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Section A
Answer all the questions in this section.

A rubber ball is dropped freely from a height of 20 m. The ball hits the ground at time t and rebounds
vertically upwards with half its maximum velocity. The maximum velocity of the ball just before it hits
the ground for the first time is V.

(@) Inthe axes below, sketch the velocity-time graph of the ball from the point of release to  [2]
the time when it has rebounded to its new maximum height. (Ignore air resistance)

Velocity / ms-
A

» Time/s

(b) Using information from the graph, determine the velocity of the ball just before it hits the
ground for the first time.

velocity = ... [2]

(c) Find the displacement of the ball after it has rebounded to its maximum height.

displacement = ..............ocii [2]

(d) State the change in velocity of the ball during its rebound.

change in velocity = ........ccoiiiiii, 1



2 Fig. 2.1 shows three cylinders X, Y and Z are supported by three ropes that passes through ring R.

pulley
pulley \

Ring R is in equilibrium under the action of three forces F, F, and F..

Draw a vector diagram to find F, and angle 6.



A uniform rod AB of length 3 m weighs 10 N. It is suspended by two identical strings
at points X and Y as shown in Fig. 3.1. Ty and T: are the tension in the strings.

|

String String
T 4 23 m T2
0.2m 1.6m 0.5m
< o > l———»
A | B
X | Y
P
20N |
40 N
Fig. 3.1

Two weights, 20 N and P, are hung from the rod at point A and 1.6 m from X
respectively.

(@) Draw the weight of the rod in Fig. 3.1 and label it W.
Indicate clearly its distance from point A.

(b) Determine T, the tension of the string at Y.

(c) Hence, or otherwise, determine Ty, the tension of the string at X.

(1]



4 A small jet plane which can carry six people is shown in Fig. 4.1.

Fig. 4.1

The mass of the fully-loaded jet plane is 2560 kg. It is initially at rest. When the jet plane is
taking off, the two jet engines can exert a total thrust force of 8000 N and the friction between
the wheels and the ground is 340 N. Both forces remain constant at these values during take-
off.

(@) Calculate the acceleration of the plane as it starts to move.

acceleration = ... [2]

(b) Explain what happens to this acceleration as the jet plane speeds up.

(¢) The average acceleration during take-off is 2.2 m/s2.

(i) Calculate the time that the jet plane will take to reach a take-off speed of 55 m/s.

(ii) Determine the minimum length of the runway that is required for the jet plane to
take off.

minimum length = ... 2]



(d) Suggest why the wheels of the jet plane are folded into the body of the jet plane after
take-off.

Fig. 5.1 below shows a long vertical glass tube with one end immersed in mercury and
the other connected to a vacuum pump at A. The tube fits tightly into a bell jar. With an
opening at B and all air in the glass tube pumped out via A, the mercury rises to a
maximum height of 76.0 cm above the dish.

A
‘—

to vacuum pump ’N

4 glass tube
‘_

:[: I 100 cm long

76.0 cm

A

mercury

Fig. 5.1
(@) Explain why the mercury only can rise to a maximum height of 76.0 cm.

(b) If the density of mercury is 13600 kg/m?, calculate the pressure at Y in pascals.

Pressure = ...t

(1]



(c) A container of air initially at atmospheric pressure is connected to B and heated over a
flame as shown in Fig. 5.2.

A
‘_
to vacuum pump

—
container
76.0 cm
B
—_—— Y 1
& I_I‘XJ l l I

mercury  flame
Fig. 5.2

Using kinetic theory of matter, explain whether the height of mercury column rises, falls
or remains the same.

John conducts an experiment to determine the specific latent heat of vaporisation of water.

He places an immersion heater fully immersed in water in an open steel container. The voltage
across the immersion heater is 240 V and the current which passes through the heating
elementis 1.6 A. John measures the mass of water after steady boiling is achieved, and again
after another 8 minutes. He discovers that the mass of water in the container decreases by
0.075 kg during the 8 minutes.

(@) Calculate the specific latent heat of vaporisation of water.

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



(b)

(c)

Is the value calculated in (a) higher than the actual specific latent heat of vaporization
of water? Explain why.

John’s friend Ali comments that it is better to use a vacuum flask to contain water rather
than a steel container. Explain why this is so.

A collector views a postage stamp of height 1.5 cm through a lens. The lens is 2.0 cm from
the stamp and the ratio of height of image to height of object is 3.0.

(a)

(b)

In Fig. 7.1, complete the full scale ray diagram to determine the image of the stamp
position of the lens

image viewed
from this side of
the lens

ray A

Fig. 7.1 2.0em

State what is meant by a virtual image.

[3]



(c)

(d)

(a)

Use your drawing to determine the focal length of the lens.

focallength= ..., [1]

On Fig. 7.1, complete the path of ray A after passing through the lens. 1

An acetate rod held in the hand may be charged positively by rubbing it with a cloth, but
a copper rod held in the hand cannot be charged this way.

(i) Explain how the acetate rod acquires positive charges when rub with a cloth.

(if) Explain why a copper rod held in a hand cannot acquire charges by rubbing with
a cloth.



10
(b) Fig. 8.1 shows a light positively charged acetate rod hung freely with an insulating
thread. An earthed metal sphere is then brought near it.

metal sphere insulating thread

positively charged
acetate rod

Fig. 8.1

(i) State what happens to the light acetate rod?

(i) Draw the charges on the metal sphere in Fig. 8.1. [11



(a)

(b)

(c)

11

Fig. 9.1 shows part of a power transmission system. Electricity from the power station
is transmitted to end users via transmission cables.

Power station
generator
end users
\ 4 \ 4 T T
) G I Y
transformer X transmission line transformer Y
supplies 50 kV to . supplies 240V to
L . resistance
transmission line end users
150 Q
Fig. 9.1

If the power station is transmitting a power of 3.0 kW at 50 kV from transformer X to
transformer Y, calculate the current flowing through the transmission lines.

current = ... [1]

Calculate the power loss in the transmission lines which has 150 Q resistance.

POWEN I0SS = ..ot [1]

With reference to your answers from (a) and (b), explain why the power station does not
transmit the same power to the houses at 240 V?
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Section B

Answer all the questions from this section.
Answer only one of the two alternative questions in Q12.

Some countries do not have enough supply of water from rain or from rivers. The scientists in these
countries are exploring new ways of getting water. In Canada, one scientist suggests making use of
icebergs found in the Atlantic Ocean to obtain water. Icebergs, which are made from fresh water,
can be towed to a port in the country. Once they arrive, they are allowed to melt either in the sun or
by energy from a local power station.

Based on the Table 10.1, you are required to evaluate the feasibility of towing an iceberg to a port
in Canada to obtain fresh water.

Distance between the iceberg and the port in Canada 1.2 x 10* km
Average towing speed 0.75m/s
Effective surface area of iceberg exposed to the sun 4.5x10°m?
Sun’s radiation at the Earth’s surface 700 W/m?
Mass of iceberg 1.5x10" kg
Specific latent heat of fusion of ice 3.4 x 10° J/kg
Electrical power output from local power station 550 MW
Table 10.1

(@) Explain what is meant by the statement ice has a specific latent heat of fusion of 3.4 x
10° J/kg.

(b) What is the time taken to tow the iceberg to the port in Canada?

timetaken= ... [1]
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(c) Calculate the total amount of solar energy absorbed by the iceberg while it is towed to
the port.

Solarenergy = ....oooiiiiii [2]

(d) (i) Estimate the mass of ice melted by the sun as the iceberg is towed to the port.

mass of iCe = ..o, [2]

(if) State an assumption that you have made in (d)(i).

............................................................................................................ [1]
(e) Once the iceberg reaches the port, it can be melted either in the sun or by energy from
a local power station. Which is a faster method to melt the ice? Support your answer
with appropriate calculations.
..................................................................................................................... [2]

(f)  Suggest a possible environmental problem of using this method to obtain fresh water.
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11 (a) Fig. 11.1 shows a simple setup that can be used to detect seismic waves from
earthquakes. The setup consists of a bar magnet suspended from a spring hanging from
a metal rod. The metal rod transmits vibrations from the Earth and the magnet moves
in and out of the coil when there is an earthquake. The coil is connected to a cathode-
ray oscilloscope (c.r.0.) that monitors the e.m.f across the caoil.

i | metal rod 1.00 viv

g < . CRO
spring 0.50

N | bar magnet

G
= IV

\: )
P~ coil ? O
P

T T R -1.00

|

LM\/M}.

Fig. 11.1 Fig. 11.2

Fig. 11.2 shows the trace that was displayed on the c.r.o. during a particular earthquake.
Each complete oscillation of the same magnitude represents one tremor.

(i) Describe and explain how a trace shown on the c.r.o. in Fig. 11.2 is obtained when
there is an earthquake.

(ii) On Fig. 11.1, indicate the direction of the current in the coil when the south pole [1]
of the magnet is moving into the coil.

(b) An output voltage of 2.0 V from a generator is connected to the primary coil of a step-
up transformer with a turns ratio of 1:50. The current in the secondary coil is 2.4 mA.
The transformer is 75% efficient.

(i) State the metal used for the core of a transformer.
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(if) Calculate the current in the primary coil.

CUIMMENt = ..

(iii) State two reasons why a typical transformer is not 100% efficient.
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16

EITHER

A student makes a 2.0 V battery by connecting two cells of electromotive force (e.m.f.) 2.0 V in
parallel. The battery, an ammeter with different ranges and three different resistors are used to set
up the circuit shown in Fig. 12.1.

20V
|
|
|
C/D 20V 300
—L___+—
20Q
—
X
—
Fig. 12.1

(@) State and explain one advantage of using two cells in parallel rather than using a single
2.0V cell.

(b) The total resistance of the circuit is 4.0 Q.

Calculate the resistance of X.

resistance of X = ... [2]

(c) (i) Determine the reading of the ammeter.

reading = .....ooooiiiiii [1]



(d)

(e)

17

(i)  Suggest a suitable range for the ammeter.

State the potential difference (p.d.) across the 1
(i) 2.0 Qresistor, and

P-d. =

(i) 3.0 Qresistor.

P.A. =

The student sets up a second circuit using a variable d.c. power supply, an ammeter and
a 12 V metal filament lamp. The circuit is shown in Fig. 12.2.

d.c. power supply
- —

O o

®

metal filament lamp

Fig. 12.2

The d.c. power supply is set to 12 V and the ammeter reading is 1.5 A. The student
changes the e.m.f. of the d.c. power supply to 6.0 V. The lamp dims and the ammeter
reading changes.

(i) State and explain what happens to the resistance of the filament lamp.

(ii) State whether the new ammeter reading is less than, equal to or greater than 0.75
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12 OR

(@) In a particular light experiment, a ray of light is passed through water into air as shown
in Fig. 12.3.

MNormal —_ P

7 Aur

Water

“~Emergent ray

Ray of light 45¢

Fig. 12.3
Explain why the ray of light changes its direction when it emerges from water as shown.

(b) The experimentin (a) is repeated using a semicircular glass block as shown in
Fig. 12.4. The refractive index of glass is 1.60.

Nen_nal

—

Fig. 12.4
(i) Explain why the ray of light does not change direction when it enters the glass.
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(ii)  Explain why the ray of light does not emerge from the straight edge AB of the
glass block. Show relevant working.

............................................................................................................ [4]
(iii) On Fig. 12.4, draw accurately the complete path for the ray of light until it
emerges from the glass block again. 1
(iv) The speed of light in airis 3.00 x 108 m / s. Calculate the speed of light in the
glass block.
speed = ... [2]

END OF PAPER
Setter: Mr Lugman



[AISS] Paper 2

Section A
QN SOLUTION
1 (a) Correct shape before rebound [1]

(b)

(c)

(d)

Correct shape after rebound [1]

Velocity / ms-1
A

V L e — -

» Time/s

ARVE-—- - — -

a=(v-ut
10 = (v-0)/t
t=v/10

Vaxtxv=20

Y2 x (v/10) x v = 20 [1]
v2 =400
v=20m/s [1]

Rebound height =72 x 1 x 10 = 5m [1]
Displacement of the ball =20 —5 =15 m [1]

Changed in velocity = 20 — (-10) = 30 m/s [1]




6 = 37°[1] (accepts 36° to 38°)

X =272 N[1]
Y =450 N
(accepts X ranges from

250 to 290 N)

All arrows points in the

correct directions [1]

Scale marks only given

to students who give

a scale 1:50 +/- 10N only, provided the
forces Y and Z are represented
correctly and accurately. Else, no

mark even if the scale is correct.[1]

(a)

(b)

(c)

Downward arrow drawn in the middle of the rod. W indicated for weight.
Must indicate distance (e.g. 1.5 m from point X) [1]

Taking moments about X, at equilibrium
(T2x2.3)+(20x0.2) = (10 x 1.3) + (40 x 1.6) [1]
[M1: award 1 mark if there are 2 correct calculation of moments]

T2=31.739 = 31.7 N [1] (3sf)

Total Upwards Force = Total Downwards Force

T1=70N-31.7 N =38.3N [1]




(a)

(b)

(ci)

(cii)

(d)

F=ma
8000 — 340 = 2560 x a [1]
a=2.99 m/s?[1]

Acceleration will decrease till it becomes zero [1]
Resultant force will decrease because air resistance has increased [1]

Acceleration becomes zero when forward force equal air resistance.

a=(v-u)/t
22=(55-0)/t
t=25s [1]

Distance = Area under Speed Time Graph
Dist = 72 (25)(55) [1]
Dist = 688 m [1]

To provide a streamline body

In order to reduce air resistance [1]

(a)

(b)

At B, it is open to the atmosphere. Since atmospheric pressure is 76 cm Hg,
the mercury can rise to a maximum height of 76 cm. [1]

At A, the tube is connected to a vacuum, this means that there is no gas
pressure acting on the top surface of liquid in the tube, therefore the mercury
will rise to a maximum of 76 cm Hg. [1]

P =hpg
=0.76 x 13600 x 10 [1]
=1.03 x 10° Pa [1]




(c) Height increases as pressure on mercury surface increases. [1]
When temperature increases, average k.e. of molecules increases.
Molecules move faster and hit the mercury surface with greater force and at
higher frequency. [1]
causing force per unit area or pressure to increase. [1]
(a) Q=ml
VIt = ml,
240x1.6x8x60=0.075x Iy [1]
|y =2460 J g" or 2,460,000 J kg™ [1]
(b) | Yes, itis higher. [1]
There is heat lost to the surroundings by conduction, convection and
radiation. The amount of heat received by the water for boiling is thus smaller
than the calculated value. [1]
(€) The use of vacuum flask reduces heat lost to the surroundings by
conduction, convection and radiation. [1 ]
(a) position of the lens
\“:Z:: T image viewed
\ @ :Loenlwetr:ssideof
ol
—Vl =
A
\\ 2.0cm
Fig. 6.1 2.0cm
(b) | A virtual image is an image that cannot be formed on a screen. [1]
€ [f=30cm [1]
(d)

correct drawing using concept ray from of bottom of object originate from
bottom of image [




(ai)

(aii)

(bi)

(bii)

The electrons are transferred from atoms of the acetate rod to the cloth due
to friction of rubbing. [1

Acetate rod loses electrons and become positively charged. [1]

Copper is a conductor. The acquired charges by rubbing will be neutralized
by the hand. [1]

The acetate rod is attracted to the sphere. It moves closer to the sphere. [1]

Negative charges on the right side of sphere [1]

9 (a) Current = Power/Voltage = 3000/50000
=0.06 A[1]
(b) Power loss = 0.06 x 0.06 x 150
=0.54 W [1]
(c) If the voltage is 240 V, | = 3000/240, will be high. [1]
When this current flows through the transmission cable of 150 Q, the heat
generated will be very high. This results in energy loss and monetary
loss.[1]
Section B
QN SOLUTION
10 (a) 3.4 x 10° J of thermal energy is required to change 1 kg of ice from solid to

(b)

liquid state (or vice versa) without a change in temperature. [1]

Time required = (1.2 x 10* x 1000) / 0.75
= 1.6 x 10" s [1]




(c)

(di)

(dii)

(e)

(f)

Effective solar power received
= (4.5x10°) x 700
= 3.15x 108 W [1]

FromP =E /t,
E = 3.15x108x 1.6 x 107
= 5.04x10"J[1]

From Q = ml,
(5.04 x 10'%) / 3.4 x 10° [1]
1.48 x 10" kg [1] ecf given

m

There is no heat gain by the surrounding / All the energy supplied by the
sun is absorbed by the iceberg. [1]

Rate of heating by the sun = (4.5 x 10°) x 700 = 3.15 x 108 W
Rate of heating by the power station = 550 MW =5 x 108 W [1]

Using energy from the power station is a more efficient way to melt the ice.

(1]

The ice that melts during the towing process will contribute to rising sea
levels which can cause flooding in low-lying areas./

Loss of habitats [1]

11

(ai)

During an earthquake, the magnet moves in and out of coil,
producing a change in magnetic flux linking the coil, thus

inducing an emf at the solenoid.

By Lenz’s Law, the direction of the emf changes when the




magnet moves in and out of the coil, [1]

hence an alternating trace is produced. [1]

By Faraday’s Law, the magnitude of the induced emf is
proportional to the rate of change of magnetic flux linkage, [1]
hence a larger tremor will produce a trace with a higher

amplitude. [1]

(aii) | [1]

Auilu
"l“
g

AN

(bi) | Softiron [1]

(bii) | Vs =50x2.0
=100 V

0.75 X Vplp = Vsl
0.75 x 2.0 x I, = 100 x 0.0024 [1]
l, = 0.16 A [1]

(biii) | Induced (eddy) currents are formed in the core of the
transformer. / There is heat loss due to the resistance in the
wires. / There is magnetic flux leakage between the primary

and secondary coil. (any two) [2]

12E | (a) Any one of:

» The cells last longer

Reason: Each cell supplies half the current needed.
» The circuit continues to work if one cell is flat.

Reason: The circuit is still a closed circuit.




» A cell can be replaced without switching off.

Reason: The circuit is still a closed circuit. [2]

(b)

Total R of circuit= R of 2.0 + (Total R of 3.0 & X in parallel)
4.0 =2.0 + (1/(3.0) + 1/Rx )" [1]
2.0 =(1/(3.0) + 1/Rx )™

1/(2.0) =1/(3.0) + 1/R«
1/Rx =1/(6.0)
Rx =6.0Q (2s.f.)[1]
(ci) |1 =VIR
=(2.0)/(4.0)
=0.50 A (2 s.f.) [1]
(cii) | 0 Ato 0.50 A (accept till 5.0 A) [1] e.c.f given
d(i) |p.d=1.0V
d(ii) | p.d=1.0V [1]
(ei) | The resistance of the filament lamp decreases. [1]

With less voltage across the filament lamp (and hence less current through
the lamp), the temperature of the filament lamp decreases. [1]

(eii)

The new ammeter reading is less than 0.75 A. [1]

120

(a)

-Air is optically less dense than water.
-Speed of light increases as it gets from water to air

-Causing light to bend away from normal

2 marks for all 3 points

1 mark for %2 points

(bi)

Angle of incidence is 0°. / incident ray lies along the normal. [1]

(bii)

n=1/sinc
c=sin"(1/1.60)[1]
=38.7 °[1]

Angle of incidence greater than critical angle AND total internal reflection
occurs. [1]




Light moving from optically denser medium (glass) to optically less dense
medium (air). [1]

(biii) | 45 ° at point of incidence AND Reflected ray straight out into air. [1]

(c) n=c/v
1.60 =3.00 x 108/ v [1]
v=188x102m/s[1]
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2

Section A (50 marks)
Answer all the questions in this section.

1 A 20 kg mass is supported by two strings, inclined at angles 30° and 50° to the vertical
respectively, as shown in Fig. 1.1. The weight of the mass is W, and the tensions in the
strings are T1 and T2. Take the gravitational field strength to be 10 N/kg.

20 kg

Fig. 1.1 (not to scale)

(&) By means of a scaled diagram, determine T1 and To.

©BPGHS 2018 6091 / SEC 4 EXP PHY PRELIM/ P2/ 18 [TU rn over
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2 (a) State the two conditions required for an object to be in equilibrium, when it is acted
upon by a number of forces.

(b) Fig. 2.1 shows a roly-poly toy. In diagram A, it is shown at rest. When it is slightly
displaced to one side (diagram B) and released, it returns to the upright position as
shown in diagram C. The dot represents the centre of gravity of the roly-poly toy.

diagram A diagram C
| \_/ 1 \/ |
Fig. 2.1
(i) Ondiagram A, mark the pivot with an X. [1]
(i) On diagram B, draw and label the weight of the toy. [1]

(iii) Explain why the toy returns to the upright position when it is released.

(iv) Without changing the structure of the toy, suggest how you would position the
toy so that it will not return to its upright position.

©BPGHS 2018 6091 / SEC 4 EXP PHY PRELIM/ P2/ 18 [TU rn over
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3 Fig. 3.1 shows a hydraulic system. A force F is applied onto piston X to lift a heavier load
of weight L at piston Y. The masses of the pistons are negligible.

F
LOAD
L
v
X Y

Fig. 3.1
(a) Given that the ratio of area X to area Y is 1:4, calculate

(i) the ratio of pressure at X to pressure at Y,

(i) theratioof F: L.

(b) Peter argued that, “Since the load moved upwards, it gained gravitational potential
energy. Since energy cannot be created, this gravitational potential energy must
have come from the loss in gravitational potential energy of piston X.” Explain
whether you agree with this argument.

(c) Given that piston Y moves upwards by 6.0 cm, calculate the distance moved by
piston X.

distance moved = .........ccovviiiiiiiiiee [2]

©BPGHS 2018 6091 / SEC 4 EXP PHY PRELIM/ P2/ 18 [TU rn over
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4 An uncalibrated thermometer is immersed in pure melting ice. When thermal equilibrium
is reached, the length of the mercury thread is 3 cm, as shown in Fig. 4.1.

The thermometer is then placed in a flask and surrounded by steam from boiling water

under normal atmospheric pressure. When the second thermal equilibrium is reached, the
length of the mercury thread is 28 cm, as shown in Fig. 4.2.

thermometer thermometer

28 cm

[ ] K outlet —

- flask

meltingice boiling water W
n o =
funnel
beaker 0 l
0 O]

Fig. 4.1 Fig. 4.2

(a) State the meaning of “thermal equilibrium”, and the difference between the two
thermal equilibria.

(b) With reference to Fig. 4.1, indicate the directions and state the modes by which
thermal energy is transferred between the melting ice, thermometer and funnel,

before thermal equilibrium is reached. [2]
Direction of thermal energy transfer (— or «) Mode
melting ice thermometer
melting ice funnel

©BPGHS 2018 6091 / SEC 4 EXP PHY PRELIM/ P2/ 18 [TU rn over
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(c) With reference to Fig. 4.2, describe the function of the outlet.

(d) The thermometer is then placed in an unknown liquid of temperature T and the
length of the mercury thread is 18 cm.

Calculate T.

(e) Itis known that the boiling point of water increases when the surrounding pressure
increases.

If the pressure in the flask in Fig. 4.2 is higher than normal atmospheric pressure,

(i) state whether the second thermal equilibrium will be reached at a higher, lower
or the same temperature;

(i) state whether the temperature of the unknown liquid will be calculated to be
higher than, lower than or the same as your answer in (d).

©BPGHS 2018 6091 / SEC 4 EXP PHY PRELIM/ P2/ 18 [TU rn over
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5 The earliest types of converging lenses were made of flint glass. Fig. 5.1 shows such a
converging lens, and two light rays before entering and after leaving the lens. The
diagram is drawn to scale.

ho Ving)

(@)

(b)

©BPGHS 2018

focal point

Fig. 5.1

On Fig. 5.1 above,

(i) complete the paths of the two light rays in the lens;

(i) mark out and label the optical centre of the lens with the letter “O”.

By accurate measurements,

(i) calculate the refractive index of flint glass,

refractive Index = ...

(i) determine the focal length of the converging lens.

focal length = ........ccoooeiii i

6091 / SEC 4 EXP PHY PRELIM/ P2/ 18
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(c) With the aid of a sketch, describe where the image of a distant object will be formed
by the converging lens.

(d) Some identical flint glass was used to make a diverging lens of the same focal
length. In Fig. 5.2 below, sketch the paths of the same two parallel light rays (as in
Fig. 5.1) incident on the diverging lens.

Label the focal point of the diverging lens, and show clearly the paths of the light
rays in the lens and after leaving the lens. [2]

Fig. 5.2

©BPGHS 2018 6091 / SEC 4 EXP PHY PRELIM/ P2/ 18 [TU rn over



9

6 A light-dependent resistor (LDR) is connected to a 150 V power supply and two resistors,
600 Q and 1 kQ respectively, as shown in Fig. 6.1. Under room lighting, the resistance of
the LDR is 100 Q. As the brightness increases, the resistance of the LDR gets closer and

closer to 0 Q.
150 V

N

1kQ F— —
Fig. 6.1

v
(600 Q|

(@) In the axes provided, sketch a graph to show how the resistance of the LDR varies
with light intensity. Include any values that you have been provided with. [1]

resistance / Q
A

N

light intensity

(b) Calculate the ammeter and voltmeter readings, when the switch is closed, and the
lighting is under room condition.

ammeter reading = .....cccccvvviiiiiiiieieee e

voltmeter reading = ......cccooieviiriiiiiiiiiieeeee e [3]

©BPGHS 2018 6091 / SEC 4 EXP PHY PRELIM/ P2/ 18 [TU rn over
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7 Fig. 7.1 shows a d.c. motor comprising of a coil, ABCD, with three turns of wire. When the
current flows through the circuit, the colil rotates in the direction as indicated.

@ ()

(i)

direction of
rotation
B

magnet

y
coil
split-ring
commutator
carbon
pivot brushes
| X
ll—o
I
Fig. 7.1
On Fig. 7.1, indicate the direction of current flow in the external circuit and the
coil. [1]

Hence explain how the direction of rotation of the coil can be deduced as
indicated.

..................................................................................................................................... [3]
(b) State all possible observations on the motor if
(i) the number of turns of wire is two instead of three;
..................................................................................................................................... [1]
(i) alight bulb is connected at the point X.
..................................................................................................................................... [1]

©BPGHS 2018
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8 Fig. 8.1 shows the electrical power supplied to housing consumers from the National Grid
System. The power lines transmit alternating current from the National Grid System at
120 000 V, as shown in Fig. 8.1. The device X converts the potential difference across the
transmission wires, connected to housing, to 240 V.
National Grid System

120 000 V

240V to
housing

Fig. 8.1

(a) Identify device X.

(c) Explain why the potential difference across the wires, connected to housing, should
not be kept at 120 000 V.

©BPGHS 2018 6091 / SEC 4 EXP PHY PRELIM/ P2/ 18 [TU rn over



Name of Candidate: ( ) Class: Calculator Model:

Section B (30 marks)
Answer all the questions in this section.
Answer only one of the two alternative questions in Question 11.

9 In a Biology experiment, student B wanted to determine his own human reaction time,
with the assistance of student A.

Student A held a 30 cm ruler near the end, at the 0 cm mark, and let it hang downwards.
Student B put his hand approximately an additional 15 cm away from the 30 cm mark of
the ruler, as shown in Fig. 9.1.

Once the students were ready, student A dropped the ruler and student B had to catch
the ruler as fast as possible after it dropped, as shown in Fig. 9.2.

student A

0 cm mark

30 cm mark

X cm mark

studentB

Fig. 9.1 Fig. 9.2

They recorded the marking at which the ruler was caught, x, and calculated the distance
travelled by the ruler, d.

©BPGHS 2018 6091 / SEC 4 EXP PHY PRELIM/ P2/ 18 [TU rn over
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(@ (i) Show that the ruler travelled a distance of 40.0 cm, if it was caught by student B

at the 5.0 cm mark. [1]

(i) Hence write down an expression for d, in terms of x.

(b) To improve the reliability of their results, the students conducted the experiment
three times, and recorded their results in a table as shown in Table 9.3.

. Estimated | Calculated
Experiment x/cm d/cm
t/s t/s
1 5.0 40.0
2 10.3
3 12.1
Table 9.3

For each value of d calculated, they referred to a chart from the internet, to estimate
the human reaction time, t, of student B. The estimation chart is given in Fig. 9.4.

Estimation chart for human reaction time

Distance Time
~5¢cm 0.10 sec (100 ms)
~10 ¢m 0.14 sec (140 ms)
~15 cm 0.17 sec (170 ms)
~20 cm 0.20 sec (200 ms)

~255 cm 0.23sec (230 ms)

~30.5¢cm 0.25 sec (250 ms)

~43 cm 0.30sec (300 ms)

~61em 0.35sec (350 ms)

~79 cm 0.40 sec (400 ms)
Fig. 9.4

©BPGHS 2018 6091 / SEC 4 EXP PHY PRELIM/ P2/ 18 [TU rn over
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(i) Fillin the blanks in Table 9.3 for the column of d / cm. [1]

(i)  Fill in the blanks in Table 9.3 for the column of Estimated t/ s. [1]

(c) Student A did not like the idea of estimating student B’s human reaction time, and
decided to come up with a way to calculate it accurately.

(i) State the acceleration of the ruler after it is released by student A. State an
assumption made.

(i) Sketch the velocity-time graph of the ruler after it is released by student A, until
it was caught by student B. [1]

(i) Hence calculate the time taken between student A releasing the ruler and
student B catching the ruler, if student B caught the ruler at the 5.0 cm mark.

timetaken = ..., [2]

(iv) Fill'in the blanks in Table 9.3 for the column of Calculated t / s. [1]

©BPGHS 2018 6091 / SEC 4 EXP PHY PRELIM/ P2/ 18 [TU rn over
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10 In a Chemistry textbook, Einstein read the descriptions about ionic bonds and metallic
bonds.

(&) The textbook description of ionic bonds is shown in Fig. 10.1.

my electron?
4 = Learning Outcome — You should be able to:
= ‘ * describe how ionic bonds are formed between metals and non-metals.

>

When a metal reacts with a non-metal, the metal atoms transfer their outer
electrons to the non-metal atoms. Positive ions (cations) and negative ions
(anions) are formed.

/.Q

lonic bonds are the strong electrostatic forces of attraction between

positive and negative ions.

Me! Being
negative
suits me.

Fig. 10.1

A sodium (Na) atom loses an electron to become a positively-charged ion. A chlorine
(Cl) atom gains an electron to become negatively-charged ion. The magnitude of the
charge of one electron is 1.60 x 101° C.

Fig. 10.2 shows the two charged particles next to each other, separated by a
distance of 2.75 x 101 m.

N\
y

2.75x101%m

Fig. 10.2

(i) Sketch the electric field pattern around the negatively-charged CI ion. Ignore
the presence of the positively-charged Na* ion. [1]

©BPGHS 2018 6091/ SEC 4 EXP PHY PRELIM /P2/18 [TU rover
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(i) Hence, using concepts of electric field, explain why the negatively-charged CI
ion exerts a force on the positively-charged Na* ion.

(iii) Given that the force in (a)(ii), F, between two charged particles of charges qi
and g, separated by a distance r, is given by

_ 0.9,
(1.11x10%)r2"’

calculate the magnitude of the force, F.

(iv) “The force exerted by the negatively-charged CI" ion on the positively-charged
Na* ion is equal in magnitude to the force exerted by the positively-charged Na*
ion on the negatively-charged CI" ion,” claims Einstein. Explain whether you
agree with his statement.

©BPGHS 2018 6091 / SEC 4 EXP PHY PRELIM/ P2/ 18 [TU rn over
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(b) The textbook description of metallic bonds is shown in Fig. 10.3.

000

mobile electrons

* Hence, the metal lattice structure
is described as a lattice of
positive ions surrounded by a
‘sea of mobile electrons’.

A Figure 7.12 The metal lattice structure

Thus, we can define a metallic bond as follows:

A metallic bond is the force of attraction between positive metal ions and
the ‘sea of mobile electrons’.

Fig. 10.3

Metallic bonds occur only in metals. Fig. 10.4 shows the positions of the positive
metal ions and the mobile electrons in a metal sphere.

metal sphere

mobile electrons

Fig. 10.4

(i) A negatively-charged metal rod is brought near the left side of metal sphere, as
shown in Fig. 10.5. On the diagram, sketch the new positions of all the mobile
electrons. [2]

charged
rod

Fig. 10.5
©BPGHS 2018 6091/ SEC 4 EXP PHY PRELIM / P2/ 18 [Turn over
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(i) With the aid of the negatively-charged metal rod in (b)(i), describe a method to

1. make the metal sphere positively-charged;

©BPGHS 2018 6091 / SEC 4 EXP PHY PRELIM/ P2/ 18 [TU rn over
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11 EITHER

(@) Steven throws a stone into a point X in a lake. He watches the waves move towards
the edge of the lake, as shown in Fig. 11.1. The distance between each wavefront is

8.0 cm.
wavefront
- edge of lake
3\ Steven
stone
landed
here

Fig. 11.1
(i) Explain what is meant by distance between each wavefront is 8.0 cm.

(i) State the wavelength of the waves. Briefly explain how you obtained your
answer.

(ili) Steven counts two complete waves reaching the edge of the lake in each
second.

Determine the speed of the waves.

©BPGHS 2018 6091/ SEC 4 EXP PHY PRELIM /P2/18 [Turn over
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(iv) From point A to point B, the depth of the lake increases. It is known that as the
depth increases, the waves at the surface of the water travel faster.

Suggest a possible explanation for the phenomenon above.

(v) Hence, on Fig. 11.1, sketch further wavefronts to represent the waves as they
travel further outwards from the point X.

Explain the shape of your sketch.

(b) When the stone falls into point X in the lake, Steven sees a hole created at the water
surface with some water splashed upwards around the hole, as shown in Fig. 11.2.
He also hears a small “plomp” sound when the stone hits the water surface.

(i) State the two types of waves that allowed Steven to make the observations.

AV AT TP

WAVE 2. ..ttt ettt ettt ettt e n e ne e te e Rt nreeenaeenneeeneeenes [1]
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(i) “Since | see the splash and hear the “plomp” way before the waves on the lake
reach me, the speed of Wave 1 and Wave 2 must be the same, and are much
faster than the speed of water waves,” Steven thinks in his head.

Explain whether you agree with Steven’s thinking and reasoning.

©BPGHS 2018 6091 / SEC 4 EXP PHY PRELIM/ P2/ 18 [TU rn over
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OR

The Magnetic Levitation (Maglev) Train is still under development and many scientists are
working on the project. The basic idea is to use magnets that either repel or attract each
other, to suspend a train above the ralil.

(a) Explain how suspending a train above the rail makes the train move more efficiently.

(b) Fig. 11.3 shows one magnet repelling another into the air, making the latter levitate.

Fig. 11.3

(i) On Fig. 11.3, sketch the magnetic field lines between the North poles of the two
magnets. [1]

(i) In reality, it is difficult to levitate one magnet above the other, as the one on the
top will fall down to the sides easily.

If one magnet can be levitated above the other as in Fig. 11.3, state the type of
equilibrium that the system is in.

(c) To resolve the issue of a suspended magnet falling over, a German scientist
designed the Electromagnetic Suspension (EMS) system. EMS systems use the
attractive property of magnets, as shown in Fig. 11.4, to suspend a train above its
track, also called a guideway.

©BPGHS 2018 6091 / SEC 4 EXP PHY PRELIM/ P2/ 18 [TU rn over
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train

n -
-l b

W -

stator
support magnet

guidance
magnet

Fig. 11.4

The stator and support magnet are electromagnets of opposite polarities and hence
are attracted to each other. It causes the train to not land on the guideway. The
strength of the stator and support magnet can be electronically adjusted to keep the
train levitated.

There is a guidance magnet on the side of the track that generates the magnetic
force that prevents the train from moving side to side. The levitating train cannot
touch any side of the track because of the magnetic force pushing the train to the
middle.

(i) Explain why iron is a suitable material to make the stator and support magnet.

..................................................................................................................................... [1]
(i) On Fig. 11.5, draw a free-body diagram of the train, when it is levitated and at
rest. [2]

Fig. 11.5

©BPGHS 2018 6091/ SEC 4 EXP PHY PRELIM /P2/18 [TU rover
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(d) On the other hand, some Japanese scientists use the technology of Electrodynamics
Suspension (EDS) to levitate a train. The method of EDS utilises the principle of
electromagnetic induction.

The train travels in a guideway which has a series of "8"-shaped coils on each side.
When the train travels by with a high speed, the permanent magnets on each side of
the train will induce a current in the coils. Both halves of the "8"-shaped coils
generate an upward component of magnetic force on the permanent magnet and
levitate the train. This is illustrated in Fig. 11.6a and 11.6b.

series of

direction of “8”-shaped coils

magnetic force direction of

induced current

magnet passes /' \
below the centre of °
the coil
N D §
2

permanent
magnet

(@) permanent (b)

magnets
Fig. 11.6

(i) One drawback of the EDS is that the train cannot be levitated when it is at rest.
Explain why this is the case.

(i) The magnet passes below the centre of the "8"-shaped coils, as shown in Fig.
11.6b, so that the magnetic flux change in the lower half of the "8"-shaped coils
is greater than that in the upper half, and a current is induced.

Explain what will happen if the magnet passes through the centre of the coils
instead.

©BPGHS 2018 END OF PAPER



Sec 4 Express Physics Preliminary Examination 2018 — Marking Scheme

Paper 2 Section A (50 marks)

Deduct 1 m for s.f.
Deduct 1 m for omission or wrong units

. Mark
Qn Solutions Allocation
1(a) W =mg = (20kg)(10 Nkg™1) = 200 N downwards
For the system to be in equilibrium, the resultant force on the mass is
zero. Thus the sum of the tensions must be exactly 200 N upwards to
balance the downward .
Scale B1
1cm:40N
200N \, B1
T1
30°
50° % T»
T, = 3.9 X 40 = 156 N (accept 148 N — 164 N) Al
T, =2.6 x40 =104 N (accept 98 N — 110 N) Al
1(b) The weight of the mass should be labelled from the centre of B1
gravity of the 20 kg mass downwards, instead of being drawn from B1
the ends of the two strings.
OR OR
The 20 kg mass should be drawn at the centre of the three strings, B1
instead of being drawn at the end of the vertical string. B1
OR OR
The force in the vertical string should be drawn as a downward B1
tension in the vertical string, instead of the weight of the mass. B1




Mark

Qn Solutions Allocation
2(a) 1 The resultant force on the object is zero. B1
2 The resultant moment about any pivot is zero. B1
2(b) (1)
2(b)(i)
diagram C
|
y weight B1
2(b)(iii) | The weight of the toy results in a clockwise moment about the B1
pivot, that rotates the toy clockwise back to its original position.
2(b)(iv) | Balance the toy on the tip of its head. B1
3(a)(i) By Pascal'’s Principle,
PX = Py
Therefore ratio of pressure at X to pressureatYis 1: 1. Al
3(a)(i) E_F
Ax Ay
Fy Ay
Fy Ay
F 1
L 4
Therefore ratioof F: Lis 1: 4. Al
3(b) Peter is correct that the load gained gravitational potential energy, B1
however it did not come from the loss in gravitational energy of piston
X, because the piston has negligible mass and negligible energy.
Instead, the increase in gravitational potential energy of the load was
due to the work done by the force F. B1




Mark

Qn seablons Allocation
3(c) WD by F = gain in GPE of load M1
FXxdy=Lx0.06m
L
dy =—=x0.06
X=F m
4
=1 X 0.06 m
=0.24m Al
4(a) Thermal equilibrium is the state when two objects reach the same B1
temperature or when there is no net transfer of thermal energy
between the two objects.
The thermal equilibrium in Fig. 4.2 occurs at a higher temperature Bl
than that in Fig. 4.1.
4(b) Direction of thermal energy transfer (— or +) Mode
melting ice — thermometer Conduction B1
melting ice — funnel Conduction B1
4(c) It is to release the water vapour in the flask in order to maintain the
pressure in the flask at atmospheric pressure. Otherwise, the boiling B1
point of water becomes affected.
4(d) lg — 1
T=——2x100°C
l100 = lo
18 cm — 3 cm c1
=—x100°C
28 cm — 3 cm
=60°C Al
4(e)(i) Higher B1
4(e)(i) Lower than B1




Mark

Qn Solutions Allocation
5(a)(1)
5(a)(ii) Bl
B1
5(b)(i) By measurement,
i =25%r =15°
_ sini _sin25°_163 Al
“sinr  sin15°
[Accept answers from 1.5 to 1.8]
5(b)(ii) | By measurement,
f =3.6cm Al
[Accept answers from 3.5 cm to 3.7 cm]
5(c)
parallel
rays from B1 for light
a distant rays
object
v B1 for image
< > F
F \limage
V —\ >

The image will be formed on the focal plane of the lens.

Bl




Solutions

Mark

Allocation
5(d)
\ B1
N for correct
refraction
(\0
B1
— for focal
T~ point
focalpoint  f ‘
6(a) resistance / Q
N
B1
100 f----> :
0| room lighting light intensity
6(b) When the switch is closed,
Ry = (oot o) +1000
/7 = \600Q ' 1000 Q
=3750+100Q
= 4750 C1
£ 150V Al
I =—=———-=0.316A
orel T Ry 4750
3750
X150V =118V Al

V =
6009 ™ 3750 + 100 O




Solutions

Mark

Allocation
7(a)(1) o
direction of
magnet rotation
N Bl
D
N
split-ring
commutator
carbon
. brushes
pivot
(a)(i) X
——i

7(a)(ii) Apply the Fleming’s left-hand rule on the side DC, with the thumb, B1

index finger and middle finger at right angles to one another. Point the

index finger in the direction of magnetic field, from left to right. Point

the middle finger in the direction of current, into the plane of the paper

from D to C. B1

The thumb gives the direction of the force on DC, vertically

downwards. Hence the coil rotates clockwise as indicated. B1
7(b)(i) The speed of rotation of the coil decreases. B1
7(b)(ii) The speed of rotation of the coil decreases and the light bulb lights up. B1
8(a) Step-down transformer B1
8(b) Since P,,; = IV, if power is transmitted at a low voltage, the current B1

flowing through the transmission wires will be high.

Since Pjoss = I*R, large amount of power will be dissipated and energy B1

will be lost as thermal energy.




Solutions

Mark

Allocation
8(c) The potential difference across household appliances will be too
large at 120 000 V, resulting in very large currents flowing through the
appliances that will cause overheating. B1




Paper 2 Section B (30 marks)

Deduct 1 m for s.f.
Deduct 1 m for omission or wrong units
If both questions in 11 are attempted, only the first question is marked

. Mark
Qn Solutions Allocation
9(a)(i) Student B’s hand is 45.0 cm below student A’s hand.
If the ruler was caught at the 0.0 cm mark,
distance travelled by ruler = 30.0 cm + 15.0 cm
=45.0cm
If the ruler was caught at the 5.0 cm mark,
distance travelled by ruler = 45.0 cm — 5.0 cm M1
= 40.0 cm
9(a)(ii) d=45—x B1
9(b)(i) Experiment | x/cm | d/cm
1 5.0 40.0
2 10.3 34.7
3 12.1 32.9 B1
9(b)(ii) Experiment | x/cm | d /cm | Estimatedt/s
1 5.0 40.0 0.30
2 10.3 34.7 0.25
3 12.1 32.9 0.25 Al
or
Experiment | x/cm | d/cm | Estimatedt/s
1 5.0 40.0 0.29
2 10.3 34.7 0.27
3 121 | 329 0.26 al
or
Experiment | x/cm | d/cm | Estimatedt/s
1 5.0 40.0 0.288
2 10.3 34.7 0.267 1
3 121 | 329 0.260 4
9(c)(1) The acceleration of the ruler is 10 m s2 downwards, assuming there is B1
no air resistance. B1




Mark

Qn SOMETTS Allocation
9(c)(ii) v/ms?t
v
B1
9(c)(iii) If student B caught the ruler at the 5.0 cm mark, then the area under the
v-t graph is 40.0 cm (0.40 m):
1
E(v)(t) =0.40
Since acceleration of free fall of the ruler is 10 m/s?, then
Y _ 10 C1
t
Solving the equations simultaneously by eliminating v,
1
E(lOt)(t) = 0.40
0.4
t? = —
5
t=0.283s
or
1 .
s=ut+—at
2
0.40=(0)(t)+ (%)(10)(1&2) cl
0.40=5t"
22 0.40
5
t=+/0.08 .
=0.283s a
9(c)(iv) Experiment | x/cm | d/cm | Calculatedt/s
1 5.0 40.0 0.28
2 10.3 34.7 0.26
3 12.1 32.9 0.26 Al
or
Experiment | x/cm | d/cm | Calculatedt /s
1 5.0 40.0 0.283




Mark

Qn Solutions Allocation
2 10.3 34.7 0.263
3 12.1 32.9 0.257 al
10(2)(@)
oy .
0m
10(a)(ii) | As the positively-charged Na* ion lies within the influence of the
electric field of the negatively-charged CI ion, it experiences an B1
electric force that attracts it towards the CI- ion. B1
10(a)(iii) F= 4192
(1.11 x 10710)r2
_ (160 % 10712 €)(1.60 x 10712 C)
"~ (1.11 x 10710)(2.75 x 10~10 m)2
=3.05x107°N Al
10(a)(iv) | I agree with his statement. B1
By Newton’s 3rd Law, these two forces are equal in magnitude and B1
opposite in direction or these two forces form an action-reaction
pair.
10(b)(i) o B1
for four
- excess
electrons on
charged |— the right
rod L B1
for sixteen
- total
electrons
throughout
sphere
10(b)(ii) | 1.With the negatively-charged rod placed near to the metal sphere, B1

earth the sphere.

10




Mark

Qn SOMETTS Allocation
2. Touch the sphere with the negatively-charged rod. Bl
EITHER The distance between each imaginary line on a wave that joins all Bl
11(a)(i) adjacent points that are in phase is 8.0 cm.
EITHER The wavelength is 8.0 cm, because the wavelength is the shortest B1
11(a)(ii) | distance between any two points in phase, represented by the
distance between two wavefronts.
EITHER v=fA
11(a)(iii) = (2 Hz)(0.08 m)
=0.16 ms™! Al
EITHER As depth increases, the waves at the surface of the water experience B1
11(a)(iv) | less friction with the lakebed.
EITHER
11(a)(v) wavefront
B1 for same
|~ edgeof lake wavelength
region
B B1 for
Steven increased
wavelength
region
As the wave speed increases and frequency remains unchanged, B1
the wavelength of the waves increases, resulting in longer distances
between wavefronts from A to B.
EITHER Wave 1: Visible light / Electromagnetic waves / Transverse
11(b)(i) B1 for both
Wave 2: Sound waves / Longitudinal correct
EITHER Since he hears the splash and hears the sound way before the waves
11(b)(ii) | on the lake reach him, he can only conclude that the speeds of Wave 1 B1

and Wave 2 are much faster than the speed of water waves.

11




Qn

Solutions

Mark

Allocation
However, among waves 1 and 2, one is an electromagnetic wave which
travels at a speed of light, and the other is a sound wave which B1
travels much slower. Therefore Steven is incorrect in that waves 1
and 2 have the same speed.
OR Suspending a train above the rail reduces friction between the train B1
11(a) and the rail. This results in less energy loss as thermal energy and B1
improves efficiency.
OR
11(b)(1)
B1
........ - e o mmea
OR Unstable equilibrium B1
11(b)(ii)
OR Iron is a soft magnetic material which is easily magnetised and B1
11(c)(i) demagnetised, therefore suitable as its magnetic strength can be
easily adjusted.
OR magnetic force
11(c)(ii) (due to support magnet)
\
T - B1 for
N i vertical
— x:: ::: PR forces
magnetic force magnetic force
(due to guidance | .- “._| (due to guidance B1 for
magnet) - magnet) horizontal
forces
weight

12




Mark

Qn SOMETTS Allocation
OR The magnets on the sides of the train need to move in order to create a B1
11(d)(Q) change in magnetic flux linking the coils, to obtain an induced emf

and induced current in the coils.
OR If the magnet passes through the centre of the coils, both the upper B1

11(d)(ii) | and lower halves of the “8”-shaped coils will be induced North
poles as both experience the same change in magnetic flux linkage.

The induced emf and the induced current in both halves will cancel
each other out, and there will be no current flowing through the coil Bl
and no magnetic force.

13




Section A (50 marks)

Answer all the questions in the space provided.

1. A car describes a linear motion represented by the graph shown in Fig.1.1.
v/ ms1
A
30 .
20— |
10— !
or T T T T T T 1 1 >
4 10 20 30 40 50 60 70 80\ 90 10¢ 110 t/s
2 20— m e
Fig.1.1
€) () Describe the motion of the car fromt=01to 110 s. [2]

(b)

(c)

(i)  Whatis the value of the retardation of the car fromt=50to 70 s? [1]

Find the total displacement travelled by the car for the whole journey. [2]

Sketch the displacement-time graph for the car’s motion.
Indicate all relevant values. [2]

CCHY Preliminary Examination (2018) Physics / Sec Four Express



2.

A uniform rod PQ of length 80.0 cm and weight 2.0 N is placed on the pivot as shown
in Fig. 2.1 below. A spring balance is attached to the other end of the rod. A load of

8.0 N is placed 20.0 cm from the spring balance.

A

Spring balance
o
i T, tension
[ in spring
00 cm — | 80.0 cm
) -
20 cm
L
8.0N
Fig. 2.1

(&) Whatis the reading on the spring balance in order for the rod to balance

horizontally?

[2]

(b)  Determine the magnitude and direction of the reaction (force) on the pivot. [2]

(c) If the 8.0 N weight is gradually moved along the rod towards P, the rod being

kept horizontal, state and explain the change in the magnitude of T. [2]

CCHY Preliminary Examination (2018)

Physics / Sec Four Express



A 0.50 kg ball starting from position A which is 7.5 m above the ground, slides down
from an incline with an initial speed of vo m/s as shown. Friction on the rough incline
produces 10.7 J of heat energy. The ball leaves the incline at position B travelling
vertically upward and reaches a height of 13.0 m above the floor (position C) before
Falling vertically down.

13.0m

L)
|
.

@) State the Principle of Conservation of Energy. [1]

(b)  What is/are the energy/energies that the ball possesses at position A? [1]

(c) Calculate the gravitational potential energy at position C. [1]
(d)  Calculate the initial speed, vo, at position A. [2]
(e)  State one assumption for your calculation in (d). [1]
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4, Fig.4.1 shows the plan view of a fish tank containing one goldfish.
The diagram is drawn full scale.

tank
|
}ater
side B g
T~ fish
A
side A
Fig. 4.1

Eye

A boy can see two images of the fish when he looks from the position shown.

Fig. 4.1 shows a ray of light, from the fish, that is refracted at side B of the tank.
The ray enters the eye as shown.

€) Measure the angle of incidence and refraction and use the angles to determine
the refractive index of the water in the tank. [2]

On Fig.4.1,

(b) () sketch a second ray (no need to draw to scale) from the fish to the eye
that is refracted at side A of the tank,

(i)  show the positions of the two images of the fish. [3]

CCHY Preliminary Examination (2018) Physics / Sec Four Express 5



(@)

(b)

Explain, by writing about molecules, how the air inside a car tyre exerts
a pressure on the walls of the tyre. [2]

A vessel closed by a piston contained a constant mass of gas. Keeping the
temperature of the gas constant, weights are placed on top of the piston which
reduces the volume of the gas.

Complete the table below, using the words increases, decreases or no effect
to describe the changes that have occurred. [1]

Property of the gas Change that has occurred
Number of molecules in every cm?

Frequency of collisions of the gas molecules
with the piston

Average kinetic energy of the gas molecules

Pressure of the gas

A light perspex ball is placed near a highly positively charged metal dome in a Van de
Graaff generator. The ball swings away from the positively charged metal dome and
remains stationary at position X. (Fig. 6.1)

metal dome
A~ X
[0
\_/
Van-der-Graft
generator
1 Fig. 6.1
@) Explain why the perspex ball moves away from the metal dome. [2]
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(b)  The perspex ball has a mass of 5.0 g.

At the instant where the ball is stationary at X, there is a horizontal electric
force, Fe = 0.15 N acting to the right, a tension T in the string and the weight W,
(Fig. 6.2)

| FE=0.15N

Fig. 6.2

w

By using a scale drawing, determine the tension T and the angle 6 that the
string makes with the vertical. (Take g =0.01 N/ g) [4]
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@) Fig. 7.1 shows an electric circuit powered by a 12.0 V battery of negligible

internal resistance.

4.0 Q

3.00Q

EME —
120V

6.0 Q

9.0Q

-

-

Fig. 7.1

Determine the ammeter and the voltmeter readings when

() the switch S, is open;

(i) the switch S, is closed.

CCHY Preliminary Examination (2018) Physics / Sec Four Express
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(b)  The same power source is how connected to a potential divider consisting of an
LDR and a resistor. (Fig. 7.2).

An LDR (light-emitting diode) is an input transducer whose resistance can
change according to the amount of light falling on it.

I 10k Q
120V
O
Fig. 7.2
() Explain the word ‘input transducer’. [1]

(i)  What is the resistance of the LDR when the voltmeter reads
2.0V? [1]
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8.

A pupil makes a simple d.c motor as shown in Fig. 8.1 using some common materials
and connected to a 6.0 V battery.

tape coil

connecting wires
with alligator clips

somagnet IR
_*(in_s__i_de cup)

G-volt”
deygell

Fig. 8.1

The enamelled copper wire is an insulated wire with part of its insulation removed.
The ends of the coil are placed on the large paper clip.

When the power source is turned on, the coil is given a slight push and the coil begins

to spin.
(@)(i) Why is the coil given a slight push? [1]
(i) Explain why the coll starts to rotate continuously. [3]

(b)  If a stronger power source is used, state its effect on the rotation of the coil. [1]

(c)  Whatis the purpose of the third magnet inside the cup? [1]
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9. Fig. 9.1 shows the structure of a transformer which is used in the transmission of
electrical power through the cables.

Caoill Number of turns
| d o J 50
F K 100
NL ) O L 1 000
M 1500
Fig. 9.1 Table 1

An engineer is assigned to build a step-down transformer for stepping down the voltage
from 3.3 kV to 220 V in the substation of a housing estate. He has the choice of using
four types of coils with different number of turns as shown in Table 1 above.

(a) Based on Table 1, select the most suitable pair of coils for making the primary coil
and secondary coil of the transformer. Explain your choice. [2]

(b) Assume that the transformer is 75 % efficient and the power output is 15 kW,
determine the current flowing in the primary coil. [2]

(c) State and explain one feature that can improve the efficiency of this transformer. [1]

-END OF SECTION A-
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Section B [ 30 marks ]

Answer all the questions from this section. Question 12 has a choice of section to answer.

10. Fig. 10.1 shows the hydraulic braking system for a car from the brake pedal to the
braking discs of the wheel.

Piston P

Fig 10.1
Master cylinder

Brake ‘ '
pedal To rear

wheels

i ; To wheel
Slave cylinders Oililled pipes i
in block el
Piston Q

A force is applied downwards on the brake pedal in order to slow down the wheels of
the car.

(@) Using Fig. 10.1, explain clearly how a force applied on the brake pedal can slow
down a moving car. [2]

(b) The surface area of piston P in contact with the brake fluid at the master
cylinder is 5.0 x 10 * m? and the area of piston Q of the slave cylinder is
7.5x10 3 m2

() Explain why the area of piston P has to be smaller than piston Q. [1]
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(i)  Find the force exerted on Piston Q when a force of 120 N is exerted on
the brake pedal. [2]

(iii)  If piston P moves down by 6 cm when the brake pedal is depressed,
calculate the distance moved by piston Q. [1]

(c) In order to ensure that the braking system functions properly, air cannot be
trapped in the brake fluid. Explain clearly how trapped air in the braking fluid
can affect the performance of the hydraulic braking system. [1]

(d)  When the road is wet, a sudden hard braking when the car is moving at a high
speed can cause the wheels to stop rotating instantly and the car will skid (slide
uncontrollably).

() Explain why a fast moving car skids on the wet road when the brake is
suddenly pressed very hard and the wheels stop rotating. [2]

(i)  To reduce the possibility of a car skidding on a wet surface, the wheels of
the car have specially designed threads as shown in Fig.10.2. Suggest
how these threads are able to reduce the chances of the car skidding on
a wet surface. [1]

Tyre threads
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11. (a) 2 kg of pure substance X was heated uniformly from its solid state until it reaches
the gaseous state. The temperature of X was taken in intervals of 5.0 minutes and
are tabulated as shown in Fig.11.1. Assume that the heat supplied was constant

and no heat was lost during the heating process.

Melting point of pure X = 40.0 °C

Boiling point of pure X =70.0 °C

Time when X began melting = 2.5 minutes

Time taken for all of solid X to melt = 5.0 minutes
Time when X began boiling = 10.0 minutes

Specific latent heat of vaporization of X = 30.0 kJ/kg
Power = 100 W

Temperature / °C
y 3

20.0
0.0

Time | Temperature

/min | /°C
0.0 25.0
5.0 40.0
10.0 70.0
15.0 70.0
20.0 70.0
25.0 85.0

Fig. 11.1
Time / min

) By analyzing the data obtained and using the given information, plot the heating

curve of pure substance X in the grid lines provided.

(i) Calculate the specific heat capacity of the solid X.

CCHY Preliminary Examination (2018) Physics / Sec Four Express
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(b) Fig. 11.2 below shows the cooling curve graphs of two pure liquids, Y and Z, of the

same mass.
Temperature 4
T17]
Y
Fig. 11.2
4
_Time
0 \ g
(1) Which substance (Y or Z) has a lower melting point? [1]

(i)  Which substance (Y or Z) has a greater specific heat capacity in the liquid
state? Explain your answer clearly. [2]

(i) Which substance (Y or Z) has a greater specific latent heat of fusion? Explain
your answer clearly. [2]

CCHY Preliminary Examination (2018) Physics / Sec Four Express
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EITHER

12A.(a) Fig. 12.1 shows an object AB near a thin converging lens. The principal foci of
the lens are at F and F’

Fig. 12.1

(1) By means of an accurate drawing, draw rays to find the positions of the
images of the points A and B. [2]

(i)  If object AB is brought closer and closer to the converging lens until a distance
less than one focal length, describe clearly the changes to the image of AB.

[2]

(b) Fig. 12.2 shows a scaled drawing of an object PQ and its image P’Q’ after
passing through a thin converging lens. By locating the position of the converging
lens and drawing rays on the diagram, find the focal length of the converging

lens. [2]

Fig. 12.2

Focallength = ...,
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(c) Light rays passing into an eyeball undergo two refractions; once as they pass through
the cornea and another as they pass through the lens of the eye. Fig.12.3 shows how
light rays pass through the eyeball and the image of an object is formed at the back of
the eye (retina) for an individual with perfect eyesight. For a short-sighted person, the
image of a distant object is formed in front of the retina.

(i)

Lens
Cornea

Pupil 3

Light./

Hays

Retina

E

Optic
MNerve

Fig. 12.3

One way to correct short-sightedness is to use a pair of spectacles. Which
type of spectacle lens (converging or diverging) would be suitable to correct
short-sightedness? Explain your answer clearly. [2]

Another method to correct short-sightedness is by performing a ‘lasik surgery’
which removes a small portion of tissue in the cornea to make the cornea less
rounded. Suggest how the less-rounded cornea in front of the eye’s lens can
help to correct short-sightedness. [2]
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OR

12B. (a) Fig. 12.4 shows a solenoid with an alternating current (a.c) supply coiled around a
soft iron core. An aluminium ring is placed through the soft iron and rests on the
solenoid. When the a.c supply is turned on, the ring ‘floats’ above the solenoid as

shown in Fig. 12.5.

Soft iron core

Aluminium ring _

Solenoid {8

Switch

Fig. 12.4 _
Fig. 12.5

() Explain clearly why the aluminium ring ‘floats’ when the a.c supply is turned on.
[3]

(i) If the a.c supply is now replaced by a d.c supply, what will be observed
after the supply is turned on? [1]
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(i)  The solenoid has an a.c supply but the aluminium ring is replaced with
a ‘C’-shaped ring instead as shown in Fig. 12.6. When the supply is
turned on, the C-shaped ring does not ‘float’ upwards but continued to
remain at rest on the solenoid instead. Explain the reason why this
happens. [2]

Fig. 12.6

(b)  Fig.12.7 shows a simple a.c generator which has a frequency of 60 Hz and
peak voltage 12 V.

AC Generator
o~ Iy S Il
Slip Rinos 0
PR ,)‘Elmshes . Load
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(1) Sketch the graph of the voltage produced against time for two complete cycles
below. Take the position of the coil to be that in Fig. 12.7 when time = 0 s.
[1]

v

(i) If the speed of rotation is reduced by ¥4 times the original speed, sketch the
new graph of the voltage produced on the same axis above. Label this new

graph with (ii). [2]

(i)  Explain clearly the differences between the graph for b(i) and b(ii). [1]

--End of Section B—
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CCHY 2018 Pure Physics Prelim Exam Mark Scheme

Paper 1
1 |D |6 |C |11 |[C |16 |[D |21 |D |26 |[D |31 |A |36 |A
2 |B |7 |(C |12 |B |17 |A |22 |B |27 |D |32 |B |37 |A
3 |C |8 (B |13 |A |18 [C |23 |B |28 |C |33 |B |38 |A
4 |C |9 |D (14 |[D |19 |B |24 [C |29 |C |34 |A |39 |C
5 (B |10 |B |15 |C |20 |[D |25 |D |30 |[B |3 |A |40 |C
Paper 2
Note: 1 mark will be deducted for not expressing numerical value to 2/3 sig. fig on 1
occasion. 2 marks to be deducted for more than 1 occasion.
50% mark for each part of gn will be deducted for missing or wrong “unit”.
Section A
Qn no. Suggested Solution Marks
1(@)(i) The car travelled at constant speed at 30 m/s fromt =0 to 50 s, 1
then decelerates uniformly to stop fromt=50sto 70 s,
and remain stationary / at rest for a further 10 s, 1
It reverses / change direction and accelerates uniformly
(i) Either, by graphical method 1
Retardation (r) = gradient = 30/ (70-50) = 1.5 ms™
Or, using formula
a=(v—-u)/t= (0-30)/20=-1.5ms?
or, r=1.5ms?
(No mark awarded if working is not shown)
(b) Total displacement
= distance moved during the first 70 s - distance moved during t=80 - 1
110s = % (50+70)x 30 - {% x 30 x 20}
=1500 m 1
(c) s/m
A
1800 | - m oo oo
1500 b mmmem e !
0 : : >
50 70 80 110 t/s
» Show a constant slope for first 50 s up to 1500 m; 1
» areducing gradient for the next 20 s to 1800 m, 1
» ahorizontal line graph betweent=70-80 s at 1800 m
» an (increasing and decreasing) curve for showing the last 30 s
1 mark will be deducted for not stating / labeling the axes.




2(a)

Let the spring balance reading (or tension) be T

To balance about (pivot) P, Net moment about P =0

Total anticlockwise moment = Total clockwise moment
Tx80 (2 x 40) + ( 8 x 60)
T 70N

|

(b)

Either,
Let the reaction force at the pivot be R.
Since net force =0 (not moving / at balance)
Hence, Total upward force = Total downward force
T+R =2+8
7+R =10
R =3.0N
Direction of R is (vertically) upward

OR , using POM and take moment about the spring position

 —

()

Magnitude (size) of the spring balance reading decreases

The total clockwise moment has decreased as the clockwise moment
by the 8 N weight about P has decreased with the reduction in the
(perpendicular) distance.

To maintain equilibrium, the anticlockwise moment by spring must also
decrease proportionately.

As moment = force x perpendicular distance (and the distance is
constant), the spring force must decrease to compensate the reduction

in the moment.

3(a)

Total energy is always conserved (remain unchanged) Energy cannot
be created or destroyed; They can only be converted from one form to
other form(s)

(b)

kinetic and gravitational potential energy

(€)

Ep=mgh =05x10x13
= 65J

(d)

Assume no energy is loss and total energy is conserved,
EP (at C) + Whiction = total energy at A (PE + KE )
65 +10.7 =% (0.5) (vo?) + (0.5 x 10 x 7.5)

Vo =12.4m/s

OR
Ex (at A) = Work done against friction + Ep gain
Y% (0.5)vo®> =10.7+(0.5x10x{13-7.5})

Vo =12.4 m/s

(€)

There is negligible loss of energy due to sound/heat energy (on base)

4(a)

Using the Principle of Reversibility of Light
By measurement




Zi (inair) =35°  Zr (in water) = 26° (£1°) 1
Nwater = SiN i/ sinr =sin 35/sin 26 = 1.31 (or between 1.28 to 1.39) 1
(b)(i)
35°
\\ 2 refracted raliy
\ I1 and |2 are the first and second images of the fish 1
Show correct 2™ refracted ray from side A to eye
(i) show correct positions of the 2 images, I1 and I> 2
5(a) air molecules moving randomly and bombarding / colliding with the 1
(tyre) walls and rebounding off.
exert a force on the unit area of wall’s surface. 1
This produces a pressure (as pressure is force per unit area)
(b) Increase , increases, no effect , increases 1
All 4 are correct
6(a) perspex ball has been charged with induced positive charges on its 1
surface atoms near to the Van de Graaff generator 1

As like charges repel, the (+) charged ball will be repelled off by the
(+) charged metal dome.




(b) 5 g has a weight (W) of 5x 0.01 =0.05 N

Scale : 1cmto 0.01 N (or less) 1

FE =0.15N

Fe and W are correctly shown (both magnitude and direction) 1

Correct triangle shown (or parallelogram showing the 1
resultant of F and W)

Correct Tand O values (T= 0.16 N, 6=720 ) 1
(Deduct 1 mark each for not expressing T to 2 or 3 sf/ not

labeling the forces on the scale drawing/ not indicating the
direction of the force(s)

7(@)(i) S open, voltmeter reading is 0 as there is no current. 1
Combined resistance =4 + 6 = 10 Q
I=V/R =12/10 =1.2A

Ammeter reads 1.2 A 1
(i) S closed, combined resistance =4 + {(6 x 12) / (6 + 12)} =8 Q

I=V/R =12/8=15A

Ammeter now reads 1.5 A 1

p.dacross4Q =IR=15x4=6.0V

hence, p.d across parallel network =12 -6 =6V
Currentthrough9 Q=V/R=6/12=%A
P.dacross9Q=1IR=%x9=45V

Voltmeter now reads 4.5 V 1
(b)(i) A device that converts other form of energy(s) to electrical energy. 1
(i) Using potential divider,
Asp.da R atconstantl
hence Rwor/10kQ =2V /10V
Rior =2.0 kQ 1




Alternatively

let X = RLor
x/(x+10) =2/12
6x =x+10

5x. =10

X =2.0kQ

8(a)(i)

To overcome._inertia of the coil so that it can start to turn / enable the
conducting (enameled) part of the wire to be in contact with paper clip
to allow current to pass into the coil.

(ii)

When electric current flows into the coil via the paper clip say from
right to left, (assume the coll is vertical, as shown in the diagram)

Explanation of the force set up
it sets up a magnetic field at the bottom coil which
interact with the magnetic field of the permanent magnets
below (with a north pole up)

The net resultant field produces a force pushing the
bottom coil (using Fleming’s LHR) near the bottom tape
which turns the coil.

—*This causes the conducting enameled copper wire to

\_/ rotate.
/Y

(Alternatively, when the coil is slightly displaced to one
side, the current produces a magnetic pole in the coil
which will cause the coil to turn as it is repel by the
magnet pole. If it is attracted, the coil will not turn and
you have to displace coil on the other side)

N

Explanation for continuous rotation

No current flows into the coil when the insulated part of
enameled wire is in contact with the paper clip, and
hence no more magnetic force.

But, inertia will continue to rotate the coil until the
conducting enameled copper wire connects up the circuit
again.

This again set up a force pushing the coil in again,
repeating the cycle and causing the coil to continue to

turn.
(b) The rotation speed will increase.
Mention ‘ increased rotation’ — zero mark
(c) To secure the 2 magnets strongly in the same position on top of the

base of holder by attracting them /prevent magnet attracting the coil
above it.




9(a)

Coils M.: Primary coils and coil K : secondary coil
Comparing the voltages of primary coil to secondary coil:
Step down ratio = 3 300 : 220
=15:1
Hence the coils must be step down to the same ratio of 15 : 1
Comparing the turn ratio
e CoilM: CoilK =1500:100=15:1
(If working is not clearly shown, award maximum 1 mark)

(b) Input power = 100/ 75 x 15 kW = 20 kW
Using | =P/V =20000/3300
=6.1A
(c) Any one of the following.....
Laminating the iron core will reduce the power loss due to heat
produced by induced current (known as eddy current) in the core itself.
Using low resistance (primary and secondary) coils will minimize the
amount of heat produced in the coils.
To increase the magnetic flux linkage between the primary and
secondary coils by using a soft magnetic material (iron core) to link
them up...
Section B
10(a) A force exerted on the brake pedal acts on the surface area of Piston P in
contact with the gil in the master cylinder to create a pressure
This pressure in the oil is transmitted to all parts of the oil
Since gil is incompressible, this creates a force pressing on the disc
pads of the wheels. Friction between the disc pads and the wheels slows
the car down.
(b)() Since the pressure acting in the liguid is the same throughout,
A small area at Piston P would require a smaller force exerted to
produce alarger force at Piston Q.
(i) Force exerted on piston Q = (Fp X Ag)/Ap
= (120 x 7.5 x 10®)/ 5.0 x 10*
= 1800 N
(Pressure on piston P =120/ 5.0 x 10* = 240 000 Pa if got the above wrong)
[1]
(i) Assuming no energy loss,
Fp X dp = FQ X dQ
do = (120 x 6)/ 1800
=0.4cm
(c) Since air is compressible
Pressure exerted at the master cylinder will not be fully transmitted to
the disc brakes Resulting in a greater force required at brake pedal to
obtain the same force on the disc brake for the ideal system
Force on Piston Q is smaller
() (@) The fast moving car has high inertia

On awet road, there is less friction between the wheels and the road




When wheels suddenly stops turning, the forward force is greater than the | 1
resistive force
(i) The threads allows water to pass through the surface of the tyre 1
This increases the friction between the car and the road surface to
prevent skidding.
11(a)() \
g 90 T T T T
g . ko
Z 80 R / %
f;f- e S / : ‘,
~ 60| ; .
i i i i
50 | / i peeen -
40 | /
30 S
25/ | R
20 e : >
0 5 10 15 20 2 correct
Timelmin - 1 mark
each correct part/shape of the graph with correctly labeled values for axes 4 correct
(total 5 parts) - 2 marks
0to 2.5 min
2.5 min to 7.5 min All 5
7.5 min to 10 min
10 min to 20 min gor;erlzs
20 min to 25 min
(i) Heat energy supplied = power x time 1
=100x 2.5x60
=15kJ
Temperature change = 40 — 25
=15°C 1
Heat capacity of solid Z = Heat energy supplied /
(mass x temperature change)
=15000/ (2 x 15)
=500 J/kg°C
(b)(i) Substance Z 1
(i) Substance Y
When subjected to the same cooling condition, the fall in temperature for | 1
substance Y is slower than substance Z
This indicates that a higher amount of energy needs to be lost by 1
substance Y compared to Z for the same amount of fall in temperature.
(i) Substance Z 1
For the same mass, same period of time,
Substance Z takes a longer time to change state
Indicating that higher amount of latent heat needs to be lost by Z 1

compared to Y to change from liquid to solid state




Either

12A)()

Lens

> B

B i

Correct pair of rays from A, one refracted through the lens and passing F,
the other straight through optical centre

Correct pair of rays from B, one refracted through the lens and passing F,
the other straight through optical centre

Correct smaller straight image drawn

Arrowheads drawn for every light ray and image labelled with A’ and B’

(no arrowheads or incomplete arrow heads — minus 1 mark)

(image is not straight — minus 1 mark)

(i) As the object is brought nearer to the lens towards one focal length distance,
image becomes magnified but remain inverted and real
When the object is less that one focal length distance from the lens, the
image becomes magnified, Upright and virtual.
(b)
P’ y A
P
(a)
Q o) \\\\\\\\\\ ()
v
Correct line passing through top of object and image to locate position of
lens, (a) Correct line from object to lens, combined with line (b)
Focal length between 5.9 t0 6.2 cm
(©)(i) Diverging lens.
Diverging lens will spread the incoming rays before it reaches the lens
The more diverged rays entering the lens will be focused at a further
distance in the eye onto the retina
(i) When rays enter the less rounded cornea, it undergoes lesser

refraction/less converging
This causes the lesser refracted rays to be focused at a further distance in




the eye after passing through the lens. 1
12B(a)(i) | When the supply is turned on, a changing magnetic field is produced 1
around the solenoid
The changing magnetic flux/magnetic field lines cutting the aluminium ring
induces an emf on the ring 1
By Lenz’s law, the induced emf on the ring is such that the magnetic field
induced around the aluminum ring opposes the magnetic field of the
solenoid that produced it 1
Like poles will exist between the aluminium ring and the solenoid
And repel the ring upwards since like poles repel
(i) The ring will move upwards momentarily and subsequently falls back 1
down and rest on top of the solenoid.
(iii) The C-shaped ring does not allow current to pass around the aluminium | 1
continuously.
This does not allow any induced current, magnetic force/field to be 1
produced around the c-shaped ring. Hence the ring will remain at rest on the
top part of the solenoid.
(b)() Emf /
12 7
9 II/’ \\\
/0,04
'I | |-
! Y e
' 0.03 / Time /
_9 \\_’/
1
Correct sine curve starting from max
Correct max. emf, min emf and period
(i) Correct sine curve (dotted) starting from max 1
Correct max. emf =9V
min emf =-9V 1
period =0.022s
(i) A rotation 1/4 times slower would result in
a) Output e.m.f = 9.0 V which is 1/4 times lesser than initial 1

b) Period becomes 0.022 s since frequency becomes 45 Hz
c) A slower rotation causes lesser e.m.f to be induced in the generator
and it the period for each oscillation is longer.
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2

Section A
Answer all the questions in this section.

1 The resistive forces that act backwards on a car are air resistance and friction, as illustrated in

Fig. 1.1.
m
|~
friction == @ I R

Fig. 1.1

air resistance

forward driving force
-

Fig. 1.2 shows a graph of the total resistive force that acts on the car plotted against time t.

3000
fotal 2000 o
resistive 4
force/N o
1000 - .
O o
0 2 4 6 8 10 12 14 16 18 20 22 24
‘ t/s
Fig. 1.2

The caris at rest att = 0 s. The forward driving force acting on the car is zero untilt =2 s.
From t = 2 s until t = 24 s, the driving force has a constant value of 2500 N.

(a) (i) State the two time intervals where the forces acting on the car are balanced.

CHIJSec/2018/OLevelPrelim/6091/02
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(b) The car has a mass of 900 kg. Calculate

(i) the acceleration of the caratt=2s,

acceleration=......................... [2]

(ii) the value of t when the acceleration of the car is 2.0 m/s.

[Turn over
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4

A rope suspends a steel ball of mass 20.0 kg. A horizontal force of 100.0 N is then applied to
maintain the ball in the position shown in the Fig. 2.1.

Draw a diagram using an appropriate scale and indicate clearly the direction of the tension in
the rope. Hence, determine the magnitude of the tension in the rope, and the value of the

e LU

rope

Force = 100.0 N

A
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5

Fig. 3.1 shows six men on a ship trying to raise the anchor. Each men pushes against a handle
with a force of 100 N at a distance of 1.2 m from the axis of rotation. The chain, which supports
the anchor, wraps around the axle at a radius of 0.5 m.

----------------------------

to anchor

(a) State the principle of moments.

..................................................................................................................................... [1]
(b) Calculate the total moment produced by the six men about the axis of rotation.
totalmoment=...................... [2]
(c) The anchor is raised steadily at a constant speed of 0.1 m/s.
Using the principle of moments, determine the weight of the anchor.
weight=..................... [2]
[Turn over
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6

A U-tube initially contains water. Alcohol which floats on water is carefully poured into the right
hand side of the U-tube until there is 60 mm height of alcohol in the tube as shown in Fig. 4.1.

The water level on the right hand side of the U-tube is now 80 mm from the base. The density
of water and alcohol is 1.0 g/cm? and 0.8 g/cm? respectively.

/ alcohol

60 mm

U 80 mm

Fig. 4.1

water

(a) Calculate the difference in height between the water levels in the left and right side of
the U-tube, after the alcohol was poured into the tube.

rise in height of water = ........................ [3]

(b) If the density of the alcohol is less than 0.8 g/cm?3, state the difference in the water
level of both sides of the arm of the U-tube. Support your answer with reason.

CHIJSec/2018/OLevelPrelim/6091/02
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7

Describe, with the aid of a diagram, how the refractive index of a piece of glass block can be
determined as accurately as possible.

[Turn over
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6 Fig. 6.1 shows the top view of a person at X standing between a plane mirror and a wall mural
behind him.

plane mirror

X

wall mural

Fig. 6.1

(@ On Fig. 6.1, construct as accurately as possible, two light rays to show the two ends
along the mural that are visible to the person standing at X in the plane mirror. Label
the two ends as ‘A’ and ‘B’. [2]

Fig. 6.2 shows an ornamental glass ball mounted on a rectangular glass base. The centre of
the part circular glass ball has been marked ‘O’. An object C is embedded inside the glass ball.

glass base

Fig. 6.2
A ray of light from object C is incident at the glass-air boundary.
(b) On Fig. 6.2, draw the normal at the glass-air boundary and measure the angle of

incidence. Hint: The normal to any circular surface is the radius of the spherical
surface.

angle of incidence = ...t

CHIJSec/2018/OLevelPrelim/6091/02
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(c) Given that the refractive index of glass is 1.50, calculate the angle of refraction.
On Fig. 6.2, complete the path of the ray as it leaves the glass ball.

angle of refraction = ....................cl,

(d) Total internal reflection will not take place for this particular ray in Fig. 6.2. Explain why
is this so. You may show numerical calculations to support your answer.

[Turn over
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10

Fig. 7.1 shows a circuit containing A and B which are lengths of different resistance wire while
P and Q are two fixed resistors of 10 Q and 20 Q respectively.

A X B

< ¢

Fig. 7.1

(a) What is the ratio of resistance of A to resistance of B for the galvanometer to register a
zero deflection?

ratio of resistance of Atoresistanceof B=........................... [1]

(b) Explain why there is no current flow through the galvanometer.

Wire A has a resistivity of 9.0 x 10”7 Qm and its cross sectional area is four times that of B. In
order for the galvanometer to show zero deflection, the length of A is three times that of B.

(c) Using your answer to part (a) or otherwise, determine the resistivity of wire B

resistivity of wire B=.......................... [3]

(d) Resistors P and Q are ohmic devices. Hence, they both obey Ohm’s Law.
State Ohm’s Law.

CHIJSec/2018/OLevelPrelim/6091/02
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8 Fig. 8.1 shows a circuit containing a 12 V filament lamp and a 12 V power supply.
12V
N
e O
voltmeter 1 voltmeter 2
© O,
c
® C”u P k)
Y X

Fig. 8.1

The variable resistor XY is made from a long resistance wire and it has twice the resistance as
the filament lamp. The sliding contact C moves along the wire from X to Y.

State what happens to the readings of the three meters as C moves from X to Y. Give numerical
values where possible.

Ao 110 012 (= S I

[Turn over
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Name: Index number: Class:

Section B

Answer all the questions from this section.
Answer only one of the two alternative questions in Question 11.

Fig. 9.1 shows a simple setup that can be used to investigate the loss of energy when the ball

hits the ground.
mOtion sensor => to Computer for
data-logging

floor

Fig. 9.1

The ball, which has a mass of 1.5 kg, was released at a certain height, h, above the floor. The motion
sensor tracks the position of the ball and the following graph was obtained.

distance from sensor / m

25
2.0 I /
/ AN /
/ N v
1.5 /
/
1.0 /
/
/
05 4~
0.0 time/s
0.0 0.5 1.0 1.5 2.0
Fig. 9.2

[Turn over
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(b)

(c)

(d)

14
Explain why datalogging is suitable for this experiment.

........................................................................................................................ [1]
From Fig. 9.2, determine
(i) the initial height of the ball above the ground.
initial height=........................... [1]
(i) the maximum height attained by the ball after the first rebound.
maximum height=........................ [1]
(iii)  the speed of the ball at 0.5 s.
speed = ....ooiiiiiiiiee, [2]
(iv)  the speed of the ball at 0.9 s.
speed = .......ceiiiiiiiinnnn. [1]
By making use of your answers to part (b) or otherwise, calculate the loss in energy
of the ball upon the first impact with the floor.
loss of energy = .....ooiiiiiiininnnn. [2]

A second ball, which is made of the same material, has double the radius of the ball used in
the experiment. Calculate the mass of second ball.

4
(Volume of sphere = gﬁl’s)

mass of second ball = .................. [2]

CHIJSec/2018/OLevelPrelim/6091/02
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Fig. 10.1 shows an electric kettle.

(a)

water L

Fig. 10.1
The specific latent heat of vaporisation of water is 2.36 x 108 J/kg.

Using this value for the specific latent heat of vaporisation of water, describe an
experiment to determine the electrical power input to the kettle. You should state
clearly how the readings are obtained and how the power is calculated.

Suggested apparatus: kettle, electronic balance, stopwatch, thermometer

[Turn over
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10 (b) The kettle has an electrical power input of 1.5 kW and is used for 3 minutes.

(i) Calculate the electrical energy, in joules (J), supplied to the kettle.

electrical energy = ................... [2]

(i) Calculate the electrical energy, in kilowatt hours (kWh), supplied to the kettle.

electricalenergy = ...l [1]

(iii)  Using your answers to part (b)(i) and (b)(ii), calculate the number of joules
that is equivalent to 1.0 kWh.

number of joules = .................oeell [1]

(c) When the kettle is switched off, the water cools down. Explain, in molecular terms,
how evaporation causes a loss of energy from the water.

CHIJSec/2018/OLevelPrelim/6091/02
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EITHER

(a)

(b)

resistance / kQ

What is the difference between input transducers and output transducers?

.............................................................................................................. [1]
Fig. 11.1 shows how the resistance of the temperature sensor changes with
temperature.

20
15 1
N\
10
5 »
0
0 10 20 30 40 50 60
temperature / °C
Fig. 11.1
(i) From the graph, determine the resistance of the temperature sensor at 40 °C.
resistance of sensor = ...................... [1]

(ii)  Explain why the graph shows that the temperature sensor is a non-ohmic device.

[Turn over
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(c) The temperature sensor is connected to a circuit in Fig. 11.2. The variable resistor is
set at 7.5 kQ and the battery has an e.m.f of 20.0 V with negligible internal resistance.

3 ]

Fig 11.2

When the switch is closed, determine the current (in mA) flowing in the circuit at 40 °C.

current= ...l [2]

(d) The resistor R is connected to an electronic circuit as shown in Fig. 11.3. The electronic
circuit is switched on when the potential difference across R is between 6.0 V to 10.0 V.
Assume the resistance of the variable resistor is still set at 7.5 kQ.

N 4
e > =

200V | R// To electronic
I circuit
Fig. 11.3
(i) Calculate the output voltage across R when the temperature is 40 °C.
Output voltage = ... [1

CHIJSec/2018/OLevelPrelim/6091/02
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(i) Calculate the maximum and minimum temperature for electric circuit to be
switched on.

maximum temperature = ...
minimum temperature = ................l
(3]
(iii) Suggest a use for this circuit.
..................................................................................................... 1
[Turn over
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A basic microscope is usually made up of two converging lenses. One reason for using two
lenses rather than just one is that it is easier to get higher magnification. For example, in order
to have an overall magnification of 27, one lens can magnify by a factor of 3, and the second
by a factor of 9.

It is generally easier to get a large magnification factor of 27 in this way than to use a single

lens. eye

lens
eye

objective
lens

object

Fe

real image |

Fig. 11.4
A microscope arrangement is shown in Fig. 11.4. The objective lens creates a real image |.

This image is the object for the eye lens (with its focal point at Fe¢), and the image created by
the eye lens is the one seen by the eye through the microscope.

(a) On Fig. 11.4, draw the two rays from the object to show how the image | is being formed
by the objective lens. Locate and label the focal point F, of the objective lens. [3]

(b) Draw two rays to locate the image as seen by the eye, when | is being magnified by the
eye lens on Fig. 11.4. Label clearly this image P. [3]

(c) Hence, calculate as accurately as possible the magnification factor of the microscope
used in Fig. 11.4. Hint: Magnification factor = Height of image/Height of object

magnification factor = ..................... ... [1]

CHIJSec/2018/OLevelPrelim/6091/02
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(e)

21

State one other characteristic of the magnified image P.

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

The converging lens works based on the laws of refraction of light.

State the laws of refraction.

L
2P
.............................................................................................................. [2]

- End of Paper -
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1(a)(i) Between O s and 2 s. 1
Between 16 sto 24 s. 1
1(a)(ii) Between 0 s to 2 s, car is stationery. 1
Between 16 s to 24 s, car is moving at a constant 1
speed/velocity.
1(b)(i) Att =2 s, resistive force = 0 N.
Resultant force, F =ma =2500 N 1
900 x a = 2500
a=2.78 m/s? 1
1(b)(ii) Resultant force, F = ma =900 x 2.0 = 1800 N 1
Resultant force = Driving force — resistive force 1
1800 = 2500 - resistive force
Resistive force = 2500 — 1800 = 700 N
From Fig. 1.2,t=6s 1
2 looN

< 7
w\/

Yoo ;lk 1N




- Caorrect tension in rope drawn from vector triangle
- Caorrect weight drawn

- Appropriate scale

- Correct value of tension

- Correct X

Magnitude of tension = 224 N
Angle X =63 °

N e

3(a)

When an object is balanced, the sum of clockwise moment
about a pivot is equal to the sum of anti-clockwise moment
about the same pivot.

3(b)

Total moment = force x perpendicular distance
=6x100x 1.2 =720 Nm

B

3(c)

When balanced,

Sum of clockwise moment = sum of anti-clockwise moment
720 = Weight x 0.5

Weight = 1440 N

4(a)

(phg)water = (phg)alcohol
1.0xhx10=0.8x60x10

h =48 mm

4(b)

The difference in water level will be lesser.
If the density of alcohol decreases, the total pressure exerted
by the alcohol will also decrease.

N

5(a)

- Draw outline of glass block on a piece of paper.

- Construct an angle of incidence, i = 30°, on one side
of glass block.

- Place two pins, P and P2 on the incident ray.

- Look through the glass block from the other side,
place two pins, Ps and P4, such that they are all in a
straight line with images of P, and P..

- Construct the emerging ray and the refracted ray.

- Measure the angle of refraction.

- Record values in a table.

- Repeat for 4 further values of angle i.

- Compute siniand sinr.

- Plot a graph of sini against sinr.

- Draw a best fit straight line.

- Determine the gradient

- Gradient represents refractive index of glass block.

- Appropriate diagram




6(a)

*\‘\ plane mirror
RGN ,

wall mural

- Two correct rays drawn. 2

6(b)

\5
N\ |
\ "
\ E
\ :
W
_________________________ NO
c
glass base\
- Correct normal drawn 1
- Caorrect angle of incident measured. 1
- Anglei=8°

6(c) n=sinr/sini
1.50=sinr/sin 8
r=12° 1

- Caorrect angle of refraction drawn 1

6(d) n=1/sinc
c =sin1[1/1.50] = 41.8° 1
Since the angle of incident is less than the critical angle, total 1
internal reflection will not take place.

7(a) A/IB=P/Q
A/B=10/20=1:2 1

7(b) Point X and point Y are at the same potential. Hence, there is 1
no difference in potential.

7(c) Y% =[9.0x 107 x 3lg / 4Ag] / [p X I / Ag] 1
Pp=[9.0x107x¥%]/% 1
p=1.35x10°Qm 1

7(d) Ohm'’s Law states that the current flowing through a metallic 1
conductor is directly proportional to the potential difference
between the 2 ends, provided that temperature and other 1
physical conditions remain constant.

8 Voltmeter 1: As contact C moves from X to Y, voltmeter 1 2
reading will increase from 4V to 12 V.

Voltmeter 2: As contact C moves from X to Y, voltmeter 2 1
reading will decrease from 8 Vto 0 V.
Ammeter: Ammeter reading will increase. 1
END OF SECTION A
9(a) Datalogging is suitable for this experiment because the time 1

duration is very short




OR
the height changes too quickly for measurement to be taken
manually.

9(b)(i)

Initial height=2.2-0.4=1.8m

9(b)(ii)

Maximum height=2.2-1.7=0.5m

9(b)(iii)

Speed = gradientat 0.5 s
Speed =[2.1 —-.07]/[0.6 — 0.3] = 4.67 m/s

B

9(b)(iv)

0 m/s

9(c)

Loss in energy = loss in G.P.E
=mg(hi — hy)
=1.5x10x(1.8-0.5)

=19.5J

-

9(d)

Vard

V =m x r3, where m is a constant
Vnew = m x [2r]®

Vnew=mx 8rf=8xV

Since density is the same,

New mass =8 x 1.5=12 kg

10(a)

Place empty kettle on a electronic balance.

-Pour 2 kg of water into kettle.

-Switch on the kettle.

-Start stop-watch once the water starts to boil.

-Stop the stop-watch once the reading on the electronic
balance decreases by 1 kqg.

- Record time as t s.

Power x time = m x Iv

Power =1 x 2.36 x 106/t

10(b)()

Electrical energy in Joules = Power X time
= 1500 x 3 x 60 = 270 kJ

10(b)(ii)

Electrical energy in kWh = 1.5kW x 3/60 h
=0.0750 kWh

10(b)(ii)

0.075 kWh =270 kJ
1 kWh =1 x 270/0.075 = 3.6 MJ

10(c)

The more energetic molecules will leave the surface of water
leaving behind the less energetic molecules.

Hence, the average kinetic energy of the remaining
molecules decreases.

11

EITHER

11(a)

Input transducers convert non-electrical energy to electrical
energy while output transducers convert electrical energy to
other non-electrical energy.

11(b)(i)

From the graph, resistance = 2.5 kQ

11(b)(i)

Temperature sensor is not an ohmic conductor because
resistance is not constant as temperature increases.

11(c)

| = VIR = 20.0/[2500 + 7500]
| =2 mA

(CITSNT

11(d)(i)

Output voltage, V = IR = 0.002x7500 = 15 V

=

11(d) i)

Vouput = R/[R+R7] X 20.0 V

6.0 = 7500/[7500+Rt] x 20.0 V

Rr=17.5kQ

From graph, minimum temperature =0 °C

10.0 = 7500/[7500+R+] x 20.0 V

Rr=7.5kQ

From the graph, maximum temperature = 15 °C

11(d) i)

To switch on a heater whenever the temperature drops below




15 °C.

OR
11(a) L &y
objective
lens
object ‘;“/“‘\‘
““:‘ i Sen o ll Fe
\/ | - ~\;;;1 B L
o ‘ ‘(eafi/r;qagglr‘/
Fig. 11.3 ‘ P '
A microscone arranoeme?&tfs;é}uown in Fia. 11.3. The obiective lens creates a real imaae 1.
- 2 correct rays 5
- Foindicated correctly 1
11(b) - 2 correct rays 2
- Image P indicated correctly 1
11(c) Magnification = Image height / Object height
=49/0.7=7.0 1
11(d) The image P is virtual or upright. 1
11(e)(i) 1. At the point of incident, the normal, the incident ray and the 1
refracted ray all lies on the same plane.
2. For 2 given media, the ratio sin i/ sin r is a constant, where 1

i is the angle of incidence and r is the angle of refraction.

END OF PAPER 2
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Section A
Answer all the questions in this section.

A person winds some thread tightly 4 times round the length of a metre rule and cuts
the ends off level with the left-hand end of the rule, as shown in Fig. 1.1.

ends cut
off here

/ thread 1m rule

Fig. 1.1

(@) Determine the length of the thread, to the nearest metre.

m [1]

(b) State and explain whether the actual length of thread is slightly greater or
slightly less than your answer to (a).

[1]




2  Fig. 2.1 shows the arm of a crane when it is lifting a heavy box.

Fig. 2.1

By the use of a scale diagram of the forces acting at P, find the weight of the box. Show
all workings clearly.

weight of box = [4]




3 Fig. 3.1 shows a hinged rail in a fence. The rail has to be lifted vertically in order to let
people through.

hinge rail

—_— . S @
Fig. 3.1

(@8 On Fig. 3.1, draw an arrow to show the position and direction of the smallest
force that would be needed to begin to raise the rail. [2]

(b)  Suggest one way the designer of the fence could have reduced the force needed
to raise the rail.

[1]




4

Fig. 4.1 shows a can of compressed air that is being used to blow dust off a computer
keyboard.

Fig. 4.1

The pressure of the air inside the can is greater than the pressure of the atmosphere.

(@) State what is meant by the term pressure.

[1]

(b)  Using ideas about molecules and the definition of pressure, explain why the
pressure of the air inside the can decreases as it is used.

[3]




5

Fig. 5.1 shows a water manometer used to measure the pressure inside a gas pipe.

scale in
cm

gas
pipe

water—
Fig. 5.1

(& InFig.5.1,

scale in
cm

gas
pipe

sealed end
- trapped ar
-80
=G0
40
-20
- |/
1/
Fig. 5.2

0] state and explain whether the pressure inside the gas pipe is larger than
or smaller than atmospheric pressure.

[2]

(i)  the atmospheric pressure is 100 kPa and the density of water is 1000

kg/m?3. The gravitational field strength is 10 N/kg.

Calculate the pressure inside the gas pipe.

pressure =

[2]

(b) InFig. 5.2, the manometer shown has its top end sealed.

Explain why the water levels are different in Figs. 5.1 and 5.2, even though the

pressure in the gas pipe is the same.

[1]




6  Fig. 6.1 shows a mercury-in-glass thermometer made using a glass capillary tube.

fC__-10 (u] 10 20 30 40 50 60 70 £0 [=]s] 100 110

glass capillary tube

mercury

(@)

(b)

Fig. 6.1

Describe how to check that the 100 °C mark is in the correct position on the
thermometer.

[2]

Some thermometers contain ethanol instead of mercury.

A second glass capillary tube is identical to the tube in Fig. 6.1, except that it has
no markings on the glass. This tube is used to make an ethanol-in-glass
thermometer. The volume of the ethanol in this thermometer is equal to the
volume of mercury in the thermometer in Fig. 6.1.

The thermal expansion of ethanol is more than that of mercury.

State, and explain, how the maximum possible temperature measured by the
ethanol-in-glass thermometer differs from that of the thermometer in Fig. 6.1.

[2]
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A plastic ice tray has 16 sections filled with water. When placed in the ice box, the water
freezes to form ice cubes. Each section contains a mass of 20 g of water that is initially
completely liquid at a temperature of O °C. The specific latent heat of fusion of ice is
330 J/g.

(@) Calculate the amount of energy that must be taken from the tray of water to
enable all the water in the tray to become ice at 0 °C.

energy = [2]

(b) State why the heat capacity of the plastic tray does not affect the answer to (a).

[1]

(c) The ice box takes energy from the water at a rate of 30 W. Estimate the time
taken for all the water in the tray to become ice.

time = [1]




8  Some medical processes involve the use of ultrasound.

(a) State what is meant by ultrasound.

[1]

(b)  Explain briefly how ultrasound is used in pre-natal scanning.

[2]




9

10

A 600 Q resistor and a thermistor are connected in series with an ammeter and a 20 V
d.c. power supply. A voltmeter is in parallel with the resistor.

Fig. 9.1 is the circuit diagram.

A
\AJ
600Q ("
.
20Vdec. s+
power {7
supply §—
thermistor
Fig. 9.1

The ammeter reads 0.025 A.
(@) Calculate

(i)  thereading on the voltmeter,

reading =

[2]

(i)  the resistance of the thermistor.

resistance =

[2]

(b)  The temperature of the thermistor increases.
State what, if anything, happens to

(i)  the resistance of the thermistor,

[1]

(i)  the ammeter reading and to the voltmeter reading.

ammeter reading:

voltmeter reading:

[1]
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10 Fig. 10.1 shows a mains extension lead. The six sockets allow several electrical
appliances to be connected to the mains supply through one cable.

__— mains supply

. cable

sockets—

Fig. 10.1

(&) The cable connects the sockets to the mains supply.
The cable contains three wires: live, neutral and earth. State what is meant by

Q) live,

[1]

(i)  earth.

[1]

(b)  Six powerful lamps are plugged into the sockets and switched on, one by one.

(i)  State and explain what happens in the cable as the lamps are switched
on, one by one.

[2]

(i)  Explain why it can be dangerous when a fuse of the wrong value is used
in the plug.

[2]
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11 A length of flexible, slack wire is fixed at A and B so that part of it is held vertically in
the field of a horseshoe magnet, as shown in Fig. 11.1.

Fig. 11.1

Figs. 11.2 and 11.3 each show the same section through the apparatus. The wire
between A and B is not shown.

- -

magnet—___ ___-magnet

pole T 4+ pole

B B_
Fig. 11.2 Fig. 11.3

@ () On Fig. 11.2, draw what the wire might look like when a large current flows
fromAtoB. [1]

(i)  Using ideas about magnetic fields, explain why the wire looks like this.

[2]

(b) On Fig. 11.3, draw what the wire might look like if the current in (a) is larger
and reversed in direction. [1]
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12 A transformer has an output of 24 V when supplying a current of 2.0 A. The current in
the primary coil is 0.40 A and the transformer is 100% efficient.

(@) Calculate

(i)

(i)

(b) (@)

(ii)

the power output of the transformer,

power = [1]

the voltage applied across the primary coil.

voltage = (1]

State one reason why the transformer may not be 100% efficient.

[1]

Explain briefly how the transformer changes an input voltage into a
different output voltage.

[2]
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13 Wind is a cheap and renewable energy source. Wind turbines provide electrical energy
by making use of wind to turn its turbine blades, which in turn spins a coil placed
between two permanent magnets.

Wind turbines come in various sizes and have various power ratings. Fig. 13.1 shows
one of the smallest wind turbines for domestic use while Fig. 13.2 shows the generator
connected to the turbine blades.

~turbine blades

'\

iy LR
< generator
loads:
tower-
power
storage

Fig. 13.1

axis of rotation connected to
turbine blades




16

Fig. 13.3 shows the specification of the wind turbine.

blade diameter 2.7m

cut-in wind speed 2.5mls

cut-out wind speed 15 m/s

rated wind speed 9.0 m/s

maximum output power 650 W
output voltage 48 V (a.c.)
average annual energy output 1997 kWh

Fig. 13.3

Fig. 13.4 shows the electrical power generated by the wind turbine at different wind
speeds.
rated
generated power / kKW output
cut-out speed

frated output speied
power

A

cut-in
speed
2.5 9.0 15 wind speed / m/s
Fig. 13.4

(@ InFig. 13.2, explain

0] the purpose of the slip rings and brushes arrangement.

[1]

why work needs to be done to produce the induced e.m.f.

(ii)

[1]
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by O State the wind speed at which the turbine blades first start to turn.

Suggest why the turbine blades would only start turning at this speed.

[2]

(i) At awind speed of 15 m/s, brakes are immediately employed to bring the
turbine to a standstill.

Suggest why this is necessary.

[1]

(c)  The caoil of the generator rotates 1.5 times in each second when the wind speed
is 15 m/s.

On Fig. 13.5 below, sketch a labelled graph of e.m.f. against time, for a time
interval of one second from the instant the generator starts turning from the
position shown in Fig. 13.2.

[2]

e.m.f./V

time/s

Fig. 13.5



(d)
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A suggestion was made for a small home to be run solely on this wind turbine.

Assuming that on an average day, the electrical needs of the home are:

electrical needs power consumption no. of hours used
lights 600 W 6
radio 20 W 12
water pump 750 W 3

) Calculate the energy needed for a day.

(i)  Hence, explain if this suggestion is suitable.

energy =

[2]

[1]
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14 (a) Fig. 14.1 shows a ray of light passing through the edge of a converging lens.

0)

(ii)

normal

L J

converging
lens

Fig. 14.1

State and explain what happens to the direction of the ray of light as it
enters the lens.

[2]

Calculate the refractive index of the glass used in the lens.

refractive index = [2]
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(b)  An object is placed 2 cm from the lens and a virtual image is formed 5 cm from
the lens.

(i)  State what is meant by the focal length of a lens.

[1]

(i) Draw a ray diagram to scale to show the formation of the image.

[3]

Hence determine the focal length of the lens.

focal length = [1]

(iii)  State two other properties of the image.

[1]
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15 EITHER

Fig. 15.1 shows a large container ship travelling at constant speed in a straight line.

Fig. 15.1
The resistive force acting on the ship is 2.8 x 106 N.
(@) The speed of the ship is 9.7 m/s.

(i)  Calculate the work done against the resistive force on the ship in 10 s.

work done = [2]

(i)  The engines are powered by oil.

State the energy transfer that is taking place when the ship is travelling at
constant speed.

[1]
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(b) The mass of the ship is 2.2 x 108 kg. The engines are switched off and the
resistive force causes the ship to decelerate.

(i)  Calculate the initial deceleration of the ship.

deceleration = [2]

(i)  As the speed of the ship decreases, its deceleration changes.

1. Suggest and explain how the deceleration changes.

[2]

2. On Fig. 15.2, sketch a possible speed-time graph for the ship as it
decelerates to rest.

9.7

speed
m/s

time/s

Fig. 15.2
[2]

(c)  When the ship is travelling at a different speed, energy is being supplied to the
engines at a rate of 33 MJ/s. The efficiency of the engines is 0.36 (36%).

Calculate the rate at which energy is wasted in the engines.

rate at which energy is wasted = [1]
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15 OR

Thin wire, covered in plastic insulation, is used to make a solenoid (long coil). The
solenoid is connected to a sensitive ammeter. Fig. 15.3 shows the N-pole of a steel
magnet placed next to the solenoid.

steel magnet

/
@7 )

solenoid—

©,

Fig. 15.3
Point X and point Y are on the axis of the solenoid.

@ M Explain why plastic is an electrical insulator.

[1]

(i)  Explain why the magnet is not made from

1. aluminium,

[1]

2. iron.

[1]




(b)

(c)

(d)

24

In one experiment, the magnet in Fig. 15.3 is moved to the left and passes into
the solenoid.

The N-pole of the magnet travels from Y to X at a constant speed. As it moves,
the ammeter shows a small current.

) Explain why there is a current in the solenoid when the magnet is moving.

[2]

(ii)  The N-pole travels from Y to X in 0.14 s. As it moves, the current shown
on the ammeter is 0.045 mA.

Calculate the charge that passes through the solenoid as the N-pole
moves from Y to X.

charge = [2]

In a second experiment, the speed of the N-pole is greater than its speed in the
first experiment. It now takes only 0.070 s to travel from Y to X. A current in the
same direction is shown on the ammeter.

The same quantity of charge passes through the coil in both the first and second
experiments.

Explain why this is the case.

[1]

State two ways in which the equipment shown in Fig. 15.3 can be used to
produce a current in the solenoid that is in the opposite direction.

1.

2.

[2]
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Section A

Answer all the questions in this section.

A person winds some thread tightly 4 times round the length of a metre rule and cuts
the ends off level with the left-hand end of the rule, as shown in Fig. 1.1.

(@)

(b)

ends cut
off here

thread 1m rule

/

Fig. 1.1
Determine the length of the thread, to the nearest metre.

8 m [1]

State and explain whether the actual length of thread is slightly greater or
slightly less than your answer to (a).

EITHER: Slightly greater
Reason: Due to thickness of rule/ Thread overlap at ends [1]
OR: Slightly less.

Reason: Thread stretched when on rule/ Rule is worn out at ends

[1]




Fig. 2.1 shows the arm of a crane when it is lifting a heavy box.

Fig. 2.1

By the use of a scale diagram of the forces acting at P, find the weight of the box. Show
all workings clearly.

Scale 1 cm: 200 N

Resultant force

1\
2 RN =8.6 x200 N
/ \ = 1720 N (3 s.f.)
/ \ . o
/ \ Weight is opposite direction to the
\ resultant force [1]
// \ Weight = 1720 N
e Actual: 1729 N. Accept +5%:
i.e. 1642 Nto 1878 N [1]
e Correct method: parallelogram or
tip-to-tail [1]

e Correct vector diagram (arrows for
forces, double arrows for resultant
force, dotted lines if parallelogram)

(1]

weight of box = [4]




3 Fig. 3.1 shows a hinged rail in a fence. The rail has to be lifted vertically in order to let

people through.
hinge rail
|
= | | _# =
I
|
centre of rail
Position: Just to the
right of centre of ralil
Direction: Upwards
—_— . 4 @ o

(@)

(b)

Fig. 3.1

On Fig. 3.1, draw an arrow to show the position and direction of the smallest
force that would be needed to begin to raise the rail. [2]

Suggest one way the designer of the fence could have reduced the force needed
to raise the rail.

e Reduce weight/mass of rail OR thinner rail

e Open sideways [1]

etc.

[1]




4  Fig. 4.1 shows a can of compressed air that is being used to blow dust off a computer
keyboard.

Fig. 4.1

The pressure of the air inside the can is greater than the pressure of the atmosphere.

(@)

(b)

State what is meant by the term pressure.

Force acting per unit area. [1]

[1]

Using ideas about molecules and the definition of pressure, explain why the
pressure of the air inside the can decreases as it is used.

Using ideas about molecules:

e Less molecules per unit volume/ Less molecules in same volume [1]

e Frequency of collisions with walls decreases [1]

Using definition of pressure:

_Less force acting on the same area of the walls [1]

[3]
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Fig. 5.1 shows a water manometer used to measure the pressure inside a gas pipe.

(@)

(b)

scale in scale in sealed end
cm i cm - _//
gas gas i
pipe i pipe
= - - - trapped ar
80 80
G0
40
~ - -20
| -/
water — :I:Ii/J
Fig. 5.1 Fig. 5.2
In Fig. 5.1,
0] state and explain whether the pressure inside the gas pipe is larger than
or smaller than atmospheric pressure.
Larger than atmospheric pressure. [1]
The higher gas pressure exerts a larger force on the water on the left limb
of the monomer and hence pushes the water level to a lower level. [1]
[2]
(i)  the atmospheric pressure is 100 kPa and the density of water is 1000

kg/m?3. The gravitational field strength is 10 N/kg.

Calculate the pressure inside the gas pipe.

P= pgAh + Patm

= (1000)(10)(30 + 100) + 100 000 [1]
= 3000 + 100 000

=103 000 W (3 5.f) [1]

pressure = [2]

In Fig. 5.2, the manometer shown has its top end sealed.

Explain why the water levels are different in Figs. 5.1 and 5.2, even though the
pressure in the gas pipe is the same.

The trapped air exerts a pressure larger than atmospheric pressure [1]

[1]




6  Fig. 6.1 shows a mercury-in-glass thermometer made using a glass capillary tube.

fC__-10 (u] 10 20 30 40 50 60 70 £0 [=]s] 100 110

glass capillary tube

mercury

(@)

(b)

Fig. 6.1

Describe how to check that the 100 °C mark is in the correct position on the
thermometer.
Place a thermometer into steam above pure boiling water, at a pressure of one [1]

atmosphere.

When the reading of the mercury level stabilizes, the level should be at the 100 °C  [1]
mark

[2]

Some thermometers contain ethanol instead of mercury.

A second glass capillary tube is identical to the tube in Fig. 6.1, except that it has
no markings on the glass. This tube is used to make an ethanol-in-glass
thermometer. The volume of the ethanol in this thermometer is equal to the
volume of mercury in the thermometer in Fig. 6.1.

The thermal expansion of ethanol is more than that of mercury.

State, and explain, how the maximum possible temperature measured by the
ethanol-in-glass thermometer differs from that of the thermometer in Fig. 6.1.
Maximum possible temperature which can be measured by the ethanol-in-glass [1]
thermometer is smaller.

The ethanol (thread) reaches the end of the tube at a lower temperature. [1]

[2]
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A plastic ice tray has 16 sections filled with water. When placed in the ice box, the water
freezes to form ice cubes. Each section contains a mass of 20 g of water that is initially
completely liquid at a temperature of O °C. The specific latent heat of fusion of ice is
330 J/g.

(@)

(b)

(c)

Calculate the amount of energy that must be taken from the tray of water to
enable all the water in the tray to become ice at 0 °C.

Q = mIf

= (16 x 20)(330) [1]
=105 600

=106 000 W (3 s.f.) [1]

energy = [2]

State why the heat capacity of the plastic tray does not affect the answer to (a).

There is no change in the temperature of the plastic tray/ the plastic tray does not
change state. [1]

[1]

The ice box takes energy from the water at a rate of 30 W. Estimate the time
taken for all the water in the tray to become ice.

P=4Q +t

30=105600 +t

t =105 600 + 30

=3520s (3 s.f.) [1]

time = [1]




8  Some medical processes involve the use of ultrasound.

(@)

(b)

State what is meant by ultrasound.

Sound having frequencies above the audible frequency of human beings.

Explain briefly how ultrasound is used in pre-natal scanning.

The ultrasound is transmitted into the body.

[1]

[1]

An echo / reflection is produced from the baby / fetus.

[2]
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9 A 600 Q resistor and a thermistor are connected in series with an ammeter and a 20 V
d.c. power supply. A voltmeter is in parallel with the resistor.

Fig. 9.1 is the circuit diagram.

N "
B 1
600Q .( vj
20Vdec b+ T
power {7
supply §—
thermistor
Fig. 9.1
The ammeter reads 0.025 A.
(@) Calculate
) the reading on the voltmeter,
V across resistor = IR
= (0.025)(600) [1]
=15.0V (3s.f) [1]
reading = [2]
(i)  the resistance of the thermistor.
V across thermistor =20 - 15.0= 5V [1]
R of thermistor=V + 1 =5+ 0.025 = 200 2 (3 s.f.) [1]
Or: Total R of circuit =V + 1 =20 + 0.025 = 800 2
R of thermistor = 800 - 600 = 200 2 (0 d.p.)
resistance = (2]
(b)  The temperature of the thermistor increases.
State what, if anything, happens to
0] the resistance of the thermistor,
Decreases.
(Or: Increases.) (1]

(i)  the ammeter reading and to the voltmeter reading.

Increases.
ammeter reading:  (Or: Decreases.)

Increases.
voltmeter reading:  (Or: Decreases.)

[1]
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10 Fig. 10.1 shows a mains extension lead. The six sockets allow several electrical
appliances to be connected to the mains supply through one cable.

(@)

(b)

sockets—

__— mains supply

. cable

Fig. 10.1

The cable connects the sockets to the mains supply.

The cable contains three wires: live, neutral and earth. State what is meant by

0)

(i)

live,

Live wire is the wire at high potential. [1]
[1]

earth.

Earth wire is a low-resistance wire that is connected to the ground. [1]

[1]

Six powerful lamps are plugged into the sockets and switched on, one by one.

0)

(ii)

State and explain what happens in the cable as the lamps are switched
on, one by one.

The current in the cable increases. [1]
Reason: The lamps are connected in parallel and resistance decreases. [1]
Or:

The cable heats up.

Reason: The current in the cable increases. [2]

Explain why it can be dangerous when a fuse of the wrong value is used
in the plug.
If a larger than normal fuse rating is used, a very large current can pass

through the cable. [1]
This may melt the wire and cause an electrical fire. [1]
Or:

If a larger than normal fuse rating is used, a large current is allowed to pass
through and the appliance may still work. However, the fault in the

appliance/ circuit is still not corrected.
[Note: ‘Fuse will blow/ melt’ is not accepted.] [2]
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11 A length of flexible, slack wire is fixed at A and B so that part of it is held vertically in
the field of a horseshoe magnet, as shown in Fig. 11.1.

Fig. 11.1

Figs. 11.2 and 11.3 each show the same section through the apparatus. The wire
between A and B is not shown.

A
magnet—__ __—magnet
pole = ] pole
B
Fig. 11.2 Fig. 11.3
@ () On Fig. 11.2, draw what the wire might look like when a large current flows

(i)

from Ato B . [1]

Using ideas about magnetic fields, explain why the wire looks like this.
The magnetic field due to the current interacts with the magnetic field of the

magnet. [1]
A resultant unbalanced magnetic field is produced such that the left side is
stronger. [1]

[2]

(b) On Fig. 11.3, draw what the wire might look like if the current in (a) is larger
and reversed in direction. [1]
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12 A transformer has an output of 24 V when supplying a current of 2.0 A. The current in
the primary coil is 0.40 A and the transformer is 100% efficient.

(@)

(b)

Calculate

(i)

(i)

(ii)

the power output of the transformer,
P=IVv

= (24)(2.0)

=48.0 W (3s.f) [1]

power = [1]

the voltage applied across the primary coil.
Primary power = Secondary power

48.0 = (0.40)V

V=120V (3s.f) [1]

voltage = (1]

State one reason why the transformer may not be 100% efficient.
e Heat loss due to resistance of the coils

e Leakage of magnetic field lines between the primary and [1]
secondary coils
e Heat loss due to eddy currents induced in the iron core [1]

Explain briefly how the transformer changes an input voltage into a
different output voltage.

The larger the number of turns the secondary coil has, the larger the
change in magnetic field linked to the secondary cail. [1]

The e.m.f. induced in the secondary coil will thus be larger. [1]

[2]
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13 Wind is a cheap and renewable energy source. Wind turbines provide electrical energy
by making use of wind to turn its turbine blades, which in turn spins a coil placed
between two permanent magnets.

Wind turbines come in various sizes and have various power ratings. Fig. 13.1 shows
one of the smallest wind turbines for domestic use while Fig. 13.2 shows the generator
connected to the turbine blades.

~turbine blades

'\

iy LR
< generator
loads:
tower-
power
storage

Fig. 13.1

axis of rotation connected to
turbine blades
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Fig. 13.3 shows the specification of the wind turbine.

blade diameter 2.7m

cut-in wind speed 2.5mls

cut-out wind speed 15 m/s

rated wind speed 9.0 m/s

maximum output power 650 W
output voltage 48 V (a.c.)
average annual energy output 1997 kWh

Fig. 13.3

Fig. 13.4 shows the electrical power generated by the wind turbine at different wind
speeds.

rated

generated power / kKW output

speed cut-out speed
v 1

ﬁrated output
power

cut-in
speed
2.5 9.0 15 wind speed / m/s
Fig. 13.4

(@ InFig. 13.2, explain
0] the purpose of the slip rings and brushes arrangement.

Slip rings: To prevent the coil from entangling. [1]

Carbon brushes: To reduce friction with the slip rings as the coil rotates. [1]

[1]

(i)  why work needs to be done to produce the induced e.m.f.

According to Lenz’s Law, [1]

work has to be done against the force that is produced due to the interaction
of the magnetic fields of the induced current and magnets [1]




(b)y (@

(ii)
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State the wind speed at which the turbine blades first start to turn.

Suggest why the turbine blades would only start turning at this speed.

2.5 m/s. [1]
At this speed, there will be enough force to overcome the friction between
the moving parts of the turbine. [1]

[2]

At a wind speed of 15 m/s, brakes are immediately employed to bring the
turbine to a standstill.

Suggest why this is necessary.

To prevent overheating of the electrical cables in the turbine (when too high
a current is produced). [1]

[1]

(c)  The caoil of the generator rotates 1.5 times in each second when the wind speed
is 15 m/s.

On Fig. 13.5 below, sketch a labelled graph of e.m.f. against time, for a time
interval of one second from the instant the generator starts turning from the
position shown in Fig. 13.2.

e.m.f./V
48

[2]

1.5 cycles
Correct shape [1]

Correct values [1]

time/s

Fig. 13.5



(d)
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A suggestion was made for a small home to be run solely on this wind turbine.

Assuming that on an average day, the electrical needs of the home are:

electrical needs power consumption no. of hours used
lights 600 W 6
radio 20 W 12
water pump 750 W 3

) Calculate the energy needed for a day.
Total energy needed = (No. of kWh)(No. of hours)
= (0.600)(6) + (0.020)(12) + (0.750)(3) [1]
=6.09 kWh (3 s.f.) [1]

energy = (2]

(i)  Hence, explain if this suggestion is suitable.

Energy supplied by wind turbine in a day = 1997 + 365 = 5.47 kWh

The suggestion is not suitable, as the energy supplied by wind turbine is
less than the energy required in 1 day. [1]
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14 (a) Fig. 14.1 shows a ray of light passing through the edge of a converging lens.

normal
Ve
{0 .

k4

converging
lens

Fig. 14.1

) State and explain what happens to the direction of the ray of light as it
enters the lens.

As it enters the lens, it bends towards the normal. [1]
This is due to the speed of light decreasing as it enters an optically denser
medium [1]

[2]

(i)  Calculate the refractive index of the glass used in the lens.
n=(sini)+(sinr)
= (sin 409 =+ (sin 259 [1]
=152 (3s.f) (1]

refractive index = [2]
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(b)  An object is placed 2 cm from the lens and a virtual image is formed 5 cm from
the lens.

(i)  State what is meant by the focal length of a lens.

Distance between the principal focus/ focal point and the centre of lens. [1]

[1]

(i)  Draw a ray diagram to scale to show the formation of the image.

[3]

Hence determine the focal length of the lens.

.‘* Scale 1cm: 1cm

(Assume height

of object) 2 cm

5cm

f:3.3cm\

e Correct image (dotted lines) [1]
e Correct ray diagram [1]
e Correct scale [1]

e Focal length correctly determined: accept 3.2 to 3.4 cm [1]

focal length = [1]

(iii)  State two other properties of the image.
e Enlarged/ magnified (Not accepted: ‘larger’)
e Upright

e Same side as object from lens
(Any 2)

[1]
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Fig. 15.1 shows a large container ship travelling at constant speed in a straight line.

Fig. 15.1

The resistive force acting on the ship is 2.8 x 106 N.

(@) The speed of the ship is 9.7 m/s.

(i)

(ii)

Calculate the work done against the resistive force on the ship in 10 s.
Work done = Fs

= (2.8 x 106 N) (9.7 x 10) (1]
=2.72x107J (3s.f.) (1]
work done = [2]

The engines are powered by oil.

State the energy transfer that is taking place when the ship is travelling at
constant speed.

chemical potential energy (of ship) = thermal energy (of ship and water)

[1]




(b)

(c)
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The mass of the ship is 2.2 x 108 kg. The engines are switched off and the
resistive force causes the ship to decelerate.

(i)  Calculate the initial deceleration of the ship.
Fr=ma

Deceleration = Fr +m

= (2.8 x 10%) + (2.2 x 108) [1]
=0.0127 m/s? (3 s.f.) [1]
deceleration = [2]

(i)  As the speed of the ship decreases, its deceleration changes.
1. Suggest and explain how the deceleration changes.

The deceleration decreases. [1]

The resistive force decreases as the speed decreases. [1]

[2]

2.  On Fig. 15.2, sketch a possible speed-time graph for the ship as it
decelerates to rest.

9.7 +

speed
m/s

time/s

Fig. 15.2
[2]

When the ship is travelling at a different speed, energy is being supplied to the
engines at a rate of 33 MJ/s. The efficiency of the engines is 0.36 (36%).

Calculate the rate at which energy is wasted in the engines.
Efficiency = Useful power output +Total power input

0.36 = Useful power output + 33

Useful power output=0.36 x 33 =11.88=11.9

Wasted power = 33 -11.88 =21.12 =21 MJ/s (2 d.p.)

rate at which energy is wasted = [1]
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OR

Thin wire, covered in plastic insulation, is used to make a solenoid (long coil). The
solenoid is connected to a sensitive ammeter. Fig. 15.3 shows the N-pole of a steel
magnet placed next to the solenoid.

steel magnet

/
@7 )

solenoid—

©,

Fig. 15.3
Point X and point Y are on the axis of the solenoid.
@ M Explain why plastic is an electrical insulator.

Plastic does not contain free electrons. [1]

[1]

(ii)  Explain why the magnet is not made from
1. aluminium,

Aluminium is not a magnetic material, and e.m.f. cannot be induced.

[1]

2. iron.

Iron is used to make temporary magnets, and the magnetism will be
lost easily.

[1]




(b)

(c)

(d)
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In one experiment, the magnet in Fig. 15.3 is moved to the left and passes into
the solenoid.

The N-pole of the magnet travels from Y to X at a constant speed. As it moves,
the ammeter shows a small current.

) Explain why there is a current in the solenoid when the magnet is moving.
The solenoid experiences a change in _magnetic field/ magnetic flux

linkages. [1]
An e.m.f. is induced, and hence a current as the circuit is closed. [1]

[2]

(ii)  The N-pole travels from Y to X in 0.14 s. As it moves, the current shown
on the ammeter is 0.045 mA.

Calculate the charge that passes through the solenoid as the N-pole
moves from Y to X.

I=Q~+t

Q=1t

= (0.045 x 10%)(0.14) [1]
=6.30 x10% C or 0.0030 mC (3 s.f)) [1]

charge = [2]

In a second experiment, the speed of the N-pole is greater than its speed in the
first experiment. It now takes only 0.070 s to travel from Y to X. A current in the
same direction is shown on the ammeter.

The same quantity of charge passes through the coil in both the first and second
experiments.

Explain why this is the case.

Though the time was halved, the current was doubled.

[Note: since Q = It & greater speed resulted in larger induced current]

[1]

State two ways in which the equipment shown in Fig. 15.3 can be used to
produce a current in the solenoid that is in the opposite direction.
e Insert S-pole (at same end)

1. e Insert (N-pole) at other end or from other direction
e Withdraw N-pole (from same end implied)
2. e Withdraw S-pole from other end or pass through completely

[2]



