
or 8. (a) Electrons from the metal discharge ball move from left to right and down 
So that 0 is smaller and a will l>e larger. the conducting rod. 11 I 

This <S due to the force of repulsion from the negatively-charged metal 
(d) Any2: dome, which resulted in the electrons moving down to earth. (1 ] 

There is less signal loss in transmission through optical fibres than that The 2 mafRs are mdepen;JtJnt. 
through corwentional copper wires. 
Optical fibres can carry nore information than conventional copper (b) [ 1 l 
wires 
Transm1ss1on can take place faster. metal 
Signal can be transmitted over a longer distance. dome metal 
Lower energy loss during transmission. [ 2 J negatively _ diseharge 

charged ball 

6. Temperature difference 
_!2.x 100 belt 
25 
60 °C [1 l 

Temperature of liquid 100 - 60 
40°C [ I I -

7. (a) 2 x length of room 340x0.36 [ 1 l 9. (a) Taking moment about the pivot, 

ll!flgth of room ;; 61.2 m { 1] sum of dockw1se moment sum of a nti-ciockwise moment 
F x 0.4 6 x 1.5 [ 1 l 

(b) The wave will bounce off the things in the room such that many pulses F 22.5 N f 1 I 
of echo will be received. I 1 I (I) The anti-dockwise moment of the hsh about the pivot decreases (b) 

(c) Frequency of wave 340 (0.5) since the perpendicular distance decreases [0.5). 11 I 
0.01 

Thus. F' is smaller than Fas a smaller dockwise moment [0.5] is 

34000 Hz I 1 I 
required to overcome the smaller anti-dockwise moment (0.5]. [ 1) 

It is necessary to show frequency is 34000 Hz. (ii) Perpendicular distance 
Wave cannot be heard as it is above the audible frequency of human J(tsY-(o6f 
beings. l 1 I 1.37 m I 1 I 
The 2 marks are independent. 

sum of dod<.wise moment sum of anti-dockwise moment 
F' x 0.4 6 x 1.37 I 1 I 

F' 20.6 N [ 1 I 

10. (a) (i) The conductor will move upwards. [1 l 

{ii) The weight of the conductor Is greater than lhe force due to the 
magnetic field and current [ 1 l 

(i ii) Use stronger magnets, or 
Increase the current of the circuit, or 
Increase the current of the circuit by increasing lhe voltage of the 
circuit ! 1 I trendyline



(b) Place the south pole above the conductor and north pole below lhe 

Section 8 

11. (a) 

(b) 

(c} 

12. (a) 

conductor. [ 1 I 

(i) 

(ii) 

(i) 

(ii) 

(I) 

(ii) 

(I) 

Adjusting the resistance of the variable resistor to vary the 
current flowing in the circuit. 

When the current through the primary coil changes. the magnetic 
fied through the iron core will change in strength. 
The changing magnetic field w1ll 1nduce an e.m.f., which results in 
an induced current in the secondary coil. 
The 2 marks are independent. 

The magnetic field in coll I and II cancels each other out. 
This will result in no change in magnetic field cutting the 
secondary coil, which results 1n little or no current induced in the 
secondary coil, according to Faraday's Law. 
The 2 marks are independent. 

Change the coil orientation in either of the primary coil such that it 
will produce a south pole at 8 or 0 . 
or 
Remove one of the primary coils 
or 
Double the number of turns on one of the primary coils 

Transformer A 25 

300 
0.0833 or 1 : 12 
step-up 

Transformer B 300000 

240 
1 250 or 1250 : 1 
step-down 

450000 

300000 
1.5 A 

Power loss (1 :5)'(1000) 
= 2250W 

Height raise in 1 rev 2~(7x~o-') 
0.0220m 

[1 J 

[ 1 l 

[1) 

[1 J 

( 1 l 

[1] 

[0.5) 
(0.5] 

( 0.5) 
[ 0.5 J 

I 1 I 

[1) 

[1 J 

13. 

No. of revolutions 22 
002198 
100 

(ii) Speed 100 
5 

20 rev/s (ecf) 

(Ill) Useful power (o.sx1ox2.2) 
5 

2.2W 

(iv) Power input IOO x2 2 
72 

3.06W(ecf) 

(b) (I) Principle of conservation of energy states that energy cannot be 
created or destroyed but converted from one form to another. 
No half marl< to be given 

(ii) By conservation of energy, 

~(o.sXv)' (o.sx10X3 :s) 
v 8.37 mis 

(c) (i) Force required will be smaller [0.5) as the longer distance to the 
pivot requires less force to produce the same tu ming effect [0.5]. 
The 2 half marks are independent 

(ii) No effect on the force. 

(a) Resistance of LOR decreases with increased intensity of light. 

(b) 

Time/ min LOR resistance In 
p.d . across 

Current flow I A alarm/V 

1 I 15 7.2 0.48 I 

2 20 8.0 0.4 

3 30 9.0 0.3 

(c) The function of the rheostat is to adjust the sensitivity of the alarm. 
When the resistance of the rheostat increases, the resistance of the 
LDR has to be higher in order to trigger the alarm. 

[ 1 l 

[1] 

I 1 I 

[ 1 l 

[1] 

[ 1 l 
[ 1 l 

[1 J 

I 1 I 

[ 1 l 

[ 3] 

[ 1 l trendyline



13. 

or 
When the resistance of the rheostat increases, the intensity o' light will 
have to be lower in order to trigger the alarm. ( 1 ) 

(d) A minimum p.d. of 8 V across the LOR is required to activate the alarm. 
Max p.d. across rheostat 12 • 8 

_R_xl2 
R+150 

R 

4 v [ 1 J 

4 

750 

[1 ) 

(1) 

(e) The current will be too large, especially in situations when the intensity 

(a) 

(b) 

of light is high. [ 1 ) 

(I) Maximum height 

(II) Acceleration 

(I) 2 forces correct: 0.5 mark 
3 forces correct: 1 mark 
Ignore other forces. 

(ii) Upthrust - 400 • 650 

(Ill) 1056 - 400 ·tension 

.!.(2so+sox1s) 
2 
2480 m 

15 
100 
0.15 m/s2 

{40Xo.1s) 
1056 N 

0 
656 N 

(1 J 
[ 1 J 

[ 1 J 
( 1 I 

I 1 I 

(1 ) 
( 1 ) 

! 1 I 
I 1 I 

(c) Tension will increase (0.5) as it will need to balance the additional force 
(0.5] due to the wind. ( 1 ] trendyline
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Fig. 1a shows the scales of a pair of vernier calipers when its two jaws are 
fully closed. Fig. 1b shows the same scales when 1fil) pieces of vanguard 
sheets are placed between the two jaws which are tightly in touch with the 
stack of vanguard sheets. 

4 

1111_,11111 
10 

1111111 " I .. 
0 5 10 

Fig. 1a Fig.1b 

What is the thickness of one vanguard sheet? 

A 3.47 x 10·2 cm . 
B 3.54 x 10'2 cm 
C 3.57 x 10·2 cm 
0 3.61x10·2 cm 

A car travelling at 10 mis is found to have an oil leak. It is then braked 
uniformly to a stop after moving 15 m. From the point it braked, 31 oil 
marks are found on the road. 

What is the rate of the oil leak in drops per second? 

A 2 B 5 c 10 Wl 20 

Fig. 3 shows a trolley that starts rolling down a sloping smooth runway 
connected to a flat rough floor. 

Fig. 3 

Which of the following velocity-time graphs best illustrates the motion of the 
trolley? 

velocity velocity velocity velocity 

B c D 

482 
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An object of weight 12 .0 N is attached to one end of a rope and hung from 
a ceiling. The rope is pulled to one side by a horizontal force of 16.0 N. 

liZi!l~~~~ Ceiling 

Rope 

12.0 N 

What is the tension in the rope attached to the ceiling? 

A 14.0 N B 18.0 N C 20.0 N D 28.0 N 

A 4.0 kg wooden block is pulled along a horizontal ground from rest. and a -
force of 15 N is required to produce an acceleration of 2.0 m/s2

. The force is ~ 
then changed and produces a constant speed of 5.0 m/s on the wooden 
block on the same ground. What is the magnitude of the new force? 

A SO N B 7.0N C 8.0 N D 10.0 N 

The diagram below shows two solid cylinders made of two different 
materials. One cylinder has a diameter that is twice as big as the other. 
The height of both cylinders is the same. 

x 

~ 
If the weight for both cylinders is W, what is the ratio of the density of the 
larger cylinder to that of the smaller one? 

A 1 : 2 B 1 : 4 c 2: 1 D 4 : 1 

483 
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The diagram shows the brake pedal of a car. 

If a force of 800 N is applied at the pedal, what is the force F transmitted to 
the brakes? 

A 128N B 5000 N C 10 000 N D 32 000 N 

The diagram shows a balancing toy which consists of the aeroplanes and 
the weight pivoted on a stand. 

3&ropla.MS 

weight 

If slightly tilted, the toy does not turn over but returns to its original position 
instead. This is because 

A The centre of gravity of the toy is slightly below the pivot. 
B The centre of gravity of the toy is fixed exactly at the pivot. 
C The centre of gravity of the toy lies at the centre of the weight. 
D The centre of gravity of the toy moves between the aeroplanes. 

A block of mass 2 kg is at rest at a height of 5 m on an inclined plane. The 
length of the slope is 10 m. It is then allowed to slide down the inclined 
plane. 

2 kg 

I 5m 

W///////////#////////////////1 W//##////////.WAW##/#///////////////Q////////////~ 

When the block reaches the ground, it moves at a speed of 5 mis. What is 
the work done against friction on the inclined plane? 

A 25 J B 75 J c 100 J D 175 J 
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At the recent Youth Olympic Games, the performance data of four weight
lifters were recorded as shown below. Which weight-lifter generated the 
largest average power? 

ht-Lifter Wei ht lifted/N Hei ht liftedlm Time taken/s 

. 6:. 120 1.6 0.6 
8 140 1.8 0.8 
c 160 1.8 1.0 
D 200 1.6 1.2 

A column of liquid M floats on water in a manometer of uniform cross
section area. 

water 

If the density of water is 1000 kg/m3
, what 1s the density of liquid M? 

A 50 kg/m3 B 500 kg/m3 C 1000 kglm3 D 2000 kg/m3 

The pressure of 1 O m of water in a lake is equal to the atmospheric 
pressure of 76 cm Hg. An air bubble rises to the surface of the lake which 
is 20 m deep. The volume of the air bubble is 6 cm3 at the bottom of the 
lake. 

What is the volume of the air bubble at the top of the lake? 

A 2cm3 8 3cm3 C 12 cm3 D 18cm3 

Light waves change their wavelengths when traveling from one medium 
into another. In an experiment, a ray of red light of wavelength 7.0 x 10·7 m 
is incident from air into glass of refractive index of 1.50. What is the 
wavelength of the red light in the glass? 

A 2.0x10"8 m B 4.5x10·1 m C 4.7x10"7 m D 1.1x10"6 m 

485 

14 

15 

A ray of light travels from medium X, through air. and enters medium Y. 
The refractive index of medium X and medium Y is denoted as n, and n, 

respectively. 

x 
l 

~' 

Air 

y 

Which relationship correctly describe the magnitude of n,and n, ? 

A 1 > n ... > ny; 

8 n, > n,. > 1 

c:: n,, > n, > 1 

0 n, > 1 > n ,. 

A ray of light is incident on each of the 3 glass devices shown below. The 
critical angle of glass is 42°. 

centre 
(1) (2) (3) 

In which of the d1agram(s) is/are the path of the light ray correct? 

A (2) only. 
B (3) only. 
C (1) and (3) only. 
D (2) and (3) only. 

486 
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At a particular instant, a transverse wave of frequency 12.5 Hz 1s travelling 
to the right, as shown in the diagram below. At that instant, the 
displacement at point P is zero. 

~C~++t-~ 
~c-r-r-• ·"7~istance 

What 1s the shortest time elapsed before the displacement at point Q 
becomes zero? 

A 0.01 s B 0.02 s c 0.04 s D 0.08 s 

- - -----~----

The image of an object seen through a converging lens L is virtual, 
magnified and upright. The focal length of the lens is as shown In the 
diagram below. Positions B and D are both 1 focal length away from the 
optical centre. 

L 

A B c 

~ 
D 

focal local -
lerY;j1h leoglh 

In which of the following positions, A, B, C or D. should the object be 
placed? 

18 Fig. 18 shows the electromagnetic spectrum, with the blue end and red 
end of the visible spectrum marked. 

blue -----.. ---- red 

D 

visfble 

Fig. 18 

Which section of the spectrum has waves that can make water molecules 
vibrate vigorously? 

487 
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Joey stands 1n front of a large wall. She claps two pieces of wood together 
regularly at an interval of 0.8 s. She can hear the echo of the first clap 
when she makes the third clap. 

If the speed of sound in air is 340 mis, what is the distance between her 
and the wall? 

A 136m B 272 m C 408m D 544m 

Fig. 20 shows a model that demonstrates the behaviour of gas molecules. 
The steel balls which represent the gas molecules are made to bounce 
about in the glass tube by a vibrating piston. A small weight is placed on 
the movable disc to maintain equilibrhJm. 

Movable disc 

Steel ball 

j/ibrat ing piston 

Fig. 20 

The speed of the vibrating piston is now increased. State the effects this 
change has on the inter-particle distances of the steel balls and on the 
pressure exerted on the wall of the glass tube. 

Pressure I lnter-carticle distances 
A Increases I Increase 
~ Increases Remains constant 
c Remains constant - 1 Increase 
D Remains constant - I Decrease 

488 
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When a liquid evaporates, some of its molecules escape from the surface 
and the temperature of the liquid changes Which of the following describes 
the escaping molecules arid the change i11 temperature of the liquid? 

Escaping molecules 
A Low energy 
B Low energy 
C High energy_ 
O High energy ~ 

Temperature of the liquid 
Increases 
Decreases 
Increases 
Decreases , 

X, Y and Z are three identical metal cylinders standing on an insulating 
plate and are in contact as shown in the diagram below. A positively 
charged rod is held near X. What is the charge on each cylinder 1f Y is 
removed while the charged rod is held in place? 

..4- - ~ -

+++~ x y z 

I 
Positively 
charged rod 

Insulating plate 

x y z 
A - ' Neutral + 
B Neutral - + 

c - + + 
D - - + -

23 A circuit has a current of 0.32 A. Given that the charge of an electron is 
1.6 x 10-19 c, how many electrons will pass a fixed point in the circuit in 
1 second? 

A 1 x 1018 B 2 x 1018 :; 5 x 1018 D 5.12 x 1018 

489 
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The resistance of an electric iron is 200 0. What is the resistance of 
another electric iron if it has half the power rating for the same supply? 

A 500 B 100 0 c 2000 D 400 0 

A constant-voltage source 1s connected with an ammeter and three 
resistors as shown below. The circuit can be completed by a movable 
contact M. 

When M is connecled to X, the ammeter reads 0.6 A. M is then connected 
first to Y and then to Z, what are the ammeter readings? 

AtY AtZ 
A 0.2A 0.1 A 
8 0.3A 0.2A 
c 0.6A 0.6A 
D 1.2A 1.8A 

490 
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The diagram shows a potential divider circuit with two identical lamps. 

p 
Lamp 1 

x 
Lamp 2 

What happens to the brightness of the lamps as the contact X is placed at 
the point P of the potential divider? 

Lam 2 

A signal is applied to a cathode ray oscilloscope and the trace appears as 
shown in Fig. 27.1. 

Fig. 27.1 Fig. 27.2 

Which of the following adjustments could obtain a trace in Fig. 27.2? 

(1) 
(2) 
(3) 
(4) 

A (1)or(3) 
B (1) or(4) 
<;; (2) or(3) 
u (2) or(4) 

Double the setting of the time base. 
Halve the setting of the time base: 
Double the frequency of the input signal. 
Halve the frequency of the input signal. 

491 
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The following diagrams show different connections of a heater to a mains 
supply. Which connection is the most dangerous? 

LIVE Metal casing 
Metal casin 

Heating element Heating elemenl 

EARTH A B 

LIVE Metal ca sing 
LIVE Metal casin 

Healing element 

NEUTRAL NEUTRAL 

EARTH c 
EARTH 

D 

A 2 kW heater and a 1 kW fan is connected in parallel to a 240 V mains 
supply. Suggest a suitable rating for the main fuse in a household circuit 
that can be used to protect the heater and the fan. 

A 12 A B 12.5 A C. 13 A D 15A 

30 An uncalibrated mercury-inijlass thermometer is shown below. 

30mm 

T 

20mm 
,_ 
i -10°c 

i 
100°c 

120 mm 

What is the temperature when the tip of the mercury thread is at T ? 

A 1 °C 
B 10 °C 
c 11 °C 
D 23 °C 

492 
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The diagram below shows a thermocouple thermometer with the reference 
junction placed in an ice bath at o•c and the other junction A in steam at 
100°C the e.m.f measured is 6.0 mV. 

Cu 
Junction A ~\I 

I 

-k 

Fe 

Reier enc~ 
Junction 

1-t.; Ice bath 
...... .._ ... ",r.;;.,1 (0 'C) 

Junction A 1s now removed from the steam and is placed in a liquid bath at 
a constant temperature, with the reference junction remaining in the ice. 
The e.m.f measured is now -1.S mV. 

What is the temperature of the liquid? 

A -25 °C B 25 °C c 75 °C o 125 °C 
32 8000 J of energy is used to heat up a 4 kg copper block from 1 o0c to 1 s0c. 

33 

What are the heat capacity and the specific heat capacity of the copper 
block? 

Heat capacity I (J I K) Specific heat capacity I (JI (kg K)) 

A 400 400 

B 400 1600 

e 1600 - 400 , 

0 1600 - 1600 

A gas heater increases the temperature of 2.5 kg of water by 20 °c in 10. 
minutes. How long will it take for the same heater to cause the same 
temperature nse for 15 kg of oil if the specific heat capacity of water is 
twice that of oil? 

A 20 minutes B 30 minutes C 60 minutes D 120 minutes 

493 
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Four bars, all exactly the same size, are placed with one end 1n boiling 
water. The time taken for the temperature of the other end to increase by 
2°C are measured. 

Material of bar 
aluminium 

copper 
cork 
foam 

Time for 2 °C rise I s 
10 
5 

800 
1200 

To make a large metal tank for storage of hot water with the least heat 
loss, which materials should be used for the tank and its insulation? 

I Tank Insulation 
A Aluminium Cork 
B I Aluminium Foam . 
c I Cooper Cork -ts I Coooer Foam .... 

35 Two permanent magnets are placed parallel to each other on a flat 
horizontal surface. A plotting compass is placed on the spot as shown on 
the diagram. In which direction will the pointer of the plotting compass 
point? 

A -

B +-

c t 
0 ~ 

494 
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An iron rod is attracted to an electromagnet as shown_ The spring meter 1s 
firmly attached to the table and the iron rod pulls the spring meter by 
means of an inelastic thread. The iron rod can move towards and away 
from the coil XY on the rollers below it Neglect frictional force between the 
iron rod and the table. 

Inelastic thread 

Spring meter\ Iron rod 

I c:::==::J f:--Lj () () 

I I 

rheostat 

x y 

Which g raph below shows the variation of the rheostat reading with respect 
to the spring meter reading when the switch is closed? 

Rheostat reading I 0 

A 

Spring meter reading I N 

37 
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Fig. 37 shows the top view of three parallel wires. The movable wire P is 
placed near wires Q and R which are both fixed in position al equidistance 
from P. The three wires each carry current of 1 A flowing in the direction 
shown. 

In which direction will wire P move? 

B 

J A+-0- c 

Q® l 0 R 
D 

Fig. 37 

The figure below shows the structure of a moving-coil loud-speaker. The 
coil is free to move inside a cylindrical magnet. Fig. 38.1 shows the side 
view while Fig. 38.2 shows the front view of the loud-speaker. 

Side View Front View 

Fig. 38.1 Fig. 38.2 

From the direction of current, which statement is correct? 

A The coil rotates clockwise. 
B The coil moves anti-clockwise. 
C The coil moves forward. 
1' The coil moves backwards. 

495 496 
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Fig. 39.1 shows a magnet being pushed perpendicularly toward an iron coil 
which is connected to an axis with a rigid light plastic rod The axis can 
rotate freely about the stand. Fig. 39.2 shows the top view of the set-up. 

Stand 

s 
Fig. 39.1 Fig. 39.2 

Which of the statement is incorrect? 

A The axis rotates clockwise when the N-pole of the magnet is pushed 
toward the coil. 

B The axis rotates anticlockwise when the S-pole of the magnet is 
pushed toward the coil. 

C The speed of rotation of the axis increases with the speed of the 
magnet. 

O The speed of rotation increases when two iron coils are used instead 
of one. 

497 
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The diagrams show the relative motion between a magnet and a solenoid. 
A galvanometer is connected to the solenoid to show the presence of the 
induced current. 

Which diagram shows zero reading in the galvanometer? 

- ..... -
--~ ·~ ~ 1::-----~ • 1::-----·1 • 

A B - -·· ..--.o -
$~ ·~~ ~. 

~ 0 

498 
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Temasek P2 - Section A (SO marks) 
Answer all the questions in this section 

Tal<e gravitational field strength on Earth to be 10N/kg. 

A parachutist with mass 70 kg jumps from a hot air balloon which is 4000 m 
high. When he is 2000 m high, his falling speed is 60 mis At this height, he 
pulls open the parachute and lands with a speed of 4 m/s. 

(a) Calculate the change in the potential energy of the parachutist from the 
time he jumped out of the hot air balloon to the time just before he opened his 
parachute. 

Change in potential energy = .................. [1 J 

(b) (i) Calculate the work done against air resistance from the time he 
jumped out of the hot air balloon to the time just before he opened his 
parachute. 

Work done = . . . . . . . . . . . . .. . [3) 

(ii) Hence, calculate the air resistance acting on the parachutist. Assume 
the air resistance acts constantly. 

Air resistance = ............ ... [2] 

(c) Calculate the work done against air resistance in the last 2000 m of his 
fall. 

Work done = . . . . . . . . . . . . . . . [2) 

(d) Explain the difference between (b) (i) and (c). 

................................................................................................................. [2} 
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2 A uniform rod PQ of length 80.0 cm and weight 2.0 N is placed on the pivot as 
shown in Fig. 2 below. A spring balance is attached to the other end of the rod. 
A load of 8 O N is placed 20.0 cm from the spring balance. 

Spnng balance 

8.0 N 
Fig. 2 

(a) Calculate the reading on the spring balance in order for the rod to balance 
horizontally? 

Reading on spring balance = ............................ (2) 

(b) Determine the magnitude and direction of the force acting on the pivot. 

Magnitude = ......................... . 

Direction = . . . . . . . . . . . . . . . . . . . . . . . . . . . . [2) 

(c) If the 8.0 N weight is gradually moved along the rod towards Q , while the 
rod being kept horizontal, state and explain the change to the reading of 
the spnng balance. 

• ................................................................................................................. (2) 
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Fig. 3.1 shows a mercury manometer connected to a tank containing gas A, 
and Fig. 3.2 shows the same manometer connected to another tank containing 
gas B. 

Gas A Gase 

Fig. 3.1 Fig. 3.2 

(a) Given that the atmospheric pressure is 76 cm Hg, determine, in cm Hg, 
(i) the pressure of gas A. 

Pressure of gas A= ................ ......... [1 ] 

(ii) the pressure of gas B. 

Pressure of gas B = ......................... (1] 

(b) Tank A is connected to gas tank B by a U-shaped mercury manometer as 
shown in Fig. 3.3. Using your answer in (a)(i) and (a)(ii). draw the mercury 
level in each limb of the tube and indicate the difference in height between 
the two mercury levels. (1] 

Gas A Gas B 

Fig. 3.3 
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A small lamp L hangs above a marble floor, AB, as shown in Fig. 4. 

Plane mirr~~~ 

~ 
0 

L 

A Marble floor 8 

Fig. 4 

Draw two light rays from the lamp that are reflected onto the floor to show the 
range of reflection of light of the mirror. [2] 

Fig. 5 shows parallel rays of light incident on a thin diverging lens. The points 
labelled F show the principal focus on each side of the lens. [2] 

F F 

Fig. 5 

Complete Fig. 5 to show the light rays after they pass through the lens. 

6 Very large containers are used in some industrial processes and it is 
necessary to monitor the depth of liquid in the containers. This can be done 
using pulses of ultrasound. Fig. 6.1 shows a container and a device that emits 
and receives ultrasound. Some of the ultrasound emitted is reflected back from 
the surface of the liquid and no ultrasound is reflected from the walls of the 
container. 

Fig. 6.1 

502 

Ultrasound 
transmitter and 
receiver. trendyline
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(a) Why 1s ultrasound used for this purpose rather than ordinary sound? 

...•....•. .....................•...............................••.•.•..•.•..•.••.•...••........................... [1) 

(b) A pulse of ultrasound emitted is displayed on a cathode ray oscilloscope 
(CRO) screen as shown m Fig. 6.2. The renected pulse is also displayed 
on the screen. The time base of the CRO is set at 2 ms/cm. 

Fig. 6.2 

............. 
1 cm 

1 cm 

(i) Explain why the first pulse displayed on the CRO screen has greater 
amplitude than the second pulse. 

........................................................................................................... (1) 

(ii) Given that the speed of ultrasound through the liquid is 1500 mis, 
calculate the depth of the liquid. 

Depth of liquid= ............................ (1) 
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7 Fig. 7 illustrates a device, based on expansion of matter, designed to give an 
audible warning when the temperature inside the cylindrical tank nses to a 
particular value. The glass tube G, closed at one end, contains a sample of dry 
air enclosed by a mercury thread. There is a small gap between the two 
electrical contracts C which are sealed through the sides of the glass tube . 

( ====G=-M=e""rc"'dt'~ 
I =1: 

Tank l e 

Battery 

~Bell 

Fig. 7 

(a) Explain briefly what will occur as the temperature inside the tank nses until 
the warning is given. 

. ................................................................................................................. (3) 

(b) Using the kinetic theory of matter, explain why the volume of the air inside 
G changes much more than that of the mercury thread. 

. ................................................................................................................. (11 

(c) (i ) When the atmospheric pressure increases, what observation will be 
made about the position of the mercury thread? 

........................................................................................................... [1 ] 
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(ii) What effect will an increase in atmospheric pressure has on the 
temperature at which the warning is sounded? 

........................................................................................................... [1] 

8 Fig. 8 shows an electric circuit powered by a 12.0 V battery of negligible 
resistance. 

4.00 3.00 

Fig. 8 

Determine the ammeter and the voltmeter readings when 
(a) the switch S is open. 

Ammeter reading= ......................... (1) 

Voltmeter reading= ......................... [1) 

(b) the switch S is closed. 

Ammeter reading= ......................... [1] 

Voltmeter reading = ......................... [1] 
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9 Some pure ice placed in an insulated beaker is warmed up by a heater from a 
temperature of -2 °C. Fig. 9 shows how its temperature varies with time. 
Assume that the rate of heat supply is kept constant. 

Temperature I °C 

~ ----------------......... -- .. -. -- .... ·-- - --- - - . ·-· -.. 

0 A p B Time / s 

- 1_ -- .•• - ·-. - • - - - ------- - --- --- . - -·. - ••• -- --- - - - -- . -· -----·- ·-..••• 

-2 

Fig. 9 

(a) The temperature of the ice remains constant at O °C for some t ime, as 
shown from point A to point B in the graph, despite heat being continually 
supplied. 

State the changes to the physical property of ice and to the heat supplied 
that explain this observation . 

.................................................................................................................. (2) 

(b) State the content of the beaker at the time indicated by point P. 

. ................................................................................................................. [1) 

(c) Explain why the temperature rise from -2 °C to 0 °C is faster than that from 
0°C to 2 °C. 

.................................................................................................................. [1 J 
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Fig. 10.1 shows two horizontal plates X and Y connected to a source of high 
potential difference through a switch. The X plate has a small hole at its centre 
The Y plate is earthed. 

s 
x 

Fig. 10.1 

(a) On Fig. 10.1 , draw the electric field lines between the parallel plates. [1] 

(b) A negatively charged oil drop is introduced into the region between the 
plates through the small hole as shown in Fig. 10.2. 

s 
x 

Oil drop e 

y 

Fig. 10.2 

(i) By adjusting the source's potential difference, the oil drop is made to 
be stationary. 
Explain why the oil drop can remain stationary in air . 

........................ ................................................................................... [1] 

(ii) More batteries are added to the circuit to increase the source's 
potential difference. 
State and explain the observation that you would make about the oil 
d rop. 

........................................................................................................... (2) 

(iii) State what happens to the charge on the oil drop when 1\ makes 
contact with the Y plate. 

............... ......... ............................................................ ....................... [1] 

507 
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Fig. 11 shows the structure of a d.c. motor which uses the moment of the 
forces acting on the wires in the coil to tum. 

magnet ..... f-~ -;1 
't---1 J 
I 

11 -- j.-- ----' 
Fig. 11 

magnet 

(a) Explain how a current flowing 1n the coil produces a turning effect on the 
coil. 

.................................................................................................................. (3) 

(b) Explain why 
(i) the spht-nng commutators are used in the d.c. motor. 

. .......................................................................................................... [1) 

(ii) sometimes, the motor does not start when switched on . 

. .......................................................................................................... [1] 
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Section B 
Answer all the questions from this section. 

Question 14 has a choice of parts to answer. 

12 Fig. 12 shows an experimental set-up to find the specific heat capacity of liquid 
X. 0.25 kg of Liquid X at room temperature was kept in a glass cup and heated 
by an immersion heater which has a power of 30 W . 

immer~n 
healer 

liquidX----+-

Fig.12 

·-- -- ·lid 

The heater was switched on for 320 s and then switched off. The temperature 
variation of liquid X was recorded and plotted against time as shown below_ 

509 
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(a) After the heater was switched off, the temperature of liquid X continued to 
rise for a while before it started to fall. Explain why this was observed. 

. ......................... ..... .. ......... ........................................................................ [2] 

(b) Using data from the graph, calculate the specific heat capacity of liquid X. 
(Ignore any thermal energy lost to the surroundings). 

Specific heat capacity of liquid X= ...... ....... ............ [2] 

(c) Explain the term 'specific heat capacity of liquid X' using the value you 
have calculated in part (b). 

.................................................................................................................. [1 ] 

(d) State and explain one precaution you might take in order to reduce the 
thermal energy lost to the surroundings . 

.................................................................................................................. (2) 

(e) If the student carrying out the experiment forgot to cover the cup with the 
lid, state and explain whether the value obtained will be higher or lower 
than the value obtained in part (b) . 

................................................................................................................. [2] 

(f) Using the same axes shown in the graph on page 12, sketch a new graph 
to show how the temperature of liquid X would vary with time if the 
experiment is repeated using 0.50 kg of the liquid. [1) 

510 
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13 (a) Fig. 13.1 shows an ideal transformer 

240 v ! 
a.c. inputL 

Fig. 13.1 

(i) Explain how the transformer works. 

........................................................................................................... (3) 

(ii) The turns ratio of the transformer is 0.75. An a.c. voltage of 240 Vis 
input into the transformer, calculate the output voltage. 

Output voltage= ....................... (1] 

(iii) State one feature of the iron core that makes the transformer ideal. 

........................................................................................................... (1] 
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(b) The core of one transformer of the above type is cut in two as shown in 
Fig. 13.2 and used as part of a design for a water depth indicator. The 
bottom half of the core is fixed. The top half of the core is attached to a 
pivoted beam and is free to move. !3eam 

Fig. 13.2 

An experiment on the water depth indicator was carried out with the above 
set-up. An a.c. voltage is input into the transformer. The water depth was 
varied and the voltmeter reading was taken. The results were shown in the 
following table. 

Water depth I cm 5.1 5.0 4 .9 4.8 4.7 4.6 

Voltmeter reading I V 2.6 2.5 2.2 1.7 1.0 0.1 

(i) Explain why the voltmeter reading falls as the water depth decreases 

........................................................................................................... (3] 

(i i) The 0.1 V value is difficult to read reliably. State and explain one way 
in which a larger voltage could be obtained for the same water depth . 

........................................................................................................... [2] 
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14 Either 
A rocket of mass 105 kg was launched vertically into the sky from the ground. 
Some time later, a leak in the fuel tube leading to the rocket engine was 
detected. The leak significantly reduces the upward force exerted on the rocket 
by its engine. The rocket continued to ascend even after all its fuel had been 
used up. The rocket, after reaching the maximum height, then fell freely from 
the sky. Knowing that the launch was unsuccessful, the ground control 
destroyed the rocket in mid air using a pre-programmed explosive device. The 
motion of the rocket is represented by the velocity-time graph in Fig 14. 

Velocity I mis 

50 

401---+--t--,1!"--!--~--,.-;.--_,..-_,...___.,__+-_..._--+ 

~l---+---1"-!--+--+---"o.--;--....._-+---<;---+--+---. 

201--~----'---l---'--"..,._--I-_,_+-,__-+--+---+ 

10 .......,._..__,__,__.....__.___,_ +-.3i.--+-!---'---+---+ 

o 1t---+-1---_;___: __ _.._~_.__....__._ _ _ Time I min 

-10 I---+---'----'---+-~-+--".--+---+ 

-20 l---+--+--'--!---1----'-+---1--+-;...-..:>i..--+---l 

-30 I---+--+--+--+---'-.,._-'---+-'--+--+---+ 

401---+--+-'---'---i----'- +--'--+-!---'--+---+ 

~01--~----'---'---'----'-~-'----'--'---'---'---' 

Fig. 14 
(a) Calculate 

(I) the acceleration of the rocket before the fuel leak was discovered. 

Acceleration = ......................... (1) 

(ii) the initial lifting force of the rocket. 

Initial lifting force "' ......................... (2) 
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(b) Explain how and why the fuel leak affected the motion of the rocket. 

.................................................................................................................. (1) 

(c) Explain why the rocket continued to ascend even after all its fuel had been 
used up. 

................................................................................................ (2) 

(d) State the time at which he rocket reached the maximum height. 

.......................................................................... ......................... ............... (1) 

(e) Calculate the maximum height reached by the rocket. 

Maximum height "' ......................... (2) 

(f) Calculate the height from the ground at which the rocket was destroyed. 

Height from the ground= ......................... [1) 

514 
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OR 
Fig. 14.1 and Fig. 14.2 show respectively the side-view and front view of an 
optical fibre. The core 1s made of glass of refractive index 1.47 and the 
cladding is made of plastic of refractive index 1.45. Both refractive indices are 
measured at the room temperature. 

Cladding 

' 1---------+ Core 

l+ Cladding 

Fig. 14.1 

®-Cladding 

Core 

Fig. 14.2 

(a) Calculate the critical angle of the glass. 

Critcal angle = ......................... [2] 

(b) It 1s known that the refractive index of the cladding is related to its 
temperature. Fig. 14.3 shows how the refractive index of the cladding 
changes with the temperature. The refractive index of the core is given for 
comparison. 

Refractive Index 

~-------- Cladding 
\\ f Core 

- ) Temperature I •c 

-100-80-50 0 so 100 

Fig. 14.3 

(i) Fig. 14.4 and Fig. 14.5 show a ray of light entering the optical fibre at 
the room temperature and at -80 °C respectively. Complete the path 
of the light ray in each diagram to show what happens to the light ray 
upon hitting the core-cladding boundary inside the optical fibre. [2] 

At room temperature At - 80 °C 

Cladding 

' 
Cladding 

' ~,.._-------{+ Core 

Light ray t+ Cladding 

)~--------1+ Core 

Ltght ray L; Cladding 
Fig.14.4 Fig. 14.5 
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(ii) Explain why the light ray behaves differently at room temperature and 
at-80 'C. 

........................................................................................................... [2] 

(c) Optical fibres are used in medical field when 1t 1s necessary to look inside a 
pat1enrs stomach as shown in Fig. 14.6 A bundle of light fibres is used to 
pass light into the stomach. A second set of fibres collects the light 
reflected inside, and this allows the doctor to examine the intenor of the 
stomach as shown in Fig. 14.7. 

~ 
Viewing device 

( 

..... Light from strong 
source 

I 
Inside patient 

Fig. 14.6 Fig.1 4.7 

Give two reasons to explain why many thin fibres are used to make a 
bundle of light fibres instead of a few thick fibres. 

......................................................... ......................................................... [2] 

(d) State another application of optical fibres and one advantage of using 
optical fibres in such an application. 

.................................................................................................................. (21 
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Sec 4 Express Physics Prelim Exam 2010 

Marks Scheme 

Paper1 

1 C 11 B 21 
C 12 D 22 
D 13 C 23 

4 C 14 B 24 
5 B 15 C 25 
6 B 16 B 26 
7 B 17 C 27 
8 A 18 C 28 
9 B 19 B 29 
10 A 20 C 30 

Paper2 

Section A 

(a) Change in height= 2000 m
Change in potential energy
= 70 X 10 X 2000 = 1400000 J

(b) (i) KE at 2000m height
= 'h. mv2 = Y:. x70x602 = 126 000 J

Work done against air resistance 

D 

A 
B 
D 

A 
0 

A 
C 

C 

A 

= Change in potential energy - KE at 2000m height 
= 1400000-126000 
= 1274000 J 

QB. 

Total energy at hot air balloon 
= mgh = 70x1 Ox4000 = 2 800 000 J 

Total energy at 2000m height 
= mgh + 'h mv2 
= 70x1 Ox2000 + 0.5x70x602 

= 1 400 000 + 126 000 = 1 526 000 J 

Work done against air resistance 
= 2 800 000- 1 526 000 = 1 274 000 J 
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31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

1m 

1m for KE 
calculation 

A 
C 

B 
B 
B 
D 

C 

C 
B 
D 

1 m for method 

-

1 m for final answer. 

(ii) Work done = force x distance moved
1 27 4 000 = f X 2000

f = 637 N
Air resistance = 637 N

(c) Work done against air resistance
= 70x10x2000 + Y, x70x602 - Y, x70x42 

= 1 525 440J
= 1 500 000 J or 1. 5 x 106 J 

1 m for method 
1m for final answer. 

1 m for method 

1 m for final answer. 

(d) Air resistance increases, 1m 
Because of a larger area of contact of parachute with 1 m 
air.

2 (a) Taking moment about P,
For rod to be in equilibrium,
Total clockwise moment = Total anticlockwise moment

2x40 + 8x60 = Fx80 1 m 
F= 7N 1m 

(b) Total upward forces = total downward forces
7 + Fp = 2+8 

fp = 3 N downward 

(c) Reading of the spring balance increases.
As 8.0 N load moves towards Q, its clockwise moment
about P increases. Thus, the spring balance needs to
exert a larger upward force so as to create a larger 
anticlockwise moment to balance the now larger total
clockwise moment.

3 (a) Pressure at A = 76 cm Hg + 30 cm Hg = 1 06 cm Hg

(b) Pressure at A = 76 cm Hg - 1 O cm Hg = 66 cm Hg

(c) 

Gas A 
Gas B 

518 

1 m magnitude 
1 m direction 

1m 

1m 

1m 

1m 

1m 
The height 
difference between 
the two mercury 
levels must be 
clearly labeled. trendyline
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L' 

A p 
; 

! 
!.- Range of reflection of light 

[2m) 1 m for drawing 
each of the two light 
rays with equal 
incident and 
reflected angles. 

B 

_ ,J 

1 m for centre ray 
passing without 
bending. 

1 m for 2 light rays 
diverging outward 
from F. 

(a) Ultrasound has a distinct frequency and will not be 1 m 
confused (interfered) with any surrounding sound. 

(bl (i) Some of the sound energy is absorbed by liquid X 1 m 
and walls of the container. 
OR Some of the sound energy is converted to the KE of 
the molecules of liquid X and that of the molecules of 
the wall of the container. 
As the reflected sound has less energy . so its 
amplitude is smaller. 

(") 2d - 2d 
II v=- ~bOO= ~d=4.25m 

I 3x2x10-' 

519 

1m 

7 

8 

9 

10 
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(a) Volume of dry enclosed air increases. 1 m 
The mercury thread is pushed towards C. 
The mercury thread joins the contacts in C. The 1 m 
external circuit is closed, causing the current to flow 1 m 
and the bell to ring. 

(b) The intermolecular force (bond) between air particles is 
much weaker than that between mercury particles. 1m 
Hence, it is much easier for air particles to move further 
apart to occupy a bigger volume. 

(c) 

(a) 

(a) 

{l>) 
(c) 

{a) 

(b) 

(i ) The mercury thread moves towards the left. 

(ii ) Temperature needs to be higher in order for the 
warning sound to be activated. 

(i) Ammeter reading = ~ = __!2_ = I. 7 IA 
R 3+4 

Voltmeter reading = O V 

( 
.. ) I I I 
II --=-+--~ R, ,, = 2.40 

R, •. ,. , 3 9 + 3 •. • 

Ru>t•I = 2.4 + 4 = 6.40 

Ammeter reading = I = !:.. = E_ = I .88A 
R 6.4 

2.4 V,.,., = 
6

.
4

x12 = 4.SV 

Voltmeter reading= -
9

- x 4.5 = 3.3 75 "'3.38V 
3 + 9 

Ice changes from solid to liquid state I Ice melts. 
Heat supplied is changed to the potential energy 
between water molecules. 
A mixture of solid and liquid . 
Ice has a smaller specific heat capacity than water. 

Parallel electric field lines that are equally spaced out 
with arrows pointing downward. 

(i) The negatively charged drop is attracted to the 
plate X which has a higher potential. This upward force 
is equal to the weight of the oil drop that is acting 
downward. 
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1m 

1m 

1m 
1m 

1m 

1m 

1m 
1m 

1m 
1m 

1m 

1m trendyline



i- -
, 

I 
I 
I 
I 
I 

521 

(ii) Oil drop accelerates I moves upward. 1m 
The upward electric force is greater than the weight 1 m 
of the oil drop as the electric field is stronger. 

(iii) The charge will be discharged to the ground. 1 m 

11 (a) When current flows in the coil, a magnetic field is 1m 
formed around the coil. 

This magnetic field interacts with the magnetic field 1m 
between the two magnets to produce a downward force 
on AB and an upward force on CD, according to 
Fleming's Left-hand Rule. 

These two forces combine to produce a rotating effect 
on the coil. 

(b) (i) The split-ring commutators allow current in the coil to 
change direction after half a turn, so as to keep the coil 

1m 

rotating in the same direction. 1 m 

(ii) It does not rotate as the coil is in a vertical position. 
At this point, the current is cut off because the split
ring commutators are not in contact with the carbon 
brushes. 1m 

Section B 

12 (a) The liquid around the heater is at a higher temperature, [1] 
so there is still heat flow to the thermometer. 

As there is a distance between the heater and the 
thermometer, it takes some time for heat to reach the [1] 
thermometer 

(b) mce =Pt 
0.25 x c x 54 = 30 x 320 

c = 711 J/(kg °C) 
(1] 
[1 ] 

(c) 711 J of thermal energy (heat) is needed to increase [1] 
the temperature of 1kg of liquid X by 1 °C. 

(d) Cover the glass cup with a layer of insulation, so as (1] 
to reduce heat loss by conduction. (1] 

(e) Higher value of c. [1 ] 
Heat is lost by convection and evaporation, so the rise 
in the temperature of liquid X is smaller. [1] 
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(f) 
T !Mlperaturefc 

13 (a) (i)Vue to magnetic effect of electric current, a magnetic 
field is produced in the primary coil when current flows 

[1] 

through 1t . [1} 
Magnetic hnes of force from the primary coil are cut by 
the secondary coil. The soft iron core concentrates 
the magnetic lines of force inside it [1] 
As alternating current supply is used in the primary 
coil, it will create a continually changing magnetic field 
which will induce a current in the secondary coil. [1] 

(ii)Output voltage= o/. x 240 = 180 V 

(ii1l Laminated soft iron core. 

(b)(i) Depth decreases. wooden block in lowered. 
The top half of the iron core raises and the gap size 
between the top and bottom half of the iron core 
increases. 

The flux linkage will then decrease. I 
The efficiency of the transformer decreases. 

(ii) Increases supply voltage. 

Or: 

Same turns ratio, hence output voltage increases. I 
Output voltage is proportional to the input voltage. 

Reverse tum ratio I more secondary turns. 
Output voltage increases as the ratio of secondary 
voltage to input voltage is proportional to the turns 
ratio. 

[1] 

[1] 

[1] 

[1] 

[1] 

[1] 

[1] 

[1] 

[1] trendyline



14 (a)(i) Acceleration: 
a= (v-u)/t 
a= (20- 0) I (1x60) = 0.33 ms·2 

(ii) Initial lifting force= mg+ ma 
= 10°x 10 + 10°x 0.33 
=1.03x106 N 

(b) -The acceleration of the rocket decreases, 
-because the lifting force decreases. 

(c) At the moment the fuel had been used up, the rocket 

[1} 

[1] 
[1] 

[1] 

possess kinetic energy. (1] 
The air resistance causes it to continue to ascend with 
deceleration until its velocity decreases to zero. (1] 

(d) 9 minutes after launch. [1] 

(e) Maximum height reached 
= '/:zX20x(1x60) + 'hx(20+50)x(3x60) + 'hx50x(5x60) [1] 
= 14400 m [1] 

(f) Height of descent= 'h x 30 x (3x60) = 2700 m 

14 OR 

Height of the rocket when destroyed 
= 14400-2700 = 11700m 

(a) sin C = 1/ n 
sin C = 1/1 .47 

c =42.8° 

(b) (i) At room temperature 

Cladding 

, .. ·~"'''"' 
(ii) At -ao0c 

If the angle of incidence at the core-cladding 
boundary is smaller than 42.8°, 

"'"'~ 

[1] 

[1] 
[1] 

[1] 

[1] 

-----------·· •.. ----·------------ - --------· 

If the angle of incidence at the core-cladding 
boundary is greater than 42.8°, 

(ii i) At room temperature, the refractive index of the 
cladding is slightly less than that of the core. Total 
internal reflection occurs and the light ray is 

[1 ] 

transmitted in the core along the optical fibre. [1] 

At -80°C, the refractive index of the cladding is 
equal to that of the core. The cladding and the core 
are like a same medium, thus the light ray passes 
through them without bending. [1 ] 

(c ) -More rays of light can be transmitted into the stomach 
to make it brighter. (1] 

-If a few of the optical f ibres fail to work, the instrument 
can still be used with the remaining optical fibres. [1] 

(d) -Optical fibres are also used in telecommunication. [1] 

-A lot of information can be transmitted at the same 
time. 

[1] 
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