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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

c=300x10ms"
Ho = 4nx 107 Hm™

& = 8.85x 10 Fm”

(1/(36m)) x 10° F m”
e=160x10"C
h=663x10"Js

u = 1.66x10%kg
m_ = 9.11x 107 kg
m, = 167 x 10% kg

R = B.31JK'mol

N, = 6.02x 10*® mol”

k=138x102JK’
G = 6.67 x 107" N m?kg?

g=981ms?
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Formulae

uniformly accelerated motion

work dene on/by a gas

hydrostatic pressure

gravitational pofential

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

eledtric 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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A double-slit interference experiment is used to determine the wavelength of light from a
monochromatic source.

The following measurements are used.

slit separation a = 0.50 £ 0.02 mm

fringe separation x = 1.7 + 0.1 mm

distance between slits and screen D = 2.000 £ 0.002 m
What is the percentage uncertainty in the calculated wavelength?
A 01% B 1% C 6% D 10%
In order that a train can stop safely, it will always pass a signal showing a yellow light before
it reaches a signal showing a red light. Drivers apply the brake at the yellow light and this
results in a uniform deceleration to stop exactly at the red light.

The distance between the red and yellow lights is x.

What must be the minimum distance between the lights if the train speed is increased by
20%, without changing the deceleration of the train?

A 1.20x B 1.25x C 1.44x D 1.56x

A ball is thrown horizontally in still air from the top of a tall building.

What happens to the horizontal and to the vertical components of the ball's velocity after a
long time?

horizontal component vertical component
of velocity of velocity
A decreases to zero increases at a constant rate
B decreases to zero increases to a constant value
C remains constant increases at a constant rate
D remains constant increases {o a constant value
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A hox is shown resting on the ground. Newton's third law implies that four forces of equal
maghnitude are involved. These forces are labelled P, Q, R and S.

-orces P and Q act on the box. Forces R and S act on the Earth.

For clarity, the forces are shown slightly separated.

P

ground

Which statement about the forces is correct?

A

B
c
D

P is the equal and opposite force to Q and both are forces of contact,
Q is the equal and opposite force to P and both are gravitational forces.
R is the equal and opposite force to S and both are forces of contact.

S is the equal and opposite force to Q and both are gravitational forces.
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6 A small ball P moves with speed v towards another identical ball Q along a line joining the
centres of the two balls. Ball Q is at rest. They collide elastically.

— v
F’. .Qatrest

Which one of the following situations is the outcome of the collision between the balls?

A B
v —— — v v=0 — Vv
P. .Q P. .Q
C D
4 3v v v
i 4 —*2 2

e
@-

o

e
@ @

6 A ball rests against two frictionless walls, X and Y, as shown in the figure below.

Y

What is the ratio of reaction forces of wall X to that of wall Y7

A 0.71 B 0.82 c 1.0 D14
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7 A ball bearing is thrown downwards at high speed in a viscous liquid. Which of the following
graphs would represent the variation of the upthrust and viscous force acting on the ball
bearing with time?

A B
force 4 force
. viscous | e S
B S viscous
-, force force
upthrust upthrust
0 > 0 >
0 time 0 time
c D
force force
... Vviscous e VisCOUS
. :fo rce ..._.-' force
- Upthrust - “Upthrust
0 > 0 >
0 time 0 time

8 A mass is attached to the end of a spring which obeys Hooke's law.
When a load of 3.0 N is placed on the spring, the spring is extended by 0.030 m.

What additional elastic potential energy will be stored in the spring if it is then extended a
further 0.010 m?

A 0.0050J B 0030J C 0035J D 0.080J
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The diagram shows two bodies X and Y connected by a light cord passing over a light, free-
running pulley. X starts from rest and moves on a slope inclined at 30° to the horizontal. X
has a mass of 4.0 kg, and Y has a mass of 5.0 kg. Friction between X and the slope is
5.0N.

Which of the following is the total kinetic energy of the system when X has travelled 2.0 m
along the plane?

A 96J B 30J C 49J D 69J

A passenger is sitting in a railway carriage facing in the direction in which the train is
travelling. A pendulum hangs down in front of him from the carriage roof. The train travels
along a circular arc bending to the right.

Which one of the follow diagrams shows the position of the pendulum as seen by the
passenger and the directions of the forces acting on it?

/7///// LLLLLL IS LLLLI LSS ““‘i::;‘

Two satellites, A and B, orbiting around Earth have the same kinetic energy. Satellite A has
a larger mass than satellite B. Which of the following statements is correct?

A Satellite A has the same total energy as satellite B.

B Satellite A has a smaller gravitational potential energy than satellite B.
C Sateliite A has a larger gravitational potential energy than satellite B.
D

Satellite A has a larger angular velocity than satellite B.
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12 An ideal gas is contained in a cylinder with a movable piston. At pressure p, volume V andA
temperature 7, it has N, molecules per unit volume. If the pressure of the gas is changed to
0.50p, and the temperature to 2.07, the number of molecules per unit volume becomes

A 025N, B 050N, C 10N, D 40N,

13 Which statement about internal energy is correct?
A The internal energy of a system can be increased without transfer of heat.
B  The internal energy of a system is the sum of the kinetic energies of the molecules.
C  When the internal energy of a system is increased, its temperature always rises.

D When two systems have the same internal energy, they must be at the same
temperature.

14 An ideal gas has thermodynamic temperature T, and its molecules has root-mean-square

speed Cmy. If the gas is heated to temperature 27, what is the new root-mean-square speed
of the molecules?

A i, B 2, c  2vZ,, D 4

ms

15 Diagram 1 shows the variation with displacement x of velocity v of a simple harmonic
oscillator. Diagram 2 shows the variation with time ¢ of the velocity v of the oscillator.

v v

diagram 1 diagram 2

Which of the points on diagram 2 corresponds to the state of motion represented by point P
on diagram 17

9749/01/ASRJIC/2019PRELIM
[Turn Over

More papers at www.testpapersfree.com




10

16 Which statement about a light wave and a sound wave is correct?

17

A

B
c
b

Both can be polarised.
Both can travel through free space.
Both have a frequency inversely proportional to their wavelength.

Both have an intensity proportional to their amplitude.

A light wave of amplitude A is incident normally on a surface of area S. The power per unit
area reaching the surface is P.

The amplitude of the light wave is increased to 2A. The light is then focused onto a smaller

area 18.
3 -
What is the power per unit area on this smaller area?
A 6P
B 12F
C 18P
D 36P
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18 A receiver aerizl is placed on a laboratory bench between a transmitter emitting microwaves
at a single fixed frequency and a metal sheet.

transmitter

receiver
@0 aerial
metal
sheet

The metal shest is moved away from the aerial. The detected voltage at the receiver aerial
varies with the distance moved by the sheet as shown.

&

detected
 voltage

T T T+ 1 o Tt vt
0 20 40 60 80 100 120 140 160 180 200 220 240
distance moved by sheet/mm

What is the wavelength of the microwaves?

A 180 mm B 120 mm C &80mm D 30mm
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12
A combination of eight electrons (denoted by O) and protons (denoted by ®) are fixed in
place and evenly spread along the circumference of circle as shown.

Which of the combinations has the smallest magnitude of resultant electric field strength at
the centre of the circle?

A B c D
® . @ Q O Q O Y
o)  Ye) o¥e) oe o)
Y
o & o & w & o _d
S g v o -

An electron is projected horizontally with a speed of 3.1 x 10" m 7. It passes in between the
two charged horizontal plates. The uniform eleciric field between the plates is 20000 N c.
As the electron passes through the plates, it is deflected. The time taken for the electron to
travel the length of the plate is 4.0 x 10~ s,

low
potential

electron

high
potential

What is the vertical distance travelied by the electron after it has travelled the length of the
plate?

A 176x10""m B 785x10"m € 0.0281m D 0.152m

The potential difference between point X and point Y in an electric circuit is 18 V. The
current passing through is 1.5 A and the time taken for charge carriers to move from X to Y

is0.2s.

What is the change in the energy of the charge carriers as they pass-between XandY?

A 0017 B 54 c 60 J D 135J
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22 A battery of e.m.f. 6.0 V and negligible internal resistance is connected to three resistors,
each of resistance R, and a variable resistor T, as shown.

z"ﬁ .

. ©

The resistance of T changes from Rto 2R,

What is the change in the reading of the high resistance voitmeter?

A zero B 1V : C 2v D 3V
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23 A current I is carried by a rectangular coil of n turns and side L suspended vertically as
shown in a uniform horizontal magnetic field of flux density 8.

suspension

N coil : S

Which of the following diagrams, viewed from the top, correctly shows the magnitude and
direction of the forces acting on the vertical sides of the coil?

A B

Binl_sing
BlnlLsin9

Binlsin@ BinLsin@

BinlL

BilnL
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24  Diagram 1 shows an aluminium rod, moving at right angles to a uniform magnetic field.
Diagram 2 shows the variation with time ¢ of the distance s from O.

region of magnetic field

® % X
Oe S >
X x X
rod >
diagram 1 diagram 2
Which graph best shows the variation of f of the e.m.f. E induced in the rod?
A B
E F 3 E F 3
] 1 ! > t ! ! ! > t
c D
E F 3
] : t 1 1 1 : t

25 An alternating current of peak value 2 A and a steady direct current / flowing through
identical resistors dissipate heat at equal rates.

What is the value of current 7?7

A A B JV2A C 2A D 22 A
2.2
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The primary coil of a transformer is connected to an alternating voltage supply. The
secondary coil is connected across a variable resistor.

primary 59"‘}"“3’3'
\
\ /

-

]
]

Which change will cause a decrease in the p.d. across the secondary coil?

A Increasing the number of tums of the primary coil

B Increasing the cross-sectional area of the secondary coil
C Increasing the resistance of the variable resistor
D

Decreasing the resistance of the variable resistor

In an X-ray tube, electrons, each with a charge g, are accelerated through a potential
difference V and are then made to strike a metal target. If h is the Planck constant and c is
the speed of light, what is the expression for the minimum wavelength of the emitted
radiation?

hg. g 9 ¢ I p fe

cV hc h qVv
An electron is measured to have a speed of 2.05 x 10° m s in the x-direction. The
precision in measuring its speed is 0.50%.
What is the minimum uncertainty of its position of the electron along the x-direction?

A0 B 337x10®m C 197x10™m D 7.10x10%m
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17
Which of the following statements concerning nuclear properties is true?
A The greater the binding energy of a nucleus, the more stable it is.

B If the total rest mass of the products of a reaction is greater than the total rest mass of
the reactants, this reaction is impossible.

C  When a stationary nucleus decays by emitting a y-photon, the nucleus will move off in
an opposite direction to the photon.

b  The half-life of a radicactive substance can be changed by allowing the substance {o
react chemically to produce a new radioactive compound.

Radiation from a radioactive source enters an evacuated region in which there is a uniform
magnetic field perpendicular to the plane of the diagram. This region is divided into two by a
sheet of aluminum about 1 mm thick. The curved, horizontal path followed by the radiation is

shown in the diagram below.

Which of the following correctly describes the type of radiation and its point of entry?

type of radiation point of entry
A alpha A
B alpha B
C beta A
D beta B

9740/01/ASRJCIZ019PRELIM
[Turn Over

More papers at www.testpapersfree.com




18

BLANK PAGE

9749/01/ASRJCI2019PRELIM

More papers at www.testpapersfree.com



19

BLANK PAGE

9749/01/ASRJC/2019PRELIM
[Turn Over

More papers at www.testpapersfree.com




20

BLANK PAGE

9748/01/ASRJC/2019PRELIM

More papers at www.testpapersfree.com



Name: { ) Class: 19/

ANDERSON SERANGOON JUNIOR COLLEGE

2019 JC2 Preliminary Examination

PHYSICS Higher 2 9749/02
Paper 2 Structured Questions Tuesday 17 September 2019
| 2 hours

Candidates answer on the Question Paper.
No Additional Materials are required. .

READ THESE INSTRUCTIONS FIRST

Write your name, class index number and class in the spaces provided above.
Write in dark blue or black pen on both sides of the paper.
You may use an HE pencil for any diagrams, graphs or rough working.

The use of an approved scientific calculator is expected, where appropriate.
Answer all questions.

At the end of the examination, fasten all your work For Examiner's Use
securely together. Paper 2 (80 marks)
The number of marks is given in brackets [ ] at the end of
each question or part question. 1
2
3
4
5
6
7
Significant Figure
Total

This document consists of 23 printed pages and 1 blank page.

9749/02/ASRJCIZ01 9Prdim
[Turn over

More papers at www.testpapersfree.com




Data

speed of light in free space c=300x10®ms"’

permeability of free space o = 4nx 107 Hm'

permittivity of free space g =8.85x 10" Fm"
(1(36m) x 10° F m”

elementary charge e =1680x10"C

the Planck constant h=8663x10%Js

unified atomic mass constant u=166x10%kg

rest mass of electron m = 9.11x 107 kg

rest mass of proton m, = 1.67x 10% kg

molar gas constant R = 8.31 JK " mol

the Avogadro constant N, = 6.02 x 10°° mol”

the Boltzmann constant k=138x102JK’

gravitational constant G = 6.67 x 10" N m?kg™

acceleration of free fall g=981ms?
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Formulae

uniformly accelerated motion

work done on/by a gas

hydrostatic pressure
gravitational potenfial
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 the questions in the spaces provided.

A hollow tube contains some sand. When placed in a liquid, the tube floats upright as shown
in Fig. 1.1.

A .
i fiquid,
density p
. B
L
‘ sand
T~ area of cross-section A

Fig. 1.1
The centre of mass of the tube and the sand is at C.

The centre of buoyancy of the tube, which is the point at which upthrust on the tube may be
considered to act, is at B.

{a) On Fig. 1.1, draw labelled arrows to represent the forces acting on the system of the
tube and the sand. 1]

{b) When placed in water of density 0.99 g cm™, the length L is 12.1 cm. The tube is then

transferred to a liquid of density 1.11 g cm™. Calculate the change in the submerged
length.

changeinlength= ................ons cm {3]

() (i) Explain why, when the tube is tilted at a small angle, it returns to the upright
position.

.................................................................................................................
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(i)  The tube is now displaced vertically and then released. It undergoes vertical
oscillations.

Describe the restoring force that gives rise to the oscillations.

[Total: 7]
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Arockat iz lagymehed from the surface of a planet and moves aloeng & radial path, as shown in

Flg. 21,
A B rocket
"""""" FooTTeTeTT T path
e i I
| R 1 :
planet 4R i
mass M
Fig. 2.1

The planet may be considared to be an isplated sphere af radius thth all of its Mmass M
concentrated gt its centre. PolntA is a distance Rfrom the surface ofthe planet Polnr_ B iz a

distance 4Rfrom the surface,

{a) Show, for moving a short distance h near the surface of the planet, that the change in
gravitational potential energy AF; of the rocket is given by the expression

AEp = mgh

where g is the acceleration of free fall.

B749/02/ASRC/2019Prelim
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{b) The rocket motor is switched off at point A. During the journey from A to B, the rocket

(c)

has a constant mass of 4.7 x 10* kg and its kinetic energy changes from 1.17 TJ to
0.35TJ.

For the planet, the product GM is 4.0 x 10™ Nm? kg™. It may be assumed that resistive
forces to the motion of the rocket are negligible.

Determine the distance from A to B.

distance = ...........ccooiiiicnin m [4]

The rocket eventually reaches a distance far away from the planet.

Suggest one similarity and one difference between the gravitational fields at the surface
of the planet and at the surface of the rocket.

SIMIIAITY. L. i e e e e e e ee e
AIETENCE ... e e e e e e
................................................................................................................... [2]
[Total: 9]
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A ball is held between two fixed points A and B by means of two stretched springs, as shown
in Fig. 3.1.

Fig 3.1

The ball is free to oscillate along the straight line AB. The springs remain stretched and the
motion of the ball is simple harmonic.

The variation with time ¢ of the displacement x of the ball from its equilibrium position is
shown in Fig. 3.2.

2.0 T
1
xicm ]
\ H T ALY 1
1 i v 7, i
10 [ fi 1 1
[ Fi L1 {
1 1 il L
b1
]
0 t } .\ s Y } -
0 ), 217 ). ) 0.8 1.00 T /e311.2
¥
¥ Fi LI |
1 [ 1 )
1
"‘1 0 I 3 I
L1 J L\ J h 1
i LY Fi
T
2.0 !
Fig 3.2

{a) Calculate the maximum acceleration of the ball.

maximum acceleration = ............ccccceeevvernieneninns m s 2 [3]

9749/02/ASRC/2019Prelim

More papers at www.testpapersfree.com



8

(b} Calculate the displacement of the ball at which its kinetic energy is equal to half of the
total energy of oscillation.

displacement = ......................cc.ceeennel. cm [3]

{c} The spring-mass system in Fig 3.1 is placed on a rough vibrating surface.
Fig. 3.3 shows how the amplitude of the ball varies with the frequency of the vibrating
surface.

amplitude 4

» frequency

Fig. 3.3
The spring-mass system is then placed on a smoother vibrating surface.

On Fig. 3.3, sketch to show how the amplitude of the ball varies with the frequency of the
vibrating surface.

[2]
[Total: 8]

9740/02/ASRJC/2019Prelim
[Turn Over

More papers at www.testpapersfree.com




10

4 (a) Aripple tank is used to show the diffraction and interference of waves.
On Fig. 4.1, plane wavefronts are shown approaching an object.

direction of
travel of waves
_—-———.-

Fig. 4.1

{) On Fig. 4.1, draw four wavefronts to show the waves after they have passed
through the object. [2]

(i) The object is now made shorter.

Describe the change in appearance of the diffracted wavefronts.

8749/02/ASRC/2019Prelim
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(b) A laser is placed in front of a slit as shown in Fig. 4.2.

waveiength —_—
45x107" m 5 B

25m screen

Fig. 4.2 (not drawn to scale)

The laser emits light of wavelength 4.5 x 107 m. The distance from the slit to the screen
is 2.5 m. The width of the slit is 0.50 mm. :

An interference pattern is observed on the screen.
The width of the central fringe as observed on the screenis y.

(i) Show that yis 4.5 mm.

[2]

-(if) The single slit is replaced with a double slit as shown in Fig. 4.3.

slits

laser light —>— P
wave!ength —_— 1.25 mm
45107 m__y I

25m

Fig. 4.3 (not drawn to scale)
The separation of the slits is 1.25 mm. The width of each slit is 0.50 mm.

The centre of the interference pattern formed on the screen is at Q.

O740/02/ASRICI2015Prelim
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1. . Explain why an interference pattern is formed on the screen.

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

, where x is the

2. Show that there are five bright fringes in the region —% <X s%

distance measured downwards along the screen from point O.

12]

3. OnFig. 4.4, sketch the variation with distance x from point O of the infensity /
for the image observed on the screen.

I

Y | 0 | y*;(
2 2
Fig. 4.4
[3]
[Total: 13]
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{a) A solenoid is connected to a d.c. supply as shown in Fig. 5.1.

N

\

solenoid

o= |
o O
d.c. supply

Fig. 6.1 (not drawn to scalg)

Use laws af electromagnaetic induction to explain why, when the switch is cliosed, the

currant increases gradually to its maximum value.

9748/02/ASRJC/2018Prelim
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(b} The soienoid from part (a) has a cail C of wire wound tightly about its centre, as shown in

Fig. 5.2.

» 12.0 cm X
E i coill C
: 1
L~
\\\

1.8 cm

+ —_

O O
d.c. supply

N e e solenoid
k
|

Fig. 5.2 {(not drawn to scale)

The solenoid has length 12.0 em and circumference 8.8 ¢m, and consists of 360 turns.
The coil C has length 1.8 cm and consists of 96 turns.

(1} Define magnetic flux.

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

(i) When the switch is closed, the current in the solenoid is 2.5 A.

Show that the magnetic flux in coil C is 5.8 x 107° Wh.

(3]

9749/02/ASRCI2019Prelim
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("l) Calculate the average Blectroemotive Torce (e.m.f’.) Induced in coil C when the

currant in (b)(ii) is reversad inthe solenald In a time of 2.4 ms,

(iv) Thed.c. supply in Fig. 5.1 is now replaced with a sinusoidal altemating supply.

Describe qualitatively the e.m f. that is now induced in coil C.

[Total: 11]
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Experiments are conducted to investigate the photoelectric effect.

{a} It is found that, on exposure of a metal surface to light, either electrons are emitted
immediately or they are not emitted at all.

Suggest why this observation does not support a wave theory of light.

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

(b} Data for the wavelength A of the radiation incident on the metal surface and the
maximum kinetic energy £y of the emitted electrons are shown in Fig. 6.1.

A nm Ed 107°
650 —
240 4.44

Fig. 6.1

(i} Without any calculation, suggest why no value is given for Ex for radiation of
wavelength 650 nm.

(i) Use data from Fig. 6.1 to determine the work function energy of the metal.

work function eNergyY = ......ooee v e J[2]

9749/02/ASRC/2019Prelim
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(c) Radiation of wavelength 240 nm gives rise to a maximum photoelectric current 7.
The intensity of the incident radiation is maintained constant and the wavelength is now
reduced.
State and explain the effect of this change on

() the maximum kinetic energy of the photoelectrons,

(ii) the maximum photoelectric current 7.

(d} Light in a beam has a continuous spectrum that lies within the visible region. The
photons of the light beam have energies ranging from 1.60 eV to 2.60 eV.

The beam passes through some hydrogen gas. It then passes through a diffraction
grating and an absorption spectrum is observed.

(i) All of the light absorbed by the hydrogen is re-emitted. Explain why dark lines are
still observed in the absorption spectrum.

.................................................................................................................
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sx
(“) Some of the energy levels af an electron Iin a hydrogen atom are illustrated In

Fig. 6.2,
I -0.54
~0.85
-1.51
energy /eV —3.40
-13.60

Fig. 6.2 (not to scale)

The dark lines in the absorption spectrum are the result of electron transitions
between energy levels.

On Fig. 6.2, draw arrows to show the initial electron transitions between energy
levels that could give rise to dark lines in the absorption spectrum. [2]

(iii) Calculate the shortest wavelength of the light in the beam.

wavelength = ...l m [2]

[Total: 12]
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7 When some substances are in the solid state, they exist as positively-charged and
negatively-charged ions arranged in a cubic latlice, as illustrated in Fig. 7.1.

[ ] G L
1 ]
/1 /: /
-0 L ] —0
] ]
/: /l 1
! \ ' 1
o —obmel L s
i rd
J SR IE MON 2
AT
O : .'.‘___:,.__‘O'.'O.—_.--._-
H '¢ 1 'f /
| I .
.-O"'“"";..f'- 7
e 0% ™
Fig. 7.1

A starting point for the understanding of lattice energies is to consider the potential energy E,
between two ions X and Y.
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Fig. 7.2 shows the variation with the distance r between X and Y of £,

25

20

eV
15

-10
Fig. 7.2

(a) () The gradient G of the graph varies with the distance r. Show that, starting from the
definition of work done, for any value of r the magnitude of the force F between X
and Y is given by the expression

.................................................................................................................
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(ii) Suggest how Fig. 7.2 indicates that, for some values of 7, the force between X and
Y is attractive and, for other distances, the force is repulsive.

{(ii) Use Fig. 7.2 and the expression in (i) to determine the magnitude of the force, in
newton, for vaiues of the distance r equal to

1. 2.8x%x10"m,

2. 50x10"m,

(b) The variation with distance r of the potential energy E, may be represented by the
expression

where A and B are constants.

By reference to Fig. 7.2, state two features of the force represented by the term —BF in
r

this expression.

................................................................................................................
.....................................................................................................................
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(c) Fig. 7.3 shows part of Fig. 7.2, drawn on a larger scale.

10

I\>°

-

-10

Fig. 7.3
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Thermal energy of the ions causes them to vibrate.
The ions have a total energy of — 6.0 eV.

() OnFig. 7.3,

1. draw the variation with the distance r of the total energy of the ions. Label the

line T. [1]

2. draw the variation with the distance r of the kinetic energy of the ions. Label

the line K. 2]

(i) Use Fig. 7.3 to determine, for these ions, the values of r between which they
vibrate.

minimumvalue of r=............coci i, m

maximumvalue of r= ... ... m {2]

{(iii) State and explain whether the oscillations of the ions are simple harmonic.

{d) By reference to Fig. 7.3, suggest why the dimensions of the whole laftice increase as it
is heated.

[Total: 20]
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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

c=300x10"ms”"
o = 4nx 107 Hm”

& = 8.85x 102 F m™

(1/(36m)) x 10° F m"’
e=160x10"C
h=863x10%Js
u=166x10"kg

m = 9.11 x10% kg
m, = 167 x 10% kg
R = 8.31 JK'mol"
N, = 6.02 x 10* mol"’

k=138x102JK"
G = 6.67 x 10" N m*kg™?

g=981ms?
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Formuiae

uniformly accelerated motion

work done on/by a gas

hydrostatic pressure
gravitational potential
temperature

pressure of an ideal gas

mean transiational kinetic enargy 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 fiat circular coil

magnetic flux density due to a long solenoid

radicactive decay

decay constant
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Section A
Answer all the guestions in this section in the spaces provided.

1 {a) An object travelling in a circle of radius r at constant speed v is accelerating. By drawing
a vector diagram to show the combination of vectors, explain how this is possible.

(b} A rider of mass 80 kg was confined in a Rotor, an amusement park ride. The Rotor is a
large vertical barrel, rotated about a vertical axis through its centre. The radius of the
barrel is 2.5 m. When the barrel is rotated sufficiently fast, the floor is dropped and the
rider is stuck to the wall of the barrel.

(i) Fig. 1.1 shows a side-view of the position of a rider when the floor was dropped.
Draw arrows to show the forces acting on the rider and label the forces clearly.

vertical axis wall of Rotor
of barref
25m -
Fig. 1.1 (not drawn to scale) [2}

(ii) Explain why the rider is able to go around in a circle without falling off.

..................................................................................................................
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{ili) The barrel in part (i) is rotating at 33 revolutions per minute.

Calculate the acceleration of the rider.

acceleration = ........ccoovvvvveeeenneneen ms2[2]

{lv) State and explain the amount of work done on the rider throughout the
acceleration in part (iii).

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

gas

Fig 2.1
Initially, its pressure is 1.04 x 10° Pa and its temperature is 314 K. 28.5 J of heat is then
supplied to the gas, causing its volume to increase from 2.90 x 10~ m*to 4.00 x 10~ m®
while keeping its pressure constant.

{i} Calculate the work done on the gas.

work done ongas = ..............ccceeeeu i J[2]
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6

(i) Show that the change in internal energy of the gas is 17.1 J.

(1]

(iii) Calculate the new temperature of the gas.

new temperature = .............coceeeen K[2]

{iv) Calculate the ratio of the final root-mean-square (r.m.s.) speed to the original r.m.s.

speed of the molecules.

ratio = ... [2]

(a) Distinguish between transverse and longitudinal waves.

.....................................................................................................................
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(b) Particle A and particle B osciliate on the same wave.

Fig 3.1 shows the variation with time of the displacement for particle A and particle B.

displacement/ mm
Fy
0.201 -
0F~ >

time/ ms

Fig. 3.1 (not drawn to scale)

(i) Calculate the phase angle between the two particles A and B.

phaseangle=............coocovvrieninnnn ... °12]

(i) The wave on which the particles oscillate travels to the right.

Sketch on the axes of Fig. 3.2 the variation with distance of displacement for the
wave at time t = 0. The position of particle A is shown on the axes.

displacement/ mm

0 >
particle A distance
Fig. 3.2
{2]
[Total 6]
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8

(a) An electric lamp has a resistance of 960 Q. The filament of the lamp is made from

tungsten that has a resistivity of 7.9 x 107 Q m. The diameter of the filament is
12.0 x 107 m.

Calculate the length of the filament.

(b} Fig. 4.1 shows the variation with voltage V of the current [ across a thermistor.

&
I

v
=

Fig. 4.1

(i) State how the resistance of the thermistor can be determined from Fig 4.1.

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

(i) In microscopic terms, explain why the resistance of the thermistor decreases as V
increases.
................................................................................................................................ [3]

9749/0FASRIC/2019PRELIM

More papers at www.testpapersfree.com



9

(lii) The thermistor is connected to the lamp in {a) into the circuit in Fig 4.2. The
resistance of the thermistor is 3900 () at 0°C and 1250 (2 at 30°C. The battery of
electromotive force (e.m.f) 1.50 V has negligible internal resistance.

X

960 Q2

150V —— Y

7800 02

Fig. 4.2

1. Determine the effective resistance across XY when the temperature is 30°C.

effective resistance = ..............ococceieee Q1

2. Determine the potential difference across XY when the temperature is 30°C.

potential difference = ... V2]
3. Explain why the filament lamp becomes brighter when the temperature drops
from 30°C to 0°C.
......................................................................................................................... [3]
[Total 12]
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10

Two small charged metai spheres A and B are situated in a vacuumn. The distance between
the centres of the spheres is 12.0 cm, as shown in Fig. 5.1.

12.0cm

sphere A O P sphere B
--------------------------------- S @)

The charge on each sphere may be assumed to be a point charge at the centre of the
sphere. Point P is a movable point that lies on the line joining the centres of the spheres and
is distance x from the centre of sphere A,

The variation with distance x of the electric field strength E at point P is shown in Fig. 5.2.

150 Ll
Ef10°NC™

100

- 50

. ot
o
=3
-
-
~

-100

-150

Fig. 5.2
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(a) State the evidence provided by Fig. 5.2 that the spheres are conductors.

................................................................................................................... 1
{(b) (i) State and explain, whether the polarity of the charges on the spheres are of the
same sign.
........................................................................................................... [2]
W) se Fig. 5.2 to determine the ratio Shargeon sphere A
charge on sphereB
ratio = .....ocooviviiiice e 31
(iii) Hence, on Fig. 5.3, sketch the electric field lines due to these two charges.
sphere A O : O sphere B
Fig. 5.3
(2]
[Total 8]
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(a) A uniform magnetic field has constant flux density B. A straight wire of fixed length

carries a current 7 at an angle @ to the magnetic field, as shown in Fig. 6.1.

magnetic field
flux density B

5\ 5\

Fig. 6.1

current-cairying
wire

(i) The current 7 in the wire is changed, keeping the angle & constant.
On Fig. 6.2, sketch a graph to show the variation with current I of the force £ on
the wire.

Ft

Fig. 6.2 2]

(i) The angle 8 between the wire and the magnetic fieid is now varied. The current J
is kept constant.
On Fig. 6.3, sketch a graph to show the variation with angle & of the force F on the
wire. Fnax is the maximum force acting on the wire.

F1

Fmax T--"-"" ? """" 'E ““““ E
WP {eeeredoeoenefencenad
S
77O NSRS WS SO
.

0 30 60 90 &°
Fig. 6.3

[3]
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(b) A uniform magnetic field is directed at right-angles to the rectangular surface PQRS of a
slice of a conducting material, as shown in Fig. 6.4.

uniform magnetic field

{ direction of
movement
P S/ - of electrons

Fig. 6.4

Electrons, moving towards the side SR, enter the slice of conducting material. The
electrons enter the slice at right-angles to side SR.

{} The electrons initially do not travel in straight lines across the slice from side SR to
side PQ.

State and explain to which side, PS or QR, the elecirons tend to move.

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

........................................................................................................... [2]
(i) Subsequent electrons travel undeflected in straight lines across the slice from side
SR to side PQ.
Explain why this happens.
........................................................................................................... [2]
[Total 9
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7  The variation with time ¢ of the current  in a resistor is shown in Fig. 7.1,

Fig. 7.1

The variation of the current with time is sinusoidal.

(a) (i) Explain why, although the mean current is zero, power is dissipated in the resistor.

(i) Using the relation between root-mean-square (r.m.s.) current and peak current,
deduce the value of the ratio

average power disspated in the resistor
maximum power disspated in the resistor

9749/0FASRJC/2019PRELIM

More papers at www.testpapersfree.com



15

{b) A simple iron-cored transformer is illustrated in Fig. 7.2.
iron

secondary
coil

Fig. 7.2

(i) State why the primary and secondary coils are wound on a core made of soft iron.

........................................................................................................... [11
(i) Explain why thermal energy is generated in the core when the transformer is in
use.
........................................................................................................... [2]
(iii} State a typical feature in the design of the iron core to reduce power loss.
........................... U PRNUPRRPRI L |
[Total 7]
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Section B

Answer one question from this Section in the spaces provided.

(i) The distance s moved by an object in time ¢ may be given by the expression

(in

L
s=_at
2

where 3 is the acceleration of the object.

State two conditions for this expression to apply to the motion of the object.

A student takes a photograph of a steel ball of radius 5.0 cm as it falls from rest.
The image of the ball is blurred, as illustrated in Fig. 8.1.

The image is blurred because the ball is moving while the photograph is being
taken.

initial position W
of ball in photograph — 80
| . om
final position %
of ball in photograph L om
100
| om

Fig. 8.1

é

The scale shows the distance fallen from rest by the ball. At time f = 0, the top of
the ball is level with the zero mark on the scale. Air resistance is negligible.
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1. Calculate the time the ball falls before the photograph is taken,
fime= ..., s [2]
2,

Calculate the time interval T during which the photograph is taken.

3. The time for which the shutter stays open is rnarkedias A s.

Comment on whether your answer in {ii}2. confirms this time.

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

(iii} The student in (ii) takes a second photograph starting at the same position on the

scale. The ball has the same radius but is less dense, so that air resistance is not
negligible.

State and explain the changes that will occur in the photograph.

9749/03/ASRJC/2019PRELIM
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(b) (i} State the relation between force and momentum.

(ii} A rigid bar of mass 450 g is held horizontally by two supports A and B, as shown in
Fig. 8.2.
balt O

l

E . 45¢cm

50cm 25¢m

v

Fig. 8.2
The support A is 45 cm from the centre of gravity C of the bar and support B is
25 cm from C.

A ball of mass 140 g falls vertically onto the bar such that it hits the bar at point D,
a distance of 50 cm from C, as shown in Fig. 8.2.

The variation with time ¢ of the velocity v of the ball before, during and after hitting
the bar is shown in Fig. 8.3.

6

4 va ,

velocity aE
downwards y.
ims-

hY

Fig. 8.3
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For the time that the ball is in contact with the bar, use Fig. 8.2 and 8.3

1. to determine the change in momentum of the ball,

change in momentum = ..........c.cccceevienii e kgms™ [2]

2. to show that the magnitude of the average force exerted by the ball on the bar
is35N,

[2]

3. to calculate the average force exerted on the bar by the support A.

(iii) The bar is now cushioned with a light sponge at point D.

State and explain the effect on your answer to (b)(il)3 when the ball makes contact
with the bar.

[Total 20]
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8 (a) State whatis meant by haff-iife.

(b) A stationary radioactive isotope P decays by emitting a B-particle and y-radiation. The
daughter nucleus produced during this decay is Q. An incomplete equation to represent
this decay is

Po Q+B+y

The variation with time ¢ of the number N of undecayed nuclei of radioactive sample of
isotope P is shown in Fig. 8.1.

6.0

5.0

N/1010

o

4.0

3.0

20

1.0

W 2 4 6 8 10 12 14
tihours
Fig. 9.1

(i) Use Fig. 9.1 to estimate the half-life of isotope P.

half-life= ... v e oUNs [2]
9749/03/ASRJC/2019PRELIM

More papers at www.testpapersfree.com



21

(ii) Initially, there are no Q nucleus in the sample.
number of Q nuclei

After a period of time #, the ratio - equals 6.
number of P nuclei
Calculate t.
b hours {2]
(ili) State the significance of the gradient of the graph.
........................................................................................................... [1]
(iv) Determine the activity of isotope P at t = 4.0 hours.
activity = ... Bq [3]
(v) The daughter nucleus Q is stable. On Fig. 9.1, sketch a graph to show the variation
with time ¢ of the number of daughter nuclei Q in the sample. [2]

(vi) State and expiain why the sum of the kinetic energy of the S-particle and the

energy of the y-radiation is less than the total energy released during the decay of
isotope P.

.................................................................................................................
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(c) Isotope P is produced in a laboratory by bombarding a stationary nucleus S with an
o-particle. It results in the following nuclear reaction.

S+a— P+.n

Fig. 9.2 shows the position of isotope P on a diagram in which nucleon number is plotted
against proton number. Each small square represents a unit increase in the nucleon
number and proton number in the direction of the axes.

nuckeon
number
Fy
» proton
. number
Fig. 9.2
() On Fig. 8.2, mark with the symbol S the position of the nuclide 8. M

(i)  With reference to (b), mark on Fig. 9.2 with the symbol Q the position of the
daughter nuclide Q due to the decay of isotope P. [1]

(d) Fig. 9.3 shows an o-particle approaching a stationary gold nucleus head-on. The
distance of closest approach of the a-particle to the nucleus S is d.

d

path of J—i gold nucleus

a-particle

»

Fig. 9.3

At its distance of closest approach d, explain whether it is possible for the gold nucleus
and the a-particle to be at rest simultaneously.

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

[Total 20]
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List of apparatus

Question 1

1 marble

1 ramp (Do not bend the ramp) (see notes below)
1 wooden block

1 plastic tray with sand (see notes below)

1 retort stand, boss and clamp

1 30 cm ruler

1 metre rule

1 protractor

Question 2
1 spring (with string tied on one end)
1 split cork

1 pin

1 metre rule with one hole at one end
2 retort stands (with boss and clamp)

1 string

1 350 g mass
1 stopwatch

Question 3

1 battery
1 switch

1 digital multimeter (set to DC 20 mA)

1Ry

3 100 Q registors
& connecting wires
1 analogue voltmeter

The apparatus should be laid out on the bench. If the apparatus is to be used by a second
candidate, then it should be restored to its original state.

Notes

1 Uss the wire and tape to make a track for the spheres to roll on:

Place a length of tape on the bench with the slicky side facing up.

Make sure the wires are straight and then press them onto the tapa paralle! to each other and
approximately 1.0cm apart.

Press anothat length of tape {sticky side down) on top of tha wires.

Trim excess tape from the ends to give the appearance of Fg. 2.1.

]
¥
L

' tape

Fig. 2.1 {not to scale)
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Bend the track to make a ramp with a shape similar to that shown in Fig. 2.2

=40cm

i
3

curve radius at

sphere least 8em

mark

_____,________________
B ks »

)

Fig. 2.2 (not to scale)

Make a small mark on each side of the track 7 cm from the end, as shown in Fig. 2.2.

2  Add sand to the fray to give a depth of approximately 1cm.

12em
+0.5cm

3 The apparatus should be laid out on the bench. If the apparatus is to be used by a second

candidate, then it should be restored to its criginal state.
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2
In this experiment, you will investigate the motion of a sphere launched from a ramp.
(a) Set up the apparatus as shown in Fig. 1.1. Adjust the height of the clamp so that the

launch angie ¢ is approximately 15°. Do not bend the ramp throughout the
experiment.

tray
wooden block

-
-

e

Fig. 1.1 (not to scale)

(b) (i) Measure and record ¢, as shown in Fig. 1.1.

(i) Measure and record the height hy of the mark above the bench, as shown in
Fig. 1.2.

tray

l i

bench A A I i

Fig. 1.2 (not to scale)
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3
{ill) Measure and record the height h, of the end of the ramp, as shown in Fig. 1.2.

(iv) Calculate the speed v of the sphere when it leaves the ramp using the expression

v =\129(h1 _hz)

where g =9.81 ms™=

(c) Justify the number of significant figures you have given for your value of v.

(d) () Place the sphere on the ramp at the mark. Release the sphere.

(1) Measure and record the horizontal distance R from the end of the ramp to the
landing position of the sphere, as shown in Fig. 1.3.
: ’

[
Y A ///7/7//////}//%
Fig. 1.3 (not to scale)
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(e)

L)

4

Estimate the percentage uncertainty in your value of R.

percentage uncertainty = ... 11

4749/04/ASRJC/2019/Prelim
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By lowering the clamp, increase the launch angle ¢ to approximately 25°. Repeat (b)
and (d) using the sphere.
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(9)

5
It is suggested that the relationship between R, vand gis

R=kvcos ¢
where k is a constant.

{i) Using your data, calculate two values of k.

firstvalue of k= ...

second value of k= ................

(ii) Explain whether your results support the suggested relationship.

{iii} It is not accurate to draw a conclusion based on only two readings as in g(ii).

Suggest a way the method ¢an be changed.

9749/04/ASRJC/2019/Prelim
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(h)

m

6
(i) State one significant source of error in this experiment.

{ii) Suggest an improvement that could be made to the experiment to address the
scurce of error identified in (h)(i). You may suggest the use of other apparatus or
a different procedure.

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

A student is investigating the motion of a sphere launched horizontally from the ramp
with a range of different speeds v.

It is suggested that the square of the horizontal distance R from the end of the ramp to
the landing position of the sphere is proportional to v.

Explain how you would investigate this relationship using the same apparatus.

Your account should include:

» your experimental procedure

« control of variables

« how you would use your results to test the relationship.

[Totai: 18]
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Question 2 begins on the next page.
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2 In this experiment, you will investigate the oscillato'ry motion of a loaded metre rule supported

at one end by a spring.

(a)

Secure the cork in the clamp so that the pin is mounted horizontally. Suspend one end

of the rule from the pin by passing the pin through the hole in the rule. The rule should

be able to pivot around the pin.

Hook one end of the spring to the rod of another clamp. Suspend the other end of the
rule through the small loop of string. The string should be at the 0.5 cm marking of the

rule as shown in Fig. 2.1.

The clamps should be adjusted so that the rule is approximately horizontal.

clamp
spring - rule
A
T T T T T T T T T

string at 0.5 cm
mark of rule

stand -~

N
Fig. 2.1

(b)

. pin and cork

~3~  (in clamp)

Tie a loop of string on the rule to suspend a mass of 350 g a distance d from the pin as

shown in Fig 2.2. The mass should be about hatfway along the rule. Adjust the position

of the clamps to make the rule approximately horizontal again.

Fig. 2.2

9749/04/ASRJC/2019/Prelim
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(d)

(e)

Measure and record the value of d.

For
Examiners
Use
Gently displace the end of the rule so that it performs small oscillations in a vertical
plane.
Determine the pericd T of the oscillations.
M1
T= e, [2] A1
The equation that relates T and o for this oscillator is
4x°
T?="(Md*+C
PE ( )
where kis 28.0 N m™, M is the mass of the load, L is the length of the rule and Cis a
constant.
Calculate C.
A2
A3
C= e, 3 ™
[Total: 5]
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Question 3 begins on the next page.
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in this experiment, you will investigate how the current through a milliammeter varies as the For
resistance of a resistor is changed. Examiner's

Use

{a) Set up the circuit as shown in Fig. 3.1.

N

R

Fig. 3.1

(b) The resistor of resistance R: can be made using any combination of the resistors
provided. The resistance of each resistor is 100 Q.

(c) Set the value of R; to 100 Q and close the switch. Record the current 7 through the
digital milliammeter.

G749/04/ASRJC/2019/Prelim [Turn Over
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(d) Change the value of R, and repeat step (c) to obtain further sets of values for R, and For

the corresponding values of 7. Examiner's

m2

M3

]

]

Al

[71

(e) Itis suggested that 7 and R, are related by the equation,

=£+C
R

]
L.

where k and C are constants.

Plot a suitable graph to determine values of k and C.

=
u
ZiE|B|R
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{f) (i) Comment on any anomalous data or results you may have obtained. Explain your
answer.

(i) Measure and record a value of the em.f E of the power supply using the
analogue voitmeter.

(9) Theory suggests that k = R'?S

where S is the resistance of the digital milliammeter.

Given that R; = 470 O, together with your answers to (e) and (f){ii), determine a value
for S.

(h) Cisinversely proportional to E.

On the graph grid on page 13, sketch a second graph to represent the resulis if £ is
increased. Label this graph Z.
[2]

[Total: 20]
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Question 4 begins on the next page.
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Two identical light sources are viewed from a distance, as shown in Fig 4.1. When the angle ¢
between the light sources is large, they are seen as separate.

-
-
-
-

observer -z 9)

e
-
-

Fig. 4.1 (not to scale)

The sources are moved closer together. At a particular angle &, the two sources appear as a
single source.

The relation between &, and the wavelength % of the light from the sources may be written in
the form of

where b is a constant.
It is inappropriate to measure 6 using a protractor as it is a small angle.
Design a laboratory experiment using two light sources to determine the value of b.

You should draw a diagram to show the arrangement of your apparatus and you should pay
particutar attention to

(a) the equipment you would use

{b) the procedure to be followed

{¢) how the wavelength 4 and angle & would be determined

{d) the control of variables

(e) any precautions that shouid be taken to improve the accuracy and safety of the
experiment.

9749/04/ASRJC/2019/Prelim
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Diagram

L T T T T R T T T TR T Y R T T DT P

D TP PT PP PR
........... B m b s e e SRR A kA e A S PR A F R AP AN AR AN PR ENA NN ENR R R AR R AN LSt bunnnn R
SrammENeNAsEANAEsBEESEERCIsEAREEENAES PR YR EEESEA R RRIRGabTmnnEnnan b s R EE AR RN ASRsIAEsEAREBsRBaRSREEEERE MR aRRLS
AN AT RN AN A RSN E AN Ak rE L ke R Re e ABe R EE R EE SRR R AR NP SRR RS e A RN A RN AR SRR A Een L R T T L R LI L LT LILIITT
civeminnaus Vavrasrnsnnes teusstumscanzanEnns N PR RN AN RN NN RN ER AP E NN NI I RN NE RIS NS SEnnnrun TTIITII .
................................. EP R B NN N N AR Ea e E A Ed AN NI AR AREReN SR RS RN EERSASBESEReREsRAAGaR LN snan RS RS
mrwemRwERERE RN RR R pannan YR T Y NN RN N RN N RN kGamraasanr s e e man e em RN TN T IR Y IR RSN AN rrannnntns
AR LRLTT R NN Y llnl.!l.l".l RSN AR IR AN NN NANASdNbENDREERDREN LA AR R R AL LA LA N A AL AR R AN NI NN RN,
....................................... P R e N AN A sk EN RN EeEEEEREE RS Ee N A AR AERCe AR ARE AN Rmnar TR RRN b
................................. TS IEEEEE R R NN Ee e EEEE R eE R ea RS SE RSN AR NA AR BN SAL AR ETa R RN b
fNM AN EENAEEAEEATARMERLICNIbL R n Rt R NN S TN AR AR RS E NN KA LN LN SkA kTN AR RE s AR R R, PP T .
FesderesmssEREsEasEEEEEERATEans N NN ENIEENEERARNMtrEsiesEraresaNeataREaSERSasaTaRaanES RN NN R RANRANATA R R nans
.................... LT
B N R R4S e e s N MR N e A EAE AN AR ERAES NNk aG sakrsRNs e asaEE R ansonenEna PR EIEP YR YEFIE PRI T I RSN R Er s nennnan
O N PN N B A G sk e e s e s e T IS N PR AR SA AN AL SN ENEEs s R RN R RAAE A an R searerErrEatEcENnare
redsaluamiesaassssantassssssasnnsnn NN RR AR EAEEAbemssaasensrRrARENRaNesNEasERennnnnaan T T T T T L L L T T L T T .
PesErEEERIAERsERLEEEEER R RnnanEE SR N MEEEEEEEIATEAEMBCAsIseIIRERERIATaaERaREaL R T T T T T P T TP T PP PP . TTIII
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....... s rEErEEmE NN ISP SN EE AN ASARE AR EE A R kA I ANEIN AP SN ST AN IR PR RN N AN EEEEANEFETEEEETERESAS S SRS NREENSESRGSIRERRE

.......... ErEEEasEaSEESEshER AAS AN EBEAN AN I NN AR A EANBER e e aand kA G d A BN BN PN PN R AN NN NGB E G NN AP A M NmA s n kA IR AOR T Raay

T T T T R L L L LR R Lt R R L R ] NSRS EBIARANAEIANYEEASESEEEBERIBSEEFOFREF RN Y hvtgassEEmEEnE

mdiBEYEAREEE A NRERE R R i Ad NN INNUPREI AR NG N IS PSSy dr I BRI A N BN A IR I AU AR IR NP IR AN AR Gur I EEFAREESNEEsAEACENARREREEES

EmaaeEErmsarEaEEE ArpmsmnEn EaemesnmEmnEn HUABASBASTIR SISO RTAR RS WA ANEEEEBANPI IRV EEIEELEFECSSSESIRRENEEREAE wadsdERERREREEES

EE N EEEFR AN IS G EAREEN NIRRT NS RA SR NES N R AN U RPN AT asassssEEEsREmsEuEEEEr FrerMARAEEanassmEEmE CamessaBuTIARNNRARREARSEY

amarzmman TLLELIY e T s e I I LR L]

mewm A AUANE RN EITP NS RSN ESEES N AN NG NN F SRR IR P RN NN EP N RSN A AR AN RSN IR NAS R TSR ERRRER VRS WNdUBINMERVINGMsAREINETSERANERRETRTYTY

e T T T T T R L R L L L L LR L LR bl

eEaBESEEEEESBEEUSRSABSIBGNENS T r AR IS IR UNE NN AN SR ETE SRR A FRT R En seNBeBTEsEEEssmEmEEenAekuiRAR RPN FANREANEDER AR RN TNR b RRARY
s EESEBEBEEEAELEEREEEEISEERE RN RA N AR ARSI AR ISR A s a A Al N ARG am atersessasssEEEkaERErARRRRRARTRE amsmmanBEeREmEERANE
pEAEEsMREARWEBsamaAFIURIUNEREESReNVSREEEEwEEEEEEn d4FEFPREENESNOmEANS saBamEABBEBRRAEEEES ammamEBBERRRAsd R imU AN AN NAEURERRERNCR AR RN nY

e m ki dAREEE Y P EE R AR A A S R EE AN N RS BT N A I AN AP N PP RN R F SNSRI IR AN IR RN PR NSRRI S S NA AR AR I RIS R RNy

et maEmEEEmS AREARE BN EEE R e AV IR BT RIS a s n U IR IV AN A A NSNS PRSP n A B AP RS ARG ARO SRR SN A AA R AR RSNy

e T T L Lt N T T TR T T T L R P L L L L L L LR L R ARl bl
s BEFERENSREEANEEBERsEME NS B AR EnA AR A AR AR AP AT s EEEBEEEEs s EEA BN EY AN NS EAR R NN R AN N AURA AN IR ANE R R a A IR ES
eharaEEEEEEENASRFEEEEEEEE N T T T L L L R TR T e Y P P RN LR LR R cenan
e T T T T T R R N L R R L AL LA LR bbb

Measmmssume EEEEREATEEEEanesE e n AN AR AR I TRk N N E SRR LA NI R IR IR IR I ISR ENE PR TR YRS R AR AR N AR AR P R R

J e e T T T T R L LR Y L PR L LR AR R AL L LRI bbbl

e e e e e R Ty R L R L LR L LRl bbbl EEANTANN SN YR IR IRV INNNE R AR

..c-......-----.---..-u-.-------------n--n-u.-------------.-I---....unur-----------n-.-----a--------------...-u--...-----------l

et e e T R L R L L AR L bbbt bl seErEEBESEEEERUFEAREEATANESREIEE A nd

[Total: 12]
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Paper 1 (30 marks}

1 [ 2 [ 3 | 4 [ 6 [ 6 [ 7 [ 8 9 |10
b [c |8 | b |8 |DJ]AJC]|C]A
™M [ 12 | 13 | 4 | & | 16 | 47 | 18 | 18 | 20
Al A | AlTA][DI|C B B [D]C
21| 22 | 23 | 24 | 265 | 26 | 27 [ 28 | 29 | 30
B B [~ c B A D D C [}
D
D
x=2=
a
=
D

AL Aa Ax AD
IMl_Iﬁﬂ+I.X| +1mlvx‘_8.fﬁ
APS , 0.1, 0002
‘0,50 1.7 2.000

=10%

1x100%

=miv+0)=mv
KE s conserved for option B.

Total fina! momentum of Option C

v v 1
=m{—-=)=—mv
in Av 2

By velocity of approach and separation, KE is conserved for option G
Total final momeantum of Option D

-

By velocity of approach and separation, KE not conserved for option O

c

Use v =+ 2as
0=u?+2ax = u®=-2ax

0 = (1.20u)? + 2ax'
1.44(-2ax)* = -2ax’
¥ =144x

Ultimately, the vertical component of the balt will achieve terminal velocity when the
forca dua to air resistance cancels out the waight of the ball.

D

- P ~ contact force on box due to ground
Q -~ gravitational force on box due to Earth
R — contact foree on ground due to box
S — gravitationai force on Earth due fo box

B
Conservation of linear momentum : Total initial mementum = mv

Totat final mamentum of Option A
=mv-mv=0
By velocity of approach and separation, KE not conserved for option A

Total final momantum of Optlon B

8 [¥)
consider horizontal equilibriumn,
K= Yy
XcosB0° = Ycos45®
X_
v =141
7 A
Since object is thrown at high speed, it experiences large upward viscous force, so
resultant force upwards. This decelerates the ball, decreasing its speed and viscous
force.
Upthrust is dependsnt on the pressure difference acting on the object. As pressure
difference remain the same as object falls, upthrust will remain unchanged,
[ C
When 3.0 N laad is placed, F = kx, 3.0 = k(0.030}, so k = 100 Nm™
Using EPE = % kd
Additional EPE = % k{Xge” — Xt} = ¥ (100)(0.040° — 0.030% = 0,035 J
9 [
Total gain in KE = loss in GPE of Y = loss of GPE of X — wuork done by friction
= (5.0)(9.81)(2.0) - (4.0)(2.81)(2.0 sin 30) — 5{2)
=4886~49)
10 A

Twao forces, tension and weight, act on the pendulum. The resultant force shouid not
be drawn. Hence, Options B and C are wrong.

Pendulum moves along with the train in the circular aré, bending to the right. It must
have a centripetal force (net force) directed to the right, towards the centre of the
circular are. Option A fulfils this requirement, the net furce is directed o the right.
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When metal plate moved by %3 to the right, the stationary receiver will be at a node
again, detecting a minimum voltage. This happens when distance moved = 60 mm.

Hence, ¥ & = 60 mm, so A = 120 mm

Potentiat at B is still 3V.

R
=@ x——=2V.
Patentlal atE= 6 xmm +R

Potential across BE = 3—2 = 1V, so voltmeler reading = 1V.
Change in voltmeter reading =1 =0= 1V

23

c

The magnetic force acting on one vertical side = B8InL since the angle between B and
I'ls 90°. The direction is obtained using FLHR.

c

For straight conductor cutting magnetic flux, the induced emf £ = BLv. Since the
magnstic field and length of rod cuiting the flux are both constant, £ is proportional to
the speed of the rod, which is the gradient of s-f graph.

1* segment: constant gradient of s-f graph => const E

2" segment: decreasing gradient of s-f graph=> decreasing E

3" segment; zero gradient of s-t graph => Zero £

28

19 D
Contribution of E-field at the centre by a pair of like charges opposite each other will
eancel out but by a pair of unlike charges, it will result In an E-field strength of 2 units
pointing towards the alectron.
Hence, the net E-fleld for
A is 242 units, 225° (3" quadrant);
B is 2 units, 45° (1® quadrant);
C s 2 units, 270;
D is less than 2 units, 112.5° (2™ quadrant).
20 c
F.=ma
F _gE _1.5x107x20000 5 o
=B E e L 3.51x10
= wm = m 9.11x10™ 351x ms
5=uf +0.5at®
§=0.5(3.51x10"}4.0x107)* = 0.0281m
21 B
W=vQ=VIf=18x15x02=54J
22 B

Redraw the circuit diagram.

LoV

A pwpn

ﬂ
Y € R
IA
Inttially, resistance of T= R,
Pd across each resistor = pd across T = 3V,
Potential at B = Potential at E = 3V, 8o pd across BE = 0, so voltmeter reading = 0.

When resistance of T = 2R,

26

A By using the relationshlp above, when the number of tums in the primary coil N, is
increased, the p.d. across the sacondary coll V, will decrease.
ViV, = NJNp

B: Increasing the cross sectional area does not affect the p.d. across the secondary
coil.

C: Increasing the resistance across the variable resistor only reduces the current in
secondary coll {(not the p.d. across it}.

D: Decreasing the resistance across variable resistor only increases the currant in
secondary coil (not the p.d. across it).
<k<u = .....!qu

27

D

_he
-mast enargotic pholon —
Ao
_te _te
KE sy 0V

xmga

50, Ay =

9TABNUASRICIZ01SPRELIM [Turn Over

28

[+]

p=p=mv=9.11%10% = 2,05 x 10° = 1.868 x 10 kgm s
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Paper 2 (80 marks)

1a

Vertically upward arrow from point B representing upthrust, and vertically downward
arrow from paint C rapresenting weight of tube and sand. Both armows are equal in
length, representing equal magnitude.

1b

Upthrust for both cases are the sams, equal to weight of tube and sand.
Upthrust = weight of fluid displaced
puAlyg = mALg = weight of tube and sand
L= puku/ o
=099 x121/1.11
=10.792 cm
Change in L = 10.782 - 12.1
=—1.3cm

1cl

Its weight and upthrust provide coupla / restaring ,.oa_cm 1o keep tube upright.

1cil

When the tube Is displaced downward, the upthrust is greater than the tube's weight.
Henca, the net force on the block is upward, opposite to the displacement.

Whan the block is displaced upward, the blo i
Hence, the net forca on the block is downward, ouuom#o to 5@ displacemnent.

g= GMIRE, so if distances near surface of planet is much smaller than R,

gis a constant.

force on rocket = my, where m Is mass of rocket, (g is the acceleration of free fail /
gravitational field strength)

AE, = force » distantce moved (or work doneg)

= mgh

OR

AEp = mA® where m is mass of rocket

= GMmM(1/R = 1/{R+h))

= GMmh/{R{R+h))

distancas h near surfeca of planet is much smaller than R, hence (R+h)=Rand g=
GMR?

Dm-u = g&

2b

Increase in GPE = Decrease in KE
1 1 1 4 h‘_ 1
ase in GPE=GMmM| ——~-= | =4.0x 10" 247210 %| ———
Ingre n Qﬁ mmu ® ® ® 3R

Decrease In KE = (1.17 = 0.35) x 10™ J
3R=20634% 107=21=10"m

2c

Sirnilarity: Gravitational fields are directed towards the planet and the rocket.

Difference {any one):
- Gravitational field at surface of planet is at orders of magnltude greater than
that at the surface of the rocket.
- Gravitational field at surface of planet has radial symmetry or is directed
radially, but that at the surface of the rocket Is not.

STAONZASRICZISPRELIM
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6ci

photen energy larget
s0 {maximum} kinetic energy is larger

Beli

fewer photons (per unit time)
so (maximum) current is smaller

6di

light is re-emitted in all directions / only part of the re-emitted iight is in the direction of
the beam

Gdti

an arrow between ~3.40 eV and —1.51 eV and an arrow between =3.40 eV and -0.86
eV
all amrows shown point ‘upwards'

BdHI

E=hciiorE=hfandc=1i
260 % 1.80% 107" = (6,63 % 10 x 3.00x 10%/ A
A=48%10"m

Tal

Wark is the product of a force and the distance moved in the direction of the force.
W=FxAr

Potential energy Ep is the work done
(by external force in moving a point charge from infinity to the point.)
(Ep =—F » Ap)

D_m_u -

ient of th hG =
Gradient e grap| &

(accept if no negative sign)
Hence the magnitude of F= G

—F

4
4bii3 :
Intensity of maxima varies according to single diffraction envelope.
Correct number of fringes
Reasonabla smooth curve with equal fringe separation
5a Increasing current causes increasing mangetic fiux (linkage} through the coil,
(By Faraday's Law), increasing magnetic flux (linkage) induces e.m £, in the coil.
(By Lenz's Law), induced e.m.f. opposes the growth of current,
Nota: the induced e.m.f. will be opposite to the e.m.f. of the d.c. source. As a result,
current increases at a slower rate.
6bi It is the product of the magnetic flux density and the area normal to the field through
which the field is passing.
Sbii | Magnetic flux density by solenoid B = pnl = 41t x 107 = (360 /0.120) x 25 A
flux ¢ = BA = B (xD*4) = B [2(0.088/7)"4]
= 5808 x10°* Wb
=58 x10° Wb
&biii | In the time given, Ad = 2 x 5.8 x10F* Wb
Average e.m.f. = NAGL = B6 x 2 x 5.8 »107%/ 2.4 107
= 0464V =046V
5biv | Alternating / sinusoidal e.m.f.
With seme frequency as supply
6a for a wave, electron can ‘collect’ energy continuously
hence, etectron will always be emitted / electron will be emitted at all frequencies
after a sufficiently long delay
&bl either wavelength is longer than threshold wavelength
or  frequency is below the threshold frequency
or  photon energy is less than work function
8bll | hc/Ai=¢+Epax

(6.63 = 107 x 3,00 % 10° / (240 x 10°%) = ¢ + 4,44 10"
#=38x 10"} (allow 3.85 x 107'*))

STAGAASRICZ019PRELIM

Tait

For r< 2.8 =10 m, the gradient Is negative, hance the force is positive and thus
repulsive force.

For r> 2.8 10" m, the gradient Is positive, hence the force is negative and thus
attractive force,

7alil

At2.8x 10" m, gradient is zero.
F=GN

Talli2

B

]

Ort
Ept
eV

0
-

niH

o

s

# .

e

-10

At5.0% 10" m,
[-1.5—{—7.5)}x1.60x10™"

Gradient = {8-3)x10™

=1.8%x107°
F=19%10"N

974BMUYASRICZ019PRELIM [Turn Dver
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Paper 3 (100 marks}

1a

Velocity v;reprasents the object's velocity at one instant
V! and v its velocily at a later instant.

¥

; in the vector =_m.=am. the change in valocity Av (=v;— v},

v} |s due to a change in the velocity's direction, while the
magnituds of v;and vrare the same. '

The direction of this changa in velocity Av ia towards the
eantre of the circle, resulting in a centripetal acceleration
perpendicular to velocity. Hence, the object is
accelerating.

« Vactor diagram showing that velocity changes direction, with brief description.
+ State that force or acceleration is perpendicular to velocity, and relate a change
in direction of velaelty to acceleration.

1bl

= gravitational force by earth on man (vertically downwards)
« contact force by wali on man (diagonal to the left. Vertical component of contact
force to be equal in magnitude to waight). '

Accept: Contact force represented by Friction and Normal  conpaet
Reaction in correct direction and magnitude farce, F

Weight,

1bil

The upward frictional force is equal and opposite to the downward gravitational force
acting on the rider. Hence, the rider would not fall off.

The normal gontact force by the wall on the rider provides for the centripetal force
necessary for him to mave togsther with the barrel in a circular path,

1biii

acceleration = ra? = r(2)’ = 2.5(2n)%(33/60)7
=298 ms*

1biv

Work done=0J

because the net force acting on the man (normat contact force) is always

i or direction of motion) of the man at any instant. As the
instantaneous veloaity is in the same direction of instantaneous dispiacement, hence,
waork done which is the product of force and the displacement in the direction of the
force would be zero.

Or

0748/03/ASRIC2019PRELIM
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2

From the work-energy Em.o_.m:_. since there is no change in kinetic energy of the rider,
there is no work done on the rider.

2a

The Incraase in internal energy AU of a system is equal to the sum of the heat
supplied Q to the systam and the work done W on the system.

2bi

Work done on gas =—p (V. - V)
=—{1.04 x 105{4.0 x 107 - 2.9 x10%
==114J

{1 mark if answer is not negative)

2hit

AU=Q+W
=285+ {-11.4)
=17.1J

2hblv

“me<c>=32KT
Jec®> = (3kT/m)

Since k and m are constant,

Ratio = W(TWT) = (433/314) = 1.17

Ja

ent of the particles in the wave are
of the wave.

A transverse wave s a wave in which the dis
at right angles to the diraction of transfer of ene

A longitudinal wave is a wave in which the displa
are along the direction of r of enargy of the wave.

3bi

Ar=0.78 - 1.5(0.50)
=0.03 ms

OR At = 0,50 - (0.78 — 1.5(0.50))
=0.47 ms

Phase diference = A¥ T x 360°
= 0.03/0.50 x 380°
=2.6
=22°

OR

Phase difference = 0.47/0.60 x 360°
=338°

S745/03/ASRIC201BPRELIM
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9ct
and
il

nucleon
number

» proton
number

M....U X+ Je

By conservation of mass;

A =A+0=2A-A =0

By conservation of charge:

Z2,=2 1=Z -7 =

8r+ He > *P+n

By conservation of mags:

A, +4=A +1=A, A, =3
By conservation of charge:
Z,+2=Z, =2 -Z, =2

cii

Total linear momentum of the system must be conserved throughaout the process.
Since initial total momentum of S8 and ¢ is nop-zero, final total momentum of them at
closest approach must be nen-zero.

Hence, not possible for themn to be at rest simultanecusly,

STAL/DVASRIC2018FRELIM
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Name: () Class: 19/

ANDERSON SERANGOON JUNIOR COLLEGE

2019 JC2 Preliminary Examination

PHYSICS Higher 2 9749/04
Papar 4 Practical ) Monday 2 September 2018
2 hours 30 minutes

Candidates answer on the Question Paper.
Additional Materials; As listed on the Confidential Instructions

READ THESE INSTRUCTIONS FIRST

Wiite your name, class index number and class in the spaces provided above.
Wirita in dark blue or black pen on both sides of the paper.

You may use an HB pencil for any diagrams, graphs or rough working.

Do not use staples, paper clips, glue or comection fluid,

Answer alt questions.

Write your answers in the spaces provided on the question Shift
paper.
The use of an appraved scientific calculator is expected,
where appropriate. Laboratory
You may fose mark if you do not show your working or i
you do not use appropriate units.
Give details of the practical shift and laboratory where
appropriate In the boxes provided. For Examiner's Use
At the end of the examingtion, fasten all your work securely Paper 4 (56 marks)
together.
The number of marks s given in brackets [ ] at the end of 1
each question or part question. 2

3

4

Total {66 marks)

This decument consists of 15 printed pages and & biank pages.
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(e)

i

4
Estimate the percentage uncertainty in your value of R.
. 0.005
ercenta ert; = 100%
p g uncertainty T
=21%

percentage uncertainty = 21% 4]

By lowering the clamp, increase the launch angle # to approximately 25°. Repeat {b)
and (d) using the sphere.

=25
M= 0210m

b= ...0.088m

v= . f2(0.81}0.210-0.089)
= 154ms"

_ 0.185+0.195

2
=0.190m

R

r=.0180m 02

9748/0VASRICI2019/Prelim

H
3
73e

6
(@) Itis suggested that the relationship between R, vand ¢is

R=kvcos ¢
where k Is a constant.

() Using your data, calculate two values of k.

R
k= veosg
first k
0.240
k=1 Bcostzs 12%%
sacond k
0180
k =T Bdcoi25" =0.1368

first value of k= 01288 ...

second value of k=, 01368

{ii} Explain whether your results support the suggested relationship.

. . >x c.._mmlo.dmm
ifF k= 2R 100% = o 1D
Percentage difference in X x100% 6,926

x100%=79%

The criterion I percentage differance in k < percentage uncartainty in . .

Since the % difference In k value is mora than the % uncertainty in

{fii) 1t is not accurate to draw a conclusion based on only two readings as in gfii).
Suggest a way the method can be changad.

Take 6 sets of readings by varying ¢ and plot a graph of /2 against v cosd to test

relationshipisvalid. i {1

2
E%i‘

i
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8

In this experiment, you will investigate the cscillatory motion of a loaded metra rule supported
at one end by a spring.

{a}

Secure the cork in the clamp so that the pin is mounted horizontally. Suspend one end
of the rule from the pin by passing the pin through the hole in the rule. The rule should
be able to pivot around the pin.

Hoak one end of the spring fo the rod of another clamp. Suspend the other end of the
rule through the small loop of string. The string should be at the 0.5 em marking of the
rule as shown In Fig. 2.1.

The clamps should be adjusted se that the rule is approximately horizontal,

clamp

spring ‘#\ rule - pin and cork
- (in elamp)

I\\.\.\tm. T T T 1 T T )

T T T T -
string at 0.5 cm
mark of rule
stand

Fig. 2.1

(b} Tie a loop of string on the rule to suspend a mass of 350 g a distance d from the pin as

shown in Fig 2.2. The mass should be about halfway along the rule. Adjust the position
of the clamps to make the rute approximately horizontal again.

Flg. 2.2

G749M4/ASRICI2010/Pretim

(e)

{d)

(e}

Measure and record the value of d. Far
Examiner’s
Use
d=.049m_ .
Gently displace the end of the rule so that It performs small oscillations in a vertical
plane.
Determine the peried T of the oscillations.
Hﬂp +h nEuohmw s
2N 2(30}
L3}
T=_04938. .. ..[2 |~
[e]
The equation that relates 7 and o for this oscillator is P
2 o
7= (M +C) %
i g
whare kis 28.0 N m™', Mis the mass of the load, L is the length of the rule and Cis a m
constant, 3
Calculate C. w
2
0497 =% [(0.350)(0.495)" +.C] 0
) (28.0)(1.000 * ’ 2
C = 0.0866 kg m* g
(0]
a2 O
A3
M
RO K|
[Total: 5]
S74S/04ASRICI2018/Prelim [Turn Over
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(d)

(e}

12

Change the value of R, and repeat step (c) to obtaln further sets of values for R, and
the corresponding values of 1.

R/ Q it | Lriesor | 3ae
R, I
533 335 300 308
50.0 354 36.0 a2
66.7 372 75.0 760
100 3.90 70.0 356
150 203 567 248
200 %10 5.00 344
300 318 35 730

7
It is suggested that / and R; are related by the equation,

1
I
where k and C are constants.

Plot a suitable graph to determine values of kand C.

Plot a graph of W against Jm._ié_.m_.o kis the gradient and C is the y-intercept.
r

307.0-240.0

B0 5.5yx307 = 2530 =283 xt0?
U =33}

gradient =

k=253x10° A0

From graph y-intercept, ¢ = 231.5
C= 232 A7 (allow 231.5 A™)

Or
Substitute (30.0 x 107, 307.0) into y = mx+e,
y-intercept, ¢ = 307.0- {2530 x 30.0%10°) = 307.0 - 75.8
=231.4 (alow 231) -
C= 231 A" :
k= 2530A7'0

-1
c=.292N

B749/04/ASRICI2019Pratim
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Uss 1

I|R|2|E(S

R{E|E|A

13

Fi2

A7

320

310

300

280

280

270

260

250

240
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230/

220

5.0

10.0

15.0

20.0 25.0
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18

Two identical light sources are viewed from a distance, as shown in Fig 4.1. When the angle
between the light sources is large, ihey are seen as separate.

observar .n””‘&

.

Fig. 4.1 {not to scala)

The sources are moved closer fogether. At a particular angle & the iwo sources appear 8s a
single source.

The relation between & and the wavelength A of the light from the sources may be written in
the form of :

where b is a constant.
It is inappropriate to measure & using a protractor as it is a small angle.
Design a laboratory experiment using two light sources to determine the value of b.

You should draw a diagram to show the arrangement of your apparatus and you should pay
patticular attention to

{a} the equipment you would use

(b) the procedure to be followed

{c) how the wavelength A and angle & would be determined

(d) the contral of variables

(e) any pracautions that should be taken to improve the accuracy and safety of the
experiment.

STAGIO4IASRICI2019/Prelim

17

2019 ASRJC JC2 Pralim HZ Physics P4 MS

o1 Answer Mark i Code
(b}i) | Meesurement of ¢
MMO | #in range 10° to 20°, with unit and to nearest degree. 4 M1
(b)) [ Measuremont of hyandhy
MMO Values of hy and heto nearest mm. 1 M2
{b}{iv) | Caleculatlion of v
ACE Correct calculation of v with corract unit 1 Al
(c) Calculated guantities (appropriate no. of significant figures)
PDO Justification based on number of significant figures in (hy— ha). 1 P1
Note: no credit if ans in b{fv} not in 3.5.f :
{d)(ii} | Measurementof R
MMO | Value of R to nearest mm 1 M3
Evidence of repeat readings of R. 1 M4
{e} Estimating uncertaintles
ACE Percentage uncertainty in R calculated correctly to 2 s.f using sensible valus 1 A2
of AR{e.g. 2mm S AR < 10 mm).
Note: If AR = 10 mm, then R has fo be recorded to 2 d.p in metre for d(ii)
) Measurement of second values
MMO #in range 20° to 30°. Second h, greater than first h;. Second b, less than first 1 M5
hy.
Second R less than first R. 1 Me
{g)(N Calculstion of k
ACE Two valuas of k calculated correctly with unit 1 A3
Note: k has fo be recordad fo 2 s.f. of 3 8.
{g)(li) Conclusion
ACE Valid conclusion relating to the calculated values of k, testing against a 1 Ad
criterion
(a)(ii}) | Modiflcation
ACE Take & sets of readings and plot a graph of R against v cosg. 1 AS
If the graph is a straight line passing through the origin, the relationship is
valid.
(h)(ly Sources of errors -
ACE 1. It is difflcuit to measure R as the sphere rolls afler landing / the landing 1 Any1
mark is not clear/distinct. This will affect the accuracy of R. A
2. ttis difficult to measure R as the centre of sphers is determinad by
estimation. This will affect the accuracy of R.
3. It is difficult io measure ¢ as the ramp in contact with the block is curve/ the
alignment of the zero marking of protractor is uncertain. This will affect the
accuracy of ¢.
4. Wtis difficult to release marble from same position each time as alignment
of the lowest point of the sphere on the mark is uncertain. This will affect
the accuracy of hy.
STASIOMASRICI2M YPrelim [Turn Ovar
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Suggested Solutl 4

Independent varlable Dependont varlables Control varlables

What? :

A of monochromatic lght | 8 Intensity of both LED lamps

produced by LED

20
Q3 Answer Mark | Code
{e) Drawing conclusion
ACE Values of k and C calculated corractly with units, 1 A5
(fh) Identification of anomaly
MMO - | Anomalous datafresults, if any, must be identifled. Appropriate justification
must be given. Otherwise, comment of absence of anomalous data.
1 M4
Note; Can award i student comectly identffied more than one anomalous
point.
(i} Measurement of E
MMO £ measured to the correct precision with unit. (Raw data last digit must be 0
ar 5) 1 M&
Note: Range of E must be between 1.80 V to 2.20 V
{a) Calculation of S
ACE S calculated with correct substitution of values (E from i) and & value from
(e) and Ry). 1 AG
Range of S between & 2and 20 2
{h) Interpreiation of graph = underiying principles
ACE When E increases, the gradient decrease 1 A7
and y-intercept decrease 1 AB .

974WCAIASRJIC/2019/Prelim

How? Fix power input to both

Measure 1 using Young's | § using metre rule, r using { iamps

double slit expt vemier calipers

Change type of LED to vary ) 84 = s/t

A

Diagram

I
Side view pair of ratort
pair of LED lamps stands
connected to power
supply, directed at
observer  gamp
observer bench
place eye
here
Top view
chservar LED lamp

place eye
here r H
1& 5

Y v

Procedure

a _
46/ LED lamp

1,
2

Smh W

o o~

Setup the experiment as shown in the diagram above with two identical monochromatic
LED lamps. .

With the observer looking at the lamps, gradually reduce the separation s between the
lamps by bringing them closer together until the two sources appear as a single source to
the observer. :

. Measure and record the distance r between the observer and one of the lamps using a

metre rule,

. Measure and record & using vernler calipers.
. Calculale 8, using ;= &/r.

Using the Young's Double Siit Experiment, pass light from one LED lamp through a single
slit, followed by a double slit, and allow fringes to form on a sereen.

. Caleulate A using A = ad/D, where a Is the slits separation, x is the fringe separation, D is the

distance betwean the double slits and the screan.

. Repeat experiment using different LED lamps of different colours to vary A to obtain 6 sets

of readings of A and 0.

STAYOHASRICI2019/Prefim [Turn Qver
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