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Section A: Multiple Choice (30 marks)
Answer all the questions in the OTAS Answer Sheet provided.

Which of the following is a suitable estimate for the radius of the Earth?
A  6nm B 6pm C 6Mm D 6Gm

Fig. 2.1 shows the reading of a pair of vernier calipers when its jaws are totally closed.
Fig. 2.2 shows the reading on the same pair of vernier calipers when it measures the
diameter of a rod.

0 mm 10 mm 50 mm 60 mm
TInm nmnm
ERRRENARER ERERRRRREE
0 5 10 0 5 10
Fig. 2.1 Fig. 2.2

What is the diameter of the rod?
A 534cm B 5.38 cm C 50.34cm D 50.38 cm

Brownian motion can be observed in illuminated smoke particles contained in a sealed

transparent cell using a low power microscope. Which of the following statements is

incorrect?

A The speed of the observed motion is affected by temperature.

B The observed motion is caused by random motion of the smoke particles moving by
themselves.

C  The observed motion is caused by random motion of the air molecules hitting the
smoke particles.

D  Air molecules are too tiny to be observed through the microscope.

A mercury column is 5.0 cm long at 0 °C and 30.0 cm long at 100 °C. When it is placed in
a convection oven, the mercury column was measured to be 40.0 cm long. What is the
temperature in the convection oven?

A 100°C B 140°C C 133°C D 167°C
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A cross-section of a solar panel is shown below. In the labelling, three key words have
been replaced by the letters, R, S-and T. -

glass panel

temperature

R material
S oi
pain]algd T

Which of the following best describes R, S and T?

R S T
A conducting lead black
B insulating iron white
C insulating copper black
D conducting zinc silver

Thermal energy is supplied at the same rate to 100 g of paraffin and 100 g of water in
similar containers. Why does the temperature of the paraffin rise more quickly?

A The paraffin is less dense than water.

B  The paraffin is more dense than water.

C  The paraffin has a larger 'speciﬁc heat capacity than water.

D  The paraffin has a smaller specific heat capacity than water.

A vibrating source moves up and down in a ripple tank. What will happen if the vibrating
frequency is increased?

A The wave peaks will be higher and the troughs lower.

B  The waves will be closer together.

C  The waves will be further apart.

D  The waves will move faster across the tank.

Sk



8 The diagram shows Paul standing in front of a plane mirror at a distance of 5 m.

Paul

mirror

5m

What is the distance between Paul's initial position and his final image if Paul moves
backwards by another 5 m?

A 5m
B 10m
C 15m
D 20m

9 A periscope uses two 45° prisms to reflect the light ray into the observer's eye. Which of
the following is a possible refractive index of the prism’s material?

T

90°

la)

A 100
B 1.39
cC 1M
D 144
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Below are four statements about the applications of the components in the electromagnetic
spectrum. -
» Gamina rays are used lo treat cancer.
* Infrared radiation is used in intruder alarms.
« Microwaves are used in satellite televisions.
= X-rays are used in medical imaging.
How many of these statements are correct?
A 1 B 2 c 3 D 4

The diagram below shows the duration for ultrasound to return back to the receiver on a

ship. The ship travelled from point X to point Y along the surface of the water. At which
position is the water deepest?

time / ms
F 3
B
D
A
c
X Y

What Is the approximate range of audible frequencies for a healthy adult? -
A 20 Hzto 100 Hz :

B 2Hzto20000Hz

C 20 Hzto 20 000 Hz

D 200 Hzto 2000 Hz

A tuning fork produces a sound wave with a frequency of 1 kHz. If the speed of sound is
340 mi/s in air, what is the distance between the centre of a rarefaction and the centre of an
adjacent compression on the wave?

A 008m B 017m C 034m D 068m

A circular disc has 100 holes. It rotates at 300 revolutions per minute and air is blown
across the holes. What is the frequency of the sound produced?
A b5Hz B 180H=z G 300 Hz D 500Hz

55
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15 A fticker tape timer vibrates at 100 Hz. The tape in the diagram below shows the distance
moved by a trolley. What is the average speed of the trolley for the whole interval?-

2cm 3cm 4 cm 5cm
A 0.14cm/s
B 0.56 cm/s
C 25cm/s
D 350 cm/s

16 The displacement-time graph of a man travelling along a straight, horizontal road is
shown below. What is the total distance travelled by the man in 50 s?

displacement / m
10.0 1\.-..-..--............: ................... ;
e s Lo e b
. 70 20
_5_0 ................... 4: ................... J: ................... O -
A 35m B 50m o 135 m D 25.0m

17 Two cars P and Q started from the same point on a level road at different velocities. Their

velocities are shown in the graph below.

velocity / m/s 4 P

20

10

v

0.0 1.0 20 3.0 4.0 50 6.0 time/s
What is the time that the two cars meet?
A 30s B 40s C b50s D 6.0s
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19

20

.
The diagram below shows the velocity-time graph of a truck travelling along a straight
road.

velocity / mfs
A R

(=]

* time/s

Which of the following statements is correct?

A The truck is moving backwards from R to S.
B  The truck moved back to the original position.
G The truck accelerated uniformly throughout.
D  The truck moved at zero acceleration at R.

When the trigger of a rifle is pulled, the force exerted on the recoiling rifle is just as great as
the force that drives the bullet along the barrel.

Force on bullet

Why does the bullet undergo more acceleration than the rifle?
A The bullet is smaller in size.

B  The bullet has a smaller mass.

C  The bullet is free to move while the rifle is held down.

D  The bullet explodes before it leaves the rifle.

Box A of mass 4.0 kg is stacked on top of box B of mass 2.0 kg. A force of 12.0 N is
applied on box B. Assume that the surface between the boxes and the table top are both
frictionless. What will happen to the motion of boxes?

A Box A accelerates to the right at 3.0 m/s? while box

B accelerates at 6.0 m/s2. A
B Box B accelerates to the right at .0 m/s? while box 12.0N

A drops down vertically. SR &
C  Both box A and box B accelerate to the right at

2.0 m/s2.

D  Bothbox A and box B accelerate to the right at 6.0 m/s2.
15
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21 The diagram below shows a system of 5 sfrings and a beam of mass 1 kg holding a 2 kg
mass. What are the tensions T4 and Tz in the two strings shown below?
[Take g = 10 N/kg]

NOOSNOUNANNY ceiting
: 0 - == strings
— | ="
T, . '
Mass of beam is 1 kg
2kg Slringe
T:/N T2/ N

A 6.7 10
B 6.7 20
C 10 10
D 10 20

22 Two forces X and Y of constant magnitudes act at the same poinl as shown below.,

4
-4

Y
When the angle 8 between the forces X and Y increases from 0° to 180°, the magnitude of

the resultant force

A increases and then decreases.
B  decreases.

c increases.
D

decreases and then increases.

23 The pressure on the tyres of a sedan car is P. The contact surface of each tyre with the
floor is A. Calculate the new contact surface of each tyre when air is released from the tyre
and the pressure of the car is reduced to 0.75 P.
A 0333A B 133A C 4A D 6A
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24 A thin tube contains a thread of mercury which traps air at the end of the tube. The other

25

end of the tube is open to atmospheric pressure:

frapped airinfube

When the tube is turned upside down, the volume of the trapped air increases. Which of the
following statements explains this?

A The pressure in the trapped air is reduced.

B  The air gets hotter when the tube is turned upside down.

C The atmospheric pressure is less when it acts upwards on the mercury.

D  The trapped air molecules hit the mercury harder when travelling downwards.

Fig. 25a and Fig. 25b show an open-ended and a closed tube manometer respectively
connected to the same gas cylinder.

Fig. 25a Fig. 25b
The atmospheric pressure is 760 mmHg. What is the height, 5, of the mercury in Fig. 257
A 80 mmHg
B 760 mmHg
C 800 mmHg
D 840 mmHg
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A glass, full of water, is covered with a card and then inverted. When the glass is held in
the air, the card will not fall off and the water will not escape. What is the reason for this?
A The atmospheric pressure prevents the card from falling off.

B  The card makes a water tight seal to prevent the water from escaping.

C The pressure in the glass is raised because it is filled with water.

D  The water remains in its position because of inertia.

Which of the following statements is incorrect?

A A2kgiron block has twice as much inertia.as a 1 kg block of iron.

B  A2kgiron block has twice as much volume as a 1 kg block of iron.

C A2 kgbunch of bananas has twice as much volume as a 1 kg loaf of bread.
D A2 kg bunch of bananas has twice as much mass as a 1 kg loaf of bread.

Jdentical pieces of wood are placed in four different liquids, P, Q, R and S.

Which liquid has the largest density?
A P B Q C R D S

A mass of liquid of density p is thoroughly mixed with an equal mass of another liquid of
density 2p. The two mixtures are immiscible (they do not mix). What is the density of the

composite liquid?

A —:-p
B %p
C gp
D p
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30 A pendulum hangs from the ceiling of a stationary bus,

“

The bus suddenly starts to move towards the left. Which of the following diagrams show
the position of the pendulum immediately after the bus starts to move?

"1 e e

© 1 o g

End of Section A
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Section B: Structured Questions (40 marks)
Answer all the questions in the spaces provided.
1 A student has an open tank for storing water outside her house. The tank is painted black

and is in direct sunlight.
The cross-sectional area of the tank is 3.0 m?.
The density of the water is 1000 kg/m.
The specific heat capacity of water is 4.2 kJ/kg°C.
The specific latent heat of vaporization of water is 2.2 x 10 J/kg.
The specific heat capacity of the metal cup is 462 J/kg°C.

water

water tank with black
surface

(a) State how the thermal energy is transferred from the sun to the water.

[1]

(b) If the water tank was used to store heated water instead, state two changes you
would make to reduce heat loss.

(2]

(c) The student notices that the water level in the tank falls by 0.50 cm in 11 hours.
(i) Calculate the energy used to evaporate the water.

ENEITY = .ooveeieeeemeeeerennnnses [2)
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(i) A 1200 W microwave is used to heat 0.7 kg of water at 30 °C in a 13 g cup.

The final temperature of the water and-the cup is 82 °C. Find the time required
to heat the water fo this temperature.

time required=..........ccccevevnnnnnn, {31

A U-shaped tube, with a constant cross-sectional area, contains some water of density
1000 kg/m?. Oil is then poured into the right-hand side of the tube and does not mix with
the water. The diagram below shows the levels of the water and the oil when equilibrium is
reached.

water

(a) Points X and Y are at the same horizontal level. X is 0.066 m below the top surface
of the water and Y is 0.075 m below the top surface of the oil. Calculate the pressure
at point Y due to the liquid above it.

pressure = .........cccccevrvenenn. [2]
(b) Hence, calculate the density of the oil.

.,51 denSity = ...vvvercrcerereeennen. [2]
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The diagram below shows a ray diagram with an object, O, in front of a converging lens,

drawn 1o scale. Given that the image formed is virtual, upright and double in-height,

complete the ray diagram to find the focal point of the lens. Label the image ! and the focal

point of the lens with an F.

(2]

The figure below shows a glass block XYZ in the shape of a quadrant with centre at X. Aray
of light is incident at T on side XZ and travels through the glass block before hitting side XY

at S and emerging from surface XY. Z
T

4°
i 3528 X

(a) Calculate the refractive index of the glass.

refractive index =
(b) Calculate the critical angle of the glass block.

critical angle =

{c) On the diagram above, complete the path of the light ray on XZ before it hits Tu

.......................

........................
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The diagram below shows a bicycle pump.

(a)

(b)

(c)

oiled leather washer

—

handle shaft

/
l = e~ %F trapped air \/: nozzie
, T

barrel

Explain in terms of molecular motion, how trapped air creates a pressure on the otled
leather washer.

[2]

When the nozzle is blocked and the handle is slowly pushed in, the pressure of the

trapped air increases. Explain why the pressure increases if the temperature of the
air in the barrel remains constant and there is no leakage of air.

(2]

A force of 75 N is applied on the pump handle when it is pushed into the barrel. What
is the pressure of the trapped air if the cross sectional area of the barrel is 250 mm?
and the atmospheric pressure is 1.0 x 10° Pa?

PIessule = .ouasinmnsi 2]

T
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6 The diagram below shows a lorry of mass 6500 kg. It is stuck in soft ground. Two jeeps are
used to pull the lorry forward. Each jeep exerts a force of 2500 N at an angle of 15° in the
direction in which the lorry is supposed to move.

2500 N

2500 N

Draw a suitable scaled diagram, stating the scale used, to determine the magnitude and
direction of the resuitant force that is pulling the lorry forward.

magnitude of resultant force = .....................

direction of reSURANTE FOTCE = ..cneee e crcees e s seenns v r e s

[4]
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For safety reasons, the minimum separation between two moving cars is determined by
the reaction time of the drivers, the speed and deceleration produced by the braking
systems of the cars.

CarB

Car B is moving at a constant speed of 12 m/s. The driver notices that car A stops
suddenty. Car B travels 18 m before the driver applies the brake and decelerates uniformly
for a further 30 m before it stops.

(a) Calculate the reaction time of the driver of car B.

reaction time = ........c.ccoevvivnnennns [2]

(b) Calculate the total time taken for car B to stop from the moment he saw the car A
stops suddenly. '

totaltime taken = ....ccocvniveecenee i [2]

16!
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The following waveforms are produced when different instruments are played in front
of the microphone. Each instrument is played-in the same place each time.

|
“,, f!“ / J/’ A NVV /i recorder
A A
7 AWWE /s‘ a ’}L ”'f saxophone
-/ V
N | NEA TAN clarinet
AN A TN A ] \&

(i)  Which instrument is producing the loudest sound? Explain your answer.

(1]

(ii) From the waveforms produced, how do we know that all instruments are
producing a note of the same pitch?

(1

There are two walls X and Y which are 120 m apart from each other. A boy standing
at 40 m away from wall X claps his hands once. If the speed of sound in air is

330 m/s, what is the time interval between the first and the second echo that he
hears?

timeinterval = ........ccocovvevininnnns [2)
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The diagram below shows part of the electromagnetic spectrum.

Y-rays and ultra- infra- microwaves
X-rays violet red
|
I
visible light

(a) Name one type of radiation that has a lower frequency than visible light.

(1

(b) The speed of the radiation is halved as it enters a medium of different density. State
if the medium is denser or less dense, and explain how the wavelength is affected.

(2]
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Section C: Free Response Questions (30 marks)

Answer all the questions in the spaces provided, -

10 The position-time information shown below is for a trip on a very small roller coaster. The
position information describes horizontal movement parallel to the ground and vertical
movement up in the air.

time/s horizontal position / m vertical position / m
1 0 11
2 1 11
3 2 1
4 4
5 7 ]
6 11 1
T 17 0
8 21 2
9 22 5
10 21 8

1 17 10
12 13 8
13 12 5
14 13 2
15 17 0
16 21 0
17 24 "0
18 27 3
19 29 5
20 31 7
21 33 7
22 35 5
23 38 2
24 40 0
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Plot the horizontal position-time graph in the space below. (2]

B e LT
v

time/s
{b) Describe the horizontal velocity of the rollercoaster during the 24 s.
(3]
(c) Plot the vertical position — horizontal position graph in the space below. [2]

ey gL e sresgmey

LR

--&-.*..}...l..!.--

B eI S SpNp R R PR R SR S S
[ e T T T Y [

[ T S T S T T A
B e e Lh T LT [T PRpRp S
[ [ T

¥
v
&
v
'
s
"
'
4
'
il
'
&
'
"
i
"
e = ete v otoaate .

horizontal position / m

(i)  What does the shape of this graph represent?

[1]

163
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(i) Att=24s, aconstant braking force was applied to the rollercoaster that brought it to
a stop in 4 s. Given that the deceleration is 10.79 m/s?, calculate the-braking force
given that the rollercoaster has a mass of 3500 kg.

brakingforce = ......ccovivieiiiiiinnnnns (2]

11 During lift off, a rocket produces 7 x 10 N of thrust. The rocket has a mass of 3.2 X 10% kg.
The gravitational field strength on Earth is taken as 10 N/kg.

(a) On the diagram above, draw and label the forces acting on the rocket upon lift off.[2]
(b) Determine the weight of the rocket. :

(c) Calculate the initial acceleration of the rocket upon lift off.

initial acceleration = ..............cc.c.. [3]



12

23

{d) The rocket descends vertically toward the surface of planet X with a constant speed

(e)

(a)

of 2.0 m/s. Assume that the gravitational strength-on planet X is 0.7 N/kg. Calculate
the upward thrust on the rocket as it descends,

upward thrust = .........ccooivvninenan. [2)

The ro'c.ket has landed on the surface of planet X. State the reaction force of the
planet X on the rocket.

reactionforce = ......cccoveveiciivnennnnnnnnn, (1

The diagram shows a hydraulic press with a force of 150 N being exerted on a
smaller piston with 2 cross-sectional area of 9.5 cm?2.

— 100

50

L 50

air-filled =20

flexible plastic 40

150N comainer | L0

L

9.5 cm? liquid X

water

As the smaller piston is depressed downwards, the larger piston moves up and
compresses an air-filed flexible plastic container attached fo it. A manometer filled
with liquid X is connected to the plastic container to measure the pressure difference
between the air inside and the atmospheric pressure outside.

(i)  Explain how pressure is transmitted in the hydraulic press above.

1]

Wy
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(ii) Calculate the pressure in Pa exerted on the air-filled flexible plastic container.

PrESSUIE = ,.vvveeneenrenernsiennessiians [2)

(iii) If the atmospheric pressure is 10° Pa, calculate the density of liquid X in the
manometer.

density of liquid X = ........ T e [3)

The full scale diagram on the next page shows-how the positions of particles in a
medium changes with time while a longitudinal wave, travelling from left fo right,
passes through the medium. At time t = 0 s, before the arrival of the wave, all the
particles are at their original undisturbed positions.

(i) State the amplitude of the wave.

PGS = nnnnansnad ]

(i) On the diagram on the next page, indicate the position of particle 2 at
t=0.18s. [1]
(iii) Determine the period of the wave.

PEHOU =, . e nisnisiisemm i nin [2]



t=0s

t=0.02s

t=004s

t=0.06s

t=0.08s

t=0.10s

t=0.12s

t=0.14s

t=0.16s

t=0.18s

25
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End of Paper
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Section A: [30 marks]

Answer all the questions in the OTAS Answer Sheet provided.

Which of the following is a suitable estimate for the radius of the Earth?
A  6nm B 6um - C 6Mm @ 6 Gm

Fig. 2.1 shows the reading of a pair of Vernier Calipers when Its jaws are totally closed.
Fig. 2.2 shows the reading on the same pair of Vernier Calipers when it measures the
diameter of a rod.

0mm 10 mm 50 mm 60 mm
NN nmImm

||||”H||l [|l||]||||7

0 5 10 ' 4] 5 10
Fig. 2.1 Fig. 2.2

What is the diameter of the rod?
(A 534cm B 538cm € 5034cm D 50.38cm

Brownian motion can be cbserved in illuminated smoke parlicles contained in a sealed
transparent cell using a low power microscope. Which of the following statements is
incorrect?
A The speed of the abserved motion is affected by temperature.

The observed motion is caused by random motion of the smoke particles moving by

themselves.

C  Air molecules are observed to be moving about in random motion.
D  Air molecules are too tiny to be observed through the microscope.

A mercury column is 5.0 cmilong at 0 °C and 30.0 cm long at 100 °C. When it is placed in
a convection oven, the mercury column was measured to be 40.0 cm long. What is the
temperature in the convection oven?

A 125°C 140°C € 150°C D  167°C
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5 A cross-section of a solar panel is shown below. In the labelling, three key words have

been replaced by the letters, R, S and T.

—_ glass panel

temperature

R material

S pipe
pal'f;ﬁed'l'

What are the best words to replace these letters?

R S T
A conducting lead black
B insulating iron white
(¥ insulating copper black
D ‘conducting zinc silver

6 Thermal energy is supplied at the same rate to 100 g of paraffin and 100 g of water in
similar containers. Why does the temperature of the paraffin rise more quickiy?
A The paraffin is less dense than water.
B The paraffin is more dense than water.
C  The paraffin has a larger specific heat capacil;r than water.
(@) The paraffin has a smaller specfic heat capacity than water.

7 A vibrating source moves up and down in a ripple tank. What will happen if the vibrating
frequency is increased?
A The wave peaks will be higher and the troughs lower.
(B) The waves will be closer together.
C  The waves will move slower across the tank,
D The waves will move quicker across the tank.
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8 The diagram shows Paul standing in front of a plane mirror at a distance of 5 m.

Paul
o

mirror

5m

What is the distance between Paul's initial position and his final image if Paul moves
backwards by another 5 m?

A 5m
B 10m
@ 15 m
D 20m

g A periscope uses two 45° prisms to reflect the light ray into the observer’s eye. What is/are
the possible refractive index of the prism’s ‘material?

AN

S0

inl

A 100

B 139

Cc 1.41

@ 1.44
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5
Below are four statements about the uses of electromagnetic radiation.

« Gamma rays are used to treat cancer.
* Infrared are used in intruder alarms.
* Microwaves are used in sateliite televisions.
* X-rays are used in medical imaging.
How many of these statements are correct?
A1 B 2 ¢ 5 ® 4

The diagram below shows the duration for ultrasound to return back to the receiver on a
ship. The ship travelled from point X to point Y along the surface of the water, At which

position is the water deepest?
III':‘I& Ims

X : Y

What is the approximate range of audible frequencies for a healthy adult?
A  20Hzto 100 Hz
2 Hz 10 20 000 Hz

B
(© 20 Hzto 20000 Hz
D

200 Hz to 2000 Hz

A tuning fork produces a sound wave with a frequency of 1000 Hz. If the speed of sound is
340 ms™ in air, what is the distance between the centre of a rarefaction and the centre of
an adjacent compression on the wave?

A 008m B 017m C 034m D 29m

A circular disc has 100 holes. It rotates at 300 revolutions per minute and air is blown
across the holes. What is the frequency of the sound produced?
A 20Hz B 180Hz € 300Hz (@) 500Hz

l{%
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15  Aticker tape timer vibrates at 100 Hz. The tape in the diagram below shows the distance

moved by a trolley. What is the average speed of the trolley for the whole interval?

2cm 3cm 4 cm . 5cm
A 0.14 cm/s
B 0.56 cm/s
C 25 cm/s
® 350 cmis

16 The displacement-time graph of a man travelling along a straight, horizontal road
is shown below. What is the total distance travelled by the man in 50 s?
Displacement / m

10.0 4= PRt ;
i HEC feasaummpispanosss B i
g 10 20
-5.0 \_ ...................................... ¥ [ ———
A 35m B 50m c 135m @ 250m

17 Two cars P and Q started from the same point on a level road at different speeds. Their
speeds are shown in the graph below.

velocity / ms* | P

20

0 1 2 3 4 5 6 time/s
What is the time that the two cars meet?
A 30s B 40s c 50s (D 60s

b e e e e
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18  The figure below shows the velocity-time graph of a truck travelling along a straight road.

velocity / ms™?

3

time/s
Which of the following statement is correct?

A The truck is moving backwards from R to S.

B  The truck moved back to the original position.

C  The truck accelerated uniformly throughout.
@ The truck moved at zero acceleration at R.

19  When the trigger of a rifle is pulled, the force exerted on the recoiling rifle is just as great as
the force that drives the bullet along the barrel.

Force on rifle orce on bullet
-

Why does the bullet undergo more acceleration than the rifle’?
A The bullet is smaller in size.

The bullet has a smaller mass.
C  The bullet is free to move while the rifle is held down.

D

The bullet explodes before it leaves the rifle.

20 A 4.0kg box A s stacked on top of a 2.0 kg box B. A force of 12.0 N is applied on box B.
Assume that the surface that the surfaces between the boxes and the table top are both
frictionless. Whal will happen to the motion of boxes?

A  Box A accelerates to the right at 3.0 ms? while box B
accelerates at 6.0 ms2. 12.0 N
Box B accelerates to the right at 6.0 ms2 while box —

A drops down vertically.

C  Both box A and box B accelerate to the right at 2.0 ms2.
D  Both box A and box B accelerate to the right at 6.0 ms2,

1{,'1
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21 The diagram below shows a system of 5 strings and a beam of mass 1 kg holding a 2 kg
mass. What are the tensions Tt and Tzin the two strings shown below? Take g = 10 N/kg

ANONUNNONNNNNY eeiling

T; |~ = Strings

.

Mass of beam is 1 kg
2kg Strings
T:+/N :Tz IN

A 6.7 5
@ 6.7 10
C 10 5
D 10 - 10

22 Two forces X and Y of constant magnitudes act at the same point as shown below.

X

)
2 4

When the angle 6 between the forces X and Y increases from 0° to 180°, the magnitude of
the resultant force
increases and then decreases.

A

decreases.
Cc increases. _
D decreases and then increases.

23 The pressure on the tyres of a sedan car is P. The contact surface of each tyre with the
floor is A. Calculate the new contact surface of each tyre when air is released from the tyre
and the pressure of the car is reduced to 0.75 P.
A 125A 40s C 50s D 60s



9
24 A thin tube contains a thread of mercury which traps air at the end of the tube. The other

end of the tube is open to the atmosphere.

/trapped air iniube

trapped air intube

When the tube is turned upside down, the volume of the trapped air increases. Which
statement explains this?

@ The pressure in the trapped air is reduced.

B The air gets hotter when the tube is turned upside down.

C The atmosphere pushes less when it acts upwards on the mercury.

D The trapped air molecules hit the mercury harder when travelling downwards.

25 Fig. 25a and Fig. 25b show an open-ended and a closed tube manometer respectively
connected to the same gas cylinder.

Fig. 25a Fig. 25b
The atmospheric pressure is 760 mmHg. What is the height, h, of the mercury in Fig. 23b?
A 60 mmHg
B 760 mmHg
C 800 mmHg

(®) 820 mmHg-

26  Aglass full of water is covered with a card and then inverted. When the glass is held in the
air, the card will not fall off and the water will not escape. What is the reason for this?
(A)  The atmospheric pressure prevents the card from falling off.
B The card makes a water tight seal to prevent the water from escaping.
C The pressure in the glass is raised because it is filled with water.
D  The water remains in its position because of inertia. 170
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27  Which of the following statements is incorrect?
A A 2kgiron block has twice as much inertia as a 1 kg block of iron.
B A 2kgiron block has twice as much volume as a 1 kg block of iron.
@ A 2 kg bunch of bananas has twice as much volume as a 1 kg loaf of bread.
D  A2kgbunch of bananas has twice as much mass as a 1 kg loaf of bread.

28 Identical pieces of wood are placed in four different liquids, P, Q, R and S.

Which liquid has the biggest density?
A P B Q C R D S

29 A mass of liquid of density p is thoroughly mixed with an equal mass of another

liquid of density 2p. No change of the total volume occurs. What is the density of
the liquid mixture?

@ 2o

3

S
C ;p
D »p

30 A pendulum hangs from the ceiling of a stationary bus.

LEFT ‘ RIGHT

The bus suddenly starts to move towards the left. Which of the following diagrams show .

how the pendulum will be hanging immediately after the bus starts to move?

1% " d

‘el [
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Section B [40 marks]

Answer all the questions in the spaces provided.
A student has an open tank for storing water outside her house. The tank is painted black
and is in direct suniight

black water tank

(a) State and explain how the water is transferred from the sun to the water. 1]

Radiation

f the water tank was used to store heated water instead, state two changes you

would make to reduce heat loss. [2]

Paint tank white — white/ silver is a bad emitter of radiation
Lid = reduce evaporation
Use Styrofoam — bad conductor of heat (any two answers with principle)

(b) The student. notices that the water level in the tank falls by 0.0050 m in 11 hours.
The cross-sectional area of the tank is 3.0 m2.
The density of the water is 1000 kgm-3.
The specific heat capa_clty of water is 4.2 kJ kg™ °C-".
The specific latent heat of vaporization of water is 2.2 x 108 Jkg'.
The specific heat capacity of the metal cup is 462 J kg™ °C~,
(i) Calculate the average rate at which the energy is used to evaporate the water.

2]
Volume = 0.005 x 3 = 0.015m? (1/2m)

Mass = density X volume = 1000 x 0.015 = 15 kg (1/2m)
Energy = ml =15 x 2.2 x 10% = 33 000 000J (1m)

ik
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(i) A 1200 W microwave is used to heat 0.7 kg of water at 30 °C in a13 g metal

cup. The final temperature of the water is 82 °C. Find the time taken to reach

this temperature. (3

Heal provided by the microwave = Heal absorbed by the water + heat absorbed
by the metal cup

Px t = mcAB + mcAB8

1200 x t (1m) =(0.7 x 4.2 x 1000 x 32) + (0.013 x 462 x 32) (1m)

t= (1m)

A U-shaped tube, with a constant cross-sectional area, contains some water of
density 1000 kg/m3. Oil is then poured into the right-hand side of the tube and does
not mix with the water. The figure below shows the levels of the water and the oil
when equilibrium is reached.

0.086m

Points X and Y are at the same horizontal level. X is 0.066 m below the top surface
of the water and Y is 0.075 m below the top surface of the oil.
a) Calculate the pressure at point Y due to the liquid above it. [2]

Pressure at Y = Pressure at X

=hpg
=0.066 x 1000 x 10
= 660 Pa (accept 660 N/m?)

(students can wrile 660 Pa above aimospheric pressure. However, not to
guess the value of atmospheric pressure)

b) Hence, calculate the density of the oil. [2]

p,=hpg
660={0.075) 10}
__660 _ oo
(0.075)(10)

3
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(@) The diagram below shows a ray diagram with an object, O, in front of & converging
lens, drawn to scale. Given that the image formed is virtual, upright and deuble in
height, complete the ray diagram to find the focal point of the lens. Label the image |
and the focal point of the lens with an F. [3]

A

-,
(S
-
.;"."-._'
'

Rl

/

F o~

|

(b) State two changes to the image if the object is placed beyond the focal point of the
lens.

Diminished/ inverted/ real (any two one mark) [1

The figure below shows a glass block XYZ in the shape of a quadrant or a quarter of a circle,

with centre X. A ray of light is incident at'$ on side XY and travels through the glass block
striking side ZX at T.

a) Calculate the refractive index of the glass. [2)

n=sini/sinr
n = sin 55%sin 36°  [1]

n=1.39 (1]

b)  Calculate the critical angle of the glass block. [2]
sinc=1/n
sinc=1/14 [1]
c=44.9° (1]

¢)  Draw the incident ray on TZ on the figure above. [1]

t‘T:

L3
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The diagram below shows a bicycle pump.

a)

b)

Handie Shaft Oiled leather washer

———

/ =
|. ; 2 ~w Trapped air /L_ Nozzle

~

Barrel

Explain in terms of molecular motion, how trapped air creates a pressure on the oiled
leather washer. {2]

The trapped air molecules collide with the walls of the washer [1m]and |
the average forced exerted per unit area on the walls is pressure. [1m]

When the nozzle is blocked and the handle is slowly pushed in, the pressure of the
trapped air increases. Explain why the pressure increases if the temperature of the
air in the barrel remains constant and the there is no leakage of air. [2]

When the handle is pushed in, the volume of trapped air decreases. [1m)
This increases the frequency of collisions of air molecules against the walls
| of the barrel, [1m] hence increasing the pressure. '

A force of 75 N is applied on the pump handle when it is pushed into the barrel. What
is the pressure of the trapped air if the cross sectional area of the barrel is 250 mm?
and the atmospheric pressure is 1.0 x 10° Pa? [2]

Pressure = Force / Area

Let trapped air pressure be P
(P-1.0x10%) = 75/(250 x 10%)
P=4.0x10%Pa
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8  The figure below shows a lorry of mass 6500 kg. Itis stuck in soft ground. Two
jeeps are used io pull the lorry forward. Each jeep exerts a force of 2500 N at an
angle of 15° in the direction in which the lorry is supposed to move.

pulled by
jeep 2500 N
pulled by
jeep 2500 N
Draw a suitable scaled diagram, stating the scale used, to determine the magnitude and
direction of the resultant force that is pulling the lorry forward. [4]
15° . —s,

) 15°

-
—
-
-
-
-
-

Scale 1cm:250 N {(1m)

Shape/ arrows/ double arrows (1m)

All forces labelled with correct units (1m)
Answer + direction (1m) 4800 N

Magnitude of resultant force = .....................

Direction of resultant force = ...............

33
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For safety reasons, the minimum separation between two moving cars is determined by

the reaction time of the drivers, the speed and deceleration produced by the braking
systems of the cars.

CarB CarA
e — F

Car B is moving at a constant speed of 12 ms~'. The driver notices thal car A stops

?

|
(

suddenly. Car B travels 18 m before the driver applies the brake and decelerates uniformly
for a further 30 m before it stops.
a) Calculate the reaction time of the driver of car B. (21

Reaction time=d /s
=18/12
=]15s

b) Calculate the time taken for car B to stop from the moment he saw the car A stops
suddenly. (2]

1% (12) (1) = 30
t=35s
Total time taken=1.5+5=6.5s
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a) The following wavefronts are produced when different instruments are played

in  front of the microphone. Each instrument is played in the same place each
time.
The oscilloscope controls remain unaltered.

|
(Nﬂh,v Ih., / Jf At V0 ¥ recorder
{
l Pafl P I_/' I pu
Jid f W Wi W saxophone
/ / / ]
[ Ui WiV

L_D,,\ ,./} f‘\-.\ A ,j\ /N ﬁ clarinet
/

7 / TuiBLY =

i) Which instrument is producing the loudest sound? How can you tell?

Saxophone, largest amplitude (1]

ii)  How can you tell that all instruments are producing a note of the same pitch?

They have the same frequency of 2.5 squares. (1
The waveform is repeated every 2.5 squares.

b) There are two walls X and Y which are 120 m apart from each other. A boy standing
at 40 m away from wall X claps his hands once. If the speed of sound in air is 330
ms™, what is the time interval between the first and the second echo that he hears?

(2]

0

. _160 80 _ '
Time interval = = i 0.242s(to 3s.f.)
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g The diagram below shows part of the electromagnetic spectrum.

Y-rays and ultra- infra- microwaves
X_fays violet red
1
I
visible light

a)  Name one type of radiation that has a lower frequency than visible light, and state an
application for it. '

Infrared - tv control / sunbeds
] Microwave — cooking/ satellite communication

[2]

b)  State a difference between the waves in the electromagnetic spectrum and sound
waves,

Longitudinal/ transverse / Direction of vibration of particle/ speed in vacuum | _[1]

¢) The speed of the radiation is halved as it enters a medium of different density. State
if the medium is denser or less dense, and explain how the wavelength is affected.

“| Denser (Jm) V = fA. wavelength halved

[2]
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Section C [30 marks]

Answer all the questions in the spaces provided.

10 The position-time information shown is for a trip on a very small roller coaster. The position
information describes horizontal movement parallel to the ground and vertical movement up

in the air.

Time (s) Horizontal position (m) Vertical position (m)
1 0 11
2 1 11
3 2 11
4 4 8
5 7 5
6 11 1
7 17 0
8 21 2
9 22 3
10 21 8
11 17 10
i2 13 8
13 12 5
14 13 2
15 17 0
16 21 0
17 24 0
18 27 3
19 29 5
20 31 7
21 33 7
22 35 5
23 38 2
24 40 0

T
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a)  Plot the horizontal position-time graph in the space below. 2]

emebosadecncbanedass

D ] »
e s SRS

b

ey m———

cetecmndemad
0 '
e

B
b 3 ' Q
-
cebossdessebosnckoncd.
0 ' B ]
B L o

adeamrbumnede e mdo
0

|

(b) Describe the horizontal velocity of the rollercoaster. [3}

i) Osto10s:

ii) 11stoids:

jti)y 15sto24s:

(c) Plot the vertical position — horizontal position graph in the space below. 2]

O I I )
myeerespeepempenr o -
P

"
[
»

bl
'
.
5
]
4
i
'
4
’

1
N
EEERETE S
N
A
[

- S-SR PP

'
P |
"

]

'
bood
epleeplendesd
.
.

v
'

Horizontal position (m)

i)  What does the shape of this graph represent? 1]
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ii) Att=24 s, a constant braking force was applied to the rollercoaster that brought it to
astop in 4 s. Given that the deceleration is 10.79 ms?, calculate the braking force.

12]

Weight = mg = (3.2 x 104)(10) = 3.2 x 105N

1% During lift off, a rocket produces 7 x 108 N of thrust. The rocket has a mass of 3.2 X 10¢ kg.
The gravitational field strength on Earth is taken as 10 Nkg™'.

a)  On the figure above, draw and label the forces acting on the rocket upon lift off. [2)
b) Determine the weight of the rocket.

Weight = mg = (3.2 x 104)(10) = 3.2 x 105 N

c) Calculate the initial acceleration of the rocket upon lift off. e [31

Fr=7x 10— 3.2 x 10:= 6.68 x 10N

Fr=ma
6.68x10+=32x 10'x a
a=209 m/s*(3 s.f)

d) The rocket descends vertically toward the surface of Planet X with a constant speed

of 2.0 ms™. Assume that the gravitational strength on Planet X is 0.7 Nkg. Calculate
the upward thrust on the rocket as it descends. [2]

Upward thrust = 3.2 x 10 x 0.7 = 22400 N

b
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e) The rocket has landed on the surface of Planet X. State the reaction force of the

Planet X on the rocket.

Reaction force ... 22400N | (1

12  a) The diagram shows a hydraulic press with a force of 150 N being exerted on a smaller
piston with a cross-sectional area of 9.5 cm?.

100
50
L %0
air-filled i
flexible plastic 60
150N coniainer 50

9.5 crn? - 8 liquid X

waler

As the smaller piston is depressed downwards, the larger piston moves up and
compresses an air-filled flexible plastic container attached to it. Aliquid X manometer is
connected to the plastic container to measure the pressure difference between the air
inside and the atmospheric pressure outside.

i) Explain how pressure is transmitted in the hydraulic press above. (1

When the 150 N force is exerted on the small piston, a pressure is applied in
the water. The pressure is then transmitted uniformly throughout the water 1o
the larger piston.

ii)  Calculate the pressure in Pa exerted on the air-filled flexible plastic container.  [2]

Pressure applied at the small piston = Pressure applied at the large piston
(Pressure in the air-filled plastic container)

P=FI/A
= 150/ (9.5 + 10 000) [1]
=1.58 x 105 Pa [1]

iii)  If the atmospheric pressure is 10° Pa, calculate the density of liquid X in the
manometer.

13l
Since pressure is transmitted uniformly, a pressure of 1.58 x 10° Pa is applied
on the left side of the manometer.

Using P =hpg,

105 + (p x 10x 0.30) = 1.58 x 10°

3p=0.58x10°

p = 19 333 kg/m3
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b}  The full scale diagram below shows how the positions of particles in a medium
changes with time whilst a longitudinal wave, travelling from left to right,
passes through the medium. At time t = 0 s, before the arrival of the wave, all

t=0s

t=0.02s

t=0.04 s

t=0.06s

t=0.08s

t=0.10s

t=0.12s

t=0.14s

t=0.16s

t=0.18s

)

ii)

if)

0 1 2 3 4 5 6 7 8 9 10
. . . - s
I
t
L 0 - - - - " 23 - - r—
1
{ 0 1 ) o
- - -
|
|
LB NS,
:
0 1 2 3 - :
|
) 0 12 3 4 A -
1 N » - N
i
0] 2 3 4 5 ) ~
¢ . . - — o= . > —e
0, 1 2 3 4 5 6
- : - - = - - - > * .
0 bl 2 3 4 5 6 7 ~
: - - > -—
}
1
]
State the amplitude of the wave.
1.1emz0.1em
amplitude = .. [1]

On the figure above, indicate the position of particle 2 at t = 0.18 s.

]

Determine the period of the wave.

Directly below particle 1 when particle 1 is att = 0.12 s

half oscillation = 0.12s

one oscillation
= 0.12x2= 0.24s

period=__ o

(1

...[2]
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- End of Paper-





