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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

1 What is the conversion factor for converting gigametres (Gm) to millimetres (mm)?

A 10° B 108 c 109 D 10"

2 Two forces, F1 and F2, act on a particle as shown.

F4

particle
F2
Which diagram correctly shows the force F3 that would keep the particle
stationary?
A B
F2
Cc D

F2

3  Anobject is falling under gravity with terminal velocity.

Which of the following statements is correct?

A The acceleration of the object will decrease to zero.
B The force on the object due to air resistance will decrease to zero.
C The resultant force on the object is zero.
D The speed of the object will decrease at a constant rate to zero.
Applying past knowledge to new situations 2
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

4 The diagram shows the displacement-time graph of a car traveling on a straight,
horizontal road.

displacement/ m

F 3 !
]
10.0 L
5.0 \
0.0 10 20 30 40 50 ti;m /s
50
-10.0

What is the total distance travelled by the car in 50 s?

-10m
Om

30m
300 m

o0 w>»

5 A block of mass 2 kg is pulled by a constant force of 10 N. It moves with an
acceleration of 3.0 m/s? on a horizontal ground as shown below. At a certain instant
during its motion, the 10 N force is removed.

3.0 m/s?
—

20kg |———» 10N

What is the motion of the block immediately after the 10 N force is removed?

A accelerates in the opposite direction
B continue to move forward with a constant velocity
C continue to move forward with a deceleration
D immediately comes to a stop
Applying past knowledge to new situations 3
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6 The diagram below shows a ball being released on a frictionless track from rest at
point L.

L

Assuming negligible air resistance, which graph correctly shows how the speed of
the ball varies with time fromLto M ?

A B
v v
A A
> t >t
c D
v v
A A
> f »
Applying past knowledge to new situations 4
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

7 A metal cube has a mass of 15 g. Each side measures 4.0 cm. The density of the
metal is 3000 kg / m>.

There is empty space in the middle of the cube.
Which is the volume of the empty space?

A 50cm? B 11 cm® C 18 cm? D 59 cm®

8 The diagram below shows a hinged uniform rod that is held horizontal by a wire

stay. p ;

>

]

!

. 1

y; wire stay E

1

]

i

t

i

tension !

;

]

]

hinge 1 rod

weight

Which expression to calculate the tension in the wire stay is correct?

tension = weight x (p/2) + p
tension = weightx (p/2) + q
tension = weight + (p/2) x g
tension = weight = (p/2) + q

coOom>»

9 A non-uniform object is placed on an inclined plane. The object is just about to
topple.

\ -~ hon-uniform object

inclined plane

Which position is the centre of gravity?

Applying past knowledge to new situations 5
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

10 Two vessels are joined together with a tube and filled with water. Both vessels
are open at the top.

How does the water pressure at point Q compare to the water pressures at P

and R?

pressure at P pressure at R
A lower than at Q greater than Q
B same as at Q greater than Q
c lower than at Q same as at Q
D same as at Q same as at Q

11 The diagram below shows a simple hydraulic jack.

piston Z

. N R

piston W N N
I TR

hydraulic fluid

Which modifications will enable heavier loads to be lifted?

diameter of W diameter of Z
A doubled halved
B doubied remains the same
C halved doubled
D remains the same halved

12 A truck is travelling at a steady speed along an expressway.
The forward force is 4000 N and the power produced is 10 000 W.

How far does the fruck travel in one minute?

A 25m B 24 m C 150m D 66km

Applying past knowledge to new situations 6
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

13 A manometer is filled with a liquid of density 880 kg/ m®.

The gravitational field strength g is 10 N/ kg.

Gas
supply

45 cm

25 cm I

What is the excess pressure of the gas supply compared to atmospheric

pressure?

A 1760 Pa
B 2200 Pa
C 3960 Pa
D 17600Pa

14 Two balls of equal mass are dropped down a frictionless chute from the same
height as shown below. As the balls emerge, ball A travels perpendicular to the
ground and ball B travels parallel to the ground. Ignore energy losses to the
surroundings.

ballA ballB

Which of the statements on the energy of the two balls as they emerge from the
chutes is correct?

A Kinetic energy of ball A is equal to ball B.
B Kinetic energy of ball A is lower than ball B.
C Gravitational energy of ball A is at its maximum and equal to ball B.
D Gravitational energy of ball A is lower than ball B.
Applying past knowledge to new situations 7
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15 The input power to a motor is 300 W. In 20 s, it lifts a load of 400 N through a

height of 6.0 m.

BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

What is the efficiency of the motor?

A 12%
B 25%
C 40%
D 7%

16 In the Brownian experiment, smoke particles are viewed under a microscope.

Which row describes and explains Brownian motion?

description

explanation

A random

B random

C random

D vibrate

air molecules cannot be seen under a microscope and
bombard the smoke particles
air molecules can be seen under a microscope and bombard
the smoke particles
smoke particles can be seen under a microscope and
bombard the air molecules.

both smoke particles and air molecules can be seen under a
microscope and smoke particles bombard the air molecules

17 A fixed mass of gas is kept at constant temperature. When the volume of the gas

decreases, the pressure increases.

Why is this?

cCOoOw?>»

The molecules are closer together and they collide more frequently.
The molecules are closer together and they move faster.

The molecules move more quickly and they collide more frequently.
The molecules move more quickly and the hit each other harder.

18 Physical properties of materials are used in the measurement of temperature.

Which physical property is not suitable for this purpose?

ooOw>»

expansion of a metal
mass of a liquid
resistance of a metal
volume of a liquid

Applying past knowledge to new situations
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

19 The diagram shows a section through a particular type of building board.

aluminium foil

compressed ~7 555 o 5005 T s
paper boards ~, “0q odigg A= .OO%Q 50 (}}))QOO(%__ expanded polystyrene

aluminium foil

Which best explains why such boards provide good heat insulation?

aluminium foil expanded compressed paper boards
polystyrene
A . i .
is a good conductor 's a good has high thermal conductivity
reflector
B is a good conductor 'S a poor has high thermal conductivity
reflector
c is a good reflector 's a good has low thermal conductivity
conductor
D is a good reflector 'S a poor has low thermal conductivity
conductor

20 The cooling unit of an air conditioner is always placed at the top of rooms. The
air conditioner takes in warm air and gives out cold air.

Which statements explains this?

A cool air molecule is denser that a warm air molecule and sinks.

A cool air molecule is less dense than a warm air molecule and rises.
The cool air is denser than the warm air and sinks.

The cool air is less dense than the warm air and sinks.

COw>»

21 Four metal cans are identical except for the colour and texture of their outer
surface. 100 cm?® of water at 70 °C is poured into each can.

In which metal can will the water cool most rapidly?

A B C D
black, rough biack, shiny white, rough white, shiny
Applying past knowledge to new situations 9
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22 Aniron block of mass 10 kg is kept at room temperature.

BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

If the mass of the iron block is reduced to half which staiement about the

specific heat capacity and heat capacity is correct?

. . heat
specific heat capacity capacity
A lesser lesser
B same lesser
C lesser same
D same same

BP~63

23 1.5 kg of liquid X is heated up by an immersion heater of power 100 W for 7.5
min in a vessel of heat capacity 20 J/°C. The temperature of X and the vessel! is
raised from 20 °C to 30 °C and 600 J of energy is lost to the surroundings.

What is the specific heat capacity of X?

2950 J/kg °C
3000 J/kg °C
4430 J/kg °C
5900 J/kg °C

oOw>P

24 The boat oscillates vertically as the water wave passes.

The graph shows how the displacement of the boat from its equilibrium position
varies with time.

displacement /m
0.3+

0.2+
0.1+

0 LN S SN Y S SN R S
0.1 0 0204 06 08 1.0 12 14 16 1.8 2.0

time /s
! A

~0.3-

What characteristics of the wave can be deduced from the graph?

A lts amplitude is 0.3 m and its speed is 0.75 m/s.
B Its amplitude is 0.3 m and its period is 1.6 s.
C lts wavelength is 1.6 m and its speed is 0.75 m/s.
D Its wavelength is 1.6 m and its period is 1.6 s.
Applying past knowledge to new situations 10
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25 A person stands at point X as shown in the diagram below.

B
X 1 4 2
L 4 -» - &
5
r
rrl
mirror

Which of the pins (1, 2, 3, 4, 5) will the person be able to see in the mirror?

A pinstand3
B pinsZ2and4
C pins2,3andb
D pins2,4and5

26 A ray of light travels from vacuum into glass.

speed Vi

AR I - S

o
vacuum 9

glass

speed v2

Which quantity gives a constant value as the angle of incidence of the ray

changes?
A sin(p®) B sin(p®)
sin(s®) sin(r°)
c sin(q®) D sin(q°)
sin(s®) sin(r®)
Applying past knowledge to new situations 11
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27 In the diagram, a convex lens forms an image | of an object O. The diagram is
not drawn to scale.
“;i:

What happens as the object is moved towards the focal point?

45¢cm 20cm 16cm

b
Y
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t
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'
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t
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]
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§
t

The image moves further than 36 cm from the lens and decreases in size.
The image moves further than 36 cm from the lens and increases in size.
The image moves towards the lens and decreases in size.
The image moves towards the lens and increases in size.

oOw>

28 Which row does not show a correct application of the stated electromagnetic

wave?

electromagnetic wave application
A detection of bone

X-rays
fractures

B radio waves satellite television
Cc gamma-rays medical treatment
D ultraviolet radiation sterilisation

29 The diagram shows the resulting sound wave produced by a speaker.

speaker |

How does the sound produced by the speaker vary as time passes?

A The pitch of the sound becomes higher.
B The pitch of the sound becomes lower.
C The sound becomes less loud.
D The sound becomes louder.
Applying past knowledge to new situations 12
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

What always experiences a force when places in an electric field?

a solenoid

a magnet

a piece of wood
an electric charge

ooOomw>»

A negatively charged copper sphere rests on an insulating mat.

negatively charged sphere

insulating mat

A negatively charged polythene rod is brought near to the copper sphere.

Which diagram best shows the distribution of charge on the sphere?

The voltage produced by a generator is 20 000 V. The ammeter records a
current of 0.00060 A. If each electron carries a charge of 1.6 x 107'°C,

how many electrons passes through the ammeter in 2.0 s?

A 33x107
B 7.5x10"
c 38x10"
D 7.5x10%

Applying past knowledge to new situations 13
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

33 The diagrams show the voltage-current graphs for four electrical devices.

Which diagram shows the resistance increasing as the current rises?

A B
174 14
{ /
c D
174 VA
/ i Y

34 A thermistor T increases in resistance as temperature decreases and is used in
a fire alarm system.

The alarm is triggered when the potential difference between X andYis 45V.

12V
-

T 150 Q

X Y

What is the resistance of T when the alarm is triggered?

A 900Q
B 2500Q
C 400Q
D 5500
Applying past knowledge to new situations 14
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35 The graphs show the variation of current / with potential difference V for a metal

36

BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

wire at constant temperature, a semiconductor diode and a filament lamp.

!

Graph X

!

GraphY

Which row correctly identifies these graphs?

{

Graph Z

metal wire semiconductor diode filament lamp
A X z Y
B Y X V4
Cc Y z X
D Y4 X Y

The power produced in a resistor P. The voltage across the resistor is then

doubled.

What is the new power produced in the resistor?

vow »
Ll RN

Applying past knowledge to new situations
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

37 Each of the diagrams below is a cross-section through two parallel current-

carrying current.

Which diagram correctly shows the magnetic field pattern formed by the currents
in the two conductors?

(@@

38 A metal rod AB is placed on two smooth horizontal metal rails on the bench.

The rail and the rod are subjected to an external magnetic field. The top view of the
setup is shown below.

rail A
\
} X X X X XX X X

S
l X X X X ®iiX X »\extema]
X X x X xIx X X magnetic field

L X X X X XX X X
M%
B

When switch S is closed, in which direction will rod AB move?

A into the page
B out the page
C to the right of the page
D to the left of the page
Applying past knowledge fo new situations 16
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BBSS/ Prelims 2022/ sec 4E/ Physics (6091)/ P1

39 The diagram shows a fixed solenoid near a coil hung free to move.

40

The material within the coil and solenoid is a paper roll.

paper roll

paper roll

HE ¢
i 3 B

i

i

w

What happens to the coil when switch S is closed?

remains at rest
swings back and forth

OO m>»

attracted to the solenoid and then returns to rest
repelled by the solenoid and then returns to rest

A transformer is used with an a.c. supply to power a 12 V lamp at its correct rating.
The transformer has an efficiency of 100%.

What supply voltage, number of turns on the primary coil and number of turns on the

secondary coil are suitable?

Applying past knowledge to new situations

PartnerinLeaming
70

supply voltage/ V number of turns on number of turns on
primary coil secondary coil
A 24 200 1000
B 24 200 10 000
C 240 2000 10
D 240 2000 100
End of Paper
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BBSS /2022 / O Prelim / Sec 4E / Physics (6091} / P2

Section A
Answer all the questions in this section.

1 A motor-boat travels due north at a

steady speed of 3.0 m/s through calm N
water in which there is no current.

| 459'
The boat then enters an area of water in , current

which a steady current flows at 2.0 m/s 2.0 mis
in a south-west direction as shown in
Fig. 1.1. Both the engine power and the
course setting remain unchanged.

In the space below, draw a vector diagram to determine

Fig. 1.1

¢ the magnitude of the resultant velocity of the boat,
+ the angle between due north and the resuitant velocity of the boat.
State the scale that you use for your vector diagram.

SCAlC. et s

Applying past knowledge to new situations 2
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BBSS /2022 / O Prelim / Sec 4E / Physics (6091} / P2

2 Fig. 2.1 shows an athlete throwing a discus. The mass of the discus is 1.0 kg. The
discus is held at arm’s length. She turns in a circle before releasing the discus. In
completing one circle the discus travels 6.0 m in 1.5 s. At the instant the discus is
released, it has a speed of 54 km/h.

(a) (i) Calculate the average speed of the discus before it is released. Give your
answer to an appropriate number of significant figures.

average speed = .......cooviiiiiininennne. [2]

(i) Itis known that speed is a scalar quantity and velocity is a vector quantity.
Explain why the average speed and average velocity of the discus is
different.

................................................................................................... 1
(b) Calculate the kinetic energy of the discus when it is released. Give your answer
to an appropriate number of significant figures.
Kineticenergy = ........ccoocoviiiiiiininnn, [3]
Applying past knowledge to new situations 3
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BBSS /2022 /O Prelim / Sec 4E / Physics (6091) / P2

3  Fig. 3.1 shows the horizontal forces acting on a car when it is moving on level road.
The sum of air resistance and friction is known as the total resistive force.

ait resistance

fricion =4 @ B forward driving force
e —
Fig. 3.1
A graph of total resistive force against time t is shown in Fig. 3.2.
3000 '
total 2000
resistive
force/N
1000
}
0---.- i
0 2 4 6 8 10 12 14 16 18 20 22 24
t/s
Fig. 3.2

The carisatrestatt=0s.

The forward driving force acting on the car is zero untilt =2.0 s.

Fromt = 2.0 s to t = 24 s, the driving force has a constant value of 2500 N.
The car has a mass of 850 kg.

(a) (i) During which two time intervals are the forces on the car balanced?

................................................................................................... [1]
(ii) Describe the motion of the car during these two time intervals.
................................................................................................... [2]
Question continues on next page...
Applying past knowledge to new situations 4
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BBSS / 2022/ O Prelim / Sec 4E / Physics (6091) / P2

(b) (i) Calculate the acceleration of the caratt=2.0s.

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

(i)  Calculate the value of time t when the acceleration of the car is 2.0 m/s?,

Applying past knowledge to new situations 5
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BBSS /2022 / O Prelim / Sec 4E / Physics (6091) / P2

4 Fig. 4.1 shows a sack truck supporting a box.

box

Fig. 4.1

Three of the forces acting on the truck are

o the weight W of the box,
e the effort force E provided by the hands,
o the force F between the ground and the wheels.

(a) On Fig. 4.1, mark and label these three forces. Show clearly where each force
acts and the direction of each force. 3]

(b) By applying the principle of moments, explain how the design of the truck makes
it easier to lift the box.

Applying past knowledge to new situations 6
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BBSS /2022 / O Prelim / Sec 4E / Physics (6091} / P2

5 Fig. 5.1 shows a syringe that contains a gas at the same pressure as the air outside.
The piston moves freely along the cylinder without any friction. No gas escapes.
The sealed end has a smaller cross-sectional area than the piston.
piston gas cy ““\?e" sealed end
N
N A\ /
) 4
/’/"
Fig. 5.1
(a) Use ideas about molecules, explain why
(i) the gas exerts a pressure on the cylinder.
................................................................................................... [2]
(ii) the gas exerts the same pressure on the piston as it does on the sealed
end.
................................................................................................... [1]
(b) As the syringe is heated from 20 °C to 100 °C, the piston moves outwards to the
left. It stops moving when the temperature is steady. State how the value of each
of the following quantities compares at 100 °C, after the piston stops, with its
value at 20 °C.
For each quantity you should only write greater, the same or less.
(i) | average distance between gas molecules H]
(ii) | pressure of the gas after the piston stops (]
(iii) | average speed of the gas molecules (1]
(iv) frequency of collision between gas molecules and
cylinder [1]
Applying past knowledge to new situations 7
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6 The displacement-time graph of a particle X of a transverse wave is as shown in
Fig. 6.1.

2.0
displacement/cm

"7 %

Y
i

|~

w
-
s
or
3
w

time / ms

o |/ T\

20

Fig. 6.1

Fig. 6.2 shows some wavefronts of the same wave.

- - -
- —

Y

20 cm

Fig. 6.2

(a) Based on Fig. 6.1, describe the movement of particle X for one complete cycle,
starting from time t = 0.

Question continues on next page...

Applying past knowledge fo new situations 8
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(c) Use the wave equation to calculate the speed of propagation of the wave.
Express your answer in S| unit.

Applying past knowledge to new situations 9

PartnerinLeaming
79




BBSS /2022 / O Prelim / Sec 4E / Physics (6081) / P2

7 Fig. 7.1 shows words seen through a lens. Fig. 7.2 shows the same words without the
lens.

UNIVERSITY of CAMBRIDGE
Local Exsminations Syndicate

Jas pollaboration with
@ Ministry of Education, Singapore

Fig. 7.1 Fig. 7.2

(a) Based on Fig. 7.1, state two properties of the image formed by the lens.

............................................................................................................ [1]
(b) On Fig. 7.3, draw a ray diagram to show how the image in Fig. 7.1 was formed
by the lens. Mark clearly the focal length (f) of the lens and the image formed.
converging
lens
A
object
v
Fig. 7.3 [4]
(c) The lens is then replaced by another lens of smaller diameter but of the same
focal length.
Describe any change to the image formed by the smaller lens.
............................................................................................................ 1
Applying past knowledge to new situations 10
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8 Fig. 8.1 shows an electric circuit containing two resistors.

12V
it
@
200 8 30 Q
L
Fig. 8.1

(a) When switch S is open, the ammeter reading is zero.
State the value of the potential difference (p.d.) across switch S.

(b} Switch S is now closed.
() Calculate the current through the 20 Q resistor.

current = ... [2]

(ii) Calculate the potential difference (p.d.) across the 30 Q resistor.

(iii) State the value of the potential difference (p.d.) across switch S.

Applying past knowledge to new situations 11
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9 A straight wire AB is connected to a centre-zero sensitive ammeter and move
vertically downwards, towards a pair of strong permanent magnets as shown in Fig.
9.1.
in doing so, the needle of the centre-zero sensitive ammeter deflects momentarily to
the right (deflects to the right briefly and returns to zero).

sensitive ammetor

Fig. 9.1
(a) Explain what causes this momentary deflection.

............................................................................................................ [2]
(b) State what happens to the needle of the sensitive ammeter when wire AB is
moved vertically upwards at a greater speed.
............................................................................................................ [1]
Applying past knowledge to new sifuations 12
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Section B

Answer all the questions in this section.
Answer only one of the two alternative questions in Question 12.

10 Some information is given below for an electric car for use in a town.

with a load of 80 kg with a load of 160 kg
maximum speed 10.9 m/s 10.8 m/s
initial acceleration 2.00 m/s? 1.82 m/s?
mass of car without any load 900 kg
furthest distance travelied by car at 49 km
maximum speed without recharging
average power produced by battery at 4.24 KW
maximum speed )
e.m.f. of battery 48 V
maximum charging current 95 A

(@) (i) When the load in the car doubles from 80 kg to 160 kg, the initial
acceleration of the car decreases.
Explain what caused this decrease in acceleration to occur.

................................................................................................... [2]
(ii)  Explain, in terms of the forces acting on the car, why the car has a
maximum speed.
................................................................................................... [3]
Question continues on next page...
Applying past knowledge to new situations 13
PartnerinLearning
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(b) The car travels the furthest distance at the maximum speed without recharging.
Calculate
(i) the time taken,

(ii)  the energy provided by the battery,

ENEIGY = it eanes [1]

(iii) the minimum time taken to fully recharge the battery.

Applying past knowledge to new situations 14
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11 (a) Fig. 11.1 shows a small plotting compass placed above a copper wire. When
there is no current in the wire, the plotting compass points towards the North.

Fig. 11.2 shows the same set-up as shown in Fig. 11.1 but a large direct current
now flows through the wire.
The direction of the direct current is as shown in Fig. 11.2.

N N
W"‘}“ E direction of W*‘I—' E
current in
plotting wire ploting
compass compass
coper
Fig. 11.1 Fig. 11.2
(i) State what happens to the needle of the plotting compass.
................................................................................................... 1]
(i) An alternating current of frequency 50 Hz now flows through the wire.
State and explain what is observed in the needle of the plotting compass.
................................................................................................... [2]
(b) Fig. 11.3 shows the diagram of a simple d. c. motor.
plvot
coil
ma B
gnet N S magnet
pole pole
C
A
D
carbon brush
current § brush split-ring
commutator
-
Fig. 11.3
Applying past knowledge fo new situations 15
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The gap between the two halves of the split-ring commutator is so wide that a
carbon brush can only touch one half of the split-ring at any time. This protects
the circuit. It also means that sometimes the motor will not start when switched
on.

The coil is rotated by vertical forces that act downwards on side AB and upwards
on side CD. The current causes a constant force of 3.0 N on each side. The
moment created by these forces varies as the coil turns.

The moment is zero when the coil is vertical.

The distances AD and BC are both 0.065 m.

(i)  Explain what would happen if the carbon brushes touch both halves
of the split-ring at the same time.

................................................................................................... [1]
(i)  Suggest a reason why sometimes the motor will not start when switched

on, even if there is no friction.

................................................................................................... [1]
(iif) Define the moment of a force.

................................................................................................... [1]
(iv) Calculate the value of the maximum moment created in the coil.

maximummoment = ... [1]

(v)  Explain why the moment is zero when the coil is vertical.

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

Question continues on next page...
Applying past knowledge to new situations 16
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(vi) In the axes below, sketch a graph to suggest how the moment acting on
the coil varies with time as the coil rotates from a horizontal position at
constant speed. On the horizontal axis, mark clearly the time (T) taken for
one revolution of the coil. [2]

moment
AN

time

Applying past knowledge to new situations 17
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12 EITHER
(a) The boiling point of pure water at normal atmospheric pressure is 100 °C.

(i) Define what is meant by the phrase “boiling point”.

(ii) Describe any changes to the arrangement of water molecules during
boiling.

(iii) Normal atmospheric pressure is conveniently taken to be 100 kPa.
It is usually measured by a barometer like the one shown in Fig. 12.1.
Describe how the barometer can be used to measure normal atmospheric
pressure.

In your account,

e show clearly on Fig. 12.1 any measurements that are taken,
» explain how atmospheric pressure in pascal is calculated from the
readings.

Applying past knowledge to new situations 18
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(b) A small electrical heater is used to heat water in a plastic cup, without a lid.
Fig. 12.2 shows how the temperature varies for 30 minutes after the heater is
switched on.

80

temperature/ °C

70

60

50

40

30

20

0 5 10 15 20 25 30
time/min
Fig. 12.2
() Based on Fig. 12.2, determine the initial rate of rise in temperature, giving

your answer in °C/min.
Show any necessaty construction lines on Fig. 12.2.

rate of rise in temperature = .............................. °C/min  [1]

(ii) The heater provides a constant.amount of energy per minute to the water.
The mass of the water in the cup is 50 g.
The specific heat capacity of the water is 4.2 J/(g°C).
Using your answer to part (b)(i), calculate the energy supplied to the water
per minute.

energy supplied perminute = ................cooevinennnn, [2]

Question continues on next page...
Applying past knowledge to new situations 19
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(iii) After 25 minutes the temperature has stopped rising, even though heat is
still supplied at the same rate to the water.

Explain why.

Applying past knowledge to new situations 20
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12 OR

(a) A 2.4 kW electric heater, which is enclosed in a metal case, is connected to a
240V supply.

Fig. 12.3 shows the heater and the cable that connects the heater to the power
supply. The cable has three wires in it: the /ive, the neutfral and the earth.

/metal case
live

earth
electric
neutral heater
Fig. 12.3
(i) Calculate the current flowing through the heater,
current = ..., [2]
(ii) Calculate the resistance of the heater.
resistance = ..........cccceeeivninennn. [2]

(iii) By drawing on Fig. 12.3, show how the wires in the cable should be safely
connected to the electric heater.
Include a switch and a fuse in your drawing. [3]

Applying past knowledge to new situations 21

PartnerinLeaming
91

BP-~91




BP~92

BBSS /2022 / O Prelim / Sec 4E / Physics (6091) / P2

(b) Two resistors R; and R are connected first in series, as shown in Fig. 12.4, and
then in parallel, as shown in Fig. 12.5.

230V 230V
O O o O
I, R,
=
R, R, I R,
— 1 ]
Fig. 12.4 Fig. 12.5

There is no other resistance in either circuit.
The resistance of Ry is larger than the resistance of Ra.

(i)  Without any calculation, explain why
1. in the circuit shown in Fig. 12.4, the power output of Ry is larger than
the power output of Ra.

2. in the circuit shown in Fig. 12.5, the power output of R4 is smaller
than the power output of Ra.

(i)  In the circuit shown in Fig. 12.5, the resistor R is replaced with another
resistor Rs.
The resistance of Rs is greater than the resistance of R..

Complete the table below to show how the replacement changes the
current Ia and the current /s.

effect on Ia effect on g

[]

** END OF PAPER ***
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2022 BBSS SEC 4E PHYSICS {6094} O PRELIM EXAN
MARK SCHEME — PAPER 2 [FOR TEACHERS ONLY)

EAPER L W = workingl, {O/F = concept [ formutal, (A & U = answer 5 unit)

¢« Penalize | mark per guestion for no / wrong uri.
m 1 mark per gyestion for failure to show concept ! formula clearly god explicitly st the
beginning of sach mathematical wiemg excent 1 1biiv

« Hlark forsi in Q3 300 {

a Suggested Answer |__Remarks |
1 [1}: Diagramy, either parallslogram or triangle and all vectors must
’," e comecty Iabelled and in correct direction.
-~ - (b Scals
- *  Afleast 1.0 omorepresents DED wie”
# ¢ Rejeet ™1 Dom o L0 mes or 2.0 mis” — vestor diagram wi
b 3'9*‘.‘5 aooupy less thanbhalf of ﬂ’iﬁg&teﬁ SpaEce.
I + Rejectwerd soale feg. 3.0 omio 1.0 mis)
: ' A weswnen 20 mds and 2.2 mis
t
i
" A o b e
i 43 mzﬁas@w
i
]
i
2z Average speed = iots’ detance / ial tare
{i} =Blm!1Ss ‘ [N} W&CF
= 40 miis =1 mark ¥ irm] angwer aotin 2 s5.1] MLA&U
{Accept answer in knvh F esrect
2z | Any cneof the Illowng:
iy |«  Discus nek ravelling in shreght line and so @il pacement not the same as
tolzl distance
»  Teis displacement (with iespect 1o slan poirt of discus) is zero. 1
Reject i student mentions "t rectinn™ without firthee explanation.
Rejeet ¥ shuadent menely writes down gﬁﬁnmans of spesd and welockty without
urther exolanation.
26 54im!h ﬂﬁﬁt}ml‘%&mg’- ‘Iﬁmié [
= Yimvd = W1.OKM
=112.8 4 L Wa&CF
=g ln st =1 mark if final answernat in 21} [IFA&U
3afiy {t=0sandt=C2sandi=10sot=24s [1] for both
Do not penalize for no unit / wrong uni]
3a(8} | « Betweent=0sgandt=2s :  carat rest [}
s BHetweent=18sandi=2s : carmoves al constant velooity i
{accept “terminal velocity™}
{reject "consiant speed™)
1 mark ¥ shedent describes motion correctly but fail to state the comesponding
e intervall
3b{i} | From the question, it is not clear if driving force is 2600 N att=2 5.
Hence, we accept sither one of the following two possible answers:
Verzion t{forward driving force = 3800 N att= 2 s}
Resultant force = Forwand driving foree — total resistive force
=250 -0
= 2600 N
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Thus, acceleration (a) =F/m
= 2500/ 850
= 2.94 ms=2 (accept 2.9 m/s?)

Version 2 (forward driving force =Q Natt=2s)
Resultant force = Forward driving force — total resistive force

=0-0
=0N
Thus, acceleration (a) =F/m
=(0/850
=0 ms=2
NOTE: penalize 1 mark if [} W&C/F
- formula “F = ma” not written in the working. [1:A&U
- capital letter “A” is used to represent acceleration.
3b(ii) | Resultant force = ma = 850 x 2.0 = 1700 N 1
But resultant force = forward driving force — total resistive force
1700 = 2500 — total resistive force
Hence, total resistive force = 2500 —~ 1700 = 800 N
From the graph given in the question, when total resistive force = 800 N, time M wW&C/HF
t=6.4s (accept6.4sto06.6s) [1: A& U
4a [1] Force W : arrow originates from centre
E of box {visual inspection
suffices) and acts vertically
aﬁw downwards.
[11 Force E : arrow originates from hand
box accept withih and is a;_;proximatgly
this range perpendicular to distance
whesis (for E) between centre of wheel and
hand (visual inspection
suffices) and acts in the
direction shown.
w [11 Force F : arrow originates from base of
NOTE: ignore fengths of arrows wheel and acts vertically
upwards.
4b | e Perpendicular distance between centre of wheel (pivot) and line of action of
(effort) E is larger than perpendicular distance between centre of wheel (pivot)
and line of action of W (weight of box). [1]
» Hence, (effort) E is smaller than W (weight of box). [1]
5a | e Gas molecules move randomly at high speeds and collide with cylinder. 1]
(i) | e Summation of force exerted on unit area of cylinder constitutes the pressure. )
5a | (Randomly moving) gas molecules have equal chance to collide against unit area
(i) | of piston or unit area of sealed end. [1]
5b | (i) greater 1]
(i) the same [1
(iii) greater 11
(iv) less [1]
6a | e Particle X vibrates (reject “moves”, “travels”) perpendicular to direction of wave -
travel. 1
e amplitude = 2.0 cm / maximum displacement = 2.0 cm. (1]
+ Completes one cycle in 20 ms / period of 20 ms. [1]
6b | Imaginary line on a wave that joins all adjacent points that are in phase. [1]
6c | Frequency (f)=1/T=1/20 ms =50 Hz [1]
Wavelength (\) =20/5=4.0cm =0.040 m [11: W, CIF, A
v = fA = (50)(0.040) = 2.0 mis (allow for ecf of wrong frequency) &U
7a | upright and magnified 1

(reject “virtual” as it cannot be seen from Fig 7.1 and Fig. 7.2)

Applying past knowledge to new situations
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b

hres.
i LT converging
—\ | ... lens =
(2nd) H el
; T~ (37
image object S PN
~ : s
e [
[1] X S @)
i) —\ >
fooa! length )
NOTE:
If student draws ray diagram of a real image instead of the above, then:
- Award for light ray that originates from top of object and passes through the origin straight
throughout (see “1st” indicated in above diagram).
- Award for focal length if it is correct (see “4th” indicated in above diagram).
7¢ | Image is dimmer than before (accept “less bright” in lieu of “dimmer”) (11
8a |12V [1]
8 {1 =V/R
® =12/50 (award O mark if R =20 Q or 30 Q) (1L W&CF
=0.24 A [1:A&U
8b | EITHER:
(i) |V=IR=(0.24)(30)=7.2V (allow for ecf from 8b(i))
OR (by applying p.d.p.):
V=(30/50)x 12=7.2V [11
8b |0V i}
iii)
9a | e Rate of change of magnetic flux linked to wire AB (accept “conductor” in lieu of
“wire AB") / change of magnetic flux linked to wire AB per second. [1]
e Induces an electromotive force (e.m.f.) across wire and induced current flows (1]
in wire.
Penalize 1 mark if sequence of above points is wrong {e.g., an e.m.f. is induced
across wire AB and this causes a change in magnetic flux linked tc wire AB per
second).
9b | Larger momentary deflection to the left / iarger deflection to the left and returns
to zero. 1]
10a Resistive force (friction, air resistance, etc.) acting on the car increases. 1]
(i) (Assume car's engine thrust force is constant) Decrease in _car’s net force
(and increase in car's mass) decreases initial acceleration of the car. 1]
10a | ¢ Constant engine thrust force and increasing resistive force decreases the net
(i) force acting on the car. 11
» Eventually, engine thrust force and resistive force are equal in magnitude and
opposite in direction (reject “engine thrust force is equal to resistive force”) (1]
e Car has zero acceleration and a constant maximum speed. [1]
10b | Time = distance / speed = 49000 m / 10.9 mst
(i) | =4495.412844 s
=4500s. (to 2s.f) 1]
Accept answers in hours, hours and minutes if correct.
10b | (Change in) energy (E) = power x time
(i) = 4240 W x 4495412844 s
=19 060 550.4587 J
=19 MJ (to 2 s.f.)or 19.1 MJ (to 3s.f.) [1]
Accept answers in kilowatt-hours (kWh) if correct.

Applying past knowledge fo new situations
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10b | (Change in) energy (E) = Pt=IVt
(i) | 19 060 550.4587 = (95 A)(48 V(1)
Time t = 4179.945276 [11: W& C/F
=4200s (2s.f), 4190 s (3s.f.)or4180 s (3s.f) M1:A&U
Accept answers in hours, hours and minutes if correct.
10b | Any one of the following:
(iv) | « No electrical energy is converted to thermal energy / lost to the surroundings.
(Reject “heat energy”)
+ Current and voltage stays constant during charging.
» Battery / Battery charger is 100% efficient. 1]
11a | Needle points to the west / left. [1]
(i)
11a | « Needle will remain in the same orientation as in Fig. 11.1.
(i) {(Also accept “needle vibrates slightly whilst pointing north”) [1]
+ (Direction of electric current reverses 50 times per second leads to) direction of
magnetic field around wire reverses 50 times per second and inertia of needle
does not allow it to alternate between pointing east and west 50 times per
second. 1]
11b | Short circuit and the current will bypass / not flow through the rectangular coil.
(i) [1]
11b | Open circuit and carbon brushes not in contact with (either half of} the split-ring
(i) | (commutator). 1]
11b | Product between the force and the perpendicular distance between the pivot and
{ii) | the line of action of the force. [1]
11b | Maximum moment =Fxd [1
(iv) = {3.0)(0.065 / 2} + (3.0){(0.065/ 2)
= 0,195 Nm (accept 0.20 Nm (to 2 s.1.))
(DO NOT penalise for no formula as it has been tested in (b)(iii)).
11b | Any one of the following: [1]
(v) | e Zero perpendicular distance between pivot and line of action of 3.0 N force.
« No current through rectangular coil due to carbon brushes not touching spiit
ring (hence no force)”
Reject if student merely writes "no force” or "no current” without further
explanation.
11b
(vi) morment ‘(///,/——————- [1]: shape
1 ~ $i
< S >time
[1): correct T
NOTE:
e Graph must start from maximum and not zero (Refer to diagram. If coil starts turning from
horizontal position, then moments should be maximum initially).
s Graph: accept “straight lines” in lieu of curves.
12 (EITHER)
a(i) | Temperature at which a substance changes from liquid state to gaseous state. 1]
e Accept temperature at which a substance changes from liquid to gas.
e Reject. temperature at which a liquid changes to a gas (vague: any liquid? Any
gas?)
a Average distance between water molecules increases / Water molecules more [1]
(i) | spaced out.
Reject. “more disorderly arranged”.
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a [1]: height h shown correctly in Fig. 12.1
(iii) [1]: Atmospheric pressure P = hpg
[1]: height h {o be expressed in metres and density of liquid (p) {o be
expressed in kg/m? and g = gravitational field strength.
A
] ,
L
b(i) 5 [11:for all the following done
e e Tangent (red dotted line) drawn should cut the
7 graph at {0,20),
HEE i e Find the gradient of this tangent.
© S T e Rate of rise in temperature = gradient of this
i gradient based on student’s input.
* Sample fgadind:
(70 - 20} 4@ — 0) = 5.0 °C/min
“ e =
# T
® 52 HH
» 0 s 2 25 »
Hmaimin
b(i) | Q = mcA8
Qi = mc(A6ft) (note “A6/t" = value of gradient from (b)(i} above)
= (50)(4.2)(5.0) « based on sample reading in (b)(i) above (allow for ecf) | [1]: W & C/F
= 1050 J/min [M:A&U
b(iii) | » Rate of flow of thermal energy info water = rate of flow of thermal energy out of
the water to the surroundings (water has reached thermal equilibrium with the
surroundings). (1]
» _No net gain of thermal energy by water (per second). 1]
12 (OR)
a [=P/V=2400/240 [ W&C/F
(i) [ =1CA [MLA&U
a (R=V/I1=240/10=240Q, or [T W&CIF
(i) |R=VYP=(240)2/2400=240Q [MA&U
a [1]: earth wire connects to metal case.
(i) —o o
metal case [1}: live, neutrz.al wires and heater form
a closed circuit.
fve
” [1]: switch and fuse on live wire and
= correct symbols of switch and
electric fuse.
heater
b(i) | « Current () constant in series circuit.
1 | e Hence power output (P) is directly proportional to resistance R (since P = I?2R). | [1] for all
b(i} | ¢« Voltage (V) constant in parallel circuit.
2 * Hence power output (P) is inversely proportional to resistance R
(since P = V?/R). [1] for all
b(if) | « Current |a decreases.
» Current Is remains unchanged. [1] for all
Applying past knowledge to new situations 5
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