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1  The diagram below shows a vernier caliper being used to measure the length
of a thin glass slide.

glass slide

What is the iength of the glass slide?
A 63mm C 76mm
7.3 mm D 105mm

2  Four physical quantities P, Q, R and S are related by the equation:
P=Q-RS
Which one of the following statements is certainly true?

P, Q, R and S all have the same units.
P, Q, R and S are all scalar quantities.
The product of RS has the same units as P/Q.

OO0 mw >

The product of RS is numerically equal to (Q-P).

3  The graph below shows the speed-time graph of the motion of a bus.

A
speed

s

area Q

~

> time”

rd A
T iy

time interval X time interval Y

What is the average speed of the bus throughout the journey?

A (VoVy)/2 C  (VaVy)/2
B (P-Q)/(X+Y) D (P+Q)/(X+Y)



4  The velocity of a car, which is decelerating uniformly, changes from 30 m/s to
15 m/fs in 75 m. After what further distance will it come to a rest?

A 15m C 20m
B 25m D 50m

5 A body is acted on by 2 forces, P and Q. A frictional force F holds the body in
equilibrium.

Which vector friangle could represent the relationship between these forces?
Cc
Q F
P
F}
B D
ZX /)
P P
6 Two objects, A and B of mass 3.0 kg and 2.0 kg respectively, are stacked one
on top of the other as shown. B lies on a smooth surface.

A4

Determine the acceleration of A, when B is pulled by a force of 10N.

A 50ms? C 20ms?
B 3.3ms*? D 0.0ms?
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When a horizontal force of up to 4.0 N is applied to a wooden block of mass
2.0 kg on a horizontal surface, the block moves with a constant velocity. If the
applied force is now increased to 12.0 N, determine the acceleration of the
block.

2.0 ms™? C 6.0ms?
4.0 ms™ D 8.0ms®

A lunar landing module is descending to the Moon’s surface at a steady
velocity of 10 ms™. At a height of 120 m, a small object falls from its landing
gear.

Taking the Moon’s gravitational field strength to be 1.6 N/kg, at what speed
does the small object strike the Moon?

22 ms™ C 17ms”
20 ms™ D 10ms™

A square shop sign EFGH, of sides 1.0 m, is pivoted on a vertical wall by a
hinge at E.

E 10m g

1.0m

2H G

If the mass of the sign is 5.0 kg, determine the force. exerted by the wall
support at H.

25N C 75N
50N D 100N



10 The diagrams below show all the forces acting on a beam of length 3x.

Which of the following causes only rotational motion of the beam without any
linear movement?

A 2ZNA AN AN AN
- s & * 3.
v T T ox N vx  x x
3N 4N 4N 2N
B 4 Np 3Ny P ' AN
- ~] wd )
\\ x x % x “l \F' X 1P X % x 7
2N 5N 2N 3N 4

11 A water manometer is connected to a gas supply. The figure below showsthe
water levels.

gas
supply

The water is replaced by mercury, which is denser than water.

Which diagram shows the mercury levels when the manometer is connected
to the same gas supply?

A




12 A hydrogen balloon rises from the ground level to an aftitude of 300 m. Its

o mw >
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w

volume increases as it rises.

f

Which pressure changes have occurred within the balloon and the air outside
the balloon?

Pressure change in the balioon Pressure change of air outside
Decrease Decrease
Decrease Increase
Increase Decrease
Increase Increase

A man of mass 80 kg is raised by a lift of 500 kg at a constant speed of 2.0
ms™. What is the power of the lift's motor?

(Acceleration due to gravity = 10 ms?)
160 W C 1160W

320w D 11600W

A motorcar of mass 500 kg generates a power of 10 000W. How much time
does the motorcar need to accelerate from a speed of 10 ms™ to 20 ms™?

25s C 75s
50s D 10s
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In a Brownian motion experiment involving smoke particles in air, heavy
smoke particles settle quickly but very small smoke particles remain
suspended for long periods of time.

Which one of the following statements explains why the small smoke particles
do not seftle?

Air pressure has greater effect on smaller particles.
The small smoke particles have the same density as the air.
The Earth’s gravitational field does not act on very small particles

Random molecular bombardment by air molecules keeps the particles
suspended.

House owners are being urged to reduce heat loss from roofs by laying a
matting of fibre-glass, which consists of a very large number of intertwined
fine glass fibres with trapped air in between, on the floor of the roof space.
Which of the following is the main reason why fibreglass is effective as a heat
insulator?

Fibre-glass are good reflectors of thermal radiation and so the heat loss is
greatly reduced.

Fibre-glass will not absorb much heat and its low heat capacity results in good
insulation.

Fibre-glass prevents the faster moving air molecules escaping into the roof
from the room below.

Fibre-glass reduces air movement within the fibreglass matting and stationary
air is a very good insulator.

The distance between the 20 °C and the 100 °C mark on a mercury
thermometer is 25.0 cm. When the mercury level is 5.0 cm below the 100 °C
mark, the temperature is approximately

64 °C C 84°C
80 °C D 90°C



18 Two cars, one painted dull black and another white, were left in the sun.

Which car will heat up faster?

When the two cars reached a surface temperature of 40 oc, they were driven
into the shade. Which of the following will be observed?

NN
il

Tn the shade

o

In the sun
White car heats up faster.
White car heats up faster.
Black car heats up faster.

oo m>r

Black car heats up faster.

In the shade
White car cools down faster.
Black car cools down faster,
White car cools down faster.
Black car cools down faster.

19 Two blocks, X and Y, which are made of the same metal, are heated by
heaters of the same power rating. The variations of temperature with time are

given in the figure below.

-

temp / °C /

What is the ratio of the mass of X to the mass of Y?
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An immersion heater rated at 150 W is fitted into a large block of ice at 0 °C.
The specific latent heat of fusion is 300 J/g. How long does it take to melt 10 g
of ice?

2s C 5s
20s D 150 s

A brass block of mass 50 g was heated to 100 °C in boiling water and
immersed in m grams of “cold” water at 30 °C. The final temperature of the
“mixture”, 8, was recorded.

The specific heat capacity of water is 4.2 kJ kg”' K. The results obtained were
used to calculate the specific heat capacity, c, of brass using the equation.

50 ¢ (100 — 8) = 4.2m(6 — 30)

The actual value of specific heat capacity of brass compared to the calculated
value is

higher because of heat loss to surrounding air.
lower because heat is absorbed by the calorimeter.

higher as droplets of boiling water may have been transferred to the cold
water,

lower because of heat loss to surrounding air.
The figure below shows a waveform. Determine its wavelength, in cm.

11 3 1 1 3

1 o

1 3 3 3 3
{in cm)
7 cm (04 13cm

10 cm D 16 cm



10

23 The figure below illustrates circular wavefronts radiating from a point

source O.

Given that the time taken for the wave to travel from P to Q is 10 s, and the
wavelength of the waves is 200 cm, determine the speed of the wave.

A 0.08ms" C 080ms™
B 1.0ms" D 80ms"

24 Which of the following diagrams correctly shows the arrangement of a lamp,
lens and film in a photographic enlarger?

A screen c screen
film film
0 0
lamp | lens lamp lens
B screen D screen
film film
0 30
lamp (lens lamp lens
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25 The figure below shows Joe and Peter standing in front of a 8.0 m long mirror.
Joe stands 2.0 m away from the left edge of the mirror, facing it. Peter stands
3.0 m from the mirror at point O, but faces the direction towards the right.

What is the furthest distance that Peter can walk away to the right of O just
before Joe loses sight of his image in the mirror?

Peter @ :
A : 0

c@Toe 3.0m E

A 4m C 12m
B 8m D 16m

26 X and Y are different waves. In air, X travels much faster than Y but has a
much shorter wavelength.

Which of the following correctly describes X and Y?

X Y
A Microwaves Red light
B Sound Ultraviolet
c Ultraviolet Sound
D Red light Gamma rays -
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A ray of light is incident on 2 prisms of identical shape and size, as shown in
the figure below. One prism is made of glass and the other is made of plastic.

Y

glass )

Ty

plastic

State a reason for the difference in the paths of the ray?

Glass is more transparent than plastic.

Plastic cannot totally reflect light.

The plastic surface disperses the light.

The critical angle for plastic is greater than that for glass.

P and Q are the displays on a C.R.0O. as two musical instruments are sounded
together. Which of the following statements is NOT correct?

Q

The waves have different amplitudes.

The frequency of P is lower than that of Q.

The wavelength of P is longer than that of Q.

The speeds of the waves produced by P and Q are different.
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A car, which is travelling normally towards a cliff at a speed of 50 ms™, sounds
its horn when it is 0.7 km away. Taking speed of sound to be 300 ms™ in air,
find the time taken for the driver to hear its echo.

0.0040 s C 47s
40s D 280s

During a thunderstorm, the clouds formed have negative charges at their
bottom. Which of the following is correct about a lightning forming between the
clouds and a building on the ground?

Lightning direction Electron flow
From building to clouds Upwards
From building to clouds Downwards
From clouds to building Upwards
From clouds to building Downwards

A negatively charged rod is brought near two isolated metals balls X and Y. X
is then earthed momentarily as shown in the diagram. If the rod is then
removed, what charge would the balls possess?

X Y
Positive Negative
Positive Neutral
Negative Positive

Negative Neutral
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Which of the following will cause a fuse to melt?

i Short circuiting

i Over-loading

fii Open circuit
i only C i&ii
ii only D i ii&iii

Amy turned on her Hi-Fi system for 8 hours. If the Hi-Fi is operating at 200 W
and the unit cost of electricity is 85 cents, what is the cost of using the system
for 8 hours?

$1.36 C $13.60
$21.25 D $48.96

The diagram below shows a circuit with 2 LDRs, namely X and Y.
What is the potential difference across X if the resistance of resistors R is
500 Q each and the resistance of X is 1500 Q7?

+6V

\\. \}. 3 } indicator
X Yy lamp
ovv
- -0

ooV c 20V
1.5V D 45V
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35 The figure below shows the components of a lighter for a gas cooker.

oo @ >»

1

L=
=

Which of the following circuit diagrams is correct for this lighter?

c

G E e

e °
—1+—¢
1 .

A student tries to magnetise a short steel rod. Which one of these tests will
show that he has been successful?

Both poles of a permanent magnet atiract the rod.

One pole of a permanent magnet repels the rod.

The rod picks up a small piece of paper.

When freely suspended, the rod points in a random direction.
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37 A uniform magnetic field (parallel to the plane of paper) exists in space initially
in a direction from left to right. Which of the following diagrams A, B, C or D
shows the change in the magnetic field when a piece of soft iron bar is placed
in the region of the field?

A Cc
r — —,
> ]
~
7 s =7
> —— ___—?
B D
R e —— pi
— <
~ —3 &
<

38 The diagram shows the front view of a loudspeaker, which consists of
magnets and a coil amongst other items.

South pole

North pole

If the current is flowing in the speaker’s coil in an anticlockwise direction as
shown, determine the direction the coil will move.

A To the right. C  Out of the page.
To the left. D Into the page.

w
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Two small coils are connected in series o a sensitive galvanometer. A
magnet is held above each coil as shown in the figure below.

When only the magnet in the left coil is dropped, the ammeter needle deflects

towards the right.
Iy I
N N

= o\
G/ =

Both magnets are now dropped at the same time. Determine the motion of the
galvanometer needie?

The needle deflects towards the left and with a greater magnitude.
The needle deflects towards the right and with a greater magnitude.
The needle deflects towards the right and with the same magnitude.
The needle does not move.

The diagram shows a detector coil placed above a conveyor belt carrying
magnets from left to right. The belt is moving at a constant speed and the
magnets are expected to be spaced out evenly along the belt.

However, the magnets in section A have been spaced closer together due to
a programming fault.

Conveyor belt Secti Detector coil
moving the ection

—x—Jmagnets
magnets from . f EE
left to right

Which graph best represents the voltage signal generated in the detector coil?

!

x

o

Voltage Voltage
Voltage D Voliage

I%%%le—’ -

— END OF PAPER ~
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2
Section A [50 marks]

Answer all the questions in this section.

Fig. 1.1 is the speed-time graph for a rocket from the moment that the fuel starts
to burn at time = 0.

1400
speed 1200
1000
800
600
400
200 .
0 -t
G 20 40 60 80 100
t/s
Fig. 11
(a) (i) State what happens to the acceleration of the rocket between =5 s
and {=80s.
....................................................................... [
(ii) Calculate the acceleration of the rocket at £=80 s.
acceleration = [2]

(iii) The total mass of the rocket at # = 80 s is 1.6 x 10° kg. Calculate the
upward force on the rocket at this time, caused by the burning fuel.

upward force = 2]

For Examiner’s
Use



(b)

3

As the rocket burns fuel, it ejects hot gas downwards. Explain how Newton’s
third law of motion applies to the upward force on the rocket and to the force
on the hot gas.

Fig. 2.1 illustrates the journey of a cyclist from point A to point B. Points A and B
are at the same height.

The cyclist starts from rest at A and pedals up and over a hill. Near the bottom of
the hill, she starts to brake and comes fo rest at B.

(a)

Describe the energy changes that take place as she pedals up the hill at
constant speed.

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

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

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

Explain how the law of conservation of energy applies to the complete
journey from A to B.

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

At one point in the journey, the gravitational potential energy of the cyclist
has increased by 5400 J. The mass of the cyclist is 60 kg.

Calculate the height above A of the cyclist at this point.

For Examiners
Uise
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3  Fig. 3.1 shows a refrigerator. A fluid pumped through the pipes removes thermal
energy from the ice box for freezing to occur. This energy passes into the air at
the back of the refrigerator through the black metal fins.

(@)

(c)

R I
1
ice box -
R ., _black metal
- fins
food |_ .
compartment - - ___pipes
P B G’E containing fiuid
pump

Fig. 3.1

Explain why the fins at the back of the refrigerator are painted black and are
made of metal.

---------------------------------------------------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------------------------------------------------
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Explain how using a fluid with high specific heat capacity increases the
efficiency of the refrigerator.

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

A student fills a plastic tray with 400 cm® of water which has an initial
temperature of 25 °C. The ice box removes thermal energy from the water at
a rate of 35 W. Using the information below, estimate the time taken for all
the water in the tray to freeze into ice.

Density of water = 1000 kg/m®
Specific heat capacity of water = 4.2 kJ/(kg°C)
Specific latent heat of fusion of water = 330 kJ/kg

time taken = [3]

For Examiner's
Use
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Fig. 4.1 shows circular wavefronts produced at the centre of a circular ripple tank.

cork A

cork B

Fig. 4.1

Two corks, A and B, float on the water in the ripple tank. They move up and down
on the surface of the water as the wave passes. The wavelength of the wave is

8.0 cm.

Fig. 4.2 shows how the displacement of A varies with time.

+2
displacement /\ /\ /\
fmm 0 O.USO 0. /00 1.25
] time/s

Fig. 4.2

(a) Define what is meant by wavefront.

........................................................................................................ Y
(b) (i) Use Fig. 4.2 to determine the frequency of the wave.
frequency = o eoeeersrinn (]
(if) Hence, calculate the speed of the wave.
S 2]

(c) The horizontal distance between A and B is half the wavelength of the wave.

On Fig. 4.2, sketch a graph to show how the displacement of B varies with

time. [2]

For Examiner's
Use
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Fig. 5.1 represents a simple camera which makes use of a converging lens of
focal length £.

(a)

(b)

(c)

(d)

camera film
N\

object \ O
lens

Fig. 5.1 (to scale)

Define what is meant by focal fength.

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

Draw two rays from the top of the object to show how the image is formed
on the film.
Mark and label the image on the film. [2]

Fig. 5.1 is drawn to scale. Determine the linear magnification of the object
shown in Fig. 5.1.

linear magnification = [1]

Explain why, when taking photographs of other objects, it may be necessary
to move the lens towards the film.

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

For Examiner's
Usa
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The fluorescent tube shown in Fig. 6.1 converts electrical energy into light more
efficiently than a filament lamp.

fluorescent coating
_/
(G —
/
gas
Fig. 6.1

In the gas inside the tube, both light and ultraviolet radiation are produced.
i
There is a fluorescent coating on the inside surface of the tube.

(a) (i) Explain the purpose of the fluorescent coating.

lamp.

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

(b) State the name of one region of the electromagnetic spectrum with
wavelengths shorter than ultra-violet radiation.

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

(c) The ultra-violet radiation inside the tube has a wavelength of 3.6 x 107 m.
Calculate the frequency of the ultra-violet radiation.

frequency = [2]

For Examiner's
Use



Fig. 7.1 shows part of a circuit that includes a variable resistor R and a battery of
em.f. 9.0V.

(a)

(b)

(c)

2.0V

F—

Fig. 7.1

State one similarity and one difference between electromotive force (e.m.f.)
and potential difference (p.d.).

similarity:

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

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

A light-emitting diode (LED) is connected between points X and Y, so that it
emits light.

On Fig. 7.1, draw the symbol for the LED connected between points X and
Y. [1]

The LED is marked “maximum current 25 mA when the p.d. is 1.7 V".
Calculate the minimum value of the resistance of R.

resistance = [2]

For Examiner’s
Use
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Fig. 8.1 shows the structure of a circuit-breaker that uses an electromagnet. The
circuit-breaker operates when the current is 10 A.

(a)

currentin
— e o electromagnet

}—ﬁ—'ﬁﬂwﬂ%'ﬂ”-ﬂ g

S iron bar fixed bar
CEEE -~ pivot

Y
contacts
|~ copper bar
current out .
— pivot

Fig. 8.1

On Fig. 8.1, mark with an arrow the force on the iron bar caused by the
electromagnet. [1]

Suggest a reason why the iron bar does not move when the current is less
than 10 A.

When the current is greater than 10 A, the circuit-breaker stops the current.
Explain what happens in the circuit-breaker when this occurs.

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

State and explain how the electromagnet can be altered so that the circuit-
breaker stops the current at less than 10 A.

For Examiner’s
Use
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SECTION B [30 marks]

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

9 (a) Fig. 9.1 shows a simple setup that can be used to detect seismic waves | FrEim™s
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.o.) that
monitors the e.m.f across the coil.

h metal rod 1.00

spring l 0.50 SN

N | bar magnet

> )

—T O -0.50
T coll O

P ?

Fig. 9.1 Fig. 9.2

Fig. 9.2 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. 9.2 is
obtained when there is an earthquake.

(i) On Fig. 9.1, indicate the direction of the current in the coil when the
South pole of the magnet is moving into the coil. [1]
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(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.

(ii) Calculate the current in the primary coil.

current = 2]

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

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

10 (a) In an experiment to measure the specific heat capacity of water, an electric
heater heafs water in a glass beaker. The temperature of the water is
measured at regular intervals of time. Fig. 10.1 shows how the temperature
varies with time t.

100

temperature 4
*C

80

e

20

s
Fig. 10.1

For Examuner's
Use



(b)

(i)

(ii)

(i)

(iif)

12

Use Fig. 10.1 to determine the change in temperature between
t=0andt=100s, Change = | eoeeeeesesssn
t=100sandt=200s. change = (1]

Explain why the values in (i) are different.

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

The experiment in (a) is repeated using 72 g of water. The heater
supplies 7400 J of thermal energy to the water and the temperature
rise of the water is 23 °C. Calculate the specific heat capacity of
water.

specific heat capacity = [2]

A bullet of mass 72 g is fired from a gun at a speed of 450 m/s.
Calculate the kinetic energy of the bullet.

kinetic energy =

The amount of internal energy gained by the water and the amount of
kinetic energy gained by the bullet are approximately equal.

Describe the change in the motion of the molecules of the water and
of the molecules of the bullet caused by this addition of energy.

water:

-----------------------------------------------------------------------------
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For Examiner’s
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11 EITHER

A crankshaft is a shaped metal bar that is part of a car engine. It is free to rotate
about an axis, as shown in Fig. 11.1a.

direction
of rotation

Fig. 11.1a

When the crankshaft is horizontal, a vertical force F of 8200 N acts downwards on

the crankshaft at P. This causes the crankshaft to rotate. The distance between P
and the axis of the crankshaft is 0.050 m.

(a) (i) State what is meant by the moment of a force.

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

(ii) The crankshaft is horizontal. Calculate the moment of F about the
axis of the crankshaft.

moment = ) [2]

(iii) The size and direction of the vertical force F, acting on the crankshaft

at P, remain constant. Explain what happens to the moment of F as
the crankshaft rotates through a small angle.

For Examiners
Use
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(b) The force F on the crankshaft at P is exerted by a metal rod connected to a
piston. The piston fraps high-pressure gas in a cylinder, as shown in Fig.
11.1b.

- cylinder

high-pressure gas

piston
metal fod/
m
P force F
Fig. 11.1b

The force F, of 8200 N, acts because the high-pressure gas pushes down
on the piston. The air pressure outside the cgiinder is 1.0 x 10° Pa and the
cross-sectional area of the piston is 0.0067 m®.

(i) Calculate the minimum value of the pressure of the gas in the
cylinder.

pressure = [2]

(if) Suggest why, in practice, the pressure of the gas in the cylinder is
greater than the value calculated in (i).

(iti) The piston moves in the cylinder and the gas expands. State what
happens to the force F.

(1]

For Examuner's
Use
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OR

Fig. 11.2a shows a diver salvaging items from a plane wreck below the surface of
a lake. The density of the water m the lake is 1000 kg/m® and the atmospheric
pressure at the surface is 1.0 x 10° Pa.

Fig. 11.2a

The diver inflates a balloon with air at a depth of 15 m and attaches the balloon fo
a tray of objects.

(a) Calculate the total pressure at 15 m below the surface of the lake.

pressure = [2]

(b) The air in the balloon occupies a volume of 0.048 m® at the pressure
calculated in (a). The diver releases the tray and the balloon, and they begin
to rise. The temperature of the air in the balloon does not change.

(i) Calculate the volume occupied by the air in the balloon at
atmospheric pressure.

(i) The pressure of the air inside the balloon is less at the surface than at
a depth of 15 m. Explain, in terms of the air molecules inside the
balloon, why the pressure is less.

For Examiner's
Use



(c)

16

When the diver releases the tray, the balloon accelerates upwards and
reaches a constant speed before it arrives at the surface.

(i} Explain how the forces acting on the balloon cause it to behave in this
way.

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

......................................................................................................................... 3]
(i) On the axes in Fig. 11.2b, sketch the distance-time graph for the

balloon as it travels 15 m to the surface. [1]

A

15 -
distance/m
Q -
0
time
Fig. 11.2b

— END OF PAPER —
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2
Section A [50 marks]

Answer all the questions in this section.

Fig. 1.1 is the speed-time graph for a rocket from the moment that the fuel starts
to burn at time £ = 0.

(@)

speed

mis

(i)

(i)

1400

1200

1000

800

600

400

200 .

0 -
¢ 20

40 60 80 100

tis
Fig. 1.1

State what happens to the acceleration of the rocket between t=5 s
and f=80s.

it increases and eventually reaches a constant value. [1]
Calculate the acceleration of the rocket at { = 80 s.
Acceleration = gradient of speed-time graph
= (1400 — 400) / (100 — 50)
= 20 m/s®
acceleration = 20 m/s? [2]

The total mass of the rocket at = 80 s is 1.8 x 10° kg. Calculate the
upward force on the rocket at this time, caused by the burning fuel.

Net force =ma = 1.6 x 108x 20
=32x10"N

Upward force =3.2x 107 + (1.6 x 10°x 10)
=4.8x10"N

For Examirer's
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(b)

3

As the rocket burns fuel, it ejects hot gas downwards. Explain how Newton’s
third law of motion applies to the upward force on the rocket and to the force
on the hot gas.

The upward force on the rocket is equal in magnitude and opposite to

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

2 Fig. 2.1 illustrates the journey of a cyclist from point A to point B. Points A and B
are at the same height.

The cyclist starts from rest at A and pedals up and over a hill. Near the bottomn of
the hill, she starts to brake and comes to rest at B.

(@)

(b)

Describe the energy changes that take place as she pedals up the hill at
constant speed.

Chemlcal potential energy in the cycllst IS converted to gravitational

(if KE is mentioned, an idea of no net gain in KE must be conveyed)

Explain how the law of conservation of energy applies to the complete
journey from A to B.

From A to B, all the chemical potentlal energy used by the cychst is

At one point in the journey, the gravitational potential energy of the cyclist
has increased by 5400 J. The mass of the cyclist is 60 kg.

Calculate the height above A of the cyclist at this point.
Using GPE = mgh,

5400 =60x10xh
h=9.0m

height = 9.0 m 2]

For Examiner's
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3  Fig. 3.1 shows a refrigerator. A fluid pumped through the pipes removes thermal
energy from the ice box for freezing to occur. This energy passes into the air at
the back of the refrigerator through the black metal fins.

(@)

(c)

- 1
1

ica box

. black metal
fins

focd

parment 3 ppes
comparme ﬁ'\ [~ contatrng tutd

N
pump

Fig. 3.1
Explain why the fins at the back of the refrigerator are painted black and are
made of metal.
Black surfaces are good emltters of infrared radiation {accept good

Explain how using a fluid with high specific heat capacity increases the
efficiency of the refrigerator.

A given mass of the fluid will be able to absorb a larger amount of

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

T T T T T YT TR P Y P YT YT amsasEsunesn P T T P T P T T T e L TP PP P PP ey

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

A student fills a plastic tray with 400 cm® of water which has an initial
temperature of 25 °C. The ice box removes thermal energy from the water at
a rate of 35 W. Using the information below, estimate the time taken for all
the water in the tray to freeze into ice.

Density of water = 1000 kg/m®
Specific heat capacity of water = 4.2 kd/(kg°C)
Specific latent heat of fusion of water = 330 kJ/kg

Mass of water = 1000 x 400 x 10 = 0.40 kg

Total energy absorbed = mlf + mcAB
= 0.40 x 330 000 + 0.40 x 4200 x 25
=174 000J

Time taken = E/P =174000/35

= 5000 s (2sf)

Max 1 mark awarded if mass is wrongly calculated

For Examiner’s
Usa

[1]

[1]

must be
mentioned

[1]

[1]

[

[1
[1]



4

5

Fig. 4.1 shows circular wavefronts produced at the centre of a circular ripple tank.

cork A

@ cork B

Fig. 4.1

e

Two corks, A and B, float on the water in the ripple tank. They move up and down
on the surface of the water as the wave passes. The wavelength of the wave is
8.0 cm.

Fig. 4.2 shows how the displacement of A varies with time.

+2
displacement 0 /_\
fmm 0 /%0 0 /00 1.5
_g.i time/s
Fig. 4.2

(a) Define what is meant by wavefront.

points that are in phase. 1]
(b) (i) Use Fig. 4.2 to determine the frequency of the wave.
f=1/T=1/050=20Hz
frequency = 2.0 Hz [1]

(ii) Hence, calculate the speed of the wave,

v=fA=20x8.0
= 16 cm/s or .16 m/s

speed = 16 cm/s (0.16 mfs) {2]

(c) The horizontal distance between A and B is half the wavelength of the wave.

On Fig. 4.2, sketch a graph to show how the displacement of B varies with
time. : [2]
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6

Fig. 5.1 represents a simple camera which makes use of a converging lens of
focal length f.

(c)

(d)

camera film

object

Fig. 5.1 (to scale)

Define what is meant by focal length.

Draw two rays from the top of the object to show how the image is formed
on the film.
Mark and label the image on the film. [2]

Fig. 5.1 is drawn to scale. Determine the linear magnification of the object
shown in Fig. 5.1.

Linear magnification = 0.40 (4 0.05) (can accept 1 sf)

Explain why, when taking photographs of other objects, it may be necessary
to move the lens towards the film.

For other objects which are further away (or increased object
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7

The fluorescent tube shown in Fig. 6.1 converts electrical energy into light more
efficiently than a filament lamp.

fluorescent coating

/
(O —

/

gas

Fig. 6.1
in the gas inside the tube, both light and ultra-violet radiation are produced.
There is a fluorescent coating on the inside surface of the tube.

(a) (i) Explain the purpose of the fluorescent coating.

The fluorescent coating gives out light / glows when it is hit by

(ii) Suggest why the fluorescent tube is more efficient than a filament
lamp.

in a filament Iamp, most of the energy is converted to / lost as

converted to uv radlatlon which can also produce light. 2]

(b) State the name of one region of the electromagnetic spectrum with
wavelengths shorter than uitra-violet radiation.

X-rays / gamma rays [1]

(c) The ultra-violet radiation inside the tube has a wavelength of 3.6 x 107 m
Calculate the frequency of the ultra-violet radiation.

Using v = 1A,

30x10%=fx3.6 x 10~
f=83x10"Hz
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8

Fig. 7.1 shows part of a circuit that includes a variable resistor R and a battery of
em.f. 9.0V.

(a)

(¢)

9.0V

Fig. 7.1
State one similarity and one difference between electromotive force (e.m.f.)
and potential difference (p.d.).
Simﬂarity- Both involve energy (or work done) per unit charge / are

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

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

in p.d., the work done is to drive a unit charge across a component. 13]

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

(The difference mentioned must be a like-for-like comparison, or else 1 mark
penalty.)

A light-emitting diode (LED) is connected between points X and Y, so that it
emits light.

On Fig. 7.1, draw the symbol for the LED connected between points X and
Y. [1]

The LED is marked “maximum current 25 mA when the p.d. is 1.7 V".
Calculate the minimum value of the resistance of R.

p.d.acrossR = 9.0-1.7
=73V

Minimum value of R= V/
= 7.3/0.025

=200 (2sf)

resistance = 290 Q 2]
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9

Fig. 8.1 shows the structure of a circuit-breaker that uses an electromagnet. The
circuit-breaker operates when the current is 10 A,

(a)

current in
—— .4 . clectromagnet

————_ iron bar

-/

fixed bar

o

pivot

[ i

' ‘ spring
contacts

.- copper bar

current out i
' - pivot
Fig. 8.1

On Fig. 8.1, mark with an arrow the force on the iron bar caused by the
electromagnet. [1]

Suggest a reason why the iron bar does not move when the current is less
than 10 A.

When the current is less than 10 A, the attractive force exerted by the

When the current is greater than 10 A, the circuit-breaker stops the current.
Explain what happens in the circuit-breaker when this occurs.

When the current is greater than 10 A, the electromagnet becomes

State and explain how the electromagnet can be altered so that the circuit-
breaker stops the current at less than 10 A.

Increase the number of turns in the coil.

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

---------------------------------------------------------------------------------------------------
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(a)

10
SECTION B [30 marks]

Answer all the guestions in 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 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 coil.

i metal rod 1.00 VN ——e e E eee 2]
é: sping RO ] | S A CEREE S

N | bar magnet l 4 - - B
T ]

© -0.50

o)
- COil O

-1.0 AR B

Fig. 9.1 Fig. 9.2

Fig. 9.2 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. 9.2 is
obtained when there is an earthquake.

Durlng an earthquake the magnet moves in and out of the coil,

On Fig. 9.1, indicate the direction of the current in the coil when the
South pole of the magnet is moving into the coil. [1]

For Exarmner's
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(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 fransformer is 75% efficient.

(i) State the metal used for the core of a transformer.

Soft iron [

(ii} Calculate the current in the primary coil.

Vs =50x2.0
=100V

0.75 x Vily = Vil
0.75 x 2.0 x I = 100 x 0.0024
l,=0.16 A

current= 0.16 A 2]

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

Induced (eddy) currents are formed i 1n the core of the

(a) In an experiment to measure the specific heat capacity of water, an electric
heater heats water in a glass beaker. The temperature of the water is
measured at regular intervals of time. Fig. 10.1 shows how the temperature
varies with time t.

100

temperature .
°C
80

60 o

40

20
0 100 200 300

tis
Fig. 10.1
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Use Fig. 10.1 to determine the change in temperature between

t=0andt=100s, change= 50 °C

t=100s and t=200s. change= 25°C [1]

Explain why the values in (i) are different.

At a later time, the temperature of the water is higher, hence

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

The experiment in (a) is repeated using 72 g of water. The heater
supplies 7400 J of thermal energy to the water and the temperature
rise of the water is 23 °C. Calculate the specific heat capacity of
water.
Q = mcA8
c =7400/ (72 x 23)

=4.5J/(g°C) or4500 J / (kg °C)

A bullet of mass 72 g is fired from a gun at a speed of 450 m/s.
Calculate the kinetic energy of the bullet.
KE =%m

=% x 0.072 x 4502

=7300J(2s.f)

kineticenergy = 7300 J [2]

The amount of internal energy gained by the water and the amount of
kinetic energy gained by the bullet are approximately equal.

Describe the change in the motion of the molecules of the water and
of the molecules of the bullet caused by this addition of energy.

water: 1he water molecules move faster. However, the motion

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

-------------------------------------------------------------------------------------------------------------------------
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EITHER

A crankshaft is a shaped metal bar that is part of a car engine. It is free to rotate
about an axis, as shown in Fig. 11.1a.

13

0.050m

- 2P
£ .
\-’ - i axis of
1 , oI crankshaft

crankshaft

=
S~ -
direction =
of rotation |

Fig. 11.1a

When the crankshaft is horizontal, a vertical force F of 8200 N acts downwards on
the crankshaft at P. This causes the crankshatt to rotate. The distance between P
and the axis of the crankshatt is 0.050 m.

(a)

(i)

(i)

State what is meant by the moment of a force.

The moment ofa force is the product of the force and the

The crankshaft is horizontal. Calculate the moment of ~ about the
axis of the crankshatft.

Moment = F x perpendicular d
= 8200 x 0.050
=410 Nm

moment= 410 Nm [2]

The size and direction of the vertical force F, acting on the crankshaft
at P, remain constant. Explain what happens to the moment of F as
the crankshaft rotates through a small angie.

When the crankshaft rotates through a small angle the

For Exammer's
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(b)
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The force F on the crankshaft at P is exerted by a metal rod connected to a
piston. The piston traps high-pressure gas in a cylinder, as shown in Fig.
11.1b.

g cylinder
high-pressure gas-.___ é .o .
E = T piston
metal red /
Py force F
Fig. 11.1b

The force F, of 8200 N, acts because the high-pressure gas pushes down
on the piston. The air pressure outside the ¢ ghnder is 1.0 x 10° Pa and the
cross-sectional area of the piston is 0.0067 m*.

(i) Calculate the minimum value of the pressure of the gas in the
cylinder.

Pressuredueto F =F/A
= 8200/ 0.0067
=1.22 x 10° Pa

Hence minimum pressure = 1.22x 10° + 1.0 x 10°
=1.3x10°Pa

pressure = 1.3 x 10° Pa [2]

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

(i) Suggest why, in practice, the pressure of the gas in the cylinder is
greater than the value calculated in (i).

In practuce there is friction between the piston and the cylinder

(fii) The piston moves in the cylinder and the gas expands. State what
happens to the force F.

The gas pressure decreases and hence F decreases. [1]

For Examiner's
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Fig. 11.2a shows a diver sa]vaglng items from a plane wreck below the surface of
a lake. The density of the water in the lake is 1000 kg/m® and the atmospheric
pressure at the surface is 1.0 x 10° Pa.

Flg 11.2a

The diver inflates a balloon with air at a depth of 15 m and attaches the balloon to
a tray of objects.

(a)

(b)

Calculate the total pressure at 15 m below the surface of the lake.

Total pressure = hpg + Pam

=15x 1000 x 10 + 1.0 x 10°
=2.5x10°% Pa

The air in the balloon occupies a volume of 0.048 m?® at the pressure
calculated in (a). The diver releases the tray and the balloon, and they begin
to rise. The temperature of the air in the balloon does not change.

(i)

(i)

Calculate the volume occupied by the air in the balloon at
atmospheric pressure.

Using P1V1 = Psz,

25x10°x0.048=1.0x105x V,
Vo=0.12 m*
volume = 0.12m? [2]

The pressure of the air inside the balloon is less at the surface than at
a depth of 15 m. Explain, in terms of the air molecules inside the
balloon, why the pressure is less.

At the surface the air molecules inside the balloon occupy a

For Examiner's
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(c) When the diver releases the tray, the balloon accelerates upwards and
reaches a constant speed before it arrives at the surface.

(i) Explain how the forces acting on the balloon cause it to behave in this

way.
When the diver first releases the tray, the unbalanced / net

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

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

balanced by the downwards force, the balloon will move at a
constant speed 3]
(ii) On the axes in Fig. 11.2b, sketch the distance-time graph for the

balloon as it travels 15 m to the surface. 1]

A

15 1~ -
distance/m
0 -
c
time

— END OF PAPER —~
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