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Section A
Answer all questions in this section.

Fig. 1.1 shows a man cycling forward on a straight road surface P. After cycling for 10 s, he
enters a road surface Q. Throughout the entire journey, the man exerts a constant forward
driving force of 600 N.

road surface P road surface Q

Fig. 1.1

Fig. 1.2 shows a graph of the resistive force acting on the bicycle against time.

resistive force / N

35

20

> time/s
0 10 20

Fig. 1.2

The man and his bicycle have a combined mass of 150 kg. His initial speed is 2.0 m/s.

(a) Calculate the acceleration of the man and his bicycle att =5 s.

acceleration = ... [2]

(b) Calculate the speed of the bicycle att= 10 s.
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(c) Describe the velocity and acceleration of the cyclist from 10 s to 20 s.

Fig. 2.1 shows an archer shooting an arrow at a target during a competition.

bow string

arrow 4 \

Fig. 2.1

(@) The arrow has a mass of 0.025 kg and is initially at rest. The arrow leaves the bow
0.013 s after the bow string is released. When it leaves the bow, the velocity of the arrow
is 86 m/s.

Calculate

(i) the average force exerted on the arrow during the 0.013 s.

average force = ... [2]
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(ii)  The magnitude of the force exerted on the arrow by the bow string is not consistent
during the 0.013 s. Suggest why this is so.

(b) On Fig. 2.2, sketch a possible speed-time graph for the arrow after the bow string is

released. [2]
A
86 ——
Speed /
m/s
0 +—
0 0.013s
time/s

Fig. 2.2



A mass, hanging on the end of a string, is pulled horizontally sideways to the right so that the

string makes an angle of 30° with the vertical as shown in Fig. 3.1. In this position, the tension
in the string is 8.0 N.

By means of a scale diagram, determine the weight of the mass.

1

w
o
°

8.0N

mass

weight

Fig. 3.1

weight of mass =
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4 Fig. 4.1 shows a door and an automatic door-closer viewed from above.

point X

door closer

bar fixed to wall

Fig. 4.1
When the door opens and closes, the hinge acts as a pivot.
A girl opens the door by exerting a force P at point X.

Force P is perpendicular to the surface of the door.

(@) Fig. 4.1 shows that point X is at a distance of 0.72 m along the front of the door from the
hinge. The force P is 25 N.

(i)  Calculate the moment of force P about the hinge.

momentofforce = ..o [1]

(ii) The door rotates about the hinge by 90° As it rotates, the force P remains
perpendicular to the surface of the door. The circumference of a circle of radius
0.72mis4.5m.

Calculate the work done on the door by force P.

WOrK dONE = ... [2]
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(b) As the door opens, there is a force F on the door in the direction shown in Fig. 4.1.
Although force F is larger than force P, the door rotates about the hinge.

Explain why.

(@) Fig. 5.1 shows an electric circuit powered by a 12.0 V battery of negligible internal
resistance.

400

3.00Q

Fig. 5.1

When switch S is closed, calculate
(i)  the total resistance of the circuit,

totalresistance = ... [2]
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(ii)  the current flowing through the ammeter.

CUITENE = e [1]

(b) Describe the effect on the reading of the ammeter when the switch S is opened.

Fig. 6.1 shows how the resistance of a thermistor, R, varies with temperature.

R/ MQ

A
4.0

3.0

N a2
Bse
2.0 "h-c-.,.
k&
no
necug
1.0
0 >
15 20 25 30 35 40

temperature / °C

Fig. 6.1
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The thermistor is connected to the circuit in Fig. 6.2.

5.2MQ

Fig. 6.2
The battery has an electromotive force (e.m.f.) of 6.0 V.
The voltmeter reads 4.0 V.

(a) Determine
(i) the total resistance between points X and Y,

total resistance between points Xand Y = ... [2]

(ii)  the temperature of the thermistor using Fig. 6.1.

temperature = ... [2]
(b) A student suggests that the circuit in Fig. 6.2 could be calibrated to measure temperature.

Suggest a disadvantage of using the thermistor for the measurement of temperature.



7

10

Fig. 7.1 shows a d.c. generator.

magnet
pole ——

/ ! carbon
g?urggn brush
split-ring
commutator
load
P Q
Fig. 7.1

(a) Coil ABCD rotates clockwise. Using arrows, draw the directions of the induced currents

on the sides AB and CD of the coil on Fig. 7.1. [1
(b) Sketch on Fig. 7.2, the graph of the induced e.m.f. against time when the coil is rotated.
(3]
_ A
induced e.m.f.
—
; | : | i | time
I ' l ' ! I
I ! I ' ! 1
| : I : : I
I
: " 1 1 " I
B C | |
| [

FF | e | oo
A D \/
positions of coil

Fig. 7.2
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(c) Explain why a motor can also be used as a generator.

Fig. 8.1 shows the structure of a transformer which is used in the transmission of electrical
power through the cables.

To
From power | ——— i households
grid /\’; == F o
\
primary coil / secondary coil
Fig. 8.1

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 8.2 below.

coil number of turns
J 50
K 100
L 1 000
M 1 500
Table 8.2

(a) Based on Table 8.2, select the most suitable pair of coils for making the primary coil and
secondary coil of the transformer.

Explain your choice.
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(b) Assuming that the transformer is 75 % efficient and the power output is 15 kW, calculate
the current flowing in the primary coil.

CUIENE = e [2]

(c) Describe one feature of the transformer that improves its efficiency.

The nuclide sodium-24 ( ?INa ) undergoes radioactive decay to become magnesium-24

22Mg ). A radioactive sample contains N, atoms of sodium-24 and zero atoms of
magnesium-24 at time t = 0. Fig. 9.1 shows the variation of number of sodium-24 atoms (N)
with time ¢.

1.00 No'=:

0.80 No'#—— —

0.60 No: S

0.40 Now ot 1t

0.20 No'= sl

_*,_L‘;__‘-;1 . - 1~. - ..i d t - - - i,_-;;_;;}_i;i;_L_vi 141__:;3_::-;_-_;%.‘: ..JAL‘A-___—»:..

0O 5 10 15 20 25 30 35 40 45 50 U/h

Fig. 9.1

(& (i) Write the nuclide equation to represent sodium-24 decay to magnesium-24.
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(ii) Explain the meaning of half-life of a radioactive nuclide.

....................................................................................................... [1]
(iii) Using Fig. 9.1 to determine the half-life of sodium-24.
half-life = ... [1]
(iv) Suggest an application for the radioactive products of sodium-24.
........................................................................................................... [1]

In a separate experiment, a different radioactive source is used. The background count
rate is 20 counts / minute.

When the radiation detector is placed near the source, the count rate is
800 counts / minute.

The half-life of the source is 5 minutes.

(i) State what is background radiation.

(i) Determine the count rate on the detector at the end of 10 minutes.

countrate = ... [2]

(iii) Calculate how long it will take for the count rate on the detector to decrease to
118 counts / minute.
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(iv) Radioisotopes are used to treat cancer. Internal radionuclide therapy is
administered by injecting a small radiation source by mouth as a pill or injected into
a vein.

Explain why the radioisotope should have a short half-life.

10 Fig. 10.1 shows a cooling system used to cool a motor car engine by circulating water
through it. The radiator is a heat exchanger where the hot water transfers its thermal energy
to the air.

Ao hot water

air into

radiator——’ <:ﬂ <:L] C{I

’— [:> cold water

Fig. 10.1

A number of test runs are carried out to investigate the cooling system. Table 10.2 shows the
data from one test run and the specific heat capacities of some substances.

Duration of test / min 4.0
Energy available from fuel used / J kg* 5.0 x 10’
Fuel consumed / kg 0.80
initial temperature of air / °C 20.0
initial temperature of cold water / °C 30.0
final temperature of hot water / °C 80.0
rate of flow of water / kg s 0.22
rate of flow of air over radiator fins / kg s* 1.25
specific heat capacity of castor oil / J kg™ °C™* 1800
specific heat capacity of glycerine / J kgt °C* 2430
specific heat capacity of water / J kg°C* 4200
specific heat capacity of air/ J kg°C? 760

Table 10.2
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Fig. 10.3 shows an expanded view of the cross-section of the radiator.

flow of water l black narrow

HhHHE - s
I /

|/ only 1 or 2
//1l I I:I}H I / wider pipes

metal fins
U UIE

Fig. 10.3

(@) Explain why water is used as a coolant in the radiator of a motor car engine instead of
the other fluids given in the table in Table 10.2.

(b)  The manufacturer claims that 20% of the energy from the fuel is transferred into useful
mechanical energy.

(i) Calculate the amount of thermal energy removed from the hot water in the test
run based on the manufacturer’s claim.

BN Y = et e [1]

(ii) Calculate the actual amount of thermal energy removed from the hot water
during the test run.

BN Y = ittt e [1]
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(iii) Suggest a reason for the difference between the values in (i) and (ii).

(c) Using Fig. 10.3, explain the features of the radiator that allow thermal energy to be
transferred easily away from the hot water which flows through the tubes.

(d) Assuming that there is no heat loss by the cooling water as it flows from the engine to
the radiator, calculate the average final temperature of air leaving the radiator in the
test run.

average final temperature = ...l [2]
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11 Two metal cans A and B are filled with equal masses of the same liquid at a temperature of
75°C as shown in Fig. 11.1.

A B

Fig. 11.1

The cans are identical except that can A has a polished silver surface and can B has a dull
black surface.

Both cans are placed on a table and the temperature of each can is measured every minute.

The variation with time of the temperature of the liquid in can A is shown in Fig. 11.2.

75T - - TT
temperature / °C . o
65 HrHTHMT FH
: 2 \., &l K
— —_ — -——‘ 1
: TN
TR EEEAN
55 :
0 3 10 15 time / min
Fig. 11.2

(@) Describe how thermal energy is transferred from the liquid to the surroundings.



(b)

(c)

(d)

(e)

(f)
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Determine the initial rate of fall in temperature, giving your answer in °C/min.

initial rate of fall in temperature = ....................co 1]

The mass of liquid in can Ais 50 g. The specific heat capacity of liquid is 4.2 J/(g°C).

Calculate the average energy lost by the liquid per minute in the first 3.0 min.

average energylost= ..., [2]

After some time, the temperature remains constant, even though heat is still being
transferred by the liquid to the surroundings. Explain why.

On Fig. 11.2, sketch the variation with time of the temperature of the liquid in can B
for the temperature change from 75°C to 55°C. [2]

Explain why your graph for can B is different from the graph for can A.
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Section B
Answer one question in this section.

12 Fig. 12.1 shows an electrical wiring in a water heater. It consists of a heater coil rated

'240 V, 2500 W' and an exhaust fan rated '240 V, 300 W'. The mains supply 240 V to the
water heater.

switch
live -5 MN—
earth L )D /\
neutral l[ l] - /
fuse
heater coil
=

motor [~ metal casing
exhaust fan
Fig. 12.1

(@) (i) The fuse rating in Fig. 12.1 is 11 A. Explain, with clear calculation, why the fuse
rating is not suitable.

(ii) Identify two other faults in Fig. 12.1 and describe how they should be corrected.
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Fig. 12.2 shows two coils, A and B, with currents flowing through them in the directions
indicated.
Ais suspended from a spring balance while B is fixed.

(ii)

(iif)

(iv)

(v)

o

Fig. 12.2

Mark at each end of A and B, the magnetic poles due to the current flowing
through the coils. [1]

State the effect the coils will have on each other.

If the direction of current in both coils is opposite to that shown in Fig.12.2,
describe the effect on the reading on the spring balance.
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13 (a) The displacement-distance graph of a wave in a string at an instant in time is shown in
Fig. 13.1.

displacement / cm wave direction

_—

A
20. 1 1 1 T
10. /’ BESSaH SananaaN

op i:,\\GO: /81[3 T 00 gistance / cm
-10.0+- ' \/’ HHH
-20.01 ' '

Fig. 13.1

(i) Determine the wavelength of the wave.

wavelength = ... [1]

(ii) The wave has a frequency of 2.0 Hz.

Calculate the distance travelled by the wave in 0.060 s.

distance travelled = ... [2]

(iii) Draw on Fig. 13.1 to show how the wave will appear after 0.060 s. [1]

(iv) Estimate the displacement of particle P after 0.060 s.

displacement = ... [1]
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(b) Fig. 13.2 shows an ultrasound transmitter and receiver placed in close contact with the
skin.

{

_‘1r_____
. A

—_—
tumour
ultrasound
transmitter and
receiver

layer of skin and
fat

Fig. 13.2
The scan can determine the depth, d of a tumour below the skin and the length of the
tumour, .
On Fig. 13.3, the strength of the reflected ultrasound pulses A, B, C and D is plotted against

time t where t is the time taken for the ultrasound receiver to receive the pulse after being
transmitted. The ultrasound pulses are reflected at the different interfaces.

“pulse strength

—E9

0 50 100 150 200 250 300
t/ us

Fig. 13.3
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(i) Suggest a reason why a layer of gel is applied between the ultrasound
transmitter/receiver and the skin during the scan.

(ii) Indicate with a cross X on Fig. 13.2 the origin of the reflected pulse D. [1]

(iii) The average speed of the ultrasound in human tissue and muscle is
1.5 x10® m/s.

Using Fig. 13.3, determine length [ of the tumour.

(iv) State one advantage of using ultrasound as opposed to using X-rays in medical
diagnosis.

END OF PAPER
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Answer Scheme:

a F=ma
600 — 20 = (150)(a) [M1]
a=3.87 m/s? [Al]
b a= (v-u)t
V-2
387=— [M1]
10
v =40.7 m/s [Al]
c The velocity of the cyclist increases uniformly, whilst his acceleration
decreases at a uniform rate. [Al]
ai a=v-u/t
=86-0/0.013
= 6600 m/s? [C1]
F=ma
= 6600 x 0.025
=165 N
=170 N ( 2sf) [Al]
ii As the bow string is released, the arrow experiences the highest force asit | B1
is stretched the most initially. (more elastic energy is transferred per second
to the arrow)
This force will decrease until zero when the arrow leaves the bow. B1
Alternative accepted answers:
Work done to overcome air resistance/ resistive forces of arrow during B1
motion, force on arrow decreases. B1
Acceleration of arrow changes,as air resistance increases with its speed. Ma
Since F = ma so force changes. X
[2]
b

Decreasing
Speed / e gradient,
mis 4 graph should
o reach
/ horizontal at
(0.013,86)

0 0.013s
time / s

|
1 mark — decreasing gradient

1 mark — reach horizontal line at 0.013, 86
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Scale : Let 1 cm represent 1 N

4N

8N \/?N

Weight of mass =7.0 N

(1 mark for scale

1 mark for correct orientation
1 mark for correct arrows

1 mark for correct magnitude)

ai M=Fd
Moment = 25 x 0.72
=18 Nm [Al]
i 2 72
al Work done = 25 x % [M1]
=28.3J(3sf) [Al]
Or
Work done = 25 x 475
=28.1J
b The perpendicular distance of the line of action of P to hinge is greater than
that of F, to the extent that M =Fd for P is greater than that of F, so that the
door can rotate. [B1]
The moment of force P about hinge is greater than the moment of force F
about the same hinge. [B1]
ai T RS
Rr 4.0+( 6 +3+9
Rr=8.00Q [Al]
aii I=V/R
=12/8 [C1]

=15A [A1]
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b The ammeter reading decreases. [A1]
As the overall resistance increases.
(a) 2V across 0.9 MQ
(1) 4 'V across the voltmeter will be twice the resistance according to potential
divider principle, [C1]
total resistance across points Xand Y=0.9x2=18MQ [Al]
(ii) Resistance across the thermistor, R
1/1.8= 1/R+ 1/5.2 [M1]
R =2.75MQ
From Fig. 6.1, the temperature of the thermistor = 22.0 °C  [Al]
(b) It is not accurate. [1]
It's response is non-linear at high temperatures.
It has a limited temperature range.
It is self-heating.
It Is fragile.
Any one.
(a)
pivot
/
" coil
ma B /
gnet _ magnet
pole —— N pole
C
A
D
7 N
g carbon
g?l:t;gn brush
split-ring
commutator
P Q

2 arrow correct — 1 mark

(b)




27

A
induced e.m.f.

time

—-—— e =
—— ===
— e e e o
- ==
- e . .

C
/ o0——e e——oO
A

n \/ 8

positions of coil

1 mark — each curve at correct position

(c) When a motor is rotated, there is a change in magnetic flux linked to
the coil. This induces an emf and a current in the coil. Therefore, the
motor can become a generator. [1]
a Comparing the voltages of primary coil to secondary coil:
Step down ratio
=3300: 220
=15:1 [C1]
Hence the coils must be step down to the same ratio of 15: 1
Comparing the turn ratio
i.e Coil M : Coil K [Al]
=1500:100
=15:1
b Input power = 100/ 75 x 15 kW
=20 kW [M1]
I=P/V
=20 000/ 3 300
=6.1A [A1]
c Feature [1]
Explanation [1]

(Any one)
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Laminating the iron core reduces the eddy currents / power loss due to heat
produced by induced 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

9(ai) 2Na —> Mg + Y [A1]

9(aii) | A half-life of a radioactive nuclide is the time taken for half the nuclei of the
nuclide in any sample to decay. [Al]

9(aiii) |1No —> 0.5No
Takes 15 hours [Al]

9(aiv) | Measure thickness of thin materials in the industry. Find leaks in pipes,
Treatment of thyroid disorder/ leukemia/liver and brain tumours
Locate obstructions to the flow of blood.

[Any one]

9(bi) Background radiation refers to nuclear radiation in an environment where
no radioactive source has been deliberately introduced.
[Al]

9(b)(ii) | 780 counts/min —» 390 counts/min —> 195 counts/min
[M1]

Add background count:

195 + 20 = 215 counts / min [Al]

9(b)(iii | 780 counts/min —» 390 counts/min —> 195 counts/min
— 97.5 counts /min [M1]

Add background count:

97.5+20=117.5 =118 counts/ min

Total time =5+ 5 +5

=15 min [Al]
9(biv) | So that the amount remaining in the body is low after a few days and
non-target organs will not be harmed. [Al]

10 | a | Water is used as a coolant because of its very high specific heat capacity. [B1]
It can take in a large amount of thermal energy with only a small rise in its temperature.
[B1]

bi | Thermal energy required to be removed as claimed by manufacturer
= (0.8 x5.0 X107 ) x 80%
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=3.2x107J [1]

Actual amount of thermal energy removed
Q = mcAB[]
= (0.22 x 4 x 60) (4200)(80-30)
=1.1088 x 107 J
=1.1x107J [1]

Some thermal energy is lost to the surroundings, apart from it being absorbed by the
cooling water. 11

Metal pipes are used as they are good conductors of heat [1] and allows heat to be
conducted faster away from the hot water to the external wall of the pipe.

The metal pipes being coloured in black are good emitters of radiation [1] and
therefore radiates heat to the surrounding air at a higher rate.

Using narrow pipes increase the surface area [1] to facilitate a higher rate of emission
of heat to the surrounding air.

Energy absorbed by air = 1.1088 x 107 J (allow for e.c.f.)
(1.25 x 4 x 60)(760)( © - 20) =1.1088 x 107 J [M1]
O S =68.6 °C

Or 69 °C [Al]

11

(@)

The thermal energy in the liquid is transferred to the surroundings through radiation
in the form of infra-red radiation. [1].

Thermal energy is also transferred to the surroundings through conduction, where
particles in the can nearest to the liquid will gain energy from the liquid, vibrate
faster, collide and pass on energy to the neighbouring particles. [1]

(b)

Initial rate of fall in temp = (75 - 65) / 3.0 (acceptt=3.0-3.55)
=3.3°C / min [1]

(c)

average energy lost by the liquid per minute = (mcA ¢]) /t
=50x4.2x 3.33[1]
=700 J/min [1]

(d)

Liquid is solidifying.

Thermal energy is released as the particles move closer together. The PE
decreases and this energy is lost to the surroundings. [1]

Since the average kinetic energy of the molecules remains unchanged, temperature
is constant. [1]
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Or

Thermal energy is released as intermolecular bonds are formed between the liquid
molecules, and this thermal energy is lost to the surroundings.

Since the average kinetic energy of the molecules remains unchanged, temperature

is constant. (1]
© - : :
S : :
- \ -4 = -4 —o
N HHH :
temperature NPT CEEEEAEE NENEEENE
/°C 65 T R
. N
N \ .. bl 1
wama THANE HEE N
55 o Sl
5 10 15 time/min

1stand last section: steeper line

Middle portion: shorter line.

(f)

Can B (dull black) is a better emitter of radiation than can A, and this increases the
rate of heat loss to the surrounding by radiation, hence rate of temperature fall for
can B is greater.

12(ai) Show operating current of fan = 1.25 A

P=VI
I=P/V
=300/ 240
=125A

Show operating current of heater = 10.4 A

P=VI
| = 2500/ 240

=10.41

Total current=1.25+10.41 =11.66 A [1]
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The 11 A Fuse will blow under normal operating condition because the total current exceeds
the fuse rating. [1]

(only award if there is calculation)

12(aii) The fuse is wrongly connected to the neutral wire. A fuse should be connected to the
live wire. [1]

The earth wire is wrongly connected to the heater coil . The earth wire should be connected
to the metal casing of the heater coil (must mention the heater coil)

[1]

12(bi)

N
All poles correct - [1]

12(bii) They will attract each other. [1]

12(biii) The reading on the spring balance will increase. [1]

12(biv) The effect is still an attraction and the reading of the spring balance will increase. [1]

12b (v) When the switch is opened, the ends of the coil of A and B which are facing each other
will be of opposite poles and still attract each other. [1]

When the switch is opened, the current is cut off and the magnetic fields diminish. When the
magnetic fields withdraw from the other coil, the polarity of the magnetic fields will be such as
to attract each other. This is according to Lenz’s Law. [1]
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13(a) (i) wavelength =50 cm [1]
13(a) (ii) v="1A
=(2.0)x 50
=100 cm/s [1]
d=sxt=100x0.06=6.0cm [1]
13(a) (iii)
A .
200
EEEEEEEEE NN ﬁ
10.0\_._ EEEEEEEREE.
N y AR
N JWiEN
3 /
N~ yn "
O\ N 20/] 4
NN T e
10.0F NS AT
Sketch for the first 1 ¥z cycle. The rest of the wave is
repeated. [1] full ecf based on
student answer from (ii)
13(a) (iv) -9.0cm (-7 to 11 cm) [1] full ecf based on student

answer from (ii)

A _
200

N 7 |4
o\ 5T 20 z
\i‘“\:iii i A‘Hcm
Vi
10.0 NS
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13(b) (i) To ensure that no air is trapped between transmitter and skin,
otherwise nearly all the transmitted pulse will be reflected at
the surface of the skin. [1]
13(b) (ii) [1] for correct marking of X.
N .
tumou: 5—(@
!and i — E
- of skin and i i
13(b) (iii) Pulse take 275 — 100 = 175 ps to travel 2|
2/=sxt=15x10®x175x 10 [1]
[=0.131m [1]
13(b) (iv) Ultrasound is non-ionising, hence it not dangerous compared

to using X-rays as it doesn’t damage human cells. [1]
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