20m G -20m D -100m

6 The diagram shows the resultant R of a 3.0 N and a 7.0 N force that act at a point P.

7.0 N
R

3.0 NP

0to5s 5 to 10 s 10to15s 15 to 20 s

A

B

c

D

at rest

at rest

at rest

at rest

decelerating

accelerating

accelerating

decelerating

uniform velocity

at rest

uniform velocity

at rest

10 12

PartnerlnLeaming
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time

The angle between the 3.0 N force and the 7.0 N force can be any value from 0" to 180".

Which value of R is not possible?

A 2.0N B 4.0N C 6.0N D 8.0N

irs10

uniform decelerationl

uniform velocity I

unitorm vetocity I

uniform velocity 
I
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7 A solid object, immersed in water, hangs from an elastic thread.

Three forces act on the object: its weight W, the tension in the thread I, and an upward force
F from the water.

thread

solid object
water 

-
Which equation is correct when the obiect is stationary?

A F+W=0
B F-r=0
C F-T-W=0
D F+T-W=o

I A man jumps vertically upwards by exerting a force of 750 N on the floor.

man

floor

I

750 N

The man has a mass of 60 kg and the gravitational field strength g is 10 N/kg.

What is the acceleration of the man as he just leaves the floor?

A - 2.5 m/s2 B 1.25 mls2 C 2.5 mlsz D 12.5 m/sz

An astronaut in a space station orbits the Earth.

When he places his camera at eye level and lets go of it, it stays at his eye level.

At the height at which he orbits, the earth's gravitational field strength is 5.0 N/kg.

Which statement conectly describes the siluation?

A The camera has mass and no weight.

B The camera has no weight and no mass.

C The camera has weight and mass.

D The camera has weight but no mass.

Pa n€dnLeaming
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10 The graph shows how the volume of a sample of solid X changes with temperature as it is
heated.

14

14.0

volume
cm3 13.5

13.0 temoerature
260 280 300 320 340 360 380

The mass of the sample of solid X is 160 g.

What is the density of the liquid X at 328 "C?

A 11.1 g/cm3 B 11.49/cm3 C 11.79/cm3 D 12.09/cm3

1',l Piston X is pushed into a hydraulic cylinder. Piston X produces a pressure P1 in the liquid in
the cylinder.

The diagram shows the cylinder viewed from above.

piston X

piston Z

liquid
piston Y

view from above

There are two other pistons, Y and Z, in the cylinder.

The pressures on piston Y and Z are Pv and Pz.

What is the r€lationship between Px, Pv and Pz?

A Px=Pv+Pz
B Px>Pv>Pz

C Px<Pv<Pz

D Px=Pv=Pz

II
=

-,I
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Blood pressure can be measured by using a mercury manometer.

Blood pressure varies by 5.5 kPa as a heart beats.

The density of mercury is 13600 kg/m3 and the gravitational field strength g is 10 N/kg.

What is the change in the height difference between the levels in the manometer during a
heartbeat?

A 40.4 mm B 80.9 mm C 404 mm D 809 mm

A uniform beam of length 100 cm is hinged at one end.

It is kept horizontal by applying a torce of 12 N as shown

80 cm cm

100 cm

c 14.4 N

hinge

uniform beam

D 19.2 N

12N

What is the weight !V of the beam?

A 7.2N B 9.6N

14 A man walks along a tightrope, carrying a long pole.

long pole

He carries the long pole to

A make it easier for him to keep his centre of gravity above the tightrope.

B raise his centre of gravity and make him more stable.

C reduce the pressure he exerts on the tightrope.

D spread out his weight.

PartnerlnLeaming
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15

16

17

18

A braking force F is applied on a car moving at a constant speed of 10 m/s. The car travelled
a distance of l0 m before coming to rest.

The car now travels at a constant speed of 30 m/s and the same braking force F is applied.

What is the distance travelled by the car before coming to rest?

A '17 m B 30m C 52m D 90m

A ryclist, of weight 800 N, takes '10 s to cycle 200 m at a constant speed along a road.

The road rises verticafly 1 .0 m for every 50 m measured along the road.

.l
200 m

Given that work done against friction by the cyclist is negligible, what is the average power
produced by the cyclist?

A 32W B 160W c 320w D 1600W

When a thermometer is calibrated, the fixed points are marked.

What are fixed points?

A all the marks on the temperature scale which cannot be removed

B all the marks of the temperature scale

C the lowest and highest temperatures shown on the thermometer

D two temperatures of known value which are easily reproduced

Air is trapped in a cylinder by a piston. The pressure of the air is P and the length of the
column of air is 10 cm.

The piston is moved outwards, and the length of the air mlumn increases by 20 cm.

The temperature of the air remains constant.

10 20 cm

trapped air

A P
2

P
?B

PartnerlnLeaming
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19 A substance can exist in three different states: solid, Iiquid or gas

Each of the two statements below describe a change in state.

change 1 Molecules move closer together but continue to travel throughout the
substance.

change 2 Molecules stop travelling throughoutthe substance andjustvibrate aboutfixed
positions

Which changes of state do these statements describe?

change 2

A

B

c

D

condensation

condensation

solidification

solidification

melting

solidification

condensation

melting

20 Solar panels are used to heat water with a mass of 5000 kg.

The total area of the solar panels is 10 m2 and the average power output from each square
metre of the panels is 300 W. The specific heat capacity of water is 4200 J/(kg "C).

Assuming that there is no thermal energy loss, what is the increase in the water temperature
after 8-0 hours?

a 41 'C B 5.1 'C c 4.1 "C D 0.69 "C

21 On a hot day, the drink in a bottle can be kept cool by standing the bottle in a bowl of water
and placing a wet cloth over it.

wet cloth
drink in bottle

water

The drink is kept cool because

A water evaporating from the wet cloth cools the drink in the bottle.

B the cloth prevents absorption of thermal energy from the suroundings

C the cloth conducts thermal energy away from the bottle into the water.

D cool air cannot escape from the bottle.

PartnerlnLeaming
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A wooden bar and a copper bar are joined together at one end with a piece of paper wrapped
tightly around the center as shown in the diagram.

wood copper
paper heat applied

Which side of the paper goes brown and what can we conclude about wood and copper?

ln deep water, water waves cause a small cork P to rise up and down through one complete
oscillation every 0.20 s, as shown in the diagram.

The water waves move into shallow water

P
2.0 cm

3.0 cm

Which of the following describes the wavelength, frequency and speed of the water waves as
they move ftom deep to shallow water?

brown side wood copper

A

B

c

D

copper

copper

wood

wood

good conductor of heat

insulator of heat

good conductor of heat

insulator of heat

insulator of heat

good conductor of heat

insulator of heat

good conductor of heat

wavelength frequency speed

A

B

c

D

decreases below 1.0 cm

decreases below 1 .5 cm

increases above 1.5 cm

increases above 3.0 cm

decreases below 5.0 cm/s

decreases below 7.5 cmi s

remains at 7.5 cm/s

remains at 15 cm/s

PartnerlnLeaming
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Heat is applied strongly at the paper and the paper goes brown on one side only.

I

I

I

remains at 5.0 Hz

remains at 5.0 Hz

decreases below 5.0 Hz

decreases below 5.0 Hz
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Which diagram shows the correct action of a converging lens on a light ray passing through
the lens?

A B

FFF F

c D

An object O is placed in front of a plane minor.

A person looks into the minor from position x.

Which diagram shows the paths of the light rays from object O to the person al x?

AB

D

FF FF

25

c
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The speed of light in a glass block is 1.8 x 108 m/s.

A student shines a beam of light through the glass block at different angles of incidence.

The angle of incidence o and the conesponding angle of refraction P are measured and a
graph of sin o against sin p is plotted.

B

Which graph is correct?

1.0 1.0

srn o stn g

0.5 0.5

sin P sin P

o

BA

00
0 0.5 1.0

c

0.5 't.0

0 0.5 1.0

D

stn o

1.0

0.5
stn o

'1.0

0.5

00
0

sin B sin P0 0.5 1.0

A sound wave offrequency 400 Hz travels through air with velocity of 320 m/s.

The frequency ofthe sound wave in air is doubled to 800 Hz.

Which row describes the 800 Hz sound wave?

velocitv
m/s

wavelenqth
m

A

B

c

D

320

320

MO

MO

0.40

2.50

0.80

1.25

PartnorlnLeaming
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28 A pulse of sound is produced at the bottom of a boat. The sound travels through the water
and is reflected ftom the seabed.

The sound reaches the boat again after 1.4 s.

The seabed is 800 m below the boat.

boat

800 m seabed

29 ln a test, four students linked the different types of electromagnetic waves on the left with the
order of magnitude of their wavelengths on the right.

Which student matched them all correctly?

AB

infra-red radiation 10ro infra-red radiation 10-10

ultraviolet rays ultraviolet rays 10-

visible light 10
-6

1o$visible light

X rays X rays 10

What is the speed of sound in the water?

A 286 m/s B 571 m/s

c
infra-red radiation 

- 
10ro

ultraviolet rays -8

G 1'140 m/s D 2290 m/s

D

infra-red radiation 
- 

10-10

ultraviolet rays 10-

visible light 104

10-

10

1o{

10

01

visible light

X rays

PartnerlnLeaming
113

X rays 10



BP- 1 14

30

31

32

The diagram shows isolated positive and negative point charges- These point charges are of
equal magnitude.

P, Q, R and the point charges X and Y are located on a single vertical plane

PO .R

Which statement best describes the electric field lines between th6 two point charges?

A The field lines are horizontal at P and horizontal at Q.

B The field lines are horizontal at P and vertical at R.

C The field lines are vertical at Q and horizontal at R.

D The field lines are vertical at R and horizontal at Q.

ln 3.0 s, 2.5 x 101e electrons pass through a resistor.

As the electrons pass, thermal energy is produced in the resistor at a rate of 4.0 W.

The charge on the electron is 1 .6 x 1ois C.

What is the potential difference across the resistor?

A 3.0V B 4.0V C 12V D 36V

X and Y are lamps with filament made of the same material.

The filament of lamp X has a cross sectional arca of 2A and a length of L. The filament of
lamp Y has a cross sectional area ol A and a length of 2L.

Each lamp is connected to the mains and switched on.

Which is the brighter lamp and which lamp has a filament of larger resistance?

u
o

brighter larger resistance

A

B

c

D

x

x

x

x

ParlnerlnLeaming
114

x@



BP- I l5

14

33 The diagram shows a circuit containing two identical resistors and two switches.

Switches Sr and Sz are closed.

Which row shows the changes in the readings of the two ammeters and the voltmeter?

34 The diagram shows a circuit comprising of three electrical components.

6.0 v

R

0.0 v

It is observed that when the temperature is low, the LED in the circuit lights up.

This is because in cold weather,

A the voltage of T increases while that of R decreases.

B the voltage of T decreases while that of R increases.

C the voltages of both T and R increase.

D the voltages of both T and R decrease.

T

reading on Ar reading on Az reading on voltmeter

A

B

c

D

decreases

increases

increases

increases

increases

increases

decreases

unchanged

increases

unchanged

increases

unchanged

Partn6rlnLeaming
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36

'15

An electrical cable contains three wires: live, neutral and earth.

The cable is conectly wired to a plug which coniains a 3 A fuse. The insulation becomes
damaged and bare metal wires show.

Five possible events can occur.

. A person touches the earth wire.

. A person touches the neutral wire.

. A person touches the live wire.

. The live wire touches the neutral wire.

. The live wire touches the earth wire.

How many of these five events cause the fuse in the plug to blow?

A one B two C three D four

The diagram shows a circuit with a wire connected to a battery through switch S.

The compasses X and Z arc placed above the wire and compass Y is placed below the wire.

compass X compass Y

switch S compass Z
rl

Which of the following diagrams show the conect orientation of the compass needles when
switch S is closed?

BA

Dc

----> <_

<-

PartnerlnLeaming
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There is an upward current in a vertical wire XY. This produces a magnetic field in the region
around XY.

Which diagram shows the pattem of the magnetic field lines produced by the cunent?

AB

38 An ideal transformer supplies power to a load

ln order to deliver a current of 2.0 A to the load, the primary coil draws a cunent of 0.10 A
from the 240 V mains.

/p = 0.10A /s = 2.0A

Vp=240Y Vs

Which row shows the correct set of values for the transformer?

Dc

X

tums in primary coil, Ne turns in se@ndary coil, Ns potential difference, V, / V

A

B

c

D

300

300

6000

6000

6000

6000

300

300

12

4800

12

4800

Par{nerlnLeaming
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39 A copper ring is placed next to a solenoid.

thread

R

copper ring
solenoid

At the moment the switch S is opened, the copper ring

A moves towards the coil-

B remains stationary.

C repels away from the coil.

D rolates momentarily.

The Y-input terminals of an oscilloscope are connected to a supply of peak value 15 V and of
frequency 50 Hz.

The time'base sefting is 10 ms per division and the Ygain at 5.0 V per division.

Which trace could be obtained?

AB

40

Dc

ii

I t"
\ I

'\
/

rl

Ir
I

:!
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1

Section A (50 marks)

Answer all questions in the spaces provided

Para-sailing is a leisure pursuit where a person is attached to a parachute and pulled over the sea
by a tow-rope.

parachute attached drag force, Fo
to person

tow-rope
tension
1400 N300

weight
720 N

PartnerlnLeaming
120

drag force, FD = .. ...t31

The tow-rope is attached to a motor boat as shown in Fig. '1.'1.

Fig. 1.1 Fig.1.2

(a) Fig. 1.2 shows the directions of the forces acting on a person when being pulled horizontally
across the sea at a constant speed.

The weight of the person is 720 N and the tension in the tow-rope is 1400 N.

Determine the drag force Fo acting on the person using a scale drawing.
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(b) The tow-rope is released at X and the path of the person with the parachute after the release
of the tow-rope is shown by the dashed line in Fig. 1.3.

8.0 m

Fig. 1.3

The speed of the person with the parachute is the fastest at X, at the moment the tow-rope is
released.

(0 Describe the energy changes from the moment the tow-rope is released at X until the
person reaches the surface of the sea at Y.

l2l

(ii) The vertical height between X and Y is 8.0 m and the speed of the person at X
is 12 m/s.

As the person moves from X to Y, 10 kJ of work is done against air resistance.

Determine the speed of the person at Y.

The gravitational field strength g is 10 N/kg.

speed at point Y = ........ t3l

(iii) A student suggests that the speed ofthe person at Y does not depend on his mass

Explain briefly whether the suggestion is conect.

X

PartnerlnLeaming
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2 A horizontal, uniform beam is balanced on supports P and Q of a stand when a weighted toy is
placed on the beam.

(a) Fig. 2.1 shows the forces acting on the horizonlal beam and the distances between these
forces when the weighted toy is placed on the beam and the beam is balanced on the stand.

beam
1.2 cmi 1.4cm i 2.6 cm

Gx G +

nd

Fig.2.1

(D State the pr'nc,p/e of moments.

Fig. 2.2a Fig.2.2b

l2l

(ii) The weight of the horizontal beam is 1.0 N and the weight of the weighted toy is 4.2 N.

Determine the forces Rp and Ro acting on the horizontal beam.

Rp=

Ro = .................. tsl

(b) Fig. 2.2a and Fig. 2.2b show the rest position of the weighted toy balanced on its beak and the
displaced position of the same toy respectively.

G is the position of the centre of gravity of the weighted toy.

By making reference to the centre of gravity, explain why the weighted toy returns to its rest
position when displaced and released.

a

Partn€rlnLeaming
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3 (a) Fig. 3.1 shows a mercury barometer used to measure atmospheric pressure on a particular
day and the scale alongside the barometer is marked in cm.

Fig.3.l Fig. 3.2 Fig. 3.3

Fig. 3.2 and Fig. 3.3 shows two other mercury barometers located next to that in Fig. 3.1.

(i) On Fig. 3.2, draw the level of mercury inside the tube after more mercury is poured into
the reservoir. tll

(ii) On Fig. 3.3, draw the level of mercury inside the tube after the tube is tilted from the
position shown in Fi9.3.2. t1l

(b) A student attempts to build his own barometer by lowering an inverted glass tube vertically into
a mercury bath at the same location.

Some air is trapped in the sealed end of the inverted glass tube

(D Explain why the reading obtained using his own barometer is lower from the actual
atmospheric pressure obtained using the mercury barometer in Fig. 3.1.

....t11

(ii) Suggest and explain using ideas about molecules, how the reading obtained using his
own barometer will change if the student pushes the inverted glass tube further into the
mercury bath.

90

80

70

60

50

10

90

80

70

60

50

40

3

2

10

90

80

70

60

50

40

30

20

10
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4 Light is incident on a glass prism, as shown in Fig. 4.1

light

30'

lass prisms

Fig.4.1

(a) The refractive index of the glass prism is 1 .5.

The ray of light enters the glass prism at point P and the angle of incidence at point P is 30'

Calculate the angle of refraction ofthe ray of light at point P.

angle of refraction = .............. l2l

(b) Another glass prism is used to allow light from the Sun into a room which is below ground
level, as shown in Fig 4.2.fhe prism is made using the same glass as the prism in Fig. 4.1.

X light

light from Sun
glass prism

30"

room

light from Sun

Flg.4.2 Fig. 4.3

The critical angle of the glass prism is 42'.

On Fig. 4.3, draw the path of the ray of light as it passes through side XY and emerges from
the prism into the room which is below ground level from side YZ I1l

z

PartnerlnLeaming
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5 A piece of metal foil is attached to a metal rod as shown in Fig. 5.1

Both metal foil and metal rod are initially uncharged.

metal rod

negatively
charged

plastic strip X

metal rod

metal foil
foil

Fig.5.1 Fig.5.2

A negatively charged plastic strip X is held close to the top of the metal rod. The metal foil moves
away from the metal rod as shown in Fig. 5.2.

(a) Explain why the metal foil moves away from the metal rod.

l2l

(b) Another strip Y is brought near the top of the metal rod. lt is held next to the negatively charged
plastic strip X without touching the plastic strip as shown in Fig. 5.3.

metal rod

negatively
charged

plastic strip X

strip Y metal foil

Fig. 5.3

The metal foil moves further away from the metal rod as shown

State and explain what can be deduced about strip Y.

PartnerlnLeaming
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Fig. 6.1 shows the li],/ characteristic graphs for a light-emitting diode (LED) and for a filament lamp.

The LED is a semiconductor diode that emits light.

cunent / mA

40

mp

ntial difference / V

4246

Fig.6.1

(a) Describe how the resistance of the LED changes as the potential difference increases from
zero.

l2l

(b) A student uses the lamp and the LED whose characteristics are as shown in Fig. 6.1.

He connects the lamp and the LED to a d.c. power supply. All three components are in parallel

The cunent in the LED is 20 mA.

Using Fig. 6.1, determine

1. the current through the power supply,

total cunent = .......

2. the effective resistance of the LED and the lamp in parallel.

t1I

effective resistance --........... .l2l

IU

0

PartnerlnLeaming
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7 Fig. 7.1 shows an apparatus that is used to measure the acceleration of a falling card

s

6.OV V

0v 0.0

pulse 1 pulse 2

il S

falli
6

4.8 kO

J

light beam

\
\

Fig.7.1 Fig.7.2

There is a square hole in the centre of the falling card. When the card blocks the light beam, no
light reaches the LDR (light-dependent resistor).

The variation of the potential difference y with time elapsed f after releasing the card is shown in
Fig.7 .2.

(a) Describe and explain the changes in the voltmeter reading as the card falls.

12)

(b) Determine the resistance of the LDR when the card blocks the light beam.

resistance of LDR = .........

(c) Explain briefly, the difference between pulse 1 and pulse 2 in Fig- 7.2.

l2l

T

I

PartnerlnLeaming
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A reed switch ls one type of switch for an electrical circuit

The reed switch contains two metal strips that are not in contact unless a magnet is close to them,
as shown in Fig. 8.1 .

glass envelope metal strips
glass envelope metal strips

to to
electrical

circuitcircuit
to

electrical
circuit

to
electrical

circuit

contacts open
magn

contacts closed

Fig. 8.1

(a) Explain why bringing the magnet close to the reed switch will cause the metal strips to come
into contact and close the reed switch.

l2l

(c) Suggest a modiflcation to the reed switch so that the reed switch would be normally closed
unless a magnet is brought close to it.

tzt

S

PartnerlnLeaming
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(b) Suggest why the metal strips will not lo8e contact when the magnet is removed if the strips
are made of steel.
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9 Fig. 9.1 shows a d.c. motor.

coil
A

11

m net

split-ring
comm utator

carbon brush

switch S

m

time

Fig.9.1

The coil is horizontal, as shown in Fig. 9.1

Fig. 9.2

(a) On Fig. 9.1, draw the forces that act on sides AB and CD of the coil when the switch S is
closed. t1l

(b) Explain why the coil tums when the switch is closed.

t2)

(c) Explain why the coil continues to turn in the same direction when it has tumed 180'.

l2l

(d) Fig. 9.2 shows how the moment acting on the coil changes with time.

Sketch, on Fig. 9.2, how the moment acting on the coil changes with time if the e.m.f. of the
battery is halved. t1]

rlrlrl
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Section B (30 marks)

Answer all the questions from this section.

Answer only one of the two alternative questions in Question 12.

10 A vertical-axis wind turbine (VAWT) that can be installed on top of buildings to generate electricity
using a renewable energy source.

(a) State what is meant by a renewable energy source.

....t11

(b) Fig. 10.1 shows the structure of a VAWT installed on a building.

direction of rotation
direction
of wind

------->

---->

wind blades

driving shaft

thermal
energy loss

soft iron
core

system
of nets thickness

of cable

to output terminals

Fig. 10.'l Fig. 10.2

The turbine consists offour blades which catches the wind and tums the driving shaft

A system of magnets connected to the end of the driving shaft, is placed within a sofl-iron core
wound with coils of wires. These coils of wires are connected to the output terminals leading
to the building.

Explain how the wind produces an altemating electromotive force (e-m.f.) across the output
terminals in Fig. 10.1.

0

lrlt]r
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(c) Fig. 10.2 shows how the loss of thermal energy from a transmission cable from the output
terminals to the building varies with the thickness of the cable.

Explain why the loss of thermal energy is less if the transmission cable is thicker

tzt

(d) Fig. 10.3 shows how the power output of asingleunitof the VAWT varies with wind speed.

Dower output

3.0

2.5

2.0

1.5

1.0

0.5

0 8.0 12.O 16.0
wind

m/s

Fig. 10.3 Table 10.1

The wind speed is recorded at one minute intervals, as shown in Table 10.1

(i) Use the data in Fig. '10.3 and Table 10.'l to estimate the total energy produced in the
ten minute interval by a single VAWT. Give your answer in joules.

time
min

wind speed
m/s

0 2.0

1 4.0

2 8.0

14.0

4 14.0

8.0

6 12.0

7 6.0

I 5.0

I 3.0

0.0 4.0

i
+

PartnarlnLeaming
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(iD Explain why your answer in (i) is only an estimate.

t11

(iii) Five VAWTs are installed on top of another building where the average wind speed
varies between 0 to 8.0 m/s daily.

The unit cost of electricity is 32 cents

Using the data in Fig. '10.3, calculate the estimated cost savings from the electricity
generated from the five VAWTs in a day.

cost savings = l2l

PaftnerlnLeaming
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(a) Fig. 11.'l shows ultrasound being used to detect a cyst, which is a sac may be filled with air,
fluids or other materials, in a human body.

ultrasound receiver
u sound source

fatty tissue

skin
ultrasound beam

ribs

Fig.'11.1

(i) Explain how the vibrations of the source produce waves of ultrasound

l2l

(ii) Suggest how these waves of ultrasound are transmitted through the body tissue to the
receiver.

t11

(iii) Ultrasound used in medicine has a frequency that is about 100 times higher than the
maximum frequency that can be heard by humans.

The speed of ultrasound in the human body is 1500 m/s.

Determine the wavelength of the ultrasound used in medicine.

cyst

PartnerlnLeaming
133

wavelength 12\

15

11 Ultrasound and X-rays are used to provide information about structures inside the human body.
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(b) The wavelength of X+ays used to detect fractures is roughly the size of an atom.

(i) Determine the ftequency of the X-rays.

State the value of any constant used.

frequency =

(iD Describe the effects on living cells and tissues when X-rays cause ionization.

I2l

t11

Pa(nerlnLeaming
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I2 EITHER

A standing steam iron uses hot steam to loosen the bonds of the fabric and reduces the appearance
of wrinkles and creases.

(a) Fig. 12.'l shows the standing steam iron connected to the mains supply.

energy used

(ii) Calculate the amount of energy used to produce the steam released.

Soecifications of standinq iron

Power: 2.0 kW

Operating voltage: 240 V

Capacity: 1 .5 litre

Heat-up time: 45 s

Thermal es of water

Specific heat capacity:

a.2 J I (s"c)

Specific latent heat of vaporisation:

2.3kJ lg

clothes ironing
plate

steam

pipe

water

indicator lamp

element

water
tank

wire to
mains
supply

n

Fig. 12.1 Table 12.1

Table 12.1 shows data relevant to the standing steam iron.

The appliance is filled with 1.5 litres of water at 32 'C. The mass of 1.0 litre of water is 1.0 kg.

The appliance is used until 80% of the waler has been tumed to steam and released through

the ironing plate.

(D Calculate the amount of energy used to raise the temperature of the water in the tank to

its boiling point.

l2l

PartnerlnLeaming
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(iii) Suggest a reason, other than thermal energy loss to the sunoundings, why the actual
amount of energy used is more than the calculated values in (axi) and (axii).

t1l

(b) To ensure that no damage or injury is caused, the standing steam iron has a 10 A fuse
connected to the live wire.

Explain why replacing the 10 A fuse with a 15 A fuse presents a risk of damage or danger

t11

(c) Fig. 12.2 shows some key design features of the watertank of the standing steam iron

white plastic casing
tank made of coppe

Fig. 12.2

(D Describe how all of the waler in the tank is heated up by the heating element.

....t21

(iD Explain how these key design features of the water tank help to reduce thermal energy
loss to the surroundings.

PartnerlnLeaming
136

l2l

heating element

I



BP-137

19

't2 ()R

(8) A stationary swimmer starts to swim by pushing off from one side of a swimming pool.

Fig. 12.3 shows the velocity-time graph of the swimme/s motion with four points indicated.

2.0

1.6

velocitv 1 .2
m/s

0.8

0.4

0.0
time

0 2 4 6 810 12 14 16'18 20 22242 S

Fig.12.3

(i) The mass of the swimmer is 80 kg and the resistive forces acting on him at between A
and B is 320 N.

Determine the force exerted by the swimmer on the water between A and B.

force exerted = .... t31

(iD The distance between A and D is 50 m. The displacement of the swimmer is zero at
point A.

On Fig. 12.4, sketch the displacement-time graph for the motion. t31

di nt
m

40

30

20

'10

time
0 2 4 6 8'10 12 14 16 182022 24

Fig. 12.4

0
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(b) The swimmer reaches the wall at the other end of the swimming pool and tums around under
the water.

Fig. 12.5 shows the swimmer immediately after turning around.

water surface

end wall

Fig. 12.5

(D The swimmer pushes against the end wall of the swimming pool with his legs.

Explain, in terms of Newton's law(s), why the swimmer accelerates away from the end
wall.

(ii) While swimming, there is a constant forward force on the swimmer.

His velocity increases until eventually he reaches a constant velocity.

Explain, in terms of forces, why he reaches a constant velocity.

...t2t

. END OF PAPER.
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(i0 Taking moments about Q,

1.0x2.6cm +4.2x(1.4 +2.6)cm =Rpx(1.2 + 1.4 + 2.6) cm IM1I

Rp=3.730769231 =3.7N IA11

Total upward force = total downward force

Rp+Ro=4.2+1.0

Ro = '1.469230769 = 1.5 N or tAll
Taking moments about P,

1.0 x2.6 c{n + 4.2 x (1.2 + 1.4) = Ro x (1.2 + 1.4 + 2.6)

Ro = 1.469230769 = 1.5 N

(b) Vvhen the toy is displaced, its centre of oravitv is disolaced upward and to the right and the

weioht now has a tumino effect about the oivot f1].

The moment of the weiqht about the oivot would cause the tov to turn clockwise and return to

its rest position t1l

3 (a)

Fis. 3.1 Fig. 3.3

(i)

(ii)

(b) (i)

Bl for h = 75 cm (at 90 cm mark on metre rule)

81 for h = 75 cm (at 90 cm mark on meter rule, horizontal line)

The trapped air exerts a pressure on the column of mercu ry in the inverted glass tube,

causing the level of mercury in the tube to be lower. (or equivalent) [1]

(ii) The readinq obtained using his own barometer will become lower. [1]

When the student pushes the inverted glass tube further into the mercury bath, the

volume of trapped air becomes smaller and the number of molecules per unit volume

increases. [1] The freouencv of collisions between the molecules and the walls of the

glass tube and mercury increases, causang the oressure of the trapoed air to increase

and the level of mercury in the glass tube to become lower. [1]

2
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4 (a) n=sini/sinr
1.5=sin30/sinr

r= sinr (sin 30'/ 1.5)

= 19.47122063 * 19 "

(b)

tM11

tAll

X light

light from Sun
glass prism

30"

room

light from Sun Z

Fig.5.2

Bl for TIR at )<Z and conect bending at XY and YZ

Fig. 5.3

5 (a) Electrons in the metal foil and rod are reoelled awav by the negative charges on the plastic

stnp, leaving the sides nearer to the strip oositivelv charoed and the sides furthest from the

strip neqativelv charqed. [1]

The reoulsion between like charaes on the furthest end of the rod and foil causes the metal

foil to move away from the metal rod. [1]

(b) Strip Y is neqativelv charoed. [1] Since the metal foil moves further away from the metal rod,

the reoulsion between like charoes on the furthest end of the rod and foil is stronoer when

strip Y is brought close so strip Y must be charqed neqativelv like strip X [1]

6 (a) As the potential difference (p.d) increases from zero to 2.0 V, resistance of LED remains

undefi ned/infi nitely larqe (since current through LED remains at 0 A). [1]

As the p.d. increases from 2.0 V to 4.2 V, resistance of LED decreases as current increases

(since ratio of V to I decreases). [1] or

As the p.d increases from 2.0 V to 3.0 V, resistance of LED decreases (since ratio of V to I

decreases). As the p.d increases from 3.0 V to 4.2 V, resistance of LED remains constant

(since ratio of V to I remains constant). ['1]

(b) 1. Cunent through power supply = 20 + 40

=60mA
2. Reff =V/l

= 3.4 / (60 x 10-3)

= 56.66666...57 O

lAll

tMll

tAll

3
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't42

BP-142



BP- 143

2022 Sec 4 Express Preliminary Examinations Answers

7 (a) When the card falls but does not block the liqht the resistance R of the LDR remains constant

and the ootential difference Ya the LDR remains at 0.60 V t1l

As the card mntinues falling, whenever the liaht is blocked bv the card. the resistance R of

the LDR increases and potential difference y across the LDR increases from 0.60 V to 5.0 V

since Trpp = : ""ll;:: x 6 ['l] or equivalent
RrDR+4000

(b) y=/ R@" )xe.o
\Rr,on+4800.,'

Rme tMll
5.0 = x 6.0

,DR + 4800

V = 24000 A IA1]

(c) Pulse 2 has a shorter duration than pulse 1. As the card falls, it accelerates and falls at faster

soeed so the time that the light is blocked by the upper part of the card of the same length

would become shorter. [1]

(a) When the magnet is brought close to the reed switch, the metal strips become induced

maonets such that the side closer to the magnet is a South pole and the side further from the

bar magnet is a North pole- [1J

Attraction between unlike ooles induced on the two metal strips causes the metal strips to

come in contact and close the reed switch.

(b) Steel does not lose its maonetism easilv/ retains its maonetism. [1]

The metal strips made of steel would retain its magnetism and the sides of the meial strios

facinq each other will still attract each other and not lose contact even when the bar maqnet

is removed since unlike ooles attract. ll
(c) lnstall/Place a bar magnet on the glass envelope. [1]

9 (a) B1 for both arrows in conect direction (see Fig. 9.1)

(b) rhe combined maonetic flelds due to the nets and the current in the coil ABCD results in

I

AB exoeriencino a downward force and CD exoeriencin o anuoward force by Fleming's Left

Hand Rule. [1].

Both forces oroduce anti-clockwise moments about the centre of the coil and as a result, the

coil C in an anti-clockwise di . t11

such that both forces oroduce anti-cl e moments

will continue to rotate in the same direction. [1]

4

PartnerlnLeaming
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about the centre of the coil and the coil

(c) When the coit has turned 180', the split-ring commutator reverses the cunent in the coil (i.e.

from ABCD to DCBA). [11

According to Fleming's Left Hand Rule, the direction of force ad
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(d) B1 for conect graph with amplitude and frequency halved (period doubled) (see Fig. 9.2)

net moment

split-ring
commu tator

carbon brush

cor

switch S

L

A

rlrlrl
0 time

Fig.9.{ Fig. 9.2

Paper 2 Section B [30 marks]

A renewable source of energy is a source of energy that can be replenished / replaced /
renewed. [11

(b) The wind tums the turbine/drivino shafi and the svstem of mao nets as the blades catch the

wind. [1]

As the driving wheel turns and the system of mag nets rotate such that the N-Dole is movin

'10 (a)

q

from the position shown out of the olane of the paper (or movinq in one direction), the chanoe

in the maqnetic fleld lines cuttino the coil induces an e.m.f in one direction . t1l
When the system of magnets continues to rotate such the N-oole is now no into the olane

direction th ch tn etic field lines n

the coil induces an e.m.f in the opposite direction. [1]

(c) When the transmission cable is thicker, the cross-sectional area A of the cable is laroer. [1]
This results in the thicker transmission cable of the same length having a lower istance

(since n = f) and the loss of thermal energy would be lesser for the same cunent oiven that

Pr"*-:l&[1]

BP-144
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(d) (i)
time /min wind speed /m s-1 power / kW energy / J

2.0 0.5 x 1000 x 60
4.0 '1.5 'l .5 x 1000 x 60

2 8.0 3.0 3.0 x 1000 x 60
J 14.O 2.s 2.5 x 1000 x 60

14.0 2.5 2.5 x 1000 x 60
8.0 3.0 3.0x1000x60
12.0 2.7
6.0 2.5 2.5 x 1000 x 60

I 5.0 2.0 2.0x1000x60
I 3.0 1.0 1.0x1000x60

total energy 1272000 J

", 1.3 x 106 J

1m for obtaining conect values of power from graph based on table.

1m for calculating correct values of energy per second (their P x 1000 x 60)

1m for calculating correct total energy

0D The wind speed may not be constant throughout the one-minute interval following the

measurement. The power output will not be constant as a result of the different wind

speed so the calculation of the total energy is only an estimate.

(iii) Average power = 1.5 kW

Total energy = 5 x '1.5 kW x 24 h

=180 kwh tMll
Cost savings = 180 x 32

= 5760 cents or $57.60 tAll

11 (a) (i) Vibrations of the source causes the I rs of oarticles aroundlnext to the source lqbC

disolaced. [1]

These layers of particles which are displaced, vibrates parallel to the direction of travel

of the ultrasound beam (at frequencies higher than 20 kHz) . formino alternatino reoions

of comDression and rarefactions and produce waves of ultrasound. [1]

(ii) These waves of ultrasound are transmitted from the source as lonoitudinal waves that

are reflected off structures (such as the cyst) in the body and through the body tissue to

( iii)

the receiver. [1]

v=fA

1596 = (100 x 20 000) I
rl=7.5x10{m

v=f
3.0x108=f(1O10/1011)

f = 3.0 x 1017 or 3.0 x 1Ors Hz

b

lMll
tAll

tMll

lAll

(b) (i)

PartnerlnLeaming
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(iD lonising radiation absorbed by human tissues may result in damage to proteins, nucleic

acids and other vital molecules found in cells. [1] or

lonising radiation may also cause damage to chromosomes and an abnormal pattern of

cell division possibly leading to cancers such as leukaemia [1]

12 EITHER

Energy to raise temperature Qr = mcLg

= (1.5 x '1000) x 4.2 x (100 - 32) [M1]
= 428 400 = 430 000 J tAll

Energy to produce steam Qz = ml"

= (80/100 x 1 .5 x 1000) x 2.3 x 1000 IMll
= 2 760 000 = 2 800 000 J lAll

The heat capacitv of the apoliance was not included/mnsiderod in the calq;lated values

in (axi) and (axli). I1l
(b) The appliance has a working/operating current of 8.3 A. A fuse rating of 15 A is much hioher

than the workino cu rrent so the fuse mav not me It when there is excessive cunent. and the

appliance mav overheat and be damaged. [1]

(c) (i) The water near the heatinq element qets heated uo. exoands. become less dense and

(a) {i)

(iD

(ilD

rises while the cooler water sinks/gets displaced downwards and oets hea , in turn

[1 for description of density changes] This sets uo a convection cu rrent in the water and

all the water inside the tank gets heated up by convection. [1]

( ii) Plastic is a ooor cond ctor of thermal enerov so thermal enerov transfer from water

through the copper tank to the plaslic casing to the surroundings bv con ction is

reduced. [11 White is a r emitter radiant heat so thermal en transfer from theof

water tank to the surroundings bv radiation is reduced. [1]

12 0R

(a) (l)

(iD

s=(v-u)lt
= (1-2_0) t2
= 0.60 m/s2

Fnet = ma

F -32A = 80 x 0.60

F=368=370N

1 m for each section of motion (see Fig. 12.4)

AB - curve with increasing gradient (from (0,0) to (2,1.2)

BC - curve with decreasing gradient (ftom (2,1.2) to (6,10)

7

lMll

tMll

lAll
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(a) MMO
ho measured to nearest 'l mm with unit

(b) MMO
h, measured to nearest 1 mm with unit

(c) ACE
correct calculation of m and values within 10%

(d) AcE
correct calculation of f and values within 10%

PDO
fto 3 sf

(e) P

conect constant variable (lens, distance from lens to eye) and conect independent
variable (distance from card to lens, u)
Keeping key variables constant,
varies independent vadable, u and measures hr to determine mnesponding m
plots suitable graph: graph of u against m
conect sketch of graph given conect relationship

MMO: 2, ACE: 2, PDO:'1, P:5

MMO
L measured lo nearest 0.1 cm with units
MMO
Ilianoa.d m€aSUrod to 0.01 A with unit
Yr measured to 0.05 V with unit

(b) MMO
Vr and Vz measured to 0.05 V with units and correct trend between Vt and Vz

(c) (i) AcE
Rr calculated conectly with units and Rr within 10%
PDO
Rrto3sf

(ii) AcE
R2 calculated conectly with units and Rz within 10%
PDO
Rzto3sf

(d) AcE
any one from to explain difference between Rr and Rz:
Kinks in wire causes x and L to be inaccurate
Wire heats up after some time, affects values of , and y

MMO:4, ACE:4, PDO:2

s (a) (i)

2 (al (i)

(ii)

(ii)

1

5

1

2

1

2

1

1

1

1

1

1

2

MMO
L measured to nearest 0.1 cm with units
d measures to nearest 0.1 cm with units
MUO
/measured to nearest 0.1 cm with units
ACE
correct calculation of x to 0.1 cm with conect units

s

(iiD

PartnerlnLeaming
144
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ACE
mnect calculation ol F to 2 sf with conect units

MMO
5 sets of data (including 0 g) with conect trend
PDO
table with quantities with conect units
PDO
m to nearest 100 g

PDO
L, d measured to nearest 0.1 cm with units

ACE
correct calculation of x to 1 dp
ACE
conect calculation of F to 2/3 sf
(0 PDo

axes labelled with units and conect orientation
PDO
suitable scale with plotted data occupying more than half the page in both

directions
PDO
all points plotted conectly (points must be less than half a small square from

correct position)

PDO
best ftt straight line and small crosses

(i0 AcE
Conect calculation of gradient and use of a gradient triangle spanning more

than half of the drawn line
ACE
corect calculation to 2f3 sf and conect units

,rCE
any sensible explanation about why masses greater than 400 g is not used

MMO
any sensible source of enor with clear indication of reading affected

MMO
any sensible suggestion to improve accuracy
ACE:7, PDO:7

1

(b)

(c)

(d)

(e)

(0

MMO:6,

1

1

1

1

1

1

1

1

1

1

I

1

1

1

1

MMO: 12 (30%) ACE: 13 (32.5 yol PDO: 10 (25'/.1 P: 5 (12.5o/ol
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