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work done on/by a gas

hydrostatic pressure
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temperature
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electric current
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decay constant
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Answer all questions.

1 Four students conducted an experiment to determine the value of g, acceleration of free fall.
The values obtained by the students are as shown in the table.

Student g1/ ms? g2/ ms? gs/ ms? gsa/ ms?
P 9.40 9.80 9.55 9.65
Q 9.80 9.60 9.90 10.06
R 10.10 9.90 10.15 9.85
S 9.45 9.48 9.52 9.55

If the correct value of g is 9.82 m s2, which of the students has/have the largest systematic
and random errors in their experiments ?

Largest systematic error Largest random error
A Q =
B P Q
Cc Q S
D S Q

2 Lorry P and Lorry Q are initially at a distance x metres apart and are travelling in the opposite
directions as shown below.

P
<

»

Lorry P Lorry Q

The graph shows the variation with time t of the speeds v of Lorry P and Lorry Q respectively.

vims?! A

20

10
5
0 g t/s
Att=8.0 s, the two lorries are 40 m apart. What is x?
A 60 m B 120 m Cc 220m D 260 m
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3 The graph shows how the speed v of an object varies with time t.

5

Va

t2

Which graph represents the variation the displacement s travelled by the object with time t?

A

S A

0 ¢ t) t ¢
c

S A

0 1 t t3
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4 A jet of water of density 1000 kg m-leaves the nozzle of a hose of radius 2.0 x 102 m. The
water is directed perpendicularly to the wall at a speed of 0.50 m s*. Assume that the water
does not rebound.

What is the force exerted on the wall by the water?
A 0314N B 0.628N C 127N D 157N

5 An astronaut falls vertically from a space vehicle and hops on the moon. The following
statements are about the forces acting while the astronaut is in contact with the surface of
the moon.

Which statement is correct?

A The force that the astronaut exerts on the moon is always equal to the weight of the
astronaut.

B The force that the astronaut exerts on the moon is always less than the weight of the
astronaut.

C The weight of the astronaut is always equal in magnitude and opposite in direction to
the force that the moon exerts on the astronaut.

D The force that the astronaut exerts on the moon is always equal in magnitude and
opposite in direction to the force the moon exerts on the astronaut.

SRJC 2017 9749/PRELIM/2017
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6 The diagram shows a metal cube suspended from a spring balance before and during
immersion in water.

A reduction in the balance reading occurs as a consequence of the immersion.

before I21Lll'il“lg
immersion immersion

Which statement is correct?

A  The balance reading will be further reduced if the cube is lowered further into the water.

B

SRJC 2017

The balance reading during immersion corresponds to the upthrust of the water on the
cube.

The forces acting on the vertical sides of the cube contribute to the change in the
balance reading.

The balance reading during immersion will be increased if the water is replaced by oll.
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7 A student pushes a box from rest along a rough floor with constant friction of 2.0 N.

The graph shows the variation of the force exerted by the student on the box with
displacement.

F ﬁN

15

2
0 »s/m
The final speed of the box after travelling 6 m is 5.0 m s*.
What is the mass of the box?
A 4.68 kg B 5.64 kg C 23.4 kg D 28.2 kg
8 The graph how the potential energy U of an object varies with displacement x.
U
0 X1 X2 > X

Which of the following graphs represents the variation of force acting on the object with
displacement x?

A B

F F
X

0 X1 X2 g 0 X1 X2 g

C D
FA FA

> > X

0 X1 X2 X 0 X1 X2
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9 The Singapore Flyer wheel is supported at two points on the bottom by motorised mounts
which cause it to rotate anticlockwise with constant angular velocity.

direction of
rotation

motorised
mount

Which of the labelled arrows shows the direction of the force exerted by the motorised mount
on the wheel just as it starts to turn?

10 Two planets of mass m; and my perform circular motion about their common centre of
mass O with the same angular velocity. If the mean separation between the centres of the
masses is d, what is the distance from the centre of mass m; to the centre of mass of the

system, r?
’ J d K
Co O
®
(@)
mi mo
Am
m,
B m,
my
C
_m g
m, +m,
b m g
m, +m,

11  The escape speed of an oxygen molecule at the Earth’s surface is 1.1 x 10 m s™2.
What is the escape speed at a height of 0.2R above the Earth’'s surface, where R is the
radius of the Earth?

A 0.5x10*ms™?
B 1.0x10*ms™
C 1.1x10*ms™
D 1.2x10*ms™
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12 2.0 kg of solid X and 1.0 kg of solid Y are separately heated by two heaters of the same
power. The power output of the heaters is the same throughout the whole experiment. The
following graphs show the variation of the temperatures of X and Y with time.

H H i H
|1 | 1 1 | 11
6/°C T R
: | : | | J'l::
80 H T | mam ya
] ] X
60 1 _i....l_.._ il ENEENEENEE AN F EEEENE
. ]' —— ] ! - = jﬂ_ _.i,.. I .|
ifi | | |
40 /f M ' | |
Iy AnEN. A A I
I ans, HH H H
Vat I | | |
] 11 | | |
20 ] N | | |
H H HHHH 1
| | I I I i N O O I A
0 ] — E » time / min
I 10 ] . 3 20 25 30 35
1 1 |
What is the ratio of the specific heat capacity of solid X to solid Y?
A 1:3 B 1:6 C 2:3 D 3:2

13 The volume of Bulb X is twice that of Bulb Y. They are filled with the same ideal gas and
are connected by a narrow tube, as shown. A steady state is established with Bulb X held
at 300 K and Bulb Y at 600 K. If there are n moles of gas in Bulb X, how many moles of gas
are there in Bulb Y?

600 K
300 K

A Vin B Von C n D 2n
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14 A certain simple pendulum swings with a period of 1.0 s. The bob of such a pendulum is
given a small displacement and released at t = 0. Which diagram correctly shows the bob’s
kinetic energy Ex and its potential energy Ep varies with time?

Energy Energy
A A
\-
\‘
\
\ .
: /
\ .
N4
A B
Energj{ EnergX
\. /
\ .
\ /~// Epr
\‘\ 7/ N\ _— Ex
: /
— — > t/s
0.5 1.0
Cc D
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15 Two objects P and Q are given the same initial displacement and then released. The
variation of their displacements with time t are as shown in the given graphs. The two objects
are then driven by sinusoidal driving forces of the same constant amplitude and of variable
frequency f. Which of the following graphs correctly shows how the amplitudes A of P and Q
varies with f ?

Displacement
A

Displacement

A

A/\,=t /\/\,:
TRAL

SRJC 2017 9749/PRELIM/2017
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16 An unpolarised wave passes through polariser O such that the emerging wave is plane-
polarized with an intensity of 2.0 W m2. A second polariser P is placed further such that the
plane-polarised wave is incident normally on it. Polariser P is rotated clockwise by an angle
of 60°.

OO

\6 :

4
7

0

wave direction

»
»

unpolarised wave l\‘\‘
O

What is the intensity of the wave after passing through polariser P ?
A 0.25 Wm? B 0.5 Wm? C 1.0 Wm? D 2.0 Wm?
17 A diffraction grating is used to measure the wavelength of monochromatic light as

shown below.
grating — |

monochromatic %7 70.0°

light

The spacing of the slits in the grating is 1.00 x 10 m. The angle between the first order
diffraction maximas is 70.0°.

What is the wavelength of the light?

A 287 nm B 470 nm C 574nm D 940 nm

18 A stationary wave is formed in an open tube as represented in the diagram.

> >

How many antinodes are formed by a stationary wave of twice the frequency?

A 2 B 4 Cc 5 D 6
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19 The diagram shows four point charges arranged in the corners of a square. What are the
values of the electric field strength E and the electric potential V at a point X in the middle of
the square?

+ Q _ Q
X

+Q _ Q
E v

A not zero Zero

B not zero not zero

C Z€ero not zero

D Zero Zero

20 An electron has a de Broglie wavelength of 5.6 x 107! m. It enters an electric field with
strength of 2.3 x 10* V m* as shown.

electric field

electron path

How long will it take for the electron to stop after it enters the electric field?

A 5.0x102%8s B 20x10%s C 3.2x10°s D 4.2x1072s

SRJC 2017 9749/PRELIM/2017



15

21 The |-V characteristics of two electrical components P and Q are shown below.

2.0
IIA
1.5
P /
Q
1.0 /
0.5
0
0 2.0 4.0 6.0 8.0

VIV

Which statement is correct?

P is a resistor and Q is a filament lamp.

The resistance of Q increases as the current in it increases.
At 1.9 A the resistance of Q is approximately half that of P.
At 0.5 A the power dissipated in Q is double that in P.

oo w>»

22 Anideal cell and four identical bulbs are connected as shown.

Bulb 3 is removed. Which of the following describes the changes in the brightness of bulbs 1,

2 and 472

Bulb 1 Bulb 2 Bulb 4
A dimmer brighter brighter
B dimmer brighter dimmer
C brighter dimmer brighter
D dimmer dimmer dimmer

SRJC 2017 9749/PRELIM/2017
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23 Each resistor has a similar resistance of 10 Q. What is the equivalent resistance of the circuit
shown in the figure below between points P and S?

P Q
R S
A 10Q B 20 Q Cc 30Q D 40Q

SRJC 2017 9749/PRELIM/2017
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24 Two long, parallel, straight wires X and Y carry equal currents into the plane of the page as
shown. The diagram shows arrows representing the magnetic field strength B at the
position of each wire and the magnetic force F on each wire.

By (field strength at X due to Y)
X (%)% F F %{%} v

Bx (field strength at Y due to X)

The current in wire Y is doubled. Which diagram best represents the magnetic field
strengths and forces?

A
Te.
X RQ——>F 2F ? Y
BX
B
BY
X oOF  2F %} Y
BX
C
28,
x X oF F Y
28,
D
28

x X oF  2F %}Y
BX
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25 ’ 0

constant

3 1

] [}

1 |

] I

] t

1 ]

. 1
velocity X x x x x
§ 1

e h
'ox X X x x

1 1

1 1

[} 1

] 1

Y X

In the diagram above, XYZ is a small right-angled triangular metal frame moving with a
constant velocity across a rectangular region PQRS with a uniform magnetic field
pointing into the paper. Which of the following graphs best shows the variation of the
current | induced in the frame with time t?

A C

26 The primary coil of a transformer is connected to an alternating voltage supply. The
secondary coil is connected across a variable resistor.

primary secofndary

/

$ .
A

ik

Which change will cause a decrease in the p.d. across the secondary coil?
A Increasing the number of turns of the primary coil
B Increasing the current in the primary coil
C Increasing the cross-sectional area of the secondary coil
D Increasing the resistance of the variable resistor
SRJC 2017 9749/PRELIM/2017
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19

Some of the energy levels of the hydrogen atom are represented in simplified form by the
given diagram which has a linear scale. The emission of blue light is associated with the
transition of an electron from E4 to E2. Which of the following transitions could be associated
with the absorption of the red light ?

A
Ea
Es
increasing
energy E2
E1
A E2to E3
B Eito Es
C Esto E2
D Esto E1

The momentum of a proton is measured with an uncertainty of 1.0%. Given that it has kinetic
energy of 1.00 MeV, which of the following is the minimum uncertainty in its position?

A 1.1x10M"m B 29x1012m C 1.1 x10%m D 7.0x101m

In an experiment on a-particle scattering, o-particles are directed onto a gold foil, and
detectors are placed at positions P, Q and R as shown in the diagram below.

What is the distribution of a-particles as recorded at P, Q and R respectively?

gold foil

Position P Position Q Position R
A none none all
B none some most
C most some fewer than at
position Q
D fewer than at some most
position Q

SRJC 2017 9749/PRELIM/2017
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30 Which statement about alpha, beta and gamma radiation is correct?

Alpha radiation has the greatest ionising power.

Beta radiation has the greatest ionising power.

Gamma radiation has the greatest ionising power.

Alpha, beta and gamma radiation have nearly equal ionising powers.

oo w>»

END OF PAPER
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1 In order to determine the value of the gravitational acceleration g, a student throws a ball at a
speed of 15 m s horizontally from a building.

(@) The student collects the following data for the ball when it reaches the ground.

Quantity Value Absolute Uncertainty
Vertical displacement 122.500 m 0.002 m
Horizontal displacement 75.000 m 0.002 m
(i)  Show that the time taken to reach the ground is 5.0 s. [1]
(ii) The uncertainty of the time taken is 0.4 s.
Determine the value of g, with its associated uncertainty.
[0 I o m s [3]

SRJC 2017
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(b) Inthe absence of air resistance, the variation of the vertical speed v of the ball with
time tis shown in Fig. 1.1.

vimsi4a

5.0 t/s

Fig. 1.1

(i) Inreality, there is air resistance. Sketch the graph of variation of vertical speed
with time on Fig. 1.1, and label this graph Z. [2]

(i) Explain the shape of the graph Z.

SRJC 2017 9749/PRELIM/2017 [Turn Over
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2 Truck X of mass 22 000 kg and moving at a speed of 3.0 m s, catches up and collides with
Truck Y moving at 1.0 m s’ moving in the same direction as shown in Fig. 2.1.

3.0ms?t 1.0ms*
: —_
—  » spring buffers
Truck X Truck Y OJ
Fig. 2.1
Fig. 2.2 shows how the speeds of the trucks vary with time t before, during and after the
collision.
speed 4 |
/ms? |
|
Truck:X
3.0 T
|
|
_____ J-----
|
2.0 }---- 1-----
|
[
_____ J-----
10 TrucHIY
|
[
_____ J-----
|
Fig. 2.2
(@) Using Fig. 2.2, show that the mass of Truck Y is 66000 kg. [1]
(b) Showing your working clearly, explain whether this collision is elastic. [2]

SRJC 2017 9749/PRELIM/2017
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(c)

(d)
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(i)

(ii)

(i)

(i)

State the time at which the trucks are closest to each other.

1. Calculate the total kinetic energy of the two trucks at the time stated in (i).

total kinetic energy = ...................... J [1]

2. Hence, calculate the maximum elastic potential energy stored in the spring
buffer during the collision.

maximum elastic potential energy stored = ...................... J[1]

Calculate the magnitude of the impulse exerted by Truck X on Truck Y.

magnitude of impulse = ...................... N s [2]

If the duration of the collision is reduced, with the initial and final speeds of both
trucks unchanged, state and explain how this affects your answer in (i).

9749/PRELIM/2017 [Turn Over
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3 (a)

(b)

SRJC 2017

State what is meant by coherent sources.

A stereo system in a large hall has two identical speakers, S1 and S, placed 1.2 m apart
as shown in Fig. 3.1. The amplitude of the output of each speaker is proportional to the
potential difference across its terminals, which is adjusted by means of a balance
control.

C
s. R
=| Y
——— O | lzm J_,‘
[ |
balance z R .
control S2 15m

Fig. 3.1 (not to scale)

Initially, the speakers are emitting signals of frequency 1000 Hz which are in phase. The
balance control is set such that the potential difference across the terminals of both
speakers are the same.

Line AC is 15 m away from the speakers. An observer hears a loud sound of intensity
Imax at A. As he moves along the line AC, 15 m away from the speakers, he observes
that the intensity of the sound first falls to zero at point B, a distance y from A. The speed
of sound in air is 330 m s,

(i) Determine the distancey.

9749/PRELIM/2017
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(i) By calculating the path difference of the two sound waves arriving at B, determine

the next higher frequency of the speaker such that point B would also be a point of
Zero intensity.

frequency = ..........cooeeiinls Hz [3]
(iii) With the speakers emitting the original signal frequency of 1000 Hz, the balance
control is now adjusted such that the potential difference across the terminals of S;

is reduced while the potential difference across the terminals of S, is unchanged.

Suggest and explain any changes to the sound heard at B.

SRJC 2017 9749/PRELIM/2017 [Turn Over
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() Monochromatic light is passed through a rectangular slit of width b of 0.20 mm. The Use
light is observed on a screen placed 0.75 m from the slit, as shown in Fig. 3.2.

Light

.20 mm

vVVYVVYVYY
o
l—>]
] O

0.75m

Ll screen

Fig. 3.2
Light passing through the slit is diffracted through an angle 6.

The variation of the intensity | of the light with the angle 6 of diffraction is shown in Fig. 3.3.
The maximum value of intensity is lo.

The angular separations between successive minima are the same.

| A

lo

v
D

6, 6
Fig. 3.3

(i)  The value of 6, the location of the second order minima, is 0.338°.
Determine the wavelength of the monochromatic light.

wavelength = ................ nm [2]

SRJC 2017 9749/PRELIM/2017




(ii)

(iif)
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Determine the angle between two beams of light incident on the slit, each of the
same wavelength as in (i), such that their diffraction patterns are just resolved.
Explain your working.

Sketch, on the axes of Fig. 3.3, how the intensity of the light varies with 6 if the
slit width is halved. Label any relevant intercepts on your sketch. [2]

9749/PRELIM/2017 [Turn Over

For
Examiner’s
Use



12 For
Examiner’s
Use

4 (@) Define the tesla.

(b) lons, all of the same element, are travelling in a vacuum with a speed of 9.6 x 10* m s
The ions are incident normally on a uniform magnetic field B of flux density 320 mT. The
ions follow semicircular paths A and B before reaching a sensor, as shown in Fig. 4.1.

uniform magnetic field
in vacuum

sensor

>

path of ions

Fig. 4.1

The diameters of paths A and B are 6.2 cm and 12.4 cm respectively. The ions in path B
each have charge +1.6 x 101° C.

(i) Explain why the path of the ions in the magnetic field is an arc of a circle.

SRJC 2017 9749/PRELIM/2017
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(ii) Calculate the mass of the ions in path B.

(iii) Explain the reason for the difference in radii of the paths A and B of the ions.
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5 (@) (i) Define binding energy.

(ii) Sketch a graph in Fig. 5.1 to show the variation of the binding energy per nucleon
with nucleon number. Label the value of nucleon number and binding energy per
nucleon for the isotope that has the highest binding energy per nucleon. [2]

binding energy a
per nucleon /
MeV

»
»

Fig. 5.1 nucleon
number

(iii) With reference to your graph drawn in Fig. 5.1, explain how fission can be a
potential source of energy.

SRJC 2017 9749/PRELIM/2017
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(iv) A typical nuclear fission reaction that involves uranium-235 is represented by the

equation
?PU+n—>Kr+ %Ba+3n

Data for the binding energy per nucleon for the different nuclei are given in the

table below:
Nuclei Binding energy per nucleon / MeV
zggu 7.59
Kr 8.51
“Ba 8.33
1. Deduce the number of protons and neutrons in the Kr nucleus.

number of protons = ...
number of neutrons = ...................... [2]

2. Calculate the energy released in the above reaction.

energy released = ...................... J[2]

SRJC 2017 9749/PRELIM/2017 [Turn Over



16 For
Examiner’s

Use
(b) A stationary 2§§Ra nucleus undergoes beta minus decay to form an actinium isotope.

The actinium isotope and beta particle move as shown in Fig. 5.2.

—0O o

actinium beta particle
isotope

Fig. 5.2
Explain why a neutrino must also be released in this process.

(c) Scientists have worked out the age of the Moon by dating rocks brought back by the
Apollo missions. They use the decay of potassium ‘l‘gKto argon ‘,‘gAr, which is stable.
The decay constant of potassium-40 is 5.3 x 10-1° per year.

(i) Explain what is meant by the decay constant of potassium-40 being
5.3 x 10719 per year.

(i) Sketch a labelled graph on Fig. 5.3 to show how the activity of j; K changes with
time if the initial activity is A.. Mark on your graph the value of the half-life of‘l‘gK .

[2]

A/ Bq

0 t/year
Fig. 5.3
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(iii) In one rock sample the scientists found 0.84 pg of argon-40 and 0.10 yg of
potassium-40.
1. Calculate the activity of the potassium-40 in the rock sample.

activity = ..o Bq [2]

2. Calculate the age of the rock sample in years.

age of rock sample = ...................... years [2]

3. State any assumption that you have made for the calculation in 2.

(iv) Explain why the determination of the decay constant by measuring the mass and
activity of a sample is not suitable for nuclides that have relatively large decay
constants.

SRJC 2017 9749/PRELIM/2017 [Turn Over
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6 A capacitor is an electrical device which can store charges and energy. A simple parallel
plate capacitor consists of two parallel conducting plates separated by an insulator, as
shown in Fig. 6.1.

insulator

/

+
+
+

conducting plates
Fig. 6.1

When charged, the two plates carry opposite charges of the same magnitude. The
relationship between the amount of charge stored Q, the potential difference V between the
plates and the capacitance C is given by the equation

Q=CV

(@) Deduce the base units of C.

base units = [3]
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The capacitor is now charged. Fig. 6.2 shows the values of potential difference V and

19

the corresponding amount of charge Q.

On Fig. 6.3,
plot the missing data points from Fig. 6.2.

(i)
(ii)

sketch the best fit line to show the variation of the amount of charge Q with the

VIV QI uc
0.0 0.0
0.4 1.9
1.3 6.1
3.0 14.3
3.3 15.5
4.2 19.7
5.1 235
Fig. 6.2

potential difference V between the plates.
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VIV g

0 5 10 15 20 25

Fig. 6.3

(iii) State the quantity represented by the:

1. gradient of the graph,

...................................................................................................................... [1]
2.  areaunder the graph.
...................................................................................................................... [1]
(iv) Hence, show that the energy E stored in a capacitor is ¥2 CV?2,
[1]
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(c) The capacitor is now discharged by connecting it across a resistor of resistance R as
shown in Fig. 6.4.

Fig. 6.4

Fig. 6.5 shows the variation with time t of the potential difference V across the resistor.

viv 71

rd

i
pd

0 » t/ ms
0 10 20 30 40 50 60 70

Fig. 6.5

(i) Using Fig. 6.3 and Fig. 6.5, determine the initial amount of charge stored.
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(i) Hence, calculate the capacitance C.

capacitance = CV1[2]

(iii) Calculate the energy lost when the capacitor has been discharged for 45 ms.

energy lost =

(d) The graph in Fig. 6.5 can be represented by the following equation, where V, is the
initial potential across the resistor R.

V =V,e URC

State how the value of RC affects the rate of discharge of the capacitor.
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(e) Fig 6.6 shows an A.C. supply connected to resistor-capacitor (RC) circuit containing an

ideal diode. Fig 6.7 shows the potential difference measured by the CRO.

@ \switch S

Fig. 6.6

A

Fig. 6.7

Switch S is now closed. When the diode is in forward bias, current flows through both
the resistor and the capacitor. When the diode is in reverse bias, the capacitor
discharges through the resistor.

(i) Sketch on Fig. 6.7, the expected display on the CRO. [1]

(i) State what the RC circuit does to the wave on the CRO.

END OF PAPER
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Data

speed of light in free space
permeability of free space

permittivity of free space

elementary charge

the Planck constant

unified atomic mass constant
rest mass of electron

rest mass of proton

molar gas constant

the Avogadro constant

the Boltzmann constant
gravitational constant

acceleration of free fall
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DATA AND FORMULAE

Formulae

uniformly accelerated motion

work done on/by a gas

hydrostatic pressure
gravitational potential

temperature

pressure of an ideal gas

mean translational kinetic energy of an ideal gas molecule
displacement of particle in s.h.m.

velocity of particle in s.h.m.

electric current

resistors in series

resistors in parallel

electric potential
alternating current/ voltage

magnetic flux density due to a long straight wire

magnetic flux density due to a flat circular coil

magnetic flux density due to a long solenoid

radioactive decay

decay constant
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Section A: Answer all questions.

1 A uniform rod of weight 20 N is freely hinged to a wall at P as shown in Fig. 1.1. It is held
horizontal by an elastic cord made of material X of force constant 10 N cm™, attached at Q at
an angle of 15° to the rod.

elastic cord X
15°

/ P rod Q

Fig. 1.1

(@) Show that the extension of the elastic cord X is 3.86 cm. [2]

(b) Determine the magnitude of the resultant force acting at P.

magnitude of resultant forceatP = ...................... N [3]

(c) The elastic cord X is now replaced by two other identical elastic cords of the same
unstretched length as elastic cord X. These two elastic cords are connected in parallel.
The rod PQ remains horizontal.
State and explain the value of the force constant of each of the new elastic cords.
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2 (a) State the first law of thermodynamics, indicating the directions of all energy changes.

(b) A heat pump contains a fixed mass of ideal gas undergoing a cycle of changes of
pressure, volume and temperature as illustrated in Fig. 2.1.

pressure / 105 Pa 4

12 -

A

» volume /103 m?3

B
\ 4

C

""""" |

|
: A
|
|
|
: D
|
|
|
|

0.45

Fig. 2.1

The increase in internal energy which takes place during three of the changes are as
shown in Fig. 2.2. It is also known that no heat is supplied in the changes A - B and

C->D.

(i) Complete Fig. 2.2.

Chande Increase in Heat supplied Work done
9 internal energy / J togas/J ongas/J
A->B 720
B>C -810
C->D - 360
D>A
Fig 2.2 [4]
SRJC 2017 9749/PRELIM/2017 [Turn Over
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(ii) Given that the temperature at C is 360 K, calculate the number of molecules, N, in the Use

heat pump.

number of molecules = ... [2]

(iii) Given that the total kinetic energy of the gas molecules, Ex is given as Ex = 3/2 NKT,
using your answers in (i) and (ii), determine the temperature at D.

temperature = .........ooei i, K [3]

(iv) Given that the gas is Helium-4, calculate the root-mean-square speed of the Helium
molecules at C.

rmsspeed = .................. m s?[2]
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3 (a) A satellite is in a geostationary circular orbit of radius r about the Earth of mass M, and
appears to remain above the same point on the Earth. The mass of the Earth may be
assumed to be concentrated at its centre.
(i) State two features of a geostationary satellite of the Earth.
L e e e e e e e
2 e e e e e e e e e e e e e et e e e e e aan e
........................................................................................................ [2]
(ii) Show that the period T of the orbit of the satellite is given by the expression
Tg - ‘1‘23'1'&
GM
where G is the gravitational constant. Explain your working.
3]
(iii) The mass M of the Earth is 6.0 x 10%* kg.
Determine the radius of the geostationary orbit.
radilUsS = .o m [2]
SRJC 2017 9749/PRELIM/2017 [Turn Over
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(b) The variation of the resultant gravitational potential due to the Earth and the Moon along a Use

line XY joining the centres of the Earth and Moon is as shown in Fig. 3.1.

¢1I kgt
A
Earth

i/
N

Fig. 3.1

(i) Given that the mass of the Moon is 7.3 x 10?2 kg and the distance between the
centres of the Earth and Moon is 380 000 km, show that the distance from the
centre of the Earth along XY, where the net gravitational field strength is zero, is
342 000 km.

[1]

(i) Hence, sketch the corresponding net gravitational field strength due to the Earth and
the Moon in Fig. 3.2. [2]

g /N kgt

N
5

Fig. 3.2
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() Two point charges A and B are separated by a distance of 8.0 cm in a vacuum, as
illustrated in Fig. 3.3.

8.0 cm
| p |
Ay e B
| 1
r"—"*x !
Fig. 3.3

Point P is at a distance x from A along AB. The variation of the resultant potential due to
charges A and B is as shown in Fig. 3.4.

VIV

A

600 f

T—

400

200

» X/cm

-200

-400

-600

Fig. 3.4
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(i) State and explain whether the two charges are of the same sign.

............................................................................................................. [2]
Ch A
(ii) Calculate the ratio of the numerical value of M.
Charge of &

ratio=........... [2]

(iii) State and explain the direction of the electric field at the point P, where x = 2.0 cm.

(iv) Sketch the variation of the electric field strength with x in Fig. 3.5. Label where
appropriate.

E/NC?

A

» x/cm

Fig. 3.5
(1]
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(v) When a -2.0 nC charge is moved from x = 3.0 cm to 6.0 cm, calculate the change in
kinetic energy of the -2.0 nC charge.

change in kinetic energy = .........ccoovieviinecnnnn. J[2]
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4 (a) By reference to the photoelectric effect, explain Use
(i) what is meant by work function,
...................................................................................................... [1]
(i) why, even when the incident light is monochromatic, the emitted electrons have
a range of kinetic energies up to a maximum value.

...................................................................................................... [2]
(iii) In an experiment to investigate the photoelectric effect, a student measures

the wavelength A of the light incident on a metal surface, and the maximum

kinetic energy Emax Of 1/A as shown in Fig. 4.1.

A
T I
H iy
4 PYNEE
1 - =
3 F10%m p
3 =
2
1
= >
—4 -3 —2 — 0 1 2 3 4
Eqme/ 10719
Fig. 4.1
SRJC 2017 9749/PRELIM/2017




13

1. Without using the value of the Planck constant, determine the work function
of the metal surface.

work function = .................. J [2]

2. Using points A and B, determine the Planck constant.

Planck constant = .......................... Js[3]

(b) Fig. 4.2 shows how x-rays are produced inside an x-ray tube. The electrons emitted
at the filament are accelerated from rest using an accelerating voltage to hit a target
of heavy metal at the anode and produce x-rays as a result.

accelerating voltage

- +

electron beam
((Fo—

heated cathode

vacuum

Fig 4.2

A graph of relative intensity against wavelength of the emitted radiation is as shown
in Fig. 4.3.
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Relative
intensity s gl 5
l 1
i HAT ~+
1 y T
|
1
]
L
i
0 30 60 90 wavelength / 1022 m
Fig. 4.3
(i) State and explain what must be done to the accelerating voltage if the
minimum wavelength of the x-rays emitted is to be doubled.
................................................................................................. [2]

(i) Determine the accelerating voltage used to produce the minimum
wavelength as shown in Fig. 4.3.

accelerating voltage = ..........cccovie v kV [2]
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(c) Electrons, accelerated through a potential difference, are incident on a very thin
carbon film, with speed v as shown in Fig. 4.4.

fluorescent
thin carbon screen
film /
electron,
speed v
Fig. 4.4

The emergent electrons are incident on a fluorescent screen. A series of concentric
rings is observed on the screen.

(i) State and explain what the observed rings suggest about the nature of the
electrons.

(ii) The stream of electrons is now replaced by a stream of alpha particles arriving
at the thin film with the same speed v. State and explain the effect, if any, on
the rings observed on the screen.

SRJC 2017 9749/PRELIM/2017 [Turn Over

For
Examiner’s
Use



16 For
Examiner’s

(iii) A proton and an alpha particle are each accelerated from rest through the same Use

potential difference. Determine the ratio

de Broglie wavelength of the proton
de Broglie wavelength of alpha particle
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Section B: Answer ONE out of TWO questions.

5 (a) The headlights of a car are switched on. The distance along the copper connecting wires
between the car battery and one of the headlights is 1.5 m.

(i)  The current in the wire is 3.0 A, the cross-sectional area of the wire is 3.0 x 1077 m?,
and the number density of electrons in copper is 8.5 x 102 m3.

Determine the average time that an individual electron will take to drift from the
battery to the headlight.

timetaken=................coo s [2]

(ii) Using your answer in (i), comment on how the light of the headlamp comes on
almost immediately when switched on.

(b) An electric heater consists of three similar heating elements A, B, C, connected as shown

in Fig. 5.1.
o 240V S4
A B
— L 11} ([T [ F—9
SZ J—
e S

Fig. 5.1
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Each heating element is rated as 1.5kW, 240V and may be assumed to have constant Use

resistance.
The circuit is connected to a 240 V supply.

(i) Calculate the resistance of one heating element.

resistanCe = ........covveviiiiiiieiinins Q2]

(ii) The switches S, S; and S; may be either open or closed.

1. When S1, S2 and S3 are all closed, state the total power dissipation of the
heater.

total power dissipation = ..............coiieee i kw [1]

2. When S1 is closed, S2 is open, and S3 is open, determine the total power
dissipation of the heater.

total power dissipation = ..........c.oeiiiieiie e, kW [2]

3. Hence, determine the total power dissipation of the heater when S1 is closed,
S2 is open, and S3 is closed.

total power dissipation = .............coceivinenn, kw [2]
SRJC 2017 9749/PRELIM/2017
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(c) A circuit used to measure the power transfer from a battery is shown in Fig. 5.2. The

battery has an electromotive force (e.m.f.) E and an internal resistance r. The power is
transferred to a variable resistor of resistance R, when the potential difference (p.d.)
across itis V, and the current through it is .

—_—_——— — —_— — — — = =

(i) By reference to the circuit shown in Fig. 5.2, distinguish between the definitions of
e.m.f. and p.d.
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(ii)  The variation with current | of the p.d. V across R is shown in Fig. 5.3.
6.0
\\
'\\‘\‘
[,
4.0
"u\
VIV
P
Y
2.0
\\
0
0 1.0 2.0 3.0 . 4.0
I/A
Fig. 5.3
Use Fig. 5.3 to determine
1. the e.m.f. E,
E= V[1]
2. the internal resistance r.
S e Q2]
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(iii) 1. Using data from Fig. 5.3, show that the power transferred to R for a current of

1.6 Ais 4.64 W. [1]

2. Use your answers from (ii)1 and (iii)1 to calculate the efficiency of the battery for
a current of 1.6 A.

efficiency =
(iv)  The variable resistor R in Fig. 5.2 is replaced by a few identical lamps connected

in parallel. A student claims that as the number of lamps connected in parallel is
increased, the lamps become dimmer.

Comment on the student’s claim.
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6 (a) A composite block of mass 10 kg, made of woods of different densities p1 and p», floats in
still water of density pw, as shown in Fig. 6.1. Each portion of wood is of height x and of a
base with cross-sectional area A.

wailer surface
x k wlier
2
P2
¥ =
-

Fig. 6.1

(i) The block is pushed down by a distance | into the water without totally submerging
it, and is then released.
It can be shown that the acceleration a of the block is given by
a= _i|
(pl TP ) X
Explain why the expression leads to the conclusion that the block bobs up and down
in simple harmonic motion.

(ii) The depth h of the block is measured from below the water surface to the base of
the block as shown in Fig. 6.2.

P+
waler surface

o

walesr

102

Fig. 6.2

Fig. 6.3 shows the variation with time t of the depth h of the base of the block below
the surface.
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hjem S BISasEE I : i
| | 1 1 1
1
25 ;
Y Er e e 1 T
" 1 1 \\ I
20 7 ,
N / A
X \. 1 ] 1 1
15 : e :
- . - - :..
T T T s
L 7 } e
b 1
i : e
T T I '
. . . . .
T i T
1 1 -t 1
5 1 1 T ]
- e

¢ 05 10 15 20 25 30 35 ifs
Fig. 6.3

1. Determine the amplitude of the oscillation of the block.

amplitude = ................ m [1]

2.  Determine the angular frequency of the oscillation.

angular frequency = ................ rad s [2]

3.  Hence, show that the energy of the oscillation is 0.177J. [1]
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(b) (i) State Faraday’s law of electromagnetic induction. Use

(i) A coil with 800 turns is placed in a uniform horizontal magnetic field of flux
density 5.0 x 102 T. The area of the coil perpendicular to the field is
2.5 x 102 m?, as shown in Fig. 6.4.

horizontal magnetic field

Fig. 6.4

1. Explain why an e.m.f. is induced in the coil.

2. Determine the magnetic flux linkage of the coil.

magnetic flux linkage = ...............coooeniis Wh-turns [2]
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(c) The coil in (b) is rotated around the axis shown in Fig. 6.4. The flux linkage ® of the
coil varies with time t as shown in Fig. 6.5.

@/ Wb
&
AY 7/ \
\ 7 \

0 1

0 0.5 AT T1.0H TN TL1.5 2.0

\ 4 \ y t/ms
Fig. 6.5
(i) Derive the equation for the induced e.m.f. E of the coil, where N is the

number of turns in the coil, B is the magnetic flux density, A is the area of
coil, and w is the angular frequency of the change in magnetic flux linkage.

[2]

SRJC 2017 9749/PRELIM/2017 [Turn Over



26 For

Examiner’s
(ii) Sketch on Fig. 6.6 the variation with time of the e.m.f. across XY. Label the Use
maximum value of the e.m.f. [2]
A
E/V
. t/ms
Fig. 6.6

(d) A resistor of resistance 5000 Q is now connected across XY.

(i) Determine the mean power dissipated in the resistor.

mean POWEN = ........ccvvvrvenrennannn. kW [2]

(i) Use energy conservation to explain why the oscillations of the coil are
damped.

END OF PAPER
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1 This investigation considers the angles formed by the threads in a pulley system when it is
in equilibrium.

(a) In this set-up, there are two threads — a long thread AB and a short thread CD, as shown
in Fig.1.1. Two pulleys P and Q are identical.

Tie end A to the 100 g mass.
Pass the thread AB through pulleys P and Q.

Tie end B to the 50 g mass.

Pulley Q
A Pulley P
retort stand X 100 g
[ |
Fig.1.1

(b) Tie thread CD as shown in Fig.1.2. Thread CD must be kept horizontal throughout the
whole experiment.

Pulley Q

clamp [

clamp [

retort stand X retort stand Y

Fig.1.2

SRJC 2017 9749/PRELIM/2017 [Turn Over

For
Examiner’s
Use



For
3 Examiner
xaminer’'s
Use

(c) Measure the angles « and £.

(d) Estimate the percentage uncertainty in c.

percentage uncertainty in ¢ = .................... [1]

(e) State one significant source of error that may have affected the accuracy of the readings
of angles o and S.

(f) Suggest one improvement that could be made to the experiment to address the error
identified in (e). You may suggest the use of other apparatus or a different procedure.
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: . . U
(g) It is suggested that cos « is directly proportional to cos . Move the retort stand Y to the ¢

right and adjust thread CD so that it is horizontal. Obtain one more set of values of « and
J to investigate this suggestion. State and explain whether you agree with this suggestion.

Present your measurements and calculated results clearly. Plotting of graph is not
required.

(h) Let the tensions in CA, CB and CD be Ti, T», and T3 respectively.

By considering the equilibrium of forces acting at point C, write two equations relating T,
Ty, Ts, and ﬂ [2]

(i) A student suggests that when there is an increase in the ratio of the mass hung at end A
to the mass hung at end B of thread AB, the ratio of cos a to
cos pwould increase. Suggest how you would verify this.

[Total: 14 marks]
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In this experiment, you will measure the potential difference across resistor R, as the
resistance of the circuit is varied.

(a) The Digital Multimeter (DMM) is used as a voltmeter.

Ensure that the black lead of the Digital Multimeter (DMM) is connected to the “COM”
jack input, while the red lead is connected to the “V / Q / mA” jack input.

Set the dial on the DMM to “20 V" mark in the “V” range.

(b) Set up the circuit as shown in Fig. 2.1. Connect one R; to the circuit and close the switch.

()

Rl RZ

Fig. 2.1

(c) Record the potential difference across R, V using the voltmeter.

(d) Change n, the number of resistor R; connected in_parallel. Obtain three further sets of
values for n and the corresponding values of V. [3]
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(e) Theory suggests that V and n are related by the equation Use
1 R 1
'V nER, E

where E is the e.m.f. of the power supply.

: : R, . , ,
Suggest how you would determine the ratio of R—1W|thout measuring the resistance of

the resistors directly.

(f) In the specification of a resistor, “tolerance” refers to the percentage error in the
resistance of the resistor. The tolerance of each resistor that you use in this experiment
is 5%, resulting in an absolute error of AR; for the resistance Ri, and AR; for the

resistance of Ro.

Explain how the absolute error in the effective resistance of the circuit would change
when a few R; are connected in series instead of being connected in parallel.

[Total: 9 marks]
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3 In this experiment, you will investigate how the period of oscillation T of a suspended half-
metre rule about a vertical axis through its centre, is related to its separation L from a
horizontal metre rule.

(a) Suspend a half-metre rule XY symmetrically by two exactly equal lengths of threads. XY
has a length of a, and a width of b. Fig.3.1 shows the front view and Fig.3.2 shows the
side view of the set up.

/clamps \

E %metre rule

A

d=45cm
<—retort stand

base of retort stand

, table to
| | r/ / :

Front view
Fig.3.1

[F—F

retort stand

base of retort stand

/ table top
| /

—4
half metre
rule XY
Side view
Fig.3.2

(b) Arrange the threads at a distance d of 45 cm apart.

(c) Ensure that the threads are vertical. Adjust L to about 100 cm.

SRJC 2017 9749/PRELIM/2017 [Turn Over
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(d) Measure and record L. Use

(e) Estimate the absolute uncertainty in this value of L.

absolute uncertainty = .................... [1]

(f) Give the suspended half-metre rule XY an angular displacement about a vertical axis
through its centre, and set it into small angular oscillation as shown in Fig.3.1. Fig.3.3

shows the top view of the oscillation. v

Top view
Fig. 3.3

(g) Determine the period T of the oscillations.

SRJC 2017 9749/PRELIM/2017 [Turn Over
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(h) Vary L and repeat (f) and (g) to obtain further sets of values for L ranging from 20.0 cm

to 100.0 cm, and the corresponding values of T. [7]

(i) Itis suggested that T and L are related by the equation

16’2 +b%) L
12d2 T2

Plot a suitable graph and hence determine the acceleration due to gravity, g. [6]
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(j). Comment on any anomalous data or results you may have obtained. Explain your answer.

() Suggest one improvement that could be made to the experiment to address the error
identified in (k). You may suggest the use of other apparatus or different procedures.

(m)On the graph grid on page 10, sketch a second graph to represent the results if the
distance between two threads d is increased. Label this graph Z. [1]

[Total: 20 marks]
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4 The history of solar energy is as old as humankind. In 1954, some scientists in the United Use

States produced electricity from the sun. They invented photovoltaic cells, which capture the
sun's energy and convert it into electricity. A photovoltaic cell is an electric cell made from
two layers of different materials that can produce an electric current when light of certain
frequencies shines on the cell. A solar panel is a collection of photovoltaic cells.

The frequency of the light falling on the solar panel can be varied by placing different colour
filters in front of the light source as shown in Fig.4.1.
lamp

0|

colour filter

Fig.4.1
Design an experiment to investigate how the power generated by a solar panel depends on
the frequency of the light falling on it.

The equipment available includes the following:

Solar panel Resistors

Colour filters Switch

Lamp Stopwatch
Spectrometer with diffraction grating Rule

Ammeter Micrometer screw gauge
Voltmeter

You should draw a labelled diagram to show the arrangement of your apparatus and you

should pay attention to

(a) the equipment you would use,

(b) the procedure to be followed,

(c) how the frequency of the light used is to be measured,

(d) how the power generated by the solar panel is to be measured,

(e) the control of variables,

(f) any precautions that would be taken to improve the accuracy, precision and safety of the
experiment.

Diagram

[Total: 12 marks]
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Data

speed of light in free space
permeability of free space

permittivity of free space

elementary charge

the Planck constant

unified atomic mass constant
rest mass of electron

rest mass of proton

molar gas constant

the Avogadro constant

the Boltzmann constant
gravitational constant

acceleration of free fall

SRJC 2017
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3.00x 108 ms?t
4T x 10" Hm™?

8.85x 102 Fm!

- 2
— x10°Fm*?
26m

1.60x107'°C
6.63x103#Js

1.66 x 102" kg

9.11 x 1031 kg

1.67 x 102" kg
8.31J K mol*

6.02 x 102 mol*
1.38 x 1028 K1
6.67 x 107N m? kg2
9.81 m s
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DATA AND FORMULAE

Formulae

uniformly accelerated motion

work done on/by a gas

hydrostatic pressure
gravitational potential

temperature

pressure of an ideal gas

mean translational kinetic energy of an ideal gas molecule
displacement of particle in s.h.m.

velocity of particle in s.h.m.

electric current

resistors in series

resistors in parallel

electric potential
alternating current/ voltage

magnetic flux density due to a long straight wire

magnetic flux density due to a flat circular coil

magnetic flux density due to a long solenoid

radioactive decay

decay constant
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4

Answer all questions.

1 Four students conducted an experiment to determine the value of g, acceleration of free fall.
The values obtained by the students are as shown in the table.

Student g1/ ms? g2/ ms? gs/ ms? gsa/ ms?
P 9.40 9.80 9.55 9.65
Q 9.80 9.60 9.90 10.06
R 10.10 9.90 10.15 9.85
S 9.45 9.48 9.52 9.55

If the correct value of g is 9.82 m s2, which of the students has/have the largest systematic
and random errors in their experiments ?

Largest systematic error Largest random error
A Q P
B P Q
Cc Q S
D S Q
Ans : D
Student Mean Range
P 9.60 0.4
Q 9.84 0.46 (biggest range)
R 10.0 0.3
S 9.50 (biggest diff to 0.1
correct value of
9.82ms ?)
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2 Lorry P and Lorry Q are initially at a distance x metres apart and are travelling in the opposite
directions as shown below.
5
X >
Lorry Q
The graph shows the variation with time t of the speeds v of Lorry P and Lorry Q respectively.
v/ims! 4
20
10
5
0 t/s
Att=8.0 s, the two lorries are 40 m apart. What is x?
A 60m B 120 m C 220m D 260 m
Answer: D
Distance travelled by Lorry P + Distance travelled by Lorry Q + 40 = X
1 1
5(10 +20)(8.0) + 5(5 +20)(8.0)+40 =x
Xx=260m
SRJC 2017

9749/PRELIM/2017
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3 The graph shows how the speed v of an object varies with time t.

Va

Which graph represents the variation the displacement s travelled by the object with time t?

A B
A s 4
0 t1 t 13 ot
0 ¢, t tz ¢
C D
S A SA
>
0 t1 to ts t 0 t1 t2 ts

Answer: C
The area under v-t graph represents the change in displacement.
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4 A jet of water of density 1000 kg m3leaves the nozzle of a hose of radius 2.0 x 102 m. The
water is directed perpendicularly to the wall at a speed of 0.50 m s*. Assume that the water
does not rebound.

What is the force exerted on the wall by the water?

A 0.314 N B 0.628 N Cc 1.27 N D 15.7 N
Answer: A
Force by wall on water= <F,_, > = mass per unit time x Av
L pvol) Av since m = p(Vol)
At At
_ px nrlL Av
t
=p x r ’vAv
= pnr®v(0 - V)
= - pnr’v?
=-10007(2.0x107?)?(0.50)?
=-0.314 N
By Newton’s 3 Law, Force by water on wall = Force by wall on water = 0.314 N
5 An astronaut falls vertically from a space vehicle and hops on the moon. The following
statements are about the forces acting while the astronaut is in contact with the surface of
the moon.

Which statement is correct?

A The force that the astronaut exerts on the moon is always equal to the weight of the
astronaut.

B The force that the astronaut exerts on the moon is always less than the weight of
the astronaut.

C The weight of the astronaut is always equal in magnitude and opposite in direction
to the force that the moon exerts on the astronaut.

D The force that the astronaut exerts on the moon is always equal in magnitude and
opposite in direction to the force the moon exerts on the astronaut.

Answer: D

Newton’s third law

SRJC 20
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6 The diagram shows a metal cube suspended from a spring balance before and during
immersion in water.

A reduction in the balance reading occurs as a consequence of the immersion.

before during
Immersioen mmersien

Which statement is correct?

A The balance reading will be further reduced if the cube is lowered further into the
water.

B The balance reading during immersion corresponds to the upthrust of the water on
the cube.

C The forces acting on the vertical sides of the cube contribute to the change in the
balance reading.

D The balance reading during immersion will be increased if the water is replaced by
oil.

Answer: D

Balance reading =W - U

Density of oil is less than the density of water, therefore the upthrust experienced by the
cube when it is immersed in oil is less than when it is immersed in water. Therefore the
balance reading increases when water is replaced by oil.

SRJC 2017 9749/PRELIM/2017
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7 A student pushes a box from rest along a rough floor with constant friction of 2.0 N.

The graph shows the variation of the force exerted by the student on the box with
displacement.

F ﬁN

15

The final speed of the box after travelling 6 m is 5.0 m s*.

What is the mass of the box?

A 4.68 kg B 5.64 kg C 23.4 kg D 28.2 kg

Answer: A

Using Work-energy theorem,
Net work done = Gain in KE

Work done by F,, =KE, -0

net
%(3+ 6)(13)—2.0(6) = %m(S.O)Z 0
m = 4.68 kg

SRJC 2017 9749/PRELIM/2017
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8 The graph how the potential energy U of an object varies with displacement x.
U

0 X1 X2

Which of the following graphs represents the variation of force acting on the object with
displacement x?

A B

F F
X

0 X1 X2 " 0 X1 X2 "

(o4 D
FA FA

D> » X
0 X1 X2 X 0 X1 X2
Answer: C

Using F = -dU/dx, the graph of F - x will be the negative of potential gradient.

SRJC 2017 9749/PRELIM/2017
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9 The Singapore Flyer wheel is supported at two points on the bottom by motorised mounts
which cause it to rotate anticlockwise with constant angular velocity.

direction of
rotation

motorised
mount

Which of the labelled arrows shows the direction of the force exerted by the motorised mount
on the wheel just as it starts to turn?

Ans: B

There is normal contact force providing centripetal force for circular motion (indicated by
C), plus tangential force (for wheel to start to move from rest) in anticlockwise direction
(indicated by A). Thus, resultant force is indicated by B.

10 Two planets of mass m; and my perform circular motion about their common centre of
mass O with the same angular velocity. If the mean separation between the centres of the
masses is d, what is the distance from the centre of mass m; to the centre of mass of the

system, r?
3 d R
Ca O
(]
0]
ma my
Am g
m,
B m
m,
C
M4
m, +m,
D My
m, +m,

SRJC 2017 9749/PRELIM/2017
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Ans: D

Both masses should move in circular motion with the same anqular velocity.

For m;, ﬂ;‘ﬂi - myraw® - (1)

For my, W:"m“‘ = m,(d— rlwd - (2)

: Wy
Solving (1) and (2), »= m*m:d

11 The escape speed of an oxygen molecule at the Earth’s surface is 1.1 x 10* m s™%.

What is the escape speed at a height of 0.2R above the Earth’s surface, where R is the
radius of the Earth?

0.5x10*ms™
1.0x10*ms™
1.1x10*ms™?
1.2x10*ms™

OO w>»

Ans: B

By conservation of energy,

Total initial energy = Total final energy
KEi+PEi=0+0

% mvi? + ((GMm/R) =0

lmvé +( GI\/Imj:0+0
2
iR~

e

[2GM

V _—
R
2GM

Vioar (1+0.2)R

v [2GM

R

Vioar /%(l.lxlO“)zl.OxlO“msl

iR

SRJC 2017 9749/PRELIM/2017
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12 2.0 kg of solid X and 1.0 kg of solid Y are separately heated by two heaters of the same
power. The power output of the heaters is the same throughout the whole experiment. The
following graphs show the variation of the temperatures of X and Y with time.

W H ' HEN HH
| 1 || | | | | 1 | 1 11 1
8/°C o e e e
| | 1,1
I'1 1 | | [ 11 T IV
80 T 1 . 1T ]
i | || i { i ; || *_I
111 [ T : _l : FoAH
60 - INEEE A (Lt |
I,‘ | | : I
40 . : N I :
/ | "__,-r_ ; | !
I ARD i R HEE . 1
A aailnn - HEN |
20 A ] NEE
. 17 5 o
0 S R R — —_t . time/min
5 1 51 PO 25 - 30 35
' | 1] 11
What is the ratio of the specific heat capacity of solid X to solid Y ?
A 1:3 B 1:6 C 2:3 D 3:2

Ans: B

Since power is the same,
My Cx ABx / tx = mycy ABy / ty
2 ¢x(30)/5=1c¢y(20)/10
Therefore, ¢/ cy=1:6

13 The volume of Bulb X is twice that of Bulb Y. They are filled with the same ideal gas and
are connected by a narrow tube, as shown. A steady state is established with Bulb X held
at 300 K and Bulb Y at 600 K. If there are n moles of gas in Bulb X, how many moles of gas
are there in Bulb Y?

600 K
300 K

A Van B Von C n D 2n

SRJC 2017 9749/PRELIM/2017
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Ans : A
PV = nRT
Since gases are connected, Py = Py

VX _ mETx

Therefore, T——
. n(300)
1t (600)
Ny =%n

14 A certain simple pendulum swings with a period of 1.0 s. The bob of such a pendulum is
given a small displacement and released at t = 0. Which diagram correctly shows the bob’s
kinetic energy Ex and its potential energy Ep varies with time?

Energy Energy
A A
\‘
\.
\
\ .
: /
\ .
A B
Ener
Energ‘{ gX
~. o
\ .
. /
. E
\ Y — Ee
N '
« /./ __ Ex
— — > t/s
0.5 1.0
Cc D
Ans : B
Eqns of the 2 graphs are given by :
1
E,=—mv
2
l 2y, 2 2
:Emw X,~ COs” wt
1 2
E, == mw’x
2
1 2 qirn?
:Emwzxo sin® at
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15 Two objects P and Q are given the same initial displacement and then released. The
variation of their displacements with time t are as shown in the given graphs. The two
objects are then driven by sinusoidal driving forces of the same constant amplitude and of

variable frequency f. Which of the following graphs correctly shows how the amplitudes A of
P and Q varies with f ?

Displacement

Displacement
A

A

Q

. t
VAR

Ans: C

Amplitude-frequency graph should increase to a peak at the natural frequency
and decrease thereafter. P and Q appears to have similar natural
frequencies. P is lightly damped while Q has greater degree of damping.
Therefore, amplitudes of P and Q will peak at similar frequencies with peak
for Q lower and occurring at a slightly lower frequency.

SRJC 2017 9749/PRELIM/2017
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16 An unpolarised wave passes through polariser O such that the emerging wave is plane-
polarized with an intensity of 2.0 W m=. A second polariser P is placed further such that the
plane-polarised wave is incident normally on it. Polariser P is rotated clockwise by an angle
of 60°.

OO

\6 :

4
4

%

wave direction

»

unpolarised wave

l\\o‘
Sy

What is the intensity of the wave after passing through polariser P ?

A 0.25 Wm?2 B 0.5 Wm2 Cc 1.0 Wm? D 2.0 Wm?

Ans : B
Using Malus’ Law, I, =1, cos? 6
= 2.0 (cos? 60°) = 0.5 W m?

17 A diffraction grating is used to measure the wavelength of monochromatic light as
shown below.
grating — |

monochromatic %7 70.0°

light

The spacing of the slits in the grating is 1.00 x 106 m. The angle between the first order
diffraction maximas is 70.0°.

What is the wavelength of the light?

A 287 nm B 470 nm C 574nm D 940 nm

Answer: C

Using, d sin 6 = nA

A=(dsinB)/n

For the question,n=1,0=70/2=35° d=10"°%m,
L =(109) (sin 35°) / (1)

=574 nm

SRJC 2017 9749/PRELIM/2017
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18 A stationary wave is formed in an open tube as represented in the diagram.
> >

How many antinodes are formed by a stationary wave of twice the frequency?

A 2 B 4 C 5 D 6

Ans: C
By drawing the stationary waves that has twice the frequency of fi, it can be counted that
there are 5 antinodes.

T ————
—
- -

fy

2f,

19 The diagram shows four point charges arranged in the corners of a square. What are the
values of the electric field strength E and the electric potential V at a point X in the middle
of the square ?

+ Q _ Q
X
+Q -Q
E \Y
A not zero Zero
B not zero not zero
C Zero not zero
D Zero Zero
Ans: A -
-Q o0 Let the distance from charge
/'EL to X ber.
<> Direction of resultant E | V"€ *Q/4mer + (+Qlane)
SRJC 2017 0 + (-Q/4ne) + (-Ql4ns)
0
+Q
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20 An electron has a de Broglie wavelength of 5.6 x 10'* m. It enters an electric field with
strength of 2.3 x 10* V m* as shown.

electric field

electron path

How long will it take for the electron to stop after it enters the electric field?

A 50x10%8s B 2.0x10%s C 3.2x10°s D4.2x102s
Ans : C
A =h/p = h/mv
Therefore, v=h/mA ----- (2)
F=qE=ma

a=gE/m ----- (2
Using v =u + at where v = 0, and u = h/mA and a = -qE/m
0 =h/mj - (QE/m) t
Therefore, t = h/AQE = 6.63 x 1034/(5.6 x 1011 x 1.6 x 10%® x 2.3 x 10%)

=3.2x10°s
21 The |-V characteristics of two electrical components P and Q are shown below.
2.0
ITA
1.5
P /
Q
1.0 /
/
U
0 2.0 4.0 6.0 8.0

VIV

Which statement is correct?
A Pisaresistor and Q is a filament lamp.
B The resistance of Q increases as the current in it increases.
C At 1.9 Athe resistance of Q is approximately half that of P.
D At 0.5 A the power dissipated in Q is double that in P.

Ans: D

A. Q is a thermistor.

SRJ B. Resistance of Q decreases as current in it decreases.

C. At 1.9 A, the resistance

D. P = IV. When the curren at Q is double that at P.
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22 An ideal cell and four identical bulbs are connected as shown.
1
TS 105
4
Bulb 3 is removed. Which of the following describes the changes in the brightness of bulbs 1,
2 and 4?
Bulb 1 Bulb 2 Bulb 4
A dimmer brighter brighter
B dimmer brighter dimmer
C brighter dimmer brighter
D dimmer dimmer dimmer
Ans: B
With bulb 3 in parallel to bulb 2, the potential difference across bulb 2 is a smaller fraction of the
cell's e.m.f as compared to that of bulbs 1 and 4.
With bulb 3 removed, the potential difference across bulb 2 increases while those of bulb 1 and
bulb 4 decrease correspondingly. With fixed resistance, power dissipated increases as potential
increases, hence bulbs 1 and 4 became dimmer and bulb 2 became brighter.
Alternatively,
Before bulb 3 was removed,
Rew =R+ l+i +R =25R
R R
Vv Vv
lioer = ﬁ =0. E = lpus = loua
V
lbubz = lous = O-ZE
After bulb 3 was removed,
R, =R+R+R=3R
\% \
liorar = ﬁ = 0335 = lpups = loubz = louna
Sy, @nd 1., decreased, I, increased
since brightness o« power dissipated =I°R
SR‘JC buIbS l and 4 became dir\nmar hiilh 2 harama hrinhtar
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23 Each resistor has a similar resistance of 10 Q. What is the equivalent resistance of the
circuit shown in the figure below between points P and S?

P Q
R S
A 10Q B 20Q C 300 D 40 Q
Ans: C — |
Po— 1 —f oS
—
Res = 10 + [1/20 + 1/20]* +10 =30 Q

SRJC 2017 9749/PRELIM/2017
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24 Two long, parallel, straight wires X and Y carry equal currents into the plane of the page as
shown. The diagram shows arrows representing the magnetic field strength B at the
position of each wire and the magnetic force F on each wire.

By (field strength at X due to Y)

X F = %{%} Y
Bx (field strength at Y due to X)

The current in wire Y is doubled. Which diagram best represents the magnetic field
strengths and forces?

A
&
X RQ——>F 2F ? Y
B
X
B
BY
X oOF  2F %} Y
BX
C
28,
x X oF F Y
28,
D
28,
x X oOF  2F %} Y
BX

Ans: D

When current in wire Y doubled, field strength at X due to Y = 2By,
_| the magnetic force on X due to Y = 2By(l)(L) = 2F,
SRJC ? The magnetic force on Y diie tn X = RUPN(1) = 2F nnnn<ite in direction.

(obevina Newton’s 3 L
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25 p 0

T e e o  a em Em Em A e

constant

H 1

] I

1 1

] ]

] t

] ]

. 1
velocity : X x X X x
§ 1

’ 1 1
box X X x x

1 1

1 1

] 1

] 1

Y X

In the diagram above, XYZ is a small right-angled triangular metal frame moving with a
constant velocity across a rectangular region PQRS with a uniform magnetic field
pointing into the paper. Which of the following graphs best shows the variation of the
current | induced in the frame with time t?

A Cc

Ans: C

As triangle enters into magnetic field, area increases at an increasing rate, thus induced emf
increases and induced current increases until the whole triangle is inside the magnetic field.

As triangle exits from the magnetic field, area decreases at an increasing rate, and induced

current increases to maximum until the triangle leaves the magnetic field.

SRJC 2017 9749/PRELIM/2017
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26 The primary coil of a transformer is connected to an alternating voltage supply. The
secondary coil is connected across a variable resistor.

primary secofndary

/

110

&
P

Which change will cause a decrease in the p.d. across the secondary coil?
A increasing the number of turns of the primary coill

B increasing the current in the primary coil

C increasing the cross-sectional area of the secondary coll

D

increasing the resistance of the variable resistor

Ans: A

Ve/Vp = No/Np

27 Some of the energy levels of the hydrogen atom are represented in simplified form by the
given diagram which has a linear scale. The emission of blue light is associated with the
transition of an electron from Es4 to E2. Which of the following transitions could be
associated with the absorption of the red light ?

A
E4
Es
increasing
energy E2
Ei1
A E2 to E3 Ans A
B E;to Es Absorption transition is in the direction of increasing energy.
AE = hf
Cc Esto E2 Since fred < fowe, therefore AEeq < AEpiue
D Eato E1

SRJC 2017 9749/PRELIM/2017



24

28 The momentum of a proton is measured with an uncertainty of 1.0%. Given that it has
kinetic energy of 1.00 MeV, which of the following is the minimum uncertainty in its position?

A 1.1 x101m B 29x1012m C 1.1x10%2m D 7.0x101m

Ans : B
E = p%2m,
p = V(2mE)
=V (2x1.67x10?7x 1.6 x 10'13)
=2.312 x10?°kg m s?
Therefore uncertainty in p = 0.01 x 2.312 x 10%°
=2.312x 1022kg m s
AXAp > h
AX>6.63 x 10%4/2.312 x 10%?
=2.87x10%m

29 In an experiment on o-particle scattering, a-particles are directed onto a gold foil, and
detectors are placed at positions P, Q and R as shown in the diagram below.

What is the distribution of a-particles as recorded at P, Q and R respectively?

gold foil
P._. .- Q

a > BRI I acll . R

Position P Position Q Position R
A none none all
B none some most
C most some fewer than at

position Q

D fewer than at some most

position Q

Answer: D

Majority of the « -particles managed to pass through the gold foil without being deflected
since the atom consists of mostly empty space.

30  Which statement about alpha, beta and gamma radiation is correct?
A Alpha radiation has the greatest ionising power.
B Beta radiation has the greatest ionising power.
C Gamma radiation has the greatest ionising power.
D Alpha, beta and gamma radiation have nearly equal ionising powers.

Answer: A
lonisation power
Alpha radiation > beta radiation > gamma radiation
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Data

speed of light in free space
permeability of free space

permittivity of free space

elementary charge

the Planck constant

unified atomic mass constant
rest mass of electron

rest mass of proton

molar gas constant

the Avogadro constant

the Boltzmann constant
gravitational constant

acceleration of free fall
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DATA AND FORMULAE

Formulae

uniformly accelerated motion

work done on/by a gas

hydrostatic pressure
gravitational potential

temperature

pressure of an ideal gas

mean translational kinetic energy of an ideal gas molecule
displacement of particle in s.h.m.

velocity of particle in s.h.m.

electric current

resistors in series

resistors in parallel

electric potential
alternating current/ voltage

magnetic flux density due to a long straight wire

magnetic flux density due to a flat circular coil

magnetic flux density due to a long solenoid

radioactive decay

decay constant
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1 In order to determine the value of the gravitational acceleration g, a student throws a ball at a

speed of 15 m s horizontally from a building.

(a) The student collects the following data for the ball when it reaches the ground.

Quantity Value Absolute Uncertainty
Vertical displacement 122.500 m 0.002 m
Horizontal displacement 75.000 m 0.002 m
(i) Show that the time taken to reach the ground is 5.0 s. [1]
Consider the horizontal direction,
Sy = Uyt
t= 7.0 [M1]
15
=5.0s
(i) The uncertainty of the time taken is 0.4 s.
Determine the value of g, with its associated uncertainty.
Consider the vertical direction,
1., 1 o
Sy = Uyt +Egt = Egt
2s, 2(122.5)
=Y = =9.80ms? [M1
ST 5.0° ML)
A As At _0.002
e Y L 2(—) [M1]
g S, t 1225
Ag=2ms™* (1s.f)
g+Ag=(10+2)ms™? [A1]
[0 [T o m s [3]
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(b) In the absence of air resistance, the variation of the vertical speed v of the ball with time
tis shown in Fig. 1.1.

Correct shape — a curve that
is lower than the original
graph [B1]

>

v/mst4

i The duration of motion is
| 7 more than 5.0 s, and the
! initial gradient is the same
i as the original graph [B1]

5.0 t/s

Fig. 1.1

(i) Inreality, there is air resistance. Sketch the graph of variation of vertical speed with
time on Fig. 1.1, and label this graph Z. [2]

(ii) Explain the shape of the graph Z.

As the ball falls downwards, its speed increases and therefore upward air
resistance acting on it also increases. [B1]

The net force acting on the ball decreases, therefore the acceleration
decreases, resulting in the gradient of graph Z being gentler than that of the
original graph. [B1]

SRJC 2017 9749/PRELIM/2017 [Turn Over
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2 Truck X of mass 22 000 kg and moving at a speed of 3.0 m s, catches up and collides with Use

Truck Y moving at 1.0 m s’ moving in the same direction as shown in Fig. 2.1.

3.0ms? 1.0ms*
; _—
— » spring buffers
Truck X Truck Y OJ

Fig. 2.1

Fig. 2.2 shows how the speeds of the trucks vary with time t before, during and after the

collision.
speed 1
/mst
3.0
2.0
1.0
Fig. 2.2
(a) Using Fig. 2.2, show that the mass of Truck Y is 66000 kg. [1]

Using Principle of Conservation of Linear Momentum,

Total momentum before collision = Total momentum after collision
or

MxUx + MyUy = MxVx + MyVy

22000(3.00) + my(1.00) =0 + my(2.00)  [M1]

my = 66000 kg

(b) Showing your working clearly, explain whether this collision is elastic. [2]

Total kinetic energy before collision = %2 x 22000 x 32 + % x 66000 x 12
= 99000 + 33000
=132 000J
Total kinetic energy after collision =0 + % x 66000 x 22 = 132 000 J
[M1 for both total KE before and after]
Since total kinetic energy of the system is conserved, collision is elastic. [Al]

OR

Relative speed of approach =ux—-uy=3-1=2ms?

Relative speed of separation =vy—vx=2-0=2ms*

SRJC 2(0 [M1 for both RSA and RSS]

Since the speed of ap , collision is elastic.[Al]
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(c) (i) State the time at which the trucks are closest to each other.

At 1.500 s, when the relative speed is 0 m s

(ii) 1. Calculate the total kinetic energy of the two trucks at the time stated in (c)(i).
At 1.500 s,

Total KE:% m,Vv,” + % m, Vv, >

= %(22000)(1.5)2 + %(66000)(1.5)2 No ecf from (c)(i)
=99000 J [A1]

total kinetic energy = ...............eee. J[1]

2. Hence, calculate the maximum elastic potential energy stored in the spring buffer
during the collision.

Using Principle of Conservation of Energy from 0.100 s to 0.150 s,
Gain in EPE
= Loss in KE
= %(22000)(3.0)2 + %(66000)(1.0)2 —-99000
=33000 J [A1]
OR
Using Principle of Conservation of Energy from 0.150 s to 0.200 s,
Loss in EPE
= Gain in KE
= %(66000)(2.0)2 —-99000
=33000 J [A1]
maximum elastic potential energy stored = ...................... J [1]

(d) (i) Calculate the magnitude of the impulse exerted by Truck X on Truck Y.

Impulse

change in momentum of Y
66 000 x (2—-1) [M1]
66 000 N s [A1]

magnitude of impulse = ...................... N s [2]

(ii) If the duration of the collision is reduced, with initial and final speed of both trucks
remain unchanged, state and explain how this affects your answer in (i).

The change in momentum of Truck Y remains the same since there is no change in
the initial and final speeds of both trucks.

By Impulse-momentum Theorem, the impulse remains unchanged. [B1]

1]
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3 (a) State what is meant by coherent sources.

Coherent sources are sources that emit waves with constant phase difference. [B1]
This means that the waves have the same frequency/wavelength/speed (any 2). [B1]

(b) A stereo system in a large hall has two identical speakers, S; and S,, placed 1.2 m apart
as shown in Fig. 3.1. The amplitude of the output of each speaker is proportional to the
potential difference across its terminals, which is adjusted by means of a balance control.

C

S, __’_B__

I
I

1
1
1
|
1
balance - | .
1
1
1
1
1
1
1

control S

Fig. 3.1 (not to scale)

Initially, the speakers are emitting signals of frequency 1000 Hz which are in phase. The
balance control is set such that the potential difference across the terminals of both
speakers are the same.

Line AC is 15 m away from the speakers. An observer hears a loud sound of intensity
Inaxat A. As he moves along the line AC, 15 m away from the speakers, he observes that
the intensity of the sound first falls to zero at point B, a distance y from A. The speed of
sound in air is 330 m s,

(i) Determine the distancey.

y = 0.5 x where x = D [M1] and 2 = \f/_ since B is at minimum intensity.
a

330
G0

(1.2x2)
y=2.1mI[Al]

SRJC 2017 9749/PRELIM/2017
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(ii) By calculating the path difference of the two sound waves arriving at B, determine

the next higher frequency of the speaker such that point B would also be a point of
Zero intensity.

Since B is a point of minimum intensity, the path difference of S; and S, at point B,

s;s-s;s:%:%:o.ms m [M1]

For other wavelengths A, point B will be at zero intensity if the path difference is
(n +lj/1.
2
Therefore,
(n +%j/1 =0.165m where n = 1 [M1]
A=0.11Im
Usin f:l,
9 A
(330
A
f = 3000 Hz [A1]

Alternatively,
For different wavelengths A, point B will be at zero intensity if the path difference is

iy

As frequency increases, wavelength decreases.
Hence, since path difference is unchanged [M1],

1 1
((HEJ% :(Hijﬂ“[ml

A, =34,

Since f = —,

v
A
f =3f, =3000Hz [A1]

frequency = ... Hz [3]

(iii) With the speakers emitting the original signal frequency of 1000 Hz, the balance

control is now adjusted such that the potential difference across the terminals of S;
is reduced while the potential difference across the terminals of S, is unchanged.
Suggest and explain any changes to the sound heard at B.

A sound is now heard at B (or the intensity of the sound at B is larger). [B1]
This is because there is now a difference between the amplitudes of the sounds at B,
resulting in incomplete destructive interference. [B1]

9749/PRELIM/2017 [Turn Over
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(c) Monochromatic light is passed through a rectangular slit of width b of 0.20 mm. The light is
observed on a screen placed 0.75 m from the slit, as shown in Fig. 3.2.

Light

b I 0.20 mm

vV vy Vv Vv Yvyy

0.75m

= screen

Fig. 3.2

Light passing through the slit is diffracted through an angle 6.

The variation of the intensity | of the light with the angle 6 of diffraction is shown in Fig. 3.3.
The maximum value of intensity is lo.

The angular separations between successive minima are the same.

I A

lo

0.25 1o

6, 6
Fig. 3.3

(i)  The value of 6, the location of the second order minima, is 0.338°.
Determine the wavelength of the monochromatic light.

sint9=i
b
A =D sin 6; [M1]

= (0.2 x 10?®) sin (0.338°/2)
=590 nm [A1]

wavelength =

SRJC 2017 9749/PRELIM/2017
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(iii) Determine the angle between two beams of light incident on the slit, each of the same
wavelength as in (i), such that their diffraction patterns are just resolved. Explain your
working.

[B1]: 0.169°
[B1]: For patterns to be just resolved, central maximum of one beam must lie on
the first minimum of the other.

(iii) Sketch, on the axes of Fig. 3.3, how the intensity of the light varies with 8 if the slit width
is halved. Label any relevant intercepts on your sketch. [2]

[B1]: Maximum intensity = 0.25 o
[B1]: First order minimum occurs at 0.338°.

SRJC 2017 9749/PRELIM/2017 [Turn Over
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4 (a) Define the tesla.

If a straight conductor carrying a current of 1 ampere [B1] is placed at right angles to a
uniform magnetic field of flux density 1 tesla [B1], then the force per unit length on the
conductor is 1 newton per metre. [B1]

(b) lons, all of the same element, are travelling in a vacuum with a speed of 9.6 x 10* m s™.
The ions are incident normally on a uniform magnetic field B of flux density 320 mT. The
ions follow semicircular paths A and B before reaching a sensor, as shown in Fig. 4.1.

uniform magnetic field

sensor In vacuum

>
path of ions

Fig. 4.1

The diameters of paths A and B are 6.2 cm and 12.4 cm respectively. The ions in path B
each have charge +1.6 x 10'1° C.

(i) Explain why the path of the ions in the magnetic field is an arc of a circle.

The magnetic force provides the centripetal force for the ions. [B1]

It is always perpendicular to the velocity of the particle (using the Fleming’s Left Hand
Rule), thus it changes only the direction but not the magnitude of the velocity. [B1]
Since the particle’s speed remains constant, the magnitude of the magnetic force will
also remain the same, with the direction of the force towards a fixed centre of

rotation/with the radius remaining the same, resulting in its path being the arc of a
circle. [B1]

SRJC 2017 9749/PRELIM/2017
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(i) Calculate the mass of the ions in path B.

Bqv = mv?/r [B1]

m = Bqr/v
= (320 x 103 x 1.6 x 109 x 6.2 x 102) / (9.6 x 10%)
=3.31 x 1026 kg [B1]

MasS = ....cooevvnennns kg [2]

(iii) Explain reasons for the difference in radii of the paths A and B of the ions.

The radius of the paths depends on the mass-charge ratio of the ions, since the
velocity of the ions, and the magnetic field strength is the same.

Hence, path A has a smaller radius because of the ions having the same charge but
smaller mass compared to those in path B [B1].
OR

Hence, path A has a smaller radius because of the ions having the same mass but
larger charge compared to those in path B [B1].

SRJC 2017 9749/PRELIM/2017 [Turn Over
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5 (@) (i) Define binding energy.

Binding energy is the amount of energy required to completely separate a nucleus
into its constituent nucleons such that the nucleons are infinitely far apart.

(ii) Sketch a graph in Fig. 5.1 to show the variation of the binding energy per nucleon
with nucleon number. Label the value of nucleon number and binding energy per
nucleon for the isotope that has the highest binding energy per nucleon. [2]

binding energy a
per nucleon /
MeV

»

Fig. 5.1

»

nucleon
number

For
Examiner’s
Use

A BE per
nucleon/MeV

8.8 -

»

56

>
nucleon number A

Shape of graph [B1]

Labelling Fe-56 and the
value of its BE per
nucleon [B1]

(iii) With reference to your graph drawn in Fig. 5.1, explain how fission can be a
potential source of energy.

In nuclear fission, a heavy nucleus splits to give two daughter nuclei of greater binding
energy per nucleon. [B1]

Binding energy is the product of the binding energy per nucleon and the number of
nucleons. Since the binding energy of the products is greater than the binding energy of

the reactants, energy is released. [B1]

SRJC 2017
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(iv) A typical nuclear fission reaction that involves uranium-235 is represented by the
equation

235 141
HU+n—->Kr+ Ba+3n

Data for the binding energy per nucleon for the different nuclei are given in the table
below:

Nuclei Binding energy per nucleon / MeV
zggu 7.59
Kr 8.51
“Ba 8.33
1. Deduce the number of protons and neutrons in the Kr nucleus.

No. of nucleons =235+ 1 —-141 -3 =92
No. of protons = 92 — 56 = 36 [A1l]
No. of neutrons = 92 — 36 = 56 [Al]

number of protons = ...
number of neutrons = ...................... [2]

2. Calculate the energy released in the above reaction.

Energy released = BEproducts = BEreactants
= 92(8.51) + 141(8.33) - 235 (7.59)  [M1]
=173.8 MeV
=173.8x1.6x10%J
=278 x 1011 J [Al]

energy released = ...................... J[2]

9749/PRELIM/2017 [Turn Over
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(b) A stationary 2§§Ra nucleus undergoes beta minus decay to form an actinium isotope.

The actinium isotope and beta particle move as shown in Fig. 5.2.

—)

actinium beta particle
isotope

Fig. 5.2

Explain why a neutrino must also be released in this process.

Initial momentum of the Ra nucleus is zero. According to the Principle of
Conservation of Linear Momentum, a neutrino with a vertical momentum that is
in opposite direction to that of the beta particle must be released in order that
the final momentum of the system is zero.

(c) Scientists have worked out the age of the Moon by dating rocks brought back by the
Apollo missions. They use the decay of potassium ‘l‘gKto argon ‘,‘gAr, which is stable.
The decay constant of potassium-40 is 5.3 x 10-1° per year.

(i) Explain what is meant by the decay constant of potassium-40 being
5.3 x 10719 per year.

The probability that a particular potassium-40 nucleus will decay within a year is
5.3 x 10°1°.

(i) Sketch a labelled graph on Fig. 5.3 to show how the activity of j; K changes with
time if the initial activity is A.. Mark on your graph the value of the half-life of‘l‘gK .

[2]

A/Bq

0 t/year
Fig. 5.3
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Shape [B1] A/Bq

In2  In2 9
= TE3x10T =1.31x10" years [B1] A,

1
2

Ad2

0 1.31x10° t/year

(iii) In one rock sample the scientists found 0.84 ug of argon-40 and 0.10 ug of

potassium-40.
1. Calculate the activity of the potassium-40 in the rock sample.

A=XiN
~10 -6
_ 53x10 Pixﬂ)xaﬂzm0ﬁ [M1]
365x24x60x60 40

=0.0253 Bq [A1]

activity = ... Bq [2]

2. Calculate the age of the rock sample in years.

N=Ne™

Since molar mass is the same for both K-40 and Ar-40,
M=Me™

0.1=(0.1+0.84)e (540 ™x [M1]

t =4.23x10° years [A1]

age of rock sample = ...................... years [2]

3. State any assumption that you have made for the calculation in 2.

All the argon-40 is formed from the decay of potassium-40. [B1]

SRJC 2017 9749/PRELIM/2017 [Turn Over
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Explain why the determination of the decay constant by measuring the mass and
activity of a sample is not suitable for nuclides that have relatively large decay
constants.

(The activity in radioactive decay is not a constant value, but decreases with time as
the number of radioactive nuclide remaining decreases.) If the decay constant is
large, then the half-life is short (T2 = In2 / A). Thus over a relatively short time of
measurement, the activity and mass would not remain fairly stable. [B1]
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6 A capacitor is an electrical device which can store charges and energy. A simple parallel plate
capacitor consists of two parallel conducting plates separated by an insulator, as shown in
Fig. 6.1.

insulator

/

+
+
+

conducting plates
Fig. 6.1

When charged, the two plates carry opposite charges of the same magnitude. The relationship
between the amount of charge stored Q, the potential difference V between the plates and the

capacitance C is given by the equation

(a) Deduce the base units of C.

[Q] = [CV]

[Cl1=[Ql/[VI=[Q]/[WIQ] =[] /[W]  [M1]
= A’s?/ kg m? s2 [M1]
= A%kgtm2s* [A1]

DASE UNITS = | ..o eeeeeer e eeee e eemeenem [3]

SRJC 2017 9749/PRELIM/2017 [Turn Over



(b) The capacitor is now charged. Fig. 6.2 shows the values of potential difference V and the

corresponding amount of charge Q.

20

On Fig. 6.3,
plot the missing data points from Fig. 6.2.

(i)
(ii)

SRJC 2017

sketch the best fit line to show the variation of the amount of charge Q with the

\YA" Q/ uC
0.0 0.0
0.4 19
1.3 6.1
3.0 14.3
3.3 15.5
4.2 19.7
51 23.5
Fig. 6.2

potential difference V between the plates.
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A I
VIV 6
V.
7
5
4
V.
ya
'V
3
W
‘A
2 n
1 v
V.
%
4
0 » Q/pC
0 5 10 15 20 25 30
Fig. 6.3
(iii) State the quantity represented by the:
1.  gradient of the graph,
L/Correciprocal of capacitance C | e [1]
2.  areaunder the graph.
Electrical energy stored in capacitor [1]
(iv) Hence, show that the energy E stored in a capacitor is %2 CV?.
Area=%QV [1]
=Y CV?
[1]
SRJC 2017 9749/PRELIM/2017 [Turn Over
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(c) The capacitor is now discharged by connecting it across a resistor of resistance R as Use

shown in Fig. 6.4.

Fig. 6.4

Fig. 6.5 shows the variation with time t of the potential difference V across the resistor.

viv 71

rd

i
pd

0 » t/ ms
0 10 20 30 40 1 50 60 70

Fig. 6.5

(i) Using Fig. 6.3 and Fig. 6.5, determine the initial amount of charge stored.

From Fig 6.5, att=0, V =6.00 V [M1]
From Fig 6.3, read off best fit line. At 6.00 V, Q = 28.00 uC [A1]

-1m overall for wrong d.p.

SRJC 2017 9749/PRELIM/2017
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(ii) Hence, calculate the capacitance C.

Q=CV

C=QN
=28.00 X 10%/6.00 [M1]
=4.67x108C V1 [Al]

capacitance = CV1i[2]

(iii) Calculate the energy lost when the capacitor has been discharged for 45 ms.

At45ms, V=195V [M1]

Energylost =%C (Vi#-VF) [M1]
= 1 (4.67 x 10°) (6.002 — 1.952)
=752x105J [A1]

-1m overall for wrong d.p.

energy lost =

(d) The graph in Fig. 6.5 can be represented by the following equation, where V, is the initial
potential across the resistor R.

V =V,e URC

State how the value of RC affects the rate of discharge of the capacitor.

A greater value of RC slows down the rate of discharge. [1]

(e) Fig 6.6 shows an A.C. supply connected to resistor-capacitor (RC) circuit containing an
ideal diode. Fig 6.7 shows the potential difference measured by the CRO.

\switch S

~ @9 = [] c—

Fig. 6.6

SRJC 2017 9749/PRELIM/2017 [Turn Over
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Fig. 6.7

Switch S is now closed. When the diode is in forward bias, current flows through both
the resistor and the capacitor. When the diode is in reverse bias, the capacitor
discharges through the resistor.

(i) Sketch on Fig. 6.7, the expected display on the CRO. [1]

(ii) State what the RC circuit does to the wave on the CRO.

Smoothen the ripples (of a half wave rectified signal). [1]

END OF PAPER
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Section A: Answer all questions

A uniform rod of weight 20 N is freely hinged to a wall at P as shown in Fig. 1.1. It is held
horizontal by an elastic cord made of material X of force constant 10 N cm™, attached at Q at

an angle of 15° to the rod.

elastic cord X
15°

/ P rod Q

Fig. 1.1

(@) Show that the extension of the elastic cord X is 3.86 cm.

(2]

Let L be the length of the rod and x be the extension of elastic cord.
Using Principle of Moments, taking moments about point X
Sum of clockwise moment = Sum of anticlockwise moment

Or

W (0.5L)=(Tsin 15°) L [B1]
20 (0.5L) =(10x sin 15°) L [B1]
X =3.86 cm

(b) Determine the magnitude of the resultant force acting at P.

Consider vertical forces

Taking upwards positive

Tsin15°+ R+ (-W) =0

38.6sin 15° + R, + (-20) =0 [M1]
R,=10.0N

Consider horizontal forces

Taking rightward positive

R1+ (-T cos 15°) =0

Ry +(-38.6 cos 15°) =0 [M1]
R1=37.2N

R =R +R,2 =10.0° +37.22 =38.5 N [Al]

magnitude of resultant forceatP = .............
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(c)

5

The elastic cord X is now replaced by two other identical elastic cords of the same
unstretched length as elastic cord X. These two elastic cords are connected in parallel.
The rod PQ remains horizontal.

State and explain the value of the force constant of each of the new elastic cords.

Each elastic cord experiences half of the tension as that in elastic cord X. Since
the extension of each cord is the same as that of elastic cord to keep rod PQ
horizontal [M1], therefore the force constant of each of the new cord is 5 N cm-2.
[A1]

OR ..[2]
Since the elastic cords are connected in parallel, their effective force constant is
same as that of elastic cord X, and the effective force constant is the sum of the
force constants of the two cords [M1]. The force constant of each of the new cord
is 5N cm. [Al]

SRJC 2017
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2 (a)

(b)

6

State the first law of thermodynamics, indicating the directions of all energy changes.

Increase in internal energy of a system is the sum of the heat supplied to
(or absorbed by) the system, and work done on the system.

[1 mark for AU = Q + W, 1 mark for indicating correct direction, ie increase
in internal energy, supplied to and work done on]

A heat pump contains a fixed mass of ideal gas undergoing a cycle of changes of

pressure, volume and temperature as illustrated in Fig. 2.1.

Pressure / 10° Pa

12

A

» Volume /103 m3

Fig. 2.1

The increase in internal energy which takes place during three of the changes are as
shown in Fig. 2.2. It is also known that no heat is supplied in the changes A - B and
C > D.
Complete Fig. 2.2.

(i)

Chanae Increase in Heat supplied Work done
9 internal energy / J togas/J ongas/J
A—>B 720 0 720
B>C -810 -810 0
C->D - 360 0 -360
D>A 450 450 0
. 0.5 marks for each correct
Fig 2.2 answer except for Q for 4]
A->B and C->D, combined
SRJC 2017 9749/PRELIM/2017 | 0-5marks
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(ii)

7
Given that the temperature at C is 360 K, calculate the number of molecules, N, in the
heat pump.
PV = NKkT

(12 x 105)(0.45 x 10-3) = N (1.38 x 1023)(360) [M1]
N = 1.09 x 1023 [A1]

number of molecules = ......................

(iii) Given that the total kinetic energy of the gas molecules, Ex is given as Ex = 3/2 NKT,

using your answers in (i) and (ii), determine the temperature at D.

Since this is an ideal gas, AU = AEk.

Considering the process C to D,

AU = -360, AEk = 3/2NKAT,

Therefore, -360 = 3/2NKAT [M1]

= 3/2 (1.09 x 10%%)(1.38 x 102%) AT
AT = -160K [M1]
Therefore, temp at D = 360 + (- 160)
= 200 K [A1].

OR

Ex at C = 3/2 NKT = 3/2 (1.09 x 10%%)(1.38 x 10%%)(360) = 810 J [M1]
Ek at D = 810 — 360 = 450 J [M1]

Using Ex = 3/2 NKT

450 = 3/2 (1.09 x 10%*)(1.38 x 10%%) Tp

To=200K [A1]

SRJC 2017
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(iv) Given that the gas is Helium-4, calculate the root-mean-square speed of the Helium Use

molecules at C.

% m<c?> = 3/2kT

V<c2> = \3kT/m
= 3(1.38 x 102%)(360)/(4x1.66x1027) [M1]
= 1,500 m s1[A1]

OR

pV = 1/3 Nm<c?>

V<c2> =V (3pV) / (Nm)
=V 3(12 x 105)(0.45 x 103) / (1.09 x 1023) )(4x1.66x10?7) [M1]
= 1,500 m st[A1]

OR

Ex at C = 3/2 NKT = 3/2 (1.09 x 1022)(1.38 x 102%)(360) = 810 J

%Nm <c?>=810

Cims = 232(810) 27 [M1]
1.09x10%(4x1.66x10™")

=1500 m s™ [Al]

OR

le <c? >=§nRT
2 2

Cons = /:gl\;lﬂ where M, is molar mass
_ /3(8.31)(350) (M1]
4x10

=1500 m s™ [A1]

10 SR 0]21210 B — s1[2]

SRJC 2017 9749/PRELIM/2017
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3 (a) A satellite is in a geostationary circular orbit of radius r about the Earth of mass M, and
appears to remain above the same point on the Earth. The mass of the Earth may be
assumed to be concentrated at its centre.

(i) State two features of a geostationary satellite of the Earth.

1. ... Any2:
1. Period of orbit is 24 hours
______ 2. Satellite lies on a plane containing the Earth’s equator |............
3. Satellite rotates from west to east
2. ... 4, Satellite’s orbital radius is 42300 km |

(ii) Show that the period T of the orbit of the satellite is given by the expression

4l
GN

=

where G is the gravitational constant. Explain your working.

Gravitational force provide the centripetal force [B1]
GMm/r? = mro? [M1]
and since o = 2n/T [M1]

Therefore, T2 = 472r3/GM

[3]

(iii) The mass M of the Earth is 6.0 x 10?4 kg. Determine the radius of the geostationary
orbit.

Using T2 = 4x?r3/GM
(24 x 3600)? = 4n?r3/ (6.67 x 1011 x 6.0 x 10%4) [M1]
r=4.2x 107 m [A1]

(b) The variation of the resultant gravitational potential due to the Earth and the Moon along a
line XY joining the centres of the Earth and Moon is as shown in Fig. 3.1.
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¢l kg

Earth

Fig. 3.1

(i) Given that the mass of the Moon is 7.3 x 10%? kg and the distance between the
centres of the Earth and Moon is 380 000 km, show that the distance from the
centre of the Earth along XY, where the net gravitational field strength is zero, is
342 000 km.

Let x be the distance in km.

Magnitude of Gravitational field strength due to Earth =
magnitude of gravitational field strength due to Moon
GMEe/x? = GMw/(380,000 — x)?

6.0 x 10%*/ x? = 7.3 x 1022/ (380,000 — x)?[M1]

X = 342,000 km

[1]

(ii) Hence, sketch the corresponding net gravitational field strength due to the Earth and
the Moon in Fig. 3.2. [2]

g /N kgt

dRR

342,000

>
5

1 mark for correct shape
| i -
Fig. 3.2 1 mark for marking the x

intercept correctly

SRJC 2017 9749/PRELIM/2017
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() Two point charges A and B are separated by a distance of 8.0 cm in a vacuum, as
illustrated in Fig. 3.3.

8.0 cm
| P |
Ay E B
I |
r-—-*x !
Fig. 3.3

Point P is at a distance x from A along AB. The variation of the resultant potential due to
charge A and B is as shown in Fig. 3.4.

VIV

A

600 [

400

—

200

» XxX/cm

-200

-400

-600

Fig. 3.4
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(i) State and explain whether the two charges are of the same sign.

The 2 charges are of different sign [Al] as the resultant
electric potential varies from negative to positive [M1], or
there is a point where the net electric potential is 0 [M1].

(ii) Calculate the ratio of the numerical value of

Charge of 4
Cherge of B

Atx=6.50cm,Va+Veg=0

Therefore,

|QaldnE ,(6.50)| = |Qs/4nE4(8.00-6.50)| [M1]
Therefore |Qa/Qg| = 4.33 [Al]

(iii) State and explain the direction of the electric field at the point P, where x = 2.0 cm.

Direction is towards the charge A (or to the left) [Al]
Reason :

Electric field strength points towards decreasing potential [M1], or since
charge A is a negative charge and charge B is a positive charge, the
electric field strengths due to A and B are both towards the left at point P
[M1] or

Since E = -dV/dx, since dV/dx is positive, E is negative [M1]

(iv) Sketch the variation of the electric field strength with x in Fig. 3.5. Label where
appropriate.

E/NC?

A

1 mark for correct shape
1 mark for marking where
the turning point is

(accept from 4.5 t0 5.3 cm)

Fig. 3.5
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(v) When a -2.0 nC charge is moved from x = 3.0 cm to 6.0 cm, calculate the change in
kinetic energy of the -2.0 nC charge.

Change in EPE

=qAvV

=-2.0 x 10° (-40-(-100)) [M1]

=-1.2x107J

Since change in EPE is a loss, hence change in KE is a gain of 1.2 x 107 J [A1].

change in kinetic energy = .........ccooieviinecnnnn. J[2]

SRJC 2017 9749/PRELIM/2017 [Turn Over
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4 (a) By reference to the photoelectric effect, explain
(i) what is meant by work function,
________ Minimum (photon) energy that is required to remove an |..................
electron from the surface
...................................................................................................... [1]
(ii) why, even when the incident light is monochromatic, the emitted electrons have
a range of kinetic energies up to a maximum value.
_______ KE is maximum when electrons at the surface are ejected [B1]
KE can be lower than the maximum energy because energy is
_______ required to bring electron deeper in the metal to the surface or
electron loses energy when it makes its way to the surface [B1]
...................................................................................................... [2]
(iii) In an experiment to investigate the photoelectric effect, a student measures
the wavelength A of the light incident on a metal surface, and the maximum
kinetic energy Emax Of 1/A as shown in Fig. 4.1.
A
T I
H B
4 PYNEE
1 - =
i F10%m 2
3
2
4 3 3 N
Eqme/ 10719
Fig. 4.1
SRJC 2017
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1. Without using the value of the Planck constant, determine the work function
of the metal surface.

hc/h = ®© + Emax

1/% = ®/hc + Emax/hc

At x-intercept, ® = - Emax

Either extend line to intersect on x-axis [M1]
Or form eqn of straight line to solve [M1]

® =4.0x 10?7 (allow + 0.2 x 101° J)[A1]

work function = .................. J [2]

2. Using points A and B, determine the Planck constant.

Gradient of line = 1/hc [M1]

Correct coordinates of points to half a square and
correct calculation of gradient [M1]

Correcth =6.6t0 6.9 x 1034 J s [Al]

Planck constant = .......................... Js[3]

(b) Fig. 4.2 shows how x-rays are produced inside an x-ray tube. The electrons emitted
at the filament are accelerated from rest using an accelerating voltage to hit a target
of heavy metal at the anode and produce x-rays as a result.

accelerating voltage

- +

electron beam
((Fo—

heated cathode

vacuum

Fig 4.2

A graph of relative intensity against wavelength of the emitted radiation is as shown
in Fig. 4.3.
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Relative
intensity s Ah ;
l 1
oy gpTuas +
L ]y T
|
1
]
L
i
0 30 60 90 wavelength / 1012 m
Fig. 4.3
(i) State and explain what must be done to the accelerating voltage if the

minimum wavelength of the x-rays emitted is to be doubled.

The maximum energy of the X-ray photon (= hc/hmin) [
emitted is equal to the kinetic energy of electrons upon
hitting target, which is in turn equal to the loss in electric

....... potential energy of the electrons as they are accelerated |........
[M1].

Hence for Aminto be doubled, the accelerating voltage must
....... be halved [Al]

(i) Determine the accelerating voltage used to produce the minimum
wavelength as shown in Fig. 4.3.

Solution

Max energy of x-ray photons = KE gain of electron upon acceleration = EPE loss of electron
[BO]

hC/7\.min = eVa [Ml]
Va=6.63x 103 x3.0x108/(18.0x 10 x 1.6 x 101°)
=69.1 kV [Al]

Accelerating voltage = ...............ccooee e kV [2]

SRJC 2017 9749/PRELIM/2017
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(c) Electrons, accelerated through a potential difference, are incident on a very thin
carbon film, with speed v as shown in Fig. 4.4.

fluorescent
thin carbon screen
film /
electron,
speed v
Fig. 4.4

The emergent electrons are incident on a fluorescent screen. A series of concentric
rings is observed on the screen.

(i) State and explain what the observed rings suggest about the nature of the
electrons.

The observed rings suggest that the electrons behave like waves (or
provide evidence for the wave nature of particles) [M1]

as when light passes through suitable film, diffraction occurs and
similar pattern observed [Al]

Or

concentric circles are evident of diffraction and diffraction is a wave
property [Al]

(ii) The stream of electrons is now replaced by a stream of alpha particles arriving
at the thin film with the same speed v. State and explain the effect, if any, on
the rings observed on the screen.

1 Mass is larger, hence momentum increases

A = h/p so A decreases [M1]

1 Hence radii decrease [A1l] or if wavelength is no longer comparable to
the inter-atomic spacing, there will be no diffraction and hence no

| concentric rings will be observed.

lor e

Mass is larger, hence kinetic energy increases [M1]

1 & = hA(2mKE), so & decreases [M1]

| Hence radii decrease [A1] or if wavelength is no longer comparable to 3]
the inter-atomic spacing, there will be no diffraction and hence no

concentric rings will be observed.
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For
Examiner’s
Use



SRJC 2017

18

potential difference. Determine the ratio

de Broglie wavelength of the proton
de Broglie wavelength of the alpha particle

Since proton and alpha particle are accelerated from rest
through the same potential difference and the charge of the
alpha particle is double that of the proton, the ratio of their
kinetic energy, KE is:

Ey &
= =g =% M1]

Since E = p%2m or p = V(2m KE) and A a 1/p,
Therefore, A o 1V(m KE) [M1]

Therefore ratio = ]]E X |=
qm_u- 5;:-

=4 x 2
= 2.83 [A1]

Or

P
?"
n

!

Gain in KE =

Loss in EPE = qV

Since gain in KE = loss in EPE

921
— = qV
pLITEY

p = ¥ 2mgV

Since A a 1/p and V is constant, therefore ratio = #
I.mﬁqﬁ

™
=v4Xx 2

=2.83

9749/PRELIM/2017
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Section B: Answer ONE out of TWO questions.

5 (a) The headlights of a car are switched on. The distance along the copper connecting wires
between the car battery and one of the headlights is 1.5 m.

(i)  The current in the wire is 3.0 A, the cross-sectional area of the wire is 3.0 x 1077 m?,
and the number density of electrons in copper is 8.5 x 102 m3.

Determine the average time that an individual electron will take to drift from the
battery to the headlight.

| 3
nAe (8.5x10%)(3x107)(1.6x107")

=7.3529x10* ms™ [M1]

Therefore time taken,
. distance 1.5
speed  7.3529x10™

=2040s [Al]

timetaken = ...............oee el s [2]

(ii) Using your answer in (i), comment on how the light of the headlamp comes on
almost immediately when switched on.

Although the time taken for the electron to travel from the car battery to
headlamp is very long (or the drift velocity is very small), ALL the electrons in
the entire complete circuit have a net movement in a single direction [B1] from
lower to higher potential. Thus light comes on almost instantaneously.

.................................................................................................. 1]

(b) An electric heater consists of three similar heating elements A, B, C, connected as shown
in Fig. 5.1.

&
C
— LI 1] >3

Fig. 5.1
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Each heating element is rated as 1.5kW, 240V and may be assumed to have constant

resistance.
The circuit is connected to a 240 V supply.

(i)

(ii)

Calculate the resistance of one heating element.

2
p-Y_
R
2 2
_V_ 280 a8
P 1500

[M1 for formula, Al for substitution and answer]

FESISTANCE = .ot

The switches Si, S; and S; may be either open or closed.

1. When S1, S2 and S3 are all closed, state the total power dissipation of the

heater.

B is bypassed and current flows through A and C. P.d. across A and C is 240V.
So A and C dissipates 1.5 kW each, and collectively 3.0 kW.

total power dissipation = ..........cc.coiiiiiiie e, kW [1]

2. When S1 is closed, S2 is open, and S3 is open, determine the total power

dissipation of the heater. [2]

Current flows through A and B, but not C. P.d. across A and B is 120V
each. Since P=V?/R, power is proportional to V2 (for constant R).

P _ Vi
Poso Vzio
V) 120°
= R =P \fziz =15 5407 =0.375kw [M1]
= P, =0.375+0.375 =0.750 kW [Al]
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3. Hence, determine the total power dissipation of the heater when S1 is closed,

S2 is open, and S3 is closed.

Current flows through A, B and C. P.d. across A and B is 120V each, and as found
in part (2) previously the power dissipated in A and B collectively is 0.75 kW.

P.d. across C is 240V, so power dissipated in C is 1.5kW.

Thus, all together, the total power dissipated in A, B and C

=0.75 + 1.5 [M1]

=2.25kW [Al]

total power dissipation = ..........cooeiiiiiiie e, kW [2]

(c) A circuit used to measure the power transfer from a battery is shown in Fig. 5.2. The
battery has an electromotive force (e.m.f.) E and an internal resistance r. The power is
transferred to a variable resistor of resistance R, when the potential difference (p.d.)
across itis V, and the current through it is |.

—_——_——— — —_— —_——_— —_— —_—— —

T

I

I
L

(i) By reference to the circuit shown in Fig. 5.2, distinguish between the definitions of
e.m.f. and p.d.

The electromotive force of a source is the electrical energy converted from
other forms of energy per unit charge delivered round a complete circuit. [B1]

The potential difference between two points in a circuit is the amount of energy
converted from electrical to other forms of energy per unit charge passing from
one point to the other. [B1]

-1m if no “per unit charge” (2]
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(ii)  The variation with current | of the p.d. V across R is shown in Fig. 5.3.

6.0
\\
\\‘\
4.0
VIV
\\
2.0
\'ﬁ
0
0 1.0 20 3.0 4.0
IA
Fig. 5.3

Use Fig. 5.3 to determine
1. the e.m.f. E,

E=IR+Ir
IR=E —Ir -V [1]

V=-rl+E (where gradientis -+ and y-intercept E)

E=58V [Bl] (-1m overall if notin 1 d.p.)

2. the internal resistancer.

Evidence of gradient calculation or calculation with values from graph
e.g. 4.0 = —(1.00) + 5.8 [M1]

r=1.8Q [Al]
OR
r = - gradient =| (5.8 —2.2) / (0.00 — 2.00) | [M1]
=1.8Q [Al]

(-Imoverallif Vnotin 1 d.p. or I notin 2 d.p.)

(iii) 1. Using data from Fig. 5.3, show that the power transferred to R for a current of
1.6 Ais4.64 W. [1]

P=VI
=29x1.6 [Mi]
=464 W [Al]
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2. Use your answers from (ii)1 and (iii)1 to calculate the efficiency of the battery for
a current of 1.6 A.

power from battery = 1.6 x 5.8 =9.28 W [M1]
efficiency = (4.64 / 9.28) x 100 =50 % [Al]

efficiency = ... % [2]

(iv) The variable resistor R in Fig. 5.2 is replaced by a few identical lamps connected
in parallel. A student claims that as the number of lamps connected in parallel is
increased, the lamps become dimmer. Comment on the student’s claim.

With more lamps connected in parallel, the effective resistance across the lamps is
1 lower than before. [MO]

| Hence, the ratio of this effective resistance to the internal resistance falls, resulting
in a smaller potential difference across the lamps. [M1]

| The power dissipated by them will be lower (assuming the individual resistances of
the lights remain the same). Thus, they become less bright. [Al]
So, the student’s claim is valid. [AQ]
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6 (a) A composite block of mass 10 kg, made of woods of different densities p1 and p», floats in
still water of density pw, as shown in Fig. 6.1. Each portion of wood is of height x and of a
base with cross-sectional area A.

g waler surface

waler

Fig. 6.1

(i) The block is pushed down by a distance | into the water without totally submerging
it, and is then released.
It can be shown that the acceleration a of the block is given by

a:_i|

(pl + 0, ) X
Explain why the expression leads to the conclusion that the block bobs up and down
in simple harmonic motion.

The negative sign shows that the acceleration (upwards) is in the opposite
direction to the displacement of the block (downwards) [B1]

Since the three densities, x and g are constant, it can be seen that the
acceleration is directly proportional to the displacement. [B1]

Therefore, the block moves in simple harmonic motion.

(ii) The depth h of the block is measured from below the water surface to the base of
the block as shown in Fig. 6.2.

Lo
= i
valer
P2

Fig. 6.2

Fig. 6.3 shows the variation with time t of the depth h of the base of the block below
the surface.
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1. Determine the amplitude of the oscillation of the block.

From the graph, maximum displacement = 23.00 cm
minimum displacement = 11.00 cm
amplitude = 0.5 (23.00 — 11.00)
=6.00 cm = 0.0600 m [Al]

amplitude = ................ m [1]
2, Determine the angular frequency of the oscillation.
From graph,
T =2.000 s [M1]
_27 2% 3 94rads™ [AL]
T 2.000
angular frequency = ................ rad s [2]
3. Hence, show that the energy of the oscillation is 0.177J. [1]

Energy of Oscillation = Maximum KE

. %ma)zxg = %(10)(3.14)2 (0.06)° =0.177J [B]
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(b) (i) State Faraday'’s law of electromagnetic induction.

The magnitude of the induced e.m.f. in a coil [B1] is directly proportional to
the rate of change of the magnetic flux linking the coil / rate of cutting of
magnetic flux [B1].

(i) A coil with 800 turns is placed in a uniform horizontal magnetic field of flux

density 5.0 x 102 T. The area of the coil perpendicular to the field is 2.5 x 102 m?, as
shown in Fig. 6.4.

horizontal magnetic field

Fig. 6.4

1. Explain why an e.m.f. is induced in the coil.

The angle between the magnetic field and the plane of the coil (or the
magnetic flux density perpendicular to the area of the coll, or the area of the
coil perpendicular to the magnetic flux density) changes, OR the coil cuts the
magnetic field lines. [B1]

Hence, there is a change in the magnetic flux linking the coil, causing an emf
to be induced by Faraday’s Law [B1].

2. Determine the magnetic flux linkage of the coill.

® =NBA[B1] =800 x 5.0 x 102 x 2.5 x 102 = 1.0 Wb [B1]

magnetic flux linkage = ...............ccooeenn. Wh-turns [2]
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(c) The coil in (b) is rotated around the axis shown in Fig. 6.4. The flux linkage ® of the
coil varies with time t as shown in Fig. 6.5.

@ /Wb

&

P
\ 7 \
\ 7 \

0 ]

0 0.5 T 1 1.0 T NTE1.5 2.0

\ 7 \ 7/ t/ms
Fig. 6.5
(i) Derive the equation for the induced e.m.f. E of the coil, where N is the

number of turns in the coil, B is the magnetic flux density, A is the area of
coil, and o is the angular frequency of the change in magnetic flux linkage.

[2]
E.m.f. is given by

_do
dt

E= —%( NBAcos wt ) [M1 for expression for MFL, Al for differentiation]

E = NBAwsin ot

(i) Sketch on Fig. 6.6 the variation with time of the e.m.f. across XY. Label the
maximum value of the e.m.f.

(2]
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E/V

860

4000 {

2000

znnz—z-

=

-200 N;

-400

-600

Fig. 6.6

v

t/ms

[B1] for sine wave with same period
[B1] for labelling max e.m.f. as 6280 V (BOD wrong scale).

A resistor of resistance 5000 Q is now connected across XY.

(i) Determine the mean power dissipated in the resistor.
(\g jz (6280)2
Mean power = V2 = V2 =3.94kW [B1] for formula and

R 5000
substitution. [B1] for answer

mean power = ...

(i) Use energy conservation to explain why the oscillations of the coil are damped.

[B1]

Induced current flowing through resistor produces heating. [B1]
Thermal energy results in loss of mechanical/kinetic energy of oscillations.

END OF PAPER
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2

1 This investigation considers the angles formed by the threads in a pulley system when it is

in equilibrium.

(a) In this set-up, there are two threads — a long thread AB and a short thread CD, as

shown in Fig.1.1. Two pulleys P and Q are identical.
Tie end A to the 100 g mass.
Pass the thread AB through pulleys P and Q.

Tie end B to the 50 g mass.

Pulley Q
A Pulley P
retort stand X 100 g
[ |
Fig.1.1

(b) Tie thread CD as shown in Fig.1.2. Thread CD must be kept horizontal throughout

the whole experiment.

Pulley Q

clamp [

clamp [

retort stand X

retort stand Y

Fig.1.2

SRJC 2017 9749/PRELIM/2017

[Turn Over

For
Examiner’s
Use



(c) Measure the angles « and £.

a<p

Value of « and Sto the correct precision with unit
Unit: ° (zero d.p.) a= ...

a and g are less than 90° L=

(d) Estimate the percentage uncertainty in c.

Aol

o
[Accept

Ao =2° (accept 2° to 4°)

—x100% = i><100% =5%
40

Ao =1+10r 2x1. Ecf «for incorrect d.p. in (c)]

(e) State one significant source of error that may have affected the accuracy of the
readings of angles « and f.

1.
2.

3.

4.

Friction at the axle of pulleys / friction between thread and pulley.
Difficult to ensure that CD is horizontal.

Difficult to measure angles o and £ due to absence of plumbline /
reference line.

Difficult to measure the angle 6 accurately because it is difficult to hold
the protractor still and in position as the hands may be unsteady /
because the protractor touches the threads.

e error

7 T

identified in (e). You may suggest the use of other apparatus or a different procedure.

4.

Lubricate the (axle of) the pulley.

Use spirit level metre / Use any horizontal reference in the lab / Use set
squares to ensure CD is perpendicular to the retort stand.

Set up a plumbline / Clamp a ruler perpendicular to CD with another
retort stand / Use set squares (and clamp the protractor using another
retort stand).

Clamp the protractor using a retort stand instead, to measure the 6.

[Accept diagram to illustrate the idea]
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4

(g) It is suggested that cos « is directly proportional to cos . Move the retort stand Y to the
right and adjust thread CD so that it is horizontal. Obtain one more set of values of «
and g to investigate this suggestion. State and explain whether you agree with this
suggestion.

Present your measurements and calculated results clearly. Plotting of graph is not

required.
al® pl® Bl° cos (a /°) | cos (B /°) k_Cos(oc/")
cos(B/°)
40 70 72 0.76 0.33 2.3
55 73 74 0.57 0.28 2.0

[Accuracy of cos a and cos S: 1 mark.]

[S.f. of cos a and cos £: 1 mark.]

[Accuracy of constant of proportionality k: 1 mark]

[S.f. of constant of proportionality k: 1 mark]

[Calculation of % difference in values of k (1 or 2 s.f.): 1 mark]

[Draw conclusion based on stated criterion, e.g. not obeyed because more than 20% difference

in values of k: 1 mark]

If |ka — k2| / smaller of k x 100% < 20%, then the suggestion that cos « is directly proportional to cos gis
valid. 6]

(h) Let the tensions in CA, CB and CD be Ti, T», and T3 respectively.

By considering the equilibrium of forces acting at point C, write two equations relating
T1, To, T3, @ and ,B [2]

By considering vertical equilibrium, taking upwards as positive,
Tocos a¢—Ticos =0

Tocos a=Ticos S [B1]

By considering horizontal equilibrium, taking rightwards as positive,
Ts—(T2sin ¢+ Tisin g)=0

Ts=Tzsin a+ Tisin ,B [Bl]

(i) A student suggests that when there is an increase in the ratio of the mass hung at end
A to the mass hung at end B of thread AB, the ratio of cos a to
cos S would increase. Suggest how you would verify this.

Keep CD horizontal. [B1]

Describe appropriate method to increase the ratio of mass at A to mass at B (e.g.
increase the mass at end A while keeping the mass at end B the same)

. . cosa
Determine the ratio of
cosf

ratio increases, then the statement is true. [B1]

. If the ratio of cos « to cos gincreases when the mass
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5

resistance of the circuit is varied.

(a) The Digital Multimeter (DMM) is used as a voltmeter.

In this experiment, you will measure the potential difference across resistor R, as the

Ensure that the black lead of the Digital Multimeter (DMM) is connected to the “COM”
jack input, while the red lead is connected to the “V / Q / mA” jack input.

Set the dial on the DMM to “20 V" mark in the “V” range.

(b) Set up the circuit as shown in Fig. 2.1. Connect one R; to the circuit and close the
switch.

(c) Record the potential difference across Rz, V using the voltmeter.

(V)

Ri1

Fig. 2.1

V measured to the correct precision with unit

Unit: V (2 d.p.)
Vi=216V
V=216V

Va\/eraqe = 2.16 V

(d) Change n, the number of resistor R; connected in_parallel. Obtain three further sets of
values for n and the corresponding values of V.

n Vil V Va2 IlV
1 1.77 1.77
2 1.94 1.94
3 2.01 2.01
4 2.04 2.04

[3]

SRJC 2017

[Evidence of repeated readings: 1 mark]

Repeated measurements for Vi and V; for each value of n.

[Headings: 1 mark]

Each column heading must contain a quantity and a unit. Ignore units in

the body of the table.

[Raw data: 1 mark]

All values of Vi and V- to the correct precision (Vi, V2 unit: V, 2 d.p).
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(e) Theory suggests that V and n are related by the equation Use
1 R, 1
'V nER, E

where E is the e.m.f. of the power supply.

. . R, . . :
Suggest how you would determine the ratio of —-without measuring the resistance of
2

the resistors directly.

1 1
Plot a graph of —against —. [B1]
\ n

R R :
The gradient of the graph represents R IlE . Therefore R—l = gradientxE [B1]
2 2

Measure E using a voltmeter. [B1]

(f) In the specification of a resistor, “tolerance” refers to the percentage error in the
resistance of the resistor. The tolerance of each resistor that you use in this experiment
is + 5%, resulting in an absolute error of AR; for the resistance Ri, and AR for the
resistance of Ra.

Explain how the absolute error in the effective resistance of the circuit would change
when a few R; are connected in series instead of being connected in parallel.

When R; are connected in series, the absolute error in the effective resistance
AR reeive = NAR; + AR, . [M1]
When R; are connected in parallel, the absolute error in the effective resistance
AR
AR =—1+AR2. [M1]
n

effective

Therefore the absolute error in the effective resistance increases when the
resistors are connected in series. [Al]

[Total: 9 marks]
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3 In this experiment, you will investigate how the period of oscillation T of a suspended half-
metre rule about a vertical axis through its centre, is related to its separation L from a
horizontal metre rule.

(a) Suspend a half-metre rule XY symmetrically by two exactly equal lengths of threads. XY
has a length of a, and a width of b. Fig.3.1 shows the front view and Fig.3.2 shows the
side view of the set up.

/clamps \

E %metre rule

A

d=45cm
<—retort stand

base of retort stand

, table to
| | r/ / :

Front view
Fig.3.1

[F—F

retort stand

base of retort stand

/ table top
| /

—4
half metre
rule XY
Side view
Fig.3.2

(b) Arrange the threads at a distance d of 45 cm apart.

(c) Ensure that the threads are vertical. Adjust L to about 100 cm.
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(d) Measure and record L.

L measured to the correct precision with unit
cm—1d.p.
m—3d.p.

(e) Estimate the absolute uncertainty in this value of L.

Sensible value of L with correct unit
Unit: cm or m (1 s.f.)
0.2 cmor 0.002 m absolute uncertainty = .................... [1]

(f) Give the suspended half-metre rule XY an angular displacement about a vertical axis
through its centre, and set it into small angular oscillation as shown in Fig.3.1. Fig.3.3

shows the top view of the oscillation. v

Top view
Fig. 3.3

(g) Determine the period T of the oscillations.

n=20

t,=25.2s

t,=25.3s

T=t1+t2=25'2+25'3=1.263 - "
2n 20200 T T e

Number of oscillations n chosen such that nT is at least 10 s.
Number of oscillations chosen should be stated.

t measured to the correct precision with unit

Unit: s (1 d.p.)

Number of oscillations n chosen such that nT is at least 10 s.
Number of oscillations chosen should be stated.
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(h) Vary L and repeat (f) and (g) to obtain further sets of values for L ranging from 20.0 cm

to 100.0 cm, and the corresponding values of T. [7]

[Evidence of repeated readings: 1 mark]

Repeated measurements for t; and t, for each value of L.
Number of oscillations n chosen such that nT is at least 10 s.
Number of oscillations chosen should be stated.

[Method: 2 marks]

e Award 2 marks if candidate has successfully collected 6 or more sets of data
without assistance / intervention.

e Award 1 mark if candidate has successfully collected 5 sets of data without
assistance / intervention.

e Award 0 mark if candidate has successfully collected 4 or fewer sets of data
without assistance / intervention.

¢ Deduct 1 mark if candidate requires some assistance / intervention but has been
able to do most of the work independently.

e Deduct 2 marks if candidate has been unable to collect data without assistance /
intervention.

e Deduct 1 mark if out of range for first and last value of <t>

e Deduct 2 marks if the trend is incorrect

e Maximum deduction of 2 marks

[Headings: 1 mark]

Layout: column headings (raw data and calculated quantities: L, t, T and T2

Each column heading must contain a quantity and a unit. Ignore units in the body of the
table.

Column for n (number of oscillations timed) may be used if appropriate (though no units
are expected for this column).

[Raw data: 1 mark]
All values of L, t; and t; to the correct precision (1 d.p.).

[Processed data — no. of d.p. / s.f: 1 mark]

For each calculated value of T and T2, the number of s.f. should be the same as the
number of s.f. in the raw data.

No mark if T? is not present.

[Processed data — accuracy: 1 mark]
Correctly calculated values of T and T2.
No mark if T2 is not present.

No. of oscillations n = 20

L/cm ti/s t2/ s T/s T2/ s?
20.0 11.8 11.7 0.588 0.345
40.0 16.4 16.2 0.815 0.664
50.0 18.0 18.0 0.900 0.810
60.0 19.7 19.7 0.985 0.970
80.0 22.7 22.5 1.13 1.28
100.0 25.2 25.3 1.26 1.59

SRJC 2017 9749/PRELIM/2017 [Turn Over




10 For
Examiner’s

(i) Itis suggested that T and L are related by the equation Use

_16z%@@%+b%) L
12d2 T2

Plot a suitable graph and hence determine the acceleration due to gravity, g. [6]

[Linearising the equation: 1 mark]
By plotting a graph of T? against L, a straight line graph should be obtained with

167r2(a2 + bz)
12d°g
No mark if the axes are inverted.

gradient and y-intercept = 0.

[Graph: layout (choice of scale and labeling of axes): 1 mark]
Sensible scales must be used. Awkward scales (e.g. 3:10) are not allowed.

Scales must be chosen so that the plotted points occupy at least half the graph
grid in both x and y directions.

Scales must be labeled with the quantity which is being plotted.
No mark if the axes are inverted.

[Graph: plotting of points: 1 mark]
All observations must be plotted.
Work to an accuracy of half a small square.

[Graph: trend line (ability to draw line of best fit): 1 mark]

Straight line of best fit — judge by scatter of points about the candidate’s line.

There must be a fair scatter of points either side of the line.

e |f the data points are close to a straight line or a curve, there should be about
the same number of points on either side of the line/ curve. Furthermore, in
each half of the line/curve there should be the same number of points above
it as below. The best straight line or curve is drawn by visual estimation with
the aid of a transparent ruler.

[Interpretation of graph — gradient : 1 mark]

Gradient — the hypotenuse of the triangle must be greater than half the length of
the drawn line. Read-offs must be accurate to half a small square.

Check for Ay/Ax (i.e. do not allow Ax/Ay).

[Drawing conclusion : 1 mark]
Value of g calculated correctly with unit.
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(j) Comment on any anomalous data or results you may have obtained. Explain your Use

answer.

There is no anomalous data as all points are fairly scattered about the best fit
line. OR

There are anomalous pointsat(_, )and(_, ) as they lie further away from |-
the best fit line as compared to all the other points.

(k) State one significant source of error in this experiment.

(I) Suggest one improvement that could be made to the experiment to address the error
identified in (k). You may suggest the use of other apparatus or different procedures.

(k) Significant source of error (I) Improvement

1) The vertical strings might shift 1) Fix the strings using adhesive tape.
during oscillation.
= affect period T

2) The ruler wobbles and does not 2) Switch off fans to reduce draft;
oscillate about the vertical axis; ensure ruler is horizontal with CG of
unsteady oscillation. ruler symmetrically between the two

= affect period T vertical strings.

3) Metre rule is not suspended 3) Use a spirit level meter to ensure
horizontally. the ruler is horizontal.

— affectLand T

(m)On the graph grid on page 9, sketch a second graph to represent the results if the
distance between two threads d is increased. Label this graph Z. [1]

When d increases, the gradient decreases, but y-intercept remains the same.
[1 mark]

[Total: 20 marks]

SRJC 2017 9749/PRELIM/2017 [Turn Over




13 For

Examiner’s
Use
4 The history of solar energy is as old as humankind. In 1954, some scientists in the United

States produced electricity from the sun. They invented photovoltaic cells, which capture
the sun's energy and convert it into electricity. A photovoltaic cell is an electric cell made
from two layers of different materials that can produce an electric current when light of
certain frequencies shines on the cell. A solar panel is a collection of photovoltaic cells.

The frequency of the light falling on the solar panel can be varied by placing different colour
filters in front of the light source as shown in Fig.4.1.
lamp

O]

colour filter

Fig.4.1
Design an experiment to investigate how the power generated by a solar panel depends on
the frequency of the light falling on it.

The equipment available includes the following:

Solar panel Resistors

Colour filters Switch

Lamp Stopwatch
Spectrometer with diffraction grating Rule

Ammeter Micrometer screw gauge
Voltmeter

You should draw a labelled diagram to show the arrangement of your apparatus and you

should pay attention to

(a) the equipment you would use,

(b) the procedure to be followed,

(c) how the frequency of the light used is to be measured,

(d) how the power generated by the solar panel is to be measured,

(e) the control of variables,

(f) any precautions that would be taken to improve the accuracy, precision and safety of
the experiment.

Diagram
fixed distance A
lamp
solar resistor
panel
colour filter switch

[Total: 12 marks]
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Procedure:

1. Set up as shown in the diagram.

2. [P1] Shine direct light through the colour filter at the solar panel. (Write this
statement or draw in the diagram to illustrate this idea)

3. [C1] The lamp and filter is placed at a fixed distance measured using a ruler from
the solar panel.

4. [C2] Solar panel is placed perpendicular to direction of light so that incident angle of
light does not affect intensity. [C3] Ensure that the thickness of each filter is the
same by measuring using micrometer screw gauge.

5. [A1] With the room lights switched off / In a dark room, switch on the power supply
to the lamp.

6. [M1] The frequency f of the light through each filter is determined by using the
spectrometer and diffraction grating. [P2] By taking note of the spacing d of the
lines on the grating, angle 6 on the spectrometer, and the order n of the diffracted
light being observed, f can be calculated using d sin 6 = % where c is the speed
of light.

7. [P3] Connect ammeter in series with the solar panel, and a voltmeter across the
solar panel (Write this statement or draw in the diagram)

8. [M2] Measure the current passing through the solar panel | using ammeter, and
[M3] measure the potential difference across the solar panel V using the voltmeter.

9. [P4] Calculate the power generated by the solar panel, P = IV.

10. [A3] Repeat the readings of current through the solar panel and potential difference
across the lamp for the same frequency of light by switching on and then off the
lamp / removing and then putting back the colour filter / switching off and on the
circuit connected to the solar panel.

11. Replace the filter with another colour and repeat steps (8) to (10).

12. [A2] Switching off lamp between readings to prevent solar panel from heating to
maintain constant conductivity.

13. [D1] Assume P = ki, plot a graph of Ig P against Ig f. [D2] If a straight line graph is
obtained with gradient n and y-intercept Ig k, then the hypothesis is true.

Safety precautions:

e [S1] Handle the electrical circuit with care if potential difference is high (e.g. Dry
hands / wear gloves when handling the circuit) so as to prevent electrocution.

e [S2] Wear protective eyewear to avoid eye injury due to intense light / in case of
breaking the filter.
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[Note: For each category, always think systematically of points related to IV and DV Use
respectively.]

Basic Procedure [max 4]

e P1: Shine direct light through the colour filter at the solar panel.
e P2: [IV] (By taking note of the spacing d of the lines on the grating, angle 6 on the
spectrometer, and the order n of the diffracted light being observed,) f can be

n
calculated using d sin €= TC where c is the speed of light.

e P3: [Processed DV] Connect ammeter in series with the solar panel, and a
voltmeter across the solar panel.
e P4:[Processed DV] Calculate the power generated by the solar panel, P = IV.

[Note: All formulae used for processed data should be explicitly written out.]

Measurement [max 3]
e M1: [IV] The frequency f of the light through each filter is determined by using the
spectrometer and diffraction grating.
e M2: [DV] Measure the current passing through the solar panel | using ammeter.
e Ma3: [DV] Measure the potential difference across the solar panel V using the
voltmeter.

[Note: All steps involved in measurement should be explicitly written out.]

Additional detail to improve Accuracy [max 2]

e Al: [DV] With the room lights switched off / In a dark room, switch on the power
supply to the lamp.

e A2: [DV] Switching off lamp between readings to prevent solar panel from heating.

e A3: [DV] Repeat the readings of current through the solar panel and potential
difference across the lamp for the same frequency of light by switching on and then
off the lamp / removing and then putting back the colour filter / switching off and on
the circuit connected to the solar panel.

[Note: Always explain exactly how (including equipment) you would improve
accuracy in measurement of IV and DV.]

Control of variables [max 2]
e C1: The lamp and filter is placed at a fixed distance from solar panel, by measuring
using a ruler / not moving the position of the lamp, filter and solar panel.
e (C2: Solar panel is placed perpendicular to direction of light so that incident angle of
light does not affect intensity.
e C3: Ensure that the thickness of each filter is the same by measuring using
micrometer screw gauge.

[Note: Always explain exactly how (including equipment) you would keep the
respective control variables constant.]
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Data analysis [max 2]

e D1: Assume P = k", plot a graph of Ig P against Ig f.
e D2: If a straight line graph is obtained with gradient n and y-intercept Ig k, then the
hypothesis is true.

[Note: Always use general equation instead of P = kf.]

Safety considerations [max 2]
e S1: Handle the electrical circuit with dry hands / wear gloves, so as to prevent
electrocution.
e S2: Wear protective eyewear to avoid eye injury due to intense light / in case of
breaking the filter.

[Note: Focus on key safety considerations, and explain proactive actions to do with
rationale.]
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END OF PAPER
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