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For which measurement would a micrometer screw gauge be most suitable for accurate
measurement?

A diameter of an atom

B diameter of a wire

C length of this page

D length of a pencil

A metal ball is attached to a cork with a string and lowered into a measuring cylinder of
water until the ball is fully submerged while the cork remains above the water, as shown
in Fig. 2.1. The string is then lowered further so that both the ball and the cork are fully
submerged, as shown in Fig. 2.2.

cork—E[ = =
= = = 80 cm?
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bali\% = =
2 == 56 cm?® =
= 3 = =
= 48cm > T 3
water-\f— ;—
ball and cork ball fully submerged both ball and cork
above the water but cork above the water fully submerged
Fig. 2.1 Fig. 2.2
The mass of the cork is 4.8 g.
What is the likely density of the cork?
A 0.15g/cm® B 0.20 g/cm?® C 0.60 g/cm?® D 5.0g/cm3

Two forces P and Q act on an object. Which diagram shows the resultant of these two
forces?

P resultant  p resultant p P
resultant resuliant
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4 The figure below shows the velocity-time graphs of two vehicles X and Y. The
accelerations and distances travelled by the two vehicles over the 5 s period can be
estimated from the graphs.
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0 1 2 3 4 5
time/s

Which statement is correct?

A The accelerations of X and Y are the same at 2.5 s.

B The acceleration of Y is greater than that of X.

C The distance travelled by X is greater than that travelled by Y in the 5 s period.
D The distances travelled by X and Y in the 5 s period are the same.

§ A ball is released from rest above a horizontal surface. The graph below shows the
variation of its velocity with time.

ist
impact
+ 2nd

velocity impact

3rd
impact

| / [/ v
X .
release

Why are areas X and Y equal?

A For one impact, the speed at which the ball hits the surface equals the speed at
which it leaves the surface.

The ball rises and falis through the same distance between impacts.

(2]

The ball’s acceleration is the same during its upward and downward motion.

D The speed at which the ball leaves the surface after an impact is equal to the speed
at which it returns to the surface for the next impact.




A box rests on the Earth, as shown in the diagram below.

Newton’s third law describes how forces of the same type act in pairs.

If the weight W of the box is one of the forces, which arrow represents the other force

in this pair?

NOT TO
SCALE

An object is accelerating under the influence of a force, F, on a frictionless surface, as
shown in Fig. 7.1. A while later, an opposing force, F, of the same magnitude acts on

it, as shown in Fig 7.2.

F
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F2

Agp———

F

—

Fig. 7.1

Fig. 7.2

Which statement correctly describes the object’s motion immediately after the opposing

force acts on it?

A The object will slow down.

B The object will move at constant velocity.
C The object will move in the opposite direction.

D The object will come to rest.
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One end of a U-shaped tube is connected to a gas tap, with its other end open to the
atmosphere, as shown in the diagram. It contains water of density 1000 kg/m? and the
heights of the water columns on both sides are indicated. The atmospheric pressure is
101 kPa.

open to
atmosphere

tube __

pressure
from gas ta
¢ P 314cm
10.2¢cm
wwwwwwwwwwwwwww Y
water, density 1000 kg/m®
What is the pressure of the gas from the gas tap?
A 99 kPa B 100 kPa C 102kPa D 103 kPa

The diagram shows a drawing pin (thumb tack) with a sharp point at one end and a flat
surface at the other end.

sharp point

The pin is pushed into a wooden board.

How do the pressure and the force at the sharp point compare with the pressure and
the force on the flat surface?

force at the sharp point pressure at the sharp point
A greater than on the flat surface greater than on the flat surface
B greater than on the flat surface less than on the flat surface
C the same as on the flat surface greater than on the flat surface
D the same as on the flat surface less than on the flat surface
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A student states ‘If an object is in equilibrium, the sum of clockwise moments about point
X is equal to the sum of anticlockwise moments about point Y.’

Under which condition would this statement be correct?

A Either X or Y is the centre of gravity of the object.
B Either X or Y is the pivot of the object.

C XandY are at opposite ends of the object.

D Xand are the same point on the object.

The diagram shows a uniform rod of length 30 cm and weight 5.2 N attached to a wall
by a hinge at one end.

The other end of the rod is supported by a wire so that the rod is horizontal and in
equilibrium.

The wire is at an angle of 40° to the horizontal.

wire
wall ,
/'rod\
N 40°/
N N
. H
hinge - 30cm -
What is the tension in the wire?
A 34N B 40N C 68N D 81N

Car X is travelling at half the speed of car Y. Car X has twice the mass of car Y.

Which statement is correct?

A Car X has half the kinetic energy of car Y.

B Car X has one quarter of the kinetic energy of car Y.
C Car X has twice the kinetic energy of car Y.

D The two cars have the same kinetic energy.
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A bungee jumper jumps from a platform and is decelerated by an elastic bungee cord,
as shown in the diagram.

platform bungee
jumper
bungee cord bungee
cord
round ;
ground NOT TO groun
before jumping SCALE during the jump

As the jumper falls, his initial energy in the gravitational potential store is transferred to
his kinetic store and the elastic potential store of the cord.

At which part of the jump is energy in all three stores non-zero?

A on the platform before the jump
B on the way down before the cord starts to extend
C on the way down as he decelerates

D at the bottom of the jump when he is momentarily stationary

A hydroelectric power station uses energy in the gravitational potential store of water to
generate electrical energy.

In a particular power station, the mass of water flowing per unit time is 1.5 x 10° kgs™'.
The water falls through a vertical height of 120 m. The electrical power generated is
100 MW.

What is the efficiency of the power station?

A 5.6% B 43% C 56% D 76%

The specific heat capacity of solid P is greater than that of solid Q.

What does this statement mean?

A Less energy is needed to raise the temperature of a unit mass of solid P by 1 °C
than that of solid Q.

B Less energy is needed to melt a unit mass of solid P than a unit mass of solid Q.

C More energy is needed to raise the temperature of a unit mass of solid P by 1 °C
than that of solid Q.

D More energy is needed to melt a unit mass of solid P than a unit mass of solid Q.
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16 A student splashes water onto her face. Here are three statements about the effects.

17

18

P The water uses energy to evaporate.
Q The water gains energy from the student.
R The face of the student cools.

Which statements are correct?

A P and Qonly B P andRonly C QandRonly D P,QandR

A student placed a number of ice cubes in a container with a hole in the base. He left
them to melt so that the water dripped into a beaker placed on a balance. The student
recorded the initial mass of the beaker as shown in Fig. 17.1 and the final mass of the
beaker and water as shown in Fig. 17.2 after five minutes.

ice in a container.__
with a hole
in the base

beaker..
e,

balance

before after
Fig. 17.1 Fig. 17.2

The specific latent heat of fusion for water is 334 J /g.
How much energy was absorbed from the surroundings in order to melt the ice?

A 37J B 53J C 37000J D 53000J

One end of a copper rod is placed in hot water. Thermal energy travels along the rod,
making the other end warmer.

What is the behaviour of the copper at an atomic level that accounts for most of the
transfer of thermal energy from one end to the other?

A Atoms at the hot end gain kinetic energy and move towards the other end.

B Atoms at the hot end expand, colliding with other atoms and transferring energy.

C Free electrons at the hot end gain energy and move towards the other end, colliding
with atoms along the rod.

D Free electrons at the hot end gain energy from the hot water and move directly to
the other end.
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19 A glass test-tube containing water is heated at the top, as shown in the diagram. The
water at the tfop boils, but the water at the bottom remains cold.

test-tube .

",

Which row explains why the water at the bottom of the test-tube remains cold?

glass water

good thermal conductor
good thermal conductor
poor thermal conductor

good thermal conductor
poor thermal conductor
good thermal conductor

OO0 w >

poor thermal conductor

poor thermal conductor

20 The diagram shows an uncharged metal sphere placed on an insulating support. A
positively charged rod is brought close to the sphere, but does not touch it.

[+ ++ ++ +]

How do the charges in the sphere move and what is now the charge on the sphere?

movement on charges charge on sphere
A positive charges move positive
to the left of the sphere
B positive charges move neutral
to the left of the sphere
C negative charges (electrons) move positive
to the right of the sphere
D negative charges (electrons) move neutral
to the right of the sphere
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21 Pis a point near to charge X, as shown in the diagram.
X
O -
E
When a negatively charged test charge is placed at point P, it experiences a force of
repulsion directed radially away from X.

Which arrow correctly shows the direction of the electric field at point P due to the charge
X?

A B Cc D

22 The diagram shows an alternating current (a.c.) power supply connected in series with
a resistor R and a diode.

-0~ O—

e

v

Which graph shows how the volitage V across the resistor R varies with time?

el AN AN AN ATATAYAYAY
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e AN AN AN _,

0 -
{l) time
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23 Three identical lamps L4, L2 and L3 are connected to a battery with negligible internal
resistance, as shown in the diagram.

What happens to the brightness of lamps L1 and L, when the switch S is closed?

lamp L1 lamp L2
A brighter brighter
B brighter dimmer
C dimmer brighter
D dimmer dimmer

24 Four potential divider circuits each consist of a battery of electromotive force 9 V and
negligible internal resistance connected to a combination of resistors. Each resistor in
the circuits has a resistance of either X or 2X.

Which circuit diagram has the largest output voltage V?

A B
X X
— e
av }%—-——o sv g*““—“o
PR, S— JOVENII W
X v 2X v
1 o 1 o
C D
1 T
X x|l 2x
e —
9V ! av !
[V E— —_—
X||2x 1% X v
1 —0 " o
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26

The diagram shows a circuit containing a cell of electromotive force (e.m.f.) 2.0V, three
resistors, three ammeters and two voltmeters. One ammeter is labelled P and one
voltmeter is labelled Q. The readings on the other two ammeters and the other voltmeter

are shown.

12

2.0V

What are the readings on ammeter P and voltmeter Q?

readingon P/ A readingon Q/V
A 1.5 1.5
B 1.5 25
c 25 1.5
D 25 25

Some sources of electromagnetic waves are listed.
1 aradio wave transmitter
a source of X-rays

2
3 a 30 mm wavelength radar transmitter
4 a light-emitting diode that emits red light

Which list gives the sources in order of increasing wavelength, from left to right, of the

waves they emit?

A 1535452
B 2545153
C 2545351
D 3515452
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27 A transverse wave is fravelling along a rope. The frequency of the wave is 2.0 Hz. The
graph below shows the variation of the displacement of the wave with distance at time
t=0s.

direction of wave travel

displacement I/\ AN
0 \ 2 \ F \ P \ B  10dstance/m

Which diagram shows the position of the wave at time t = 0.5 s?

A A A N
f/ \/ \/ \/ \/ 10 distance/m

. dispiacementT AN N |
el}\/ 3\/ 3\/ é\/ 8 _/ 10 distance/m

_ dispiacement}\ /\ /\ /\ /\
0\/ \_/ \/ \/ \/mdistanceim

i dispiacementl/\ /\ /\ /\ /.\
0 \} \/é \/é \/é \/o distance /m

28 The two graphs below represent the same wave. Graph 1 shows the variation of the
displacement with time at a particular distance. Graph 2 shows the variation of the
displacement with distance at one instant.

)
displacement displacement

. distance
0 time/s 0
0 5 i} 0 30 60 gp fem

graph 1 graph 2
What is the speed of the wave?

A 225cms”! B 30.0 cms™ C 90.0cms™! D 120 cms™




29 The sound from a loudspeaker must pass through two materials to reach a microphone,
as shown in the diagram below.

Which combination of materials gives the shortest time for the sound to reach the

loudspeaker [<.

microphone?

14

material 1

material 1 material 2
A air hydrogen
B air water
Cc copper aluminium
D water oil

30 A converging lens produces an image of an object O.

The focal length of the lens is f.
At which position the object must be placed for the lens to produce a real, enlarged

() microphone

image?

A B
O /\ O f\
i A L f }
' et S
o E} 2t \
) ¥

c D
0 f\ 0 (\
1 | ! |
o e
' 2f 3 ; 2f !
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31 A student uses one eye fo look at images in a plane mirror, as shown in the diagram

below.

S i i plane mirror

Objects are placed on the line XY.

Which objects will produce images that can be seen by the eye?

A P,QRS TandU
B Q, R, SandT only
C PandUonly
D RandSonly

32 Four nails A, B, C and D are tested to find which makes the strongest permanent
magnet. One of the nails is placed against a bar magnet, as shown in the diagram below.
The number of paper clips which the nail can support is recorded.

nail
< / In S
bar magnet
paper clips

The bar magnet is then removed and the number of paper clips remaining attached to
the nail is recorded. Each nail is tested individually.

Which nail becomes the strongest permanent magnet?

number of paper clips attached to the nail

bar magnet present bar magnet removed

o0 w>»
o NN
N W =2 O
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33 A steel bar is placed in an East-West direction for it to be demagnetised. No other
magnet is nearby.

34

Which method is not suitable for demagnetising the steel bar?

A

B
Cc
D

hammering the bar
heating the bar to a very high temperature
slowly taking the bar out of a coil that carries an alternating current

slowly taking the bar out of a coil that carries a direct current

Diagram 1 shows a coil of wire P between the poles of a magnet. The ends of coil P are
connected to a battery using slip rings.

Diagram 2 shows a coil of wire Q between the poles of a different magnet. The ends of
coil Q are connected to a battery using a split-ring commutator.

I

p 1: Q tai

]

Ly

diagram 2

diagram 1

What happens to coils P and Q?

coil P coil Q

A continuously turns makes one quarter turn

anticlockwise anticlockwise then stops
B continuously turns makes one quarter turn

clockwise clockwise then stops
c makes one quarter turn continuously turns
anticlockwise then stops anticlockwise

D makes one quarter turn continuously turns

clockwise then stops

clockwise
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35 A beam of electrons is passed through the magnetic field of a magnet. How must the
magnet be positioned to deflect the beam in the direction shown?

A B

direction
of beam

direction
of beam

36 A magnet is dropped vertically through a solenoid, as shown in the diagrams below.
This induces magnetic poles at both ends of the solenoid.

N
N
]
diagram 1 diagram 2 diagram 3

Which magnetic poles are induced at position X in diagram 1 and diagram 3?

diagram 1 diagram 3
A N pole N pole
B N pole S pole
C S pole N pole
D S pole S pole
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37 Cables transmit electrical power from the output of the transformer at a power station to
the input of the transformer at a substation, as shown in the diagram.

cables
s
-
ﬂ; output / input 31?
transformer at transformer at
power station substation

The power at the output of the transformer at the power station is 400 MW. Which
situation delivers the most power to the input of the transformer at the substation?

potential difference at power station diameter of
transformer output / kV cables
A 200 large
B 200 small
c 400 large
D 400 small

38 Four students are asked to comment on the processes of nuclear fission and nuclear
fusion.

Their comments are recorded in the table.

Which row is correct?

fission fusion
A energy is absorbed a large unstable nucleus splits
B energy is released two light nuclei join
C a large unstable nuclei splits energy is absorbed
D two light nuclei join energy is absorbed

39 Which statement about all three types of radioactive emissions is correct?

A They are all completely absorbed by a thin aluminium sheet.
B They are all deflected by electric fields.
C They are all deflected by magnetic fields.

D They all cause ionisation of gases.
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40 A teacher holds a radioactive source near a detector.
The reading on the detector is 320 counts/min.

The detector is switched on again after the source has been removed and it shows a
reading of 20 counts/min.

What is the counts/min solely due to the source and why is there a reading on the
detector when there is no radioactive source present?

counts/min due to the source reason for reading with no source
A 300 Zero error on detector
B 300 background radiation
C 340 zero error on detector
D 340 background radiation

END OF PAPER
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Section A
Answer all questions.

Fig. 1.1 shows the descent of a skydiver from a stationary balloon.

—2000m

. e
sky-diver ~

parachute —

™ —500m

Fig. 1.1 (not to scale)
The skydiver steps off the balloon at a height of 2000 m and accelerates downwards.
His speed is 52 m/s at a height of 500 m. He then opens his parachute.
From 400 m to ground level, he falls at constant speed.

(a) The total mass of the skydiver and his equipment is 92 kg.

(i) Calculate, for the skydiver,

1. the decrease in energy in the gravitational potential store as he falls from 2000 m
to 500 m,

decrease in energy in the gravitational potential store = ............................ [2]

2. the energy in the kinetic store at the height of 500 m.

energy in the kineticstore = ............................ [2]
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(ii) The energy in the kinetic store at 500 m is not equal to the decrease in energy in the
gravitational potential store.

Explain why there is a difference in the values.

........................................................................................................ [1]
(b) State
(i) what happens to the air resistance acting on the skydiver as he falls from 2000 m to
1500 m,
........................................................................................................ [1]
(ii) the value of air resistance during the fall from 400 m to the ground.
airresistance = ...........c..coeeeeenne. 1

[Total : 7m]
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A block is pulled by a force X in a straight line along a rough horizontal surface, as shown in
Fig. 2.1.

velocity

total resistive

force 0.80N _horizontal surface

Fig. 2.1

Assume that the total resistive force opposing the motion of the block is 0.80 N at all speeds of
the block.

The variation of the magnitude of the force X with time t is shown in Fig. 2.2.

2.0
XIN
1.5

1.0

0.5

Fig. 2.2
(a) (i) Describe and explain the motion of the block between t=0.0sand t= 3.0 s.
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(b) Force X produces a total power of 2.0 W when moving the block between time t=3.0 s
and time t=6.0 s.

Calculate the distance moved by the block during this time interval.

distance= ........................... [2]

(¢) Explain the difference in the power produced between f= 0.0 s and t = 3.0 s, and that in

(b).

[Total: 7 m}]
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A uniform rectangular sheet of card of weight W is suspended from a wooden rod.
The card is held initially to one side, as shown in Fig. 3.1.

m\d

Fig. 3.1

The card is then released. It swings on the rod and eventually comes to rest.

(a)

(b)

List two key forces, other than its weight and air resistance, that act on the card during
the time that it is swinging. State where the forces act.

A student claims that the two forces listed in (a) are not an action-reaction pair. Explain
whether his claim is correct or incorrect.

[Total : 4m]
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4 The Brownian motion of smoke particles in air may be observed using the apparatus shown in

Fig. 4.1.
A

I _~microscope

T smoke
P particie

smoke
el

3 w/’rmf
light — & l T
m——————

Fig. 4.1 Fig. 4.2
Fig. 4.2 shows the motion of a smoke particle.

(@) Explain the motion of the smoke particle.

(b) (i) Suggest what would be observed in the movement of smoke particles when the
temperature in the smoke cell is increased.

[Total: 5m]
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8

A semicircular glass block G is originally placed with its flat surface parallel to a vertical
wall. A beam of red laser light is directed along the radius of the block and towards a point
A on the wall. The distance from the centre of the glass block, O, to point Aiis 1.50 m.

With the path of the light beam from the source unchanged, the glass block is rotated
about its centre. The bright spot where the beam strikes the wall moves down from point
A to B and then disappears.

Fig. 5.1 shows how the spot moves from A to B as the block rotates.

/\4' : - 1.50m »i
O
|

T T T T T T T T T T A A
Laser
G
Wall
1.68m
b Y
N
N\
N
N\
N\
g ¥
Fig. 5.1 (not to scale)
(i) Explain why the spot disappears.
........................................................................................................ [1]
(i) Determine the refractive index of the material of the glass block G.
refractiveindex = .........cc.ccoeeiinnnne. [3]

(iii) Explain whether AB would be longer or shorter if a higher refractive index glass block
is used.
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(b) Fig. 5.2 shows a slide projector, which is an optical instrument for image projection. Light
from a lamp is converged onto a slide and a convex lens is used to form an image of the
slide on a screen.

photographic

slide
lamp

convex lens

-

e

#

Fig. 5.2

Fig. 5.3 shows a slide PQ, the lens and the screen. The lamp which illuminates the slide
is not shown in the figure.

screen

/

=
®
B~

lens

Fig. 5.3

(i) On Fig. 5.3, draw two rays each from P and Q, to show how a focused image of the
slide is formed on the screen. Label the image points as P’ and Q. [2]

(ii) Explain why the slide must be placed upside down.

[Total: 8 m]
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6 A battery of electromotive force (e.m.f.) 9.6 V and negligible internal resistance is connected in
series with two fixed resistors and a negative temperature coefficient (NTC) thermistor, as
shown in Fig. 6.1.

9.6V
-]
5800 Q
()
? ®
3400Q ‘:‘
Fig. 6.1

The fixed resistors have resistances of 3400 Q and 5800 Q. The reading on the voltmeter in the
circuit is 6.0 V.

(a) Calcuiate the current in the 5800 Q resistor.

current = ... ..coooeiiiieieinennenne. [2]

(b) Calculate the resistance of the thermistor.

resistance = ... [2]

(c) The change in the environmental conditions causes an increase in the resistance of the
thermistor.

State whether there is a decrease, increase or no change to:

(i) the temperature of the thermistor

........................................................................................................ 1
(iij) the current in the thermistor

........................................................................................................ (1]
(iii) the potential difference across the thermistor

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

[Total : 7m]
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(b)
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The spontaneous and random decay of a radioactive substance involves the emission of
either a-radiation or B-radiation and/or y-radiation.

Explain what is meant by random decay.

(i) Two isotopes of the element uranium are Zggu and zggu. Explain the term jsofopes.

........................................................................................................ [1]
(ii) When a nucleus of uranium-235 absorbs a neutron, the following reaction may take
place.
22U+ iBa+ JKr+3gn
State the values of a, b, x and y.
0= e
b= i,
X = e
Y= e [2]

(iiiy When the nucleus of 2ggu absorbs a neutron, the nucleus decays, emitting an o-
particle.

State the proton number and nucleon number of the nucleus that is formed as a result
of the emission of the a-particle.

protfon number= ..............cccoveiiennne

nucleon number=............................ [2]

[Total: 6 m]
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Fig. 8.1 shows a simple experimental setup to study the motion of a motor. AB and CD are
solenoids connected to a battery E.

Fig. 8.1

(a) State the polarity of the solenoid at C.

(b) Fig. 8.2 shows the voltage V applied to F against time t. Every minute corresponds to the
time one half of a split-ring commutator is in contact with the carbon brushes.

Voltage, V/ volts

0 1 2 3 Time, t/ mins

Fig. 8.2

(i) State the direction of rotation of the coil PQRS, as viewed by the observer, in the 1%
minute.
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(i) State and explain the motion of the coil in the 2" minute.

(iii) State what can be deduced about the magnitude of the force acting on the arms PQ
and RS in one cycle of the voltage.

(iv) A student suggests replacing the voltage supply at FG with a battery. Explain how
this change will affect the rotation of the coil, if any.

[Total : 6 m]
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The transformer in Fig. 9.1 is used to convert 240 Va.c.to 6 V a.c.
| frOn core
Ao——o
!C-W B o C
14 T~L——p
Bx 4— yff i . .,
7 AN
. e s
primary secondary
coil coil
(480 turns)
Fig. 9.1

(i) Using the information above, calculate the number of turns on the secondary coil.

number of turns =

(11

(i) The currentin the primary coil flowing from A to B and is increasing. Indicate the
direction of the current in the secondary coil.

(iii) A transformer supplying electrical energy to a factory changes the 11 000 V a.c.
supply to 440 V a.c. for use in the factory. The current in the secondary coil is 200 A.

Calculate the current in the primary coil, assuming no energy losses from the

transformer.

current =
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(b) Fig. 9.2 shows a bar magnet suspended by a spring over a coil. The coil is connected to
a sensitive centre-zero millivoltmeter.

LSS LS

gj — 8pring
?

-magnet

sensitive
__centre-zero
millivoltmeter

coil

Fig. 9.2

The lower end of the magnet is pushed down into the upper end of the coil and held at
rest. During the movement, an e.m.f. is induced in the coil. The meter shows an increasing
deflection to the right and then returns rapidly to zero.

Explain why

() an e.m.f. is induced in the coil when magnet is pushed down,

[Total: 8m]
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10 (a) A sound wave in air consists of alternate compressions and rarefactions along its path.

(i) Explain how a compression differs from a rarefaction.

BP~484

........................................................................................................ (1]
(ii) Explain in terms of compressions, what is meant by
1. the wavelength of the sound wave,
................................................................................................... 1]
2. the frequency of the sound wave.
................................................................................................... (1]
(b) Table 10.1 shows how the speed of sound in air varies with temperature.
Table 10.2 shows the speed of sound at 0 °C in different gases.
Table 10.1 Table 10.2
Temperature / °C Speed / ms™! Gas « A | Speed/ms
0 331 Carbon dioxide | 2 é 259
5 224 Oxygen g 5 316
10 337 Helium 28 965
16 340 Hydrogen E 1290

(i) Explain, using ideas of particles, why the speed of sound in air decreases as it moves
from a high temperature region to a low temperature region.

(ii) A carbon dioxide molecule is heavier than a hydrogen molecule.

Explain, using ideas of particles, why the speed of sound is lower in a heavier gas
than in a lighter one.
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(c) Fig. 10.3 shows an elastic string with beads fixed on it at equal intervals. The separation
between any two consecutive beads is 2.0 cm. One end of the string is connected fo a
vibrator and the other to a wall. The vibrator then vibrates to and fro along the direction of
the elastic string.

vibrator L o o o ————————————

Fig. 10.3

Fig. 10.4 shows the positions of some of the beads at different times.

time =0.00s - . -—o * o c . -9~
2. , d 5. é 7....8 19

time = 0.01 § ——e —————o+++—o—» .

1 i . 3..4.5°6 8 9

time = 0.02 s -9 >y . * — o
Sl 200003 4. .5 6 7.0.8...9.

time =0.03 s —o—o—e- —e - - oo
1.2 3 'l 6 7.8.9:
time = 0.04 s — o —o— D . *~—

Fig. 10.4
(i) Determine the frequency of the wave motion set up in the string.
frequency = ........cceiiiiiiiinnn.. [1]

' (ii) Determine the wavelength of the wave.

wavelength= ............................ [1]
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(iii) Determine the velocity of the wave.

velocity = ... [2]

(iv) On Fig.10.5, sketch, on the axes provided, the displacement-time graph of bead 7
from 0.00 s to 0.04 s, taking displacement to the right as positive. [2]

Displacement / cm

{k

Time /s

Fig. 10.5

[Total: 12 m]

END OF SECTION A
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Section B
Answer one question from this section.

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

0.050 m

axis of crankshaft

crankshaft direction of rotation

Fig. 11.1

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

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

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

moment=.............cceeeenne. [1]
(iii) The size and direction of the vertical force F, acting on the crankshaft at P, remain

constant. Explain why the moment of F decreases as the crankshaft rotates through
a small angle.
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(b) The force F of 8200 N 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. 11.2.

high-pressure gas—___ , e /

T piston

metal rod

force F

Fig. 11.2

The air pressure outside the cylinder is 1.0 x 10° Pa and the cross-sectional area of the
piston is 0.0067 m2.

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

miNimum gas pressure = .............cceeeuneennen. [2]

(i) Suggest why, in practice, the pressure of the gas in the cylinder is greater than the
value calculated in (i).
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() The piston moves downwards and the gas expands. State and explain, in terms of
molecules, what happens to the force F.

.............................................................................................................. [2]
(d) Explain, in molecular terms, why heating a gas at constant volume causes its pressure to

increase.

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

[Total: 10 m ]
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12 (a) Fig. 12.1 shows a cyclist riding on a flat road. Fig. 12.2 shows his front view.

Fig. 12.1 Fig. 12.2
(i) While travelling along a straight horizontal road, he applies a constant force to

maintain a constant speed. Explain why his speed remains constant even though he
is applying a constant force.

(i) The cyclist in Fig. 12.2 may topple to either the left or the right. Explain why in terms
of moments.
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(b) The overall stopping distance of a cyclist is made up of two parts, as shown in Fig. 12.3:
« Thinking distance — the distance the cyclist travels during the reaction time of the cyclist
 Braking distance — the distance the cyclist travels after the brakes are applied

thinking distance braking distance

3
'
[
[
[
3
v
'

1
i
1
1
i
i
[
)

overall stopping distance
Fig. 12.3 (not to scale)

A ball rolls in front of a cyclist at time f = 0. The cyclist brakes and comes to a stop.

Fig. 12.4 shows the velocity-time graph for the cyclist.

8
6
velocity / ms™
4
2
“0 04 08 12 16 20 24
time/s
Fig. 12.4
Using Fig. 12.4, calculate the overall stopping distance.
overall stopping distance = ............................ [2]

(c) On another occasion, the same cyclist travels at an initial speed of 8.0 m/s. A ball rolls in

front of him at time = 0.

The cyclist has the same reaction time but he brakes harder such that the overall stopping

distance is the same as that he covered in (b).
(i) On Fig. 12.4, draw the new velocity-time graph of the cyclist.

(ii) Determine the new deceleration of the cyclist.

(2]

deceleration=............................ 1]
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(d) Fig. 12.5 shows the hydraulic braking system of the bicycle.

handie bar
pivot
.
piston R
oil
piston S (=
” brake pad
axle of whee! |

spinning brake disc

Fig. 12.5 (not to scale)

(i) When the cyclist applies a force F on the handle bar, a pressure of 1.2 x 108 Pa is
exerted on piston R. The cross-sectional area of piston Ris 5.0 x 10-° m%

Calculate the force F.

force F= ...t [2]

(i) The force applied to each brake pad is larger than F. Explain why.

[Total : 10 m ]

END OF PAPER
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2025 PRELIMINARY EXAMINATION
SUGGESTED ANSWER SCHEME

PAPER 1 (40 marks)
Qn | Ans Explanation
1 B | Options Cand D are not in the range of the micrometer screw gauge. Diameter of an

atom is measured using an electron microscope

2 B | Density of cork = (4.8 g) / (80-56 ) cm?®=0.20 g/cm?

3 C | Resultant force should originate from the same point as the two component forces.
D is wrong as it acts in the opposite direction to the resultant force.

4 D | Area under v-t graph for X = area under v-t graph forY in 5s.

5 B | Xand Y represents the area - X is the height reached after rebounding, Y is the
same height dropped just before impact

6 A | Earth exerts an attractive force {(weight - action) on box ; Box exerts an equal bit
opposite force (reaction) on Earth.

7 B | Two opposing forces of the same magnitude produces a zero resultant force and
since the object is already in motion, it will continue in its state of motion at a
constant velocity

8 D | Pressure of gas = 101 kPa + (0.212 x 10 x 1000) Pa

= 103120 Pa
=103 kPa (3 s.f)

9 C | Forceis the same at the sharp point. Due to the small area of the sharp point,
pressure (force/area) will be greater than on the flat surface which has a larger area.

10 D | Moment must be taken about the same point (i.e. pivot) for an object in equilibrium

11 B | Tension in wire x 30 cm sind40°=5.2 Nx 15cm

Tension in wire =4.044N
=40N (2s.f)

12 A KEv =% (mv)(VY)2 ; KEx=% (va)(Vv/Z)2 = (mv sz)/4 =% KEy

13 C | A-KEiszero; B—EPEis zero; D—KE is zero

14 | C | Efficiency = ( 100 x 10° W)/ (1.5 x 10° kgs™ x 10 N/kg x 120 m ) x 100%

=55.5%
=56% (2s.f.)
15 C | Specific heat capacity definition
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Qn | Ans Explanation

16 D | Pspeaks of the bombardment of molecules at the surface by molecules below;
Thermal energy is supplied to the water molecules by the body as it is at a higher
temperature ; the drawing of thermal energy from the face cools the face

17 C |Q=(0.11x1000g)x334)/g

=36740)
=37000) (2 s.f.)

18 C | Atoms are not mobile and cannot expand. Electrons will have collision with atoms as
they move to the cooler end of the rod.

19 D | Glass is poor thermal conductor as it does not transfer thermal energy quickly from
the heated end ; convection is confined at the top and water is a poor thermal
conductor

20 D | In electrostatic induction, only negative charges {electrons) are mobile. By the
conservation of charge, the amount of negative charge induced is equal to the
amount of positive charges hence the sphere is neutral even during electrostatic
induction.

21 C | The direction of the electric field is the direction a (free) positive charge will move
when place at P. Since X is negatively charged, the positive charge will move from P
to X, hence the direction.

22 C | Diode allows current to fiow in one direction. It will cut off the negative half of the
a.c.

23 B | Both lamps were at same brightness before closing switch. After closing, total
resistance dropped leading to a higher current. L, has a larger current compared to
L>. So L1 becomes brighter while L, dims.

24 B | Applying potential divider equation

2X
A:Voutpur =45V ; B: Voutput = 3—X9.0 V=60V;
. _2x/3 . A _ 2X/3 _
C:Voutput = ;m9.0 V=36V;D:Voutput =90V — /3 9.0V =54V

25 A |Vo=(20-05)V;Ip=(204- 054)=15A4

26 € | Radio wave has the longest wavelength

27 D |v=20Hz x2m= 4.0ms™
At t= 0.5 s, the distance moved by the waveform is 2.0 m (1 wavelength)

28| D |v=(1/0.5)(60cm)=120cms™

29 C | Speed of sound through solid is the highest.

30 B | Only for object distance f <u < 2f can a real enlarged image.
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Qn | Ans Explanation

31 B | By ray construction, Image of Q and T can still be seen by the eye at E.

32 C | Cstill attracts the most number of clips(3) after the magnet is removed

33 D | Actions describes in A, B and C disturbs the magnetic domains and cause the little
magnets in the domains to disorientate. Passing a direct current will align the
domains inside the steel bar and it will become a permanent magnet.

34 C | Applying Fleming’s LHR. No rotation for diagram 1 as there is a restoring force when
the coil reaches the vertical

35 B | A -electron beam deflected to the bottom of page. (Fleming’s LHR)

C — electron beam deflected to top of page
D —electron beam to the left of page.

36 C | Diagram 1: X is an induced S-pole when the magnet approaches. As the N-pole
recedes away from the coil, a S-pole is induced at the bottom of the coil. Hence X will
be a N-pole {Lenz’s law)

37 C | Output will be high voltage low current to minimize power loss. Since power loss =
I’R, resistance of cables will be small when cross sectional area is large.

38 B | Both processes result in energy release.

39 D | Gamma radiation pass through aluminium and is not deflected by magnetic and
electric fields

a0 B | Background radiation accounts for the 20 counts per min
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2025 PRELIMINARY EXAMINATION
SUGGESTED ANSWER SCHEME

PAPER 2 SECTION A { 50 marks)

Qn

Part

Answer

Remark

(a)(i)

1. Loss of GPE =92 kg x 10 N/kg x 1500 m
= 1380000 J
=1.4x10%)(2s.f)

2. Kinetic energy =% (92kg)(52 m/s)?
=124384 )
=1.2x10°)

(ii)

Some energy in the gravitational potential store is transferred to the internal store of the
surroundings due to air resistance.

(b))

The air resistance is increasing

(ii)

W=mg
= 92 kg x 10N/kg
= 920N

(a)i)

= Block moves with uniform acceleration.
= Resultant force of 0.6 N acting to the right.

(ii)

» Block moves at constant velocity/same speed same direction
* Force X = total resistive force. Zero resultant force acting on the block.

(b)

Power = Force x velocity
20W =080Nxv
v =25mst

Distance =2.5ms*x3.0s
=75m

(c)

During the first three seconds, the power delivered is not constant since the velocity is changing
while in (b), the velocity is constant and the power delivered is constant.

(a)

1 Frictional force acting at the rod
2 Normal (Reaction) Force acted on card by rod

(b)

Since the direction and magnitudes of the two forces In (b) are different/ are of different
nature/acting on the same body they do not satisfy the conditions for action-reaction pair.

(a)

=  The uneven bombardment on all sides by air particles
= The random/ erratic and continuous movement is caused by to the resultant force on the
smoke particle at any position

{b)(i)

The number of erratic paths compared to that at the lower temperature will be more

(ii)

*  Airparticles impacted the smoke particles at higher velocities. The frequency of collisions also
increased.

= The greater force of impact and frequent collisions resulted in more frequent change in
direction of the particle in shorter intervals compared to that at lower temperature, thus
explaining the more erratic movement

* Reject in increase in pressure / average force per unit area as these leads to pressure of the gas.

{a)(i)

The angle of incidence in the glass block has exceeded critical angle of glass.

(i)

When the critical angle is reached, the beam is at B. Using trigonometry,
Critical angle, c = 90° - tan™! %)

= 90°-48.2°

=41.8°

- 1
Refractive index = —
sinc

sin 41.8°
=1.50

{iii)

Higher refractive index—»smaller critical angle. Hence AB will be shorter.




2

BP-498

Part

Answer

Remark

(b)(i)

r
Q' screen

slide

lens

(ii)

To enable the formation of an upright image on the screen/to give an image that is right side up.

(a)

Vv
From I =—
R
3.6V

58000
=6.2x10"A

(b)

FromR=V/I
3400€2 + Rthermistor = 6.0 V/6.2X 10 A
Rthermistor = 6277 QQ
=6.3x10°Q(2s.f)

(c)(i)

Temperature decreases

(ii)

Current decreases

{iii)

Potential difference increases

(a)

Random - cannot predict when a radioactive nucleus will emit radiation and in which direction/time
between emissions is unpredictable/emission can occur at any time in any direction

(b)(i)

Atoms of the same element that have the same number of protons but different number of
neutrons

{ii)

a=1;b=0;x=56;y=92

3 correct
im

{iii)

Proton number = 90 ; Nucleon number = 235

{a)

South/ S-pole

(b)(i)

Anticlockwise (1% minute)

(ii)

The coil will now rotate clockwise.

In the 2™ minute, F is negative. Current now flows from S to R and from Q to P. The forces acting on
both arms are now reversed

(iii)

The force acting on each arm of the coil is a constant.

(iv)

The coil will rotate continuously in one direction since the forces acting on each arm changes
direction every half-cycle of rotation / one minute

(a)(i)

Vs _ N,
From = = —=
Vo Np

= Ny=-2_x480
240V

=12

(ii)

A o——pp—

g

Bo——pl-

pﬂmary/
coil
{480 turns)

secondary
coil
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Qn | Part Answer Remark
(iii) From P, primary = Fsecondary
I _ 440Vx2004
primary 11000V
= 8.0A
(b)(i) | rate of change of flux linkage/changing flux linkage
*reject answer with no mention of rate of change/ changing magnetic field.
{ii) = |ncreasing rate of change of flux linkage when pushed down —increased reading
s Magnet stop moving — Magnetic field stationary*—»no change in flux linkage—hence no induced
e.m.f.
*reject magnetic field not changing
10 | (a)(i) | EITHER
*  Compression — higher pressure region ; rarefaction — lower pressure region OR
Compression — higher particle density ; rarefaction — lower particle density
(i) 1. Wavelength is the distance between any compressions
2.  The number of oscillations a layer of air made in one second/number of compressions that
passes a point in one second
(b(i) | Low temperature—»particles closer—»smaller compressions — A, v (=f 1) 4
(i) Heavier molecule—>bigger inertia to move/more slower— less displacement—smaller compressions
S vi=fA)Y
(c)(i) | Frequency =1/0.04s
=25 Hz
(ii} Wavelength = 16 cm
(iii) v=fi
=25Hzx 16 cm
= 400 cms™
(iv) displacement/cm
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SECTION B(10 m)

Qn | Part Answer Remark
11 | EITHER

(a)(i)

The product of the force with the perpendicular distance measured from the line of
action of the force to the pivot or axis about which moment is taken

(alii)

Moment of F=8200 N x 0.050 m
= 410 Nm clockwise

(a)iii)

As the crankshaft rotates through a small angle, the perpendicular distance from the
line of action for the force to the axis of rotation is reduced. This causes the moment of
F to decrease.

(b)(i)

(Pgas - Patm) X 0.0067 m?= 8200 N
=  Pgs= 1.0x 10° Nm?+ 8200 N/ 0.0067 m?
= 1.3 x 10 Nm™?

(b)ii)

There is work done against friction between the moving piston and walls of the cylinder.
This resulted in a bigger opposing force, resulting in a bigger pressure.

(c)

= Number of particles per unit volume decreases with expansion, resulting in decrease
in the frequency of collisions with the inner walls of the cylinder

= Average force per unit area decreases, resulting in a drop in pressure of the gas. The
downward F therefore decreases

(d)

» molecules move faster at higher temperatures/kinetic energy increases

= molecules collide harder and more frequently (with walls) resulting in increase in the
average force of collision with per unit area of the inner walls. Higher pressure
results.

12

OR

(a)(i)

The total resistive force acting in the direction opposite to his motion is equal to his applied
force. He does not undergo any acceleration as the resultant force is zero.

(i)

When the centre of gravity is not in the same straight line as the point of wheel contact with the
ground, the weight of the cyclist will produce a clockwise or anticlockwise moment, thus toppling
him.

(b)

Overall stopping distance = Area under-v-t graph
=%(7.0m/s)(0.4s+ 2.4 s)
=9.8m

(c)(i)

velocity|

Horizontal line at 8.0 m/s; Slope line meeting t-axis at 2.05 s

8

/ ms™

0 0.4 0.8 1.2 1.6 2.0 24
time/s

(c)ii)

Deceleration = (8/1.65) ms?
=4.8ms?(2s.f)

(d)i)

F=1.2x10° Nm?2x5.0x 105 m?
=60N
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Qn | Part

Answer

Remark

(d)(ii)

Piston S on either side has a larger cross sectional area compared to Piston R. Since is same

pressure is transmitted through the oil, the same pressure muitiplied by a bigger cross-sectional
area will produce a bigger force at S.
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