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bata Formilae
speed of fight:in free spéce, uniformiy accelerated motion s=uty —af
¢ = 30010 ms’ :
V=i +2as
pe"rmeabllityof frag space. N -
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3

1 The rate of energy transfer H through.a conducting slah is given by

]

whirs the praportlonahty constarit k.is the-thérmal conductlvﬂy of the maferial, 4 is the cross-

sectional grea of (he; stab, /15 the: {ength cftfié slab ahd APis the tensperature; difference gt opposite
faces of the slab

Which-of the foll(mng isthe unit of kin baseS? unis?
A Wil K

B W2k

€ kgmis2ET

D Kgms2r

‘2 Atennis ballftavelingef 4.0 m.s? due-eaststrikes & surface.and bounces off at 5.0 m's* due north.
The.change. in velogity-of the tennis bl Is

B 10 mstat 37° esstof north

B 1:0m st 53° west'of soith
C  5:0m stat 37° east ot south
D 5.0mstat53° west of north

3 ‘Gbjett i released fromi restand fals verically, Eventualty i reaches términgl velosity:
\Much graph best represgits hiew the displdcerment of thie object-vanes with:time?
. ; A 4 B
displaceinent - ‘dsplacement
h] _‘ . 0 -~
i} time, 0 ‘tine
- 4 E 3
displacement : " displacemient
0 b
o time 0 : fime
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4. Arasultent force F aets on a massim, The variation with time ¢ of Fis as shown.

0.30

Ak

020 FEERCH RS T T
FIN T CHH

0. 10 RAakun SRR RN

Py

1 R EEENaEE - 4 B
O 0 25 -0 50 THHT 0760 1e1 0 1/s
—p 0N it

2 o

~0.20

~og0

- 0,40 FERLE ' AT
Mass mis 150 g: At time =0, the mass is gt rest;
Which 6f the following stetements is Incorrect?
A The mass slowed down at-a decreasing rale-fromt= 325 s to t= 0:50 s,
B The massis momentarily at rest at ¢ = 0.50's.

C  The mess Teversed direction at & = 0:50° ¢ dnd sped Up at & decreasing acceleration
from t=0.50s10t=0.755.
D Themagnitide of the chahgé iri vélotity of the'tiass from t=0.25 s to t=0.78s s 053 mis,

©Hwi Cheng Insdution 742101 7.C2 Prafifte 2019
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5 AnXeray photon of wavelerigth 965.0 x10°"? m coliites elastically with a stetionary-electron.

defleciéd phon
(7 Wavelength 8658 x10°2m

The photoris deflected-throughan angle of 75°anid s a whyelength of 966:8 X101,

Given that the monientim carried by e deflected dlectron is 8.362 % 10% N &,
What s fhe-deflection angle e of the slectron?

A q2= B 38 £ 52 D 78

€  AM200'm light bealfi carmias a mass M:at.one end. A light-cord affixed to the wall is-supporfirig the
bearii.at 0:805 m:from the wall as shown.

¥

"4

1.200'm

e light eord
wall ;

light beam

b8

0:ab5'm

‘Whaltis the meximum-riass M that can be supported if the maximiim-allewed tehsion in the: cord is
300 N7

A 10.3kg B 178k € 206kg D 305kg

©Hwi Chong [risttutian $749.10T1 €2 Prolini 2018
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7 Aheliumballoon of volume V carmying a light weatherinstrumesit rises into the simosphere. The total
imass of the balloon skin and the weather instruinent is ¥ kg. Given the gravitations field strength is
g, e densify of air Is gy, and the dansn_yi of helium is g, the net force acting on the-balloon s
A (Pur-pue)VE
B (puiVy-Mg
C  (par-pre)Vg- Mg
D (o -pulVg- Mg
8  Ametal wire.is-stretched by a varying-force £, causing its extension x o increase as shown by the
line OPGQ on-thegraph. The. foroe is-then gradually reduced to zero and the refation-betweeh force
and extension is indlcated by line AR,
Fi .
O R x
Vihich of tie following comaétly represents the work dofie b the force F in stretching the wire 1.2
-and the comesponding eiestc pofential energy stored:in the wire?
Workdonabytheforca F  Elastic potential energy
instretching the wird to Q stored inthe wita
A Y#X X
- ¥ z
c XazZ Z
D: b 44 Y47
‘©Hw Chofig nstitublén’ o748 [ 04 | €% Profin 2019
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7
9 Acarmoveswith the same speed over'each of the 4 bridges-shown below, In which-ofihe bridges
fs the-furce-which the car exerts on the bridge.the smaitest?

A 8

10 Anisclated spherical planef has mass M and radius R The acceleration: of free Tall onthe surface of
the planet s ¢. What is the work done to:move a:smali mass mfromhe surface to.a height 2R above
the surface?

A 0:50gR
B bérmR
€. mR

b 20mR

©Hwe Chong Instkation 949151762 Proim 2010
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14 Mand N are twostars of equal mass. The points P and Q are equidistent from M and N.

M®

N @
Whighigraph best-shicws: the variation in the gravitational potential ¢ due to the stars between Pand.

A B

‘WP

) .
>

v
o

L 4
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12 A fixed mass of ideal gas has pressure of 1.2x10° Pa at 50°°C. After a sudden compression, its
pressure increases to 6.0 x10° Pa al 200 °C.
What is the ratio of the compressed volume to the original volume?

A 080 B 029 ¢ 0144 D 005

13  Consider the following:

8 1Tkgoficeato°C

L1: 1 kg of water at 20 °C
L2: 1 kg of water at 40 °C
G: 1 kg of steam at 100 °C

Which of the following statements is false?

L2 contains molecules with higher average kinetic energies than L1.
§ has higher potential energy than G,

There is positive work done on G when G condenses.

The amount of thermal energy S must gain in order to melt is less than the amount of thermal
energy G must lose in order to condense.

oo mw>»

& Hwa Chong Instttution $749 /1 | CZ Pralim 2019

More papers at www.testpapersfree.com




10
14 The amplitude of oscillations of a pendulum in a clock below is abserved to decay with time. To
maintain the amplitude, an electric motor is attached to the pivot of the pendulum to drive it
periodically.

clock pivot of the

pendulum

penduium

As the frequency f of the periodic force provided by the motor varies, the amplitude of oscillations
vary with fas shown.

amplitude

X
_ driving
0 © frequency

Over the years, the friction in the pivot increased.
Which of the following would be the new graph Y showing the variation of amplitude with 2

A amplitude B amplitude
Y
X
Y
- =, >
0 f 0 f
¢ Amplitude

D Amplitude
f

1&;
0 f

9749 1 01 / C2 Prelim 2019
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16 A wave is travelling on a string in the x-direction.

Fig. (a} and Fig. {b) show the variation with distance x of the displacement y of the string.

Fig. (a} corresponds to time ¢t = 0.00 s while Fig. {(b) comesponds to time = 0,20 5.

Ly

direction of travel

3oy
Lo

2 R W S N B ¥

)
epid

0.0

e f e

xiom

—4

-
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A i

xFem

b

PELY

i

Fig. (b)

Which of the following is correct about the speed of the wave and the phase difference between A

and B?
speed/ms™
A 0.16
B 0.16
c 6.8
D 6.8
€ Hwa Chong Instihution

phase difference / radlans
0.5x

0.25x

0.5z

0.25x
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16  Which region of the electromagnetic spectrum includes waves with a frequency of 107 MHz?
A infra-red waves
B radio waves
c uttraviclet waves
D Xerays
17  Two sheets of polaroid P and Q are placed in front of a double slit such that their directions of
polarization are parallel to each other.
When unpolarised light is incident normally on the double siit, the central bright fringe at X has an
amplitude 2A,
_— [' polaroid P
unpolarised — %
light - _ X
> polaroid G
What is the amplitude at X when polarcid P is tumed through an angle of 60°7
A 0.5A B 1.5A < 1.7A D 2A
18 A paraliel beam of monochromatic light of wavelength A is incident normally on a diﬁraction‘gra!ing.
The angle between the directions of the two second-order diffracted beams is &
What is the spacing of the lines on the grating?
A A B i c 24 D 24
sind sin g sing sin 8
2 2
& Hwa Chong Institution 8748 / 61 1 C2 Prelim 2018
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19  Twoions A and B, at a distance of 4.0 pm apart, are linked to form a molecule. They are situated
between a pair of charged parallel plates placed a distance of 0.10 cm apart. The left plate has a

potential of 2.0 » 10? V and the right piate is earthed. The line joining A and B is at an angle of 30°to
the direction of the electric field as shown in the diagram below.

2.0x 102V
+
. A - ;' .
+20€]

+ \ \"\“4,0 pm {not to scale)
* A
* 2V 1

* 0.10 cm d =

What is the torque on the molecule AB?

A 13x10PNm B 22x105Nm € 26x10®Nm D 51x10%Nm

20  An alpha particle travels through a uniform electric field of field strength £. It enters the field with

velocity vand then travels a distance x in a direction opposite to the field, as shown.

path of a-particle

Given that e is the elementary charge, u is the unified atomic mass constant.
What will be the speed of the alpha particle when it leaves the field?

eEx
0]

A v-

L]
@i
U

B v

|

O

=

I

2]
®| e
e
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21 Athin rectangular sheet of metal of uniform thickness and of length 2x and width 325 is connected to

another square sheet of the same metal of the same thickness, which has a resistance of 8.0 0
measured between opposite edges. -

—— X

J lez K

What is the resistance between edges J and K?

A 640 B 160 ¢ 320 D 400

22 The graph plots cument / against potential difference V for a filament lamp.

4
IiA

3

1/

i

0

0 2 4 6 8 10
VIV

What are the comect resistance values at 1 V and & V potential difference?

resistance at1V resistance at6 V
A fess than 1.0 Q 170
B greaterthan 1.0Q 170
c less than 1.0 © 400
D greaterthan 1.0Q 400
© Hwa Chong Institution 9749101/ C2 Prelim 2019
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15
23  Acellofemf. 12 Vis connected across four similar bulbs A, B, C and D,

The bulb B has a broken filament.

Voltmeters V4 and Vz of infinite resistance are placed in the cireuit as shown below.

Which of the following correctly shows the voltmeter readings?

Voltmeter Vi I V Vokmeter V> /V
A 0 [¢]
B 0 12
c 12 o
D 8

© Hwa Chong Institution 9748 / @4 F C2 Prellm 2018
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24
2.ouy

- '

20¢m giass ube '
6D A Repuict
sodium
slectrode ’ 80 A
Flg.a

60 A

———

yd /
magnatic Sk / / /////////

g

Fig. b

The U-tube shown above contains liquid sedium of density 960 kg m. Electrodes are set into
the upper and lower faces of the horizontal section and a current of 60 A is sent through the
liquid as shown in Fig. a.

When a uniform magnatic field is applied as shown in Fig. b, the liquid in the left arm rises by
1.0 cm while the Hquid in the right am lowers by 1.0 cm.

What is the magnetic flux density of the applied magnetic field?

A 0013T B 00257 cC ooaT D 00837

© Hwa Chong Institution 8749 /01 C2 Pralim 2018
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25 Two conducting reds EF and GH can slide along two parallet copper bars in a uniform magnetic field
B perpendicular to the plane as shown,

E G
X X X _X X X I_x X X %
X XX X X X X % K
B
x x ¥ |x x x ® X %
v‘—-—-...._
x x % |x x X X %
X x x |x x x X X X
« o ¥ Jx ox o ox [ % x x
F H

If rod EF is given an inltial speed v to move to the left, rod GH will

move to the right.

move to the left,

move to the right first, then to the left.
move to the left first, then to the right,

Do m>»

26 Arectangle coil of 800 lums has an area of 0.050 m?. It is placed at right angles to a magnetic field

of flux density 4.0 x 105 T, It is then rotated through 180° In 0.20 5. The average emf induced in the
coil is

A 0000V B 006V C 0025V D Gp46V

27 An allemating voltage is connected Lo a resistor of resistance 5.0 0,

viv
20 sinusocidal
70 3 3 £33 w5 s
-10
What is the mean power dissipated by the resistor?
A 18W B 27TW c 120w D B00W

@ Hwa Chong Institution 8748/ 01 ) C2 Prelim 2049
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28 i an experment to demonsirate the photoelectric effect, light of intensity L and frequency fis incident
on a metal surface. The maximum photoelectric current is f and the stopping potential is Vs.

What change, if any, wilt occur in the maximum photoelectric current and the stopping potential if light
of the same intensity £ but of frequency 2f i incident on the surlace?

Maximum photoelectric current

co0om>»

!

legs than 7

!

less than /

28 Which of Ihe following statements is incorrect?
In an alpha decay of a stationary nucleus,
A the daughter nucdleus and the alpha particle always move off in opposite directions.

tofal kinetic energy is not conserved.

B
C the parent nucleus has a larger mass defect than the daug hter nucleus.
D

Stopping potential
greater than 2Ve
greater than 2Vs

equal to 2Vs
equal to 2Vs

the parert nucleus has a larger binding energy per nucleon than the daughter nucleus.

30 The table below shows the count-rale recorded by a Geiger-boiler counter at a point in a labgratory
at various times, with and without a radioaclive source in position,

time / days count rate / 57
with source without source
10 €0 20
30 30 20
90 20 20

From these readings, what is the half-life of the source?

A 10 days

© Hwa Chang Inatitution
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20 days
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Data

Formulae

speed of light in free space,
¢ = 3.00x10°ms"

permeability of free space,
o = dnx107HmM'

permittivity of free space,
& = B85x 10 Fm’
x {1/(367)) x 10°Fm’

elementary charge,
e =160x10"C

the Planck constant,
h = 683x10%Js

unified atormic mass constant,
v = 1.86x 107 kg

rest mass of eiectron,
T me= 911x10% kg

rest mass of prolon,
m, = 1.67 x 107 kg

molar gas constant,
R = 831JK' mol*

the Avogadro constant,
Na = 6.02 x 107 mol’

the Boltzmann constant,
Kk o= 1.38x107uK’

gravitational constant,
G = 667 x 10" Nm kg”

acceleration of free fall,
g = 981m g2

uniformly accelerated motion

work done on / by a gas

hydrostatic pressure
gravitational potential
temperature

pressure of an |deal gas

mean kinetic energy of a
molecule of an ideal gas

displacement of particle in
s.hm.

velocity of particde in s.n.m.

electric current
resistors in series
resistars in parallel

electric patential
alternating current / voitage

magnetic flux density due to a
long straight wire

magnetic ko density due to a
flat cincular coil

magnetic flux density due to a
long solenoid

radioactive decay

decay constant

1
s=ut+ —af
58
V =1+ 2as
W=pAV
p = pogh
¢=—'r—
TIK=Ti°C + 273.15

= 5—"';—<C:2 >

3
E==kT
2

X = X, sin of

v = v cos of
= tw-J(x,z-—xz)
I=Anvg
R=Ry+Rx+...

1R =1UR+ 1Rz + . ..

Q
4ze,r

Ve

X =Xasinaf

B
B_an

E _ pﬂNI
2r

B = panil

X =Xy exp (-At)

_in2
t,

2

© Hwa Chong Institution
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3
1

A large metal ball is hung from a crane by means of a cable of length 5.8 m as shown in Fig. 1.1

Fig. 1.1

To knock down a wall, the metal ball of mass 350 kg is pulled away from the wall while keeping the
speed v of the ball after release,
3.0

cable taut, and then released. The crane does not move. Fig. 1.2 shows the variation with time t of the

vims!

1.0

it
0.0 0.2

0.4 06

0.8 1.0
tis

Fig. 1.2

1.2 14

The ball contacts the wall when the cable from the crane is vertical

© Hwa Chong Institution
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4

{a) Al the Instant just before the ball hits the wall,
{)  explain why the tension in the cable is not egual to the weight of the ball;

............................................................................................................ L]
{ii) by reference to Fig. 1.2, estimate the tension in the ceble.
tenSioN = ... N (2
{b) Far the collsion between the ball and the wall, determine the average force exerted by the
ball on the wail.
average force exerted by the ball onthe wall = ... N [2]
{¢} The metal ball has lost momentum.
State the principle of conservation of linear momentum and discuss whether it applies to
this situation.
4]

{d) During the impact of the ball with the wall, 12% of the total kinetic energy of the ball is converted
into thermal energy in the ball. The metal of the ball has specific heat capacity 450 J kg K.
Determine the average rise in temperature of the ball as & result of colliding with the wall.

average rise in temperature = ... °C [

© Hwa Chong Institution 9749 | 02 1 £2 Praminary Exams 2618
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2 fa} Explain what is meant by upthrust.

{b) Before a smail balloon Is inflated, its mass is 1.30 g as recorded on an electronic mass balance.
The baloon is inflated with air so that it is spherical in shape wilh a diameter of 22.0 cm.

(i)  The density of airis 1.21 kg m3. Calculate the mass of air displaced by the balloon.

mass of air displaced=................... g [2

(i) The inflated balloan gives reading of 1.55 g when placad on the balance. Calculate
the mass of air in the balloon.

mass of airin balloon=.........cceece.e. @ 2]

(iiiy Explain why the value in (b)(ii) is larger than the value in (b)i).

© Hwa Chonyg Instivtion 9748 ) 02 { C2 Preliminary Exams 2018
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6

{c) A 2.10 g nut is now tied to the balloon with a light cotton thread. The balloon is dropped
from a height of 4.00 m.

(i) Calculate the acceleration of the balloon and nut at the start of their descent.

acceleration = ........ocevvviene ms? [2]

(i) Explain why the acceleration will approach zero as the balloon descends.

© Hwa Chonyg Inatiution 9748 1 02 { 2 Preliminary Exams 2048
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3 (a) Explain whatis meant by a pofarised fight.

(b) A beam of polarised light of intensity J» incident on polariser A as shown in Fig. 3.1,

polariser A
intensity of polarised intensity of light
incident light, X " " transmitted
direction of
polarisation
Fig. 3.1

Folariser A is arranged such that the intensity of light transmitted through it is zero.

() With reference to the amangement in Fig. 3.1, by placing another polariser X before
polariser A with bath planes in parallel, the intensity of light transmitted may now be greater
than zero. Explain why this is so.

©@ Hwa Chony Institution 97491021 C2 Praliminary Exams 201%
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8

(i) Initially, the directions of pofarisation of polariser X and A are paraliel.
Polariser X is then rotated about the axis of the light beam while keeping the planes of the

polarisers parallel.

The angle between the direction of polarisation of polariser X and of polariser A is 4,

1. Complete the table below. You may use the space below for your working. [21
2 Intensity of light transmitted through polariser A
(interms of I}
0° 0
45°
60°

2. Polariser X is rotated through 360° about the axis of the ight beam.
Skelch on the axes of Fig. 3.2 the variation with the angle of rotation & of the intensity

I of the light aer passing through polariser A. [2]

1

Fig. 3.2

€ Hwa Chong Institution 9749 1 02/ CZ Preliminary Exams 2019
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9

(¢} A speaker of a public address system radiates sound uniformly in all directions.
The intensity of the sound wave detected by a microphone located 78.0 m away from the speaker
is 0.026 W2,

{i) Determine the detected intensity if the same microphone is moved to a position 300.0 m
away from the speaker.

intensity = ... wm? [2]

(i)) Find the power received at the position 300.0 m by the microphone diaphragm which
has an area of 3.20 cm?

© Hwa Chony Institution 9748 (027 C2 Preliminary Exams 2018
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10

4 (a) (i) Define the term slectric potential,

(il Wirite down the relationship between electric field strength and electric potential,

(b) Fig. 4.1 is a map of equipotential lines drawn {o scale. The potentials in the region mapped are set
up by a system of small stationary charged spheres ina plane, three of which camying charge of
g1, qzand ¢» are shown. All the charged spheres are fixed in their locations.

Potentiat values are given in valts (V). Note the signs (+/-).

Fig. 4.1

© Hwa Chong Institution 4749/ 02 C2 Predlminary Exams 2019
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1

Based on Fig. 4.1, state with reasons whether the charge g1, gz and s are positive or
negative,

(e} (i) Draw onFig. 4.1 an amow at P 1o indicate the direction of the electric fiek strength at  [1]
P. Label the amow as E.

() Estimate the magnitude of electric field strength at point P.

magnitude of electric field strength=...................... Vit 1]

{d) Cakulate the work required to move an electron from point P to point R without a gain in
kinetic energy.

@ Hwa Chong Institution 9749/ 02 / C2 Praliminary Exams 2018
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12

{6} Sketch on Fig. 4.2 the variation of he electric field strength £ along a straight line from the
sphere carrying charge g, to the sphere carrying charge ga.

q, q;
B ne e -
E All :
0 displacement
from g+
Fig. 4.2

[3

© Hwa Chong nstitution 97497 02 { G2 Preliminary Exams 2019
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§ Fig.5 ilustrates the connection betwsen the copper and filament wires of a lamp. The diameter of the
copper wire is 1.50 mm and the diameter of the filament wire is 0.020 mm.

-+ copper Ty, COPPer -
wire i / wire
filament of
lamp
Fig. 5

The number density of charge carriers in copper is 8.49 x 10? mr3, and the number density of charge
carriers in tungsten is 3.40 x 10% m=, The uncoited filament wire is 1.5 m long and has a resistance
of 300 0,

{(a} State and explain whether the current in the copper wire and tungsten filament are the same.

............................................................................................................................ M1
(b) Calculate the resistivity of the filament wire.
resistivity = .................... 0m 2]
(€) ()  The drift velocily of electrons in the copper wire is 0.021 x 10 m s~
Determine the drift velocity of electrons in the tungsten filament.
drift veloclty = ..................... ms'  [3]
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{ii} Use your answers to (c){i) to explain why the filament of the lamp gels hot hut the copper
leads stay relatively cold.

{lil} The filament wire is now replaced with another tungsten wire of the same length, but twice
its diameter. The potential difference (p.d.) across the wire is unchanged. The temperature
of both wires is the same.

Without any caloulations, state and explain the change, if any, to the drift velocity of the
charge carriers in the second filament wire.
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6 {a} A battery B, a variable resistor R and a uniform resistance wire XY are connected in series, as
shown in Fig. 6.1.

X Y
Fig. 5.1

Battery B has electromotive force {e.m.f.) 25.2 V and internal resistance 2.00 (3. Wire XY is made
of constantan and has resistance 40,0 Q.

{) The resisiance of R is varied from 0.0 to 12.0 .

Describe and explain the variation in the terminal potential difference (p.d.) across B.
Numerical values are nof required.

...................................................................................................................... [3]
{ll) The resistance of R is sel at 4.00 Q. Calculate the terminal p.d. across B.
pd. =, V 2]
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{b) A thermistor T is connected in series with a resistor of resistance 1.50 k(2 and a battery, as shown
in Fig. B.2. The e.m.i. of the battery is 6.00 V and its internal resistance is negligible.

8.00v

[

Fig 6.2

The variation with temperature 8 of the resistance R of the thermistor is shown in Fig. 6.3.

4.0

35

Rk -

a.0

25

2.0

1.5

1.0

81°C
Fig. B.3
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(i) Atonetemperature { of the thermistor, the current in the circuit is 1.60 maA, Datermine
the temperature £.

{ii) Determine the p.d. across the fixed resistor when the temperature is 5 °C.
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Read the following article then answer the questions that follow.
Compton Scattaring

Besides the photoelectric effect, a number of other experiments were carried out in the early twentieth
century which also supported the photon theary. One of these was the Compton effect named after ifs
discoverer. Compton scattered X-rays from various materials. He found that the scattered light had a
slightly longer wavelength than the incident light. He was able to explain this result based on the
quantum theory of light, Light is saen as particles colliding with the electrons of the material (Fig. 7.1).

Scattered photon momentum ps

Incident photon Energy E; and wavelength A,

Momenium p, Energy &
Electron

Mass m, speed v
Fig 7.1

The incident photon has momentum p; and energy £ The photon is scattered through an angle 8 and,
after scattering, has momentum p, and energy E.. The electron of mass m which was ariginally
stationary, moves off with speed v at an angle « to the original direction of the incident photon.

Compton applied the laws of conservation of energy and momentum ta the collision and obtained the
following equation for the wavelength of the scatiered photons.

.1':.1+i(1—cust9}
mc

h
where m is the mass of the electron. The quantity ;E has the dimension of length and is cailed the

Compton wavelength of the electron, whose accepted value is 2.43 x 102 m,

The predicted wavelength of the scattered photons depends on the angle & at which they are detected.
Compton's measurements of 1923 were consistent with this formula.

In an experiment to provide evidence {o justify Compton's theory, measurements were made of the
wavelength A of the incident photon, the wavelength 4’ of the scattered photon and the angle & of
scattering. Some data from this experiment are given in Fig. 7.2.

A1 10%m A 1072 m g
19192 193.27 59°
965.04 966.84 75°

Fig. 7.2

The wave theary of light does not predict such a shift: an incoming EM wave of frequency fshould set
electrans into oscillation at frequency £, and such oscillating electrons would re-emit EM waves of this
same frequency. Hence Complon effect adds to the firm experimental foundation for the photon theory
of light,
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{a} Explain what is meant by a photon.

............................................................................................................................ 4]
{b) The ineclastic collision between a photon and a stationary electron may be represented by
Fig. 7.1,
()  Wirite down equations (in terms of py, p; £, £, m, v, & and a) that rapresent
1. the conservation of enengy. 1]
2. the conservation of momentum along the direction of the incident photon. [1

(i) Using quantum theory of light, explain why a scattered photon has a wavelength longer
than that of the incident photon.
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{c} Inthe Complon scaltering experiment, the uncertainty in the measurement of 81s + 5°
Determine the value of cos @ with its uncertainty, for the angle 8= 75° % 5°,

COS O™ o E N 2]

{d} Given that AL =3’ - &, additional data for the varialion of AA against cos & are shown in

Fig. 7.3.
' RS
A0 Em
y
51
2
A00 075 ~0.60 025 0 0.35 050 075 1.00
w08 &
Fig. 7.3
{i}  Plotthe data given in Fig 7.2 on Fig 7.3. [3]
[1]

(i) Draw the best-it line for the points on Fig. 7.3.
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{iii} State and explain one way to defermine the Compten's wavelength from Fig. 7.3,

{iv} Determine the Compton's wavelength using the method described in d (fii).

Compton's wavelength= .................c.ceee [2]

{e) Inanother Compton scattering experiment, 19.0 keV X-ray photons scatter off a carbon targst.

(i) Find the wavelength of the scattered photon if the scattered angle is 30°.

wavelength= ... [2]
{i) For a carbon atom, the binding energy of an eleclron is of the order of a few eV.

Compton's theory assumes that the electrons are not bound in the atoms but are free.
Suggest whether this assumption is justifiad.
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Data

Formulae

speed of light in free space,
¢ = 3.00x10°ms’

permeability of free space,
e = 4nx 107 Hm
permittivity of free space,
& = 8.85x10"° Fm'
~ (3/(36n)} x 10° F m"

elementary charge,
e =160x10"C

the Planck constant,
h o= 663x10"Js

unified atomic mass constant,
v = 1.66x 107 kg

rest mass of electron,
my = 9.11 x 10" kg

rest mass of proton,
me = 1.67 x 107 kg

molar gas constant,
R = 831 JK" mol

the Avegadro constant,
M = 6.02 x 10™ mol”

the Bollzmann constant,
kK = 1.38x10° 4K

gravitationa! constant,
G = 6.57x10" Nm’ kg

acceleration of free fall,
g = 98ims”

-2

uniformly accelerated motion

work done on/ by a gas

hydrostatic pressure
gravitational potential
temperature

pressure of an ideal gas

mean kinetic energy of a
motecule of an ideal gas

displacement of particle in
s.h.m.

velocity of partide in s.h.m.

electric current
resistors in series
rasistors in parallel

electric potential

altemating 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
tong solenoid :

radioactive decay

decay constant

s=ut+ 18:‘2
2

V=4 2as

9=-2

r
TK=TI*C+ 27315

3
E==kT
2k
X =Xg 8in of

V = Vo cos af
= 2o |f(x,” - x*)
/= Anvg
R=Ri+R:+...
1R =R+ 1R+ ...
Q

Azs,r
X =XaSinwt

bl
T 2nd

gtV
2r

B = uanl

X =Xo eXD(-M)

In2
A=z
t,

2
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Section A
Answer all questions In the spaces provided.

1 (a) A fixed amount of ideal monatomic gas is contained in a cylinder as shown in Fig. 1.1.

piston

ideal gas

Fig. %.1

The cylinder is fitted with a movable piston which is light and frictionless. When the piston
is moved down to compress the gas, both the temperature and pressure of the gas are
observed to increase.

Use the kinetic theory of gases to explain,
() the increase in temperature,

.............................................................................................................. [1
{ii) the increase in pressure.
.............................................................................................................. 2]
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4

{b) The gas in the cylinder is made to urdergo a cycle of changes A —» B — C— A, as shown

in Fig. 1.2.
pressure W
pl10°Pa B
30 f---
10 “b(h:: .A
1 H —_—
20 40 volume V/cm?

Fig. 1.2

{it  Shewthat the increase in intemnal energy of the gas during the change A->Bis
30 J.

[2]

()  Caleulate the heat supplied to the gas during the change B —» C — A

heat supglied = ..o J 3
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2 Alight spring hangs from a fixed point. A 0.850 kg mass s then aftached to the free end of the
spring, which evertually comes fo a rest at an squilibrium position 0.220 m below its original
position, as shown in Fig. 2.1.

spring

0.850 kg mass

Fig. 2.1

(8) Show that the force constant, k is 37.9 N m™,

L}
{b) The mass is pulled vertically down & distance of 0.110 m from its equilibrium position.
When the mass is released, it performs a simple harmonic motion.
{iy Calculate the acceleration of the mass just after It is releasad at the bottom.
acceleration = ................... ms? [2]
© Hwa Chong Institution 9749/ 03 / G2 PreBminary Examinations 2019
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{li} Calculate the freguency of oscillation.

{iil) ©Onthe axes of Fig. 2.2, sketch a graph to show the variation of the velocity v of the
mass with its vertical displacement x.

Label the axes with appropriate values.

yims?

» x/m

Fig. 2.2
[2]
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{iv] On the axes of Fig. 2.3, sketch a graph to show the variation with time of the kinetic
anergy of the mass for one complete oscilation after the mass was released at the
bottom.

Include appropriate values on the axes.

KE!J

+ tls

(2]

Fig. 2.3
{v) Ifthe system undergoes light damping, sketch on Fig. 2.2 the velocity-displacement
graph expected. Assume the oscillation starts at x = +xo . [2}
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3 Fig. 3.1 shows the arangement of 2 mass specirometer, which is an instrument to measure
the masses of ions. An ian of mass m and charge +q from the ian source § is accelerated from
rest through a potential difference V. The ion then passes through a slit into a region of uniform
magnelic field of flux density B, which is directed perpendicularly cut of the paper.

In the field, it moves in a semicircle, striking and produicing a spot on a photographic plate ata
distance x from the entry slit.

e w @ . » L T . - .
T 4
LI - i ,(
4
£ & = .
. » L *
VS
+
Fig. 3.1
. " A . 2qVv
{@) Show that the ion enters the magnetic field with a velocity, v = "

[11

(b} Describe and explain the effects of the magnetic field on the velocity of the ion upon its
entry into the magnetic field.
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{c) Two singly and positively charged ions are accelerated through a potentia! difference V of
4.0 k¥ and enter the magnetic field of flux density B of 0.50 T.

If the masses of the ions are 12u and 14w, calculate the distance Ax between the two
spots they make on the photographic plate.

AX= e 3]

{d) If an electron were to be introduced into the mass spectrometer, briefly describe and

explain, if any, changes to the path if the magnitude of the accelerating potential and the
magnetic field remained unchanged.

© Hwa Chong Institution 87487037 G2 Freliminary Examinations 2049
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4 Fig. 4.1 shows a large rectangular coil used in a power station generator. The coil, with 38 turns,

each 2.0 m long and 1.2 m wide, is rotating at 50 revolutions per second In a magnetic field of
flux density 0.29 T.

g 20m

D

Fig. 4.2
Fig. 4.2 shows the coil from the side view, near the lime when maximurm e.m.f. ocours.

Consider the coil rotating through an angle of 1°,
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(a) Show that the time taken for it to rotate 1.0°is 5.6 x 105 5.

i1
{b) Determine the change in fiix linkage of the coil in 5.6 x 105 s.
change influx linkage =..................cc...oc.. Wh lumns - [2]
{¢) Hence, determine the e.m.f. generated by the coil during the 5.6 x 105 s,
emf = . kv [1]
© Hwa Ghong Institution 87481 03 1 C2 Preliminary Examinations 2045
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{d) State the direction of the current induced in side AD as a result of this e.m.f. Explain your
answer using the laws of electromagnetic induction,

...................................................................................................................... [21
(e} Given that at time t = 0 the coil is parallel to the plane of the magnetic field, sketch on the
same axes, the variation with time in one cycle of the
1. magnetic flux linkage,
2. induced current
Label your graphs (1) and (2) clearly.
F 3
fls
(2]
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& (a) The variation of an alternating voltage V& in volts with time tin seconds is given by
Vp = 170 sin {3148

Determine

{i} the r.m.s. potential difference Vims.

Vime = coeneeannaen v 1]
{ii) the period, T of the voltage supply.
T=veeriieeen 8 1]
{b) The alternating voltage V: is connected to the primary coil of a transformer as shown in
Fig. 5.1.
An electric heater with resistance 130 {2 is connecled to the secondary coil of the
transformer.
soft iron core
.
V. ~ heater
F 1300
=5 =
. N
primary coil
secondary coil
Fig. 5.1

The primary coll censists of 2000 turms and the secondary coil consists of 3500 tums.
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() Determine peak potential difference, Vs of the secondary coil.

{i) Determine the peak current, / In the primary cail.
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(c) A diode and another identical heater are connected to the secondary coil as shown in

Fig. 5.2.
soft iron core
(D"
e B
Ve A~ kheate_[*
) 130 0
/" ] ]
1 N
primary coil secondary coil
Fig. 5.2

Skeich on the axes of Fig. 5.3, the variation with time of the current J in the secondary coil
when swilch § is closed. Label the axes with appropriate valugs, include on your graph a
time equal to twe periods of the altemating potential diffarence.

IA

> tHis

Fig. 5.3 [21
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6 Fig 6.1 shows some of the electron energy levels in an isolated atom of lithium,

-0.67 eV
0,94 eV
-1.43 eV

2,49 eV

S.73eV

-8.68 eV

Fig. 6.1
The outer electron of a lithium atom is in the lowest energy level shawn.

Elecirons of energy 7.50 eV are directed at a discharge tube of lithium gas.

{a) Calculate the de Broglie wavelength of the electruns directed at the gas.

de Broglie wavelength= ... m [2§

{b) State the range of energy of the recoiling electrons.

{t) Sketch on Fig. 6.1 the ransitions that represent the photons produced from the lithium
gas, having electrons of 7.50 eV directed at it. [1]
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{d) Calculate the wavelength of the rmost energetic photon produced and state the region
of elactromagnetic spectrum to which it belongs.

wavelength=_................. m

TEOION = ioiiaii e cririnsant e eenns [31

{8) The ionization energy of lithium atom is 8,68 &V, Suggest and explain whether the work
function of fithium metal is larger or smaller than 8.68 eV,
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7 The radioactive isctope strontium-980 decays into yitrium-90, emitting a beta-particle, Strortium-
90 has a half-ife of 28.0 years and the energy produced in each decay is 0.546 MeV.

(a) The beta-particles produced fram the decay of strontium-80 are found to possess a range
of kinetic energies as shown in Fig. 7.1.

Number of beta particles

!

Energy
0.546 MeV
Fig. 7.4
Explain why this suggests an extra particle is emitted.
..................................................................................................................... 21
{b) (i) Explain whatis meant by half-life.
............................................................................................................ [1]
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(i} Determine the decay constant, 4 of Strontium-90,

{iii} Determine the mass of strontium-90 present, for an activity of 6.40 x 10° Bq.
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Section B
Anzwer one question from this Section in the space provided.
8 {a) State Newton's law of gravitalion,

{b) A satellite of mass m moving at speed v in a circular orbit of radius r about the Earth {as
shown in Fig. 8.1) behaves as though the Earth’s mass M were concentrated atits centre.

orbit
' - satellite

Fig. 8.1 (not drawn to scale}

()  Show that the satellite’s potential energy E, and kinetic energy Ex are related by the
expression £, =-2E,.

3]
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{il) Sketeh on Fig, 8.2 the variation with orbital radius of the salellite’s
1. gravitational potential energy E;,

2. kinetic energy Ex
3. total energy Er

energy 1‘
0 orbital radius
[2]
Fig. 8.2
() Hisgiventhal r=6.70x10° m, m=1.80x10°kg and M= 5.98x10* kg.
{i) Calculate the sateliite’s orbital speed,
orbital spaed = ... kmht [

(i} For the satellite to be geostationary at this orbital radius, it must orbit at a speed of
about 487 m ™. Explain, in terms of centripetal force, why the geostationary orbit is
not possible at this orbital radius.
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{d) As a result of atmospheric friction, the radius of the satellite’s orbit about the Earth
decreases by 0.2% in a week.

(i)  State the energy conversion taking place during the orbital decay.

............................................................................................................ [
(i) Assuming that the orbit remains circular, determine the percentage change in the
satellite's total energy in a week. The total energy of the satellite is given by
£ - _GMm
TT T2
percentage change = ........cccccovmnnneen % [1]
{iii) By considering the sateflite’s rate of loss of energy and your answer to {c}{i), show
that the frictional force acting on the satellite is 0.023 N.
{3
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(e) To counter orbital decay, the satellite carries a small booster motor. The force exerted by
the miotor is equal to uz where z is the rate at which fuel is bumt {mass per unit time), and

u has a value of 2.00x10° Ns kg™,
{i)  Drawin Fig. 8.3 labelled arrows showing (at this particular instant)

1. the direction of the satellite’s change in velocity (label X) and
2. the direction of the force exerted by the booster motor (label Y).

direction of orbit
s /
/ satellite

towards Earth «——

SO

-

Fig. 8.3 [\2]

(i) Determine the amount of fuel necessary for the satellite to maintain its orbit for
24 hours.

amountoffuel = ..ol kg [2]
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g (a} State the principle of superposition.

(b) A stationary wave (in solid line} is produced by the superposition of two progressive
waves, P and Q. Fig. 9.4 shows the positions of the stationary wave and one of the two
progressive waves, P, at a particular instant in time.

X
7

Fig. 9.1

Skelch on Fig. 9.1 progressive wave @ that superposes with progressive wave P to
produce the stationary wave shown. You should include atleast one complete wavelength

in your skeich, 121
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(c) Fig. 9.2 shows an experiment with sound waves.

/ Loudspaaier

Csrifoacope

Fig. 9.2

The loudspeaker connected to a signal generator is mounted, pointing towards the bench,
The sound is detected by a microphone connected to an oscilloscope. The height of the

trace on the osdlloscope is proportional to the amplitude of the sound waves at the
microphone,

When the vertical distance x between the microphone and the bench is varied, the
amplitude of the sound waves is found to vary as shown in Fig. 9.3,

amplitude / arbitrary units

16 T
'Es
12 —ah
B i Y § % " ) i :l' -
L asae
h‘—- 1
4 & ]

xicm

Fig 9.3
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{i) Explain the formation of alternating maxima and minima.
.............................................................................................................. [3]
(il Explain why the inlensity of the minima increases with x.
.............................................................................................................. [2

{fi) The speed of sound is 340 m s, Use Fig. 8.3 to calculate the frequency of the
waves emitted by the loudspeaker.

frequency = .....oieivveeieans Hz [3]
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{d) Light of wavelength 650 nm is incident normally on a double slit such that the waves
emerge from X and Y in phase, and reach a screen 1.5 m away, as shown in Fig. 9.4,

screen
— b
_— xﬂ__l_
_’ -
=
—
Y
— [I 15m
Fig. 9.4
The variation of intensity with distance along the screen is shown in Fig. 9.5.
i
'l bt
: it
T SR
1
4 mm 6 mm 8 mm 10 mm 12 mm 14mm i6mm
Fig. 9.5
(i) Explain how it can be deduced from Fig. 9.5 that the waves from the two slits are
coherent.
.............................................................................................................. {)]
(i) Determine the phase angle between the waves from the slits when the waves meet
to produce the intensity at point P on the pattem of Fig. 9.5.
phaseangle=...............cceeeee rad [2]
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{iil) Calculate the separation a, between the siits.

{iv) Given that the 6 order bright fringe is the first missing order due to the diffraction
envelope, calculate the width b, of each slit.

END OF PAPER
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You may lose marks if you do not show your working or if you do not use
appropriate units. )

Give details of the practical shift and laboratory, where appropriate, in the
boxes provided. i

At the end of the examination, submit sets A, B and C separately.

The number of marks is given in brackets [ ] at the end of each question or
part question.

Sets A, B, C consist of 14 printed pages.
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2
1 In this experiment, you will investigate the behaviour of a system in static equilibrium,

{a) () Use the weighing balance to determine the mass of one paper clip.

mass of one paper dip= ......cooooeinninns [2]

() Connect two mass hangers with a shart string and place them on both sides of a pulley as
shown in Fig. 1.1. The mass hangers should balance each other's weight and hang in

equitibriLsm.

] il
T string
. N
loop
stand "] fH) gh
paper
clips
mass
hangers

Fig 1.1

Now add paper clips, one by one, to one side until the pulley starts to rotate. Record the
maximum number of paper clips that is added before the equilibrium is broken.

number of paperclips = ... [1

© Hwa Chong Institution 97487 04 / C2 Prelim Exams 2019
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3

(b) Setup the apparatus as shown In Fig. 1.2, Mass m and M are provided by a 50 g mass hanger
and a pendulum bob, respectively.

pulley

string
| stand

— ol e

Fig 1.2

(i} Adjust the position of m along the string until the angle 8 ls symmetrical about the vertical
axis.

Measure and record 8.

B= v ereeeensrnimenenines ° 1)
{iiy Estimate the uncertainty in your value of 8.
umcentainty in B= o 1]
{c) Theory suggests that
M cos% =m
{)y Calculate the value of M.
[y U [}

(i) Using your values in (a){ii) and (b)(ii), estimate the maximum value of M.

MEMUM M S _oimremien s M

© Hwa Chong Institution 9749 / 04 ] G2 Prelim Exams 2018
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() () Repeat (b)(i) for m =100 g.

()  Ifyou were to repeat this experiment with more masses, describe the graph that you would
plot to determine M.

................................................................................................................... i2}
(e) {i) Suggestiwo significant sources of error in the measurement of 8,

B

B e et

................................................................................................................... 2]

(i)  Suggest an improvement that could be made to address one of the amors identified in
(e}, You may suggest the use of other apparatus or a different procedure.

[Total: 13]
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2 In this experiment, you are provided with an LED (light emitting diode} that produces light of
wavelength 640 nm.

(a) Connect the circuit as shown in Fig. 2.1. You should be able to tum the LED on and off by

(b)

adjusting the potentiometer. You are reminded that an LED allows current to pass in one
direction, but not the other.

approximately 3 V

100 O

Fig 2.1
Close the switch.

i)  Adjust the potentiometer J until the ammeter reading is 5.0 mA. Record the voltmeter
reading V to the nearest 0.001 V.

{iiy Calculate the resistance of the LED when it is operated at a current of 5.0 mA.

resistance = ..o, 11

The turn-on voltage Vr is defined as the potential difference across the LED that produces a
current of 0.10 mA through the LED.

{ii Adjust {he potentiometer J to determine the tum-on voltage of the LED you're provided.

(i)  Estimate the percentage uncertainty in your value of V.

percentage uncerainty in V= .o, [1]

© Hwa Chong Institution 4749/ 04/ C2 Prelim Exams 2019
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6

{ili} K is suggested that the tum-on voltage V¢ of an LED is inversely proportional to the
wavelength A of the fight produced by the LED.

You are told that the turn-on voltage of another LED producing green light of wavelength
565 nmis 1.800 V,

State whether this information and your values from (bNi}) support the suggested
relationship. Justify your conelusion by referring to your values in {b{ii).

(c) Fig. 2.2 shows another circuil that may be used to control the current through the LED.

Fig 2.2

Draw lines in Fig. 2.3 to show how the components can be connected to achieve the circuit
shown in Fig. 2.2.
{2]

Fig 2.3

[Total: 8)
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3 Inthis experiment, you will investigate the behaviour of an uscil'lating system.

{a} Measure and record the width w and thickness d of the half metre ruler, as shown in Fig, 3.1.

3]

Fig 3.1

(b} Use rubber bands to attach two 50-g masses separately 1o about 5 em away on either side from
the centre of a half metre ruler.

Use a bulldog clip to attach the centre of the half metre ruler to the spring and set up the
apparatus as shown in Fig. 3.2.

wooden boards

spring
bulldeg
rubber band dip half
/ metre
[ = I ruler
&)

50¢ i i

mass b > >

X X 1

bench

Fig 3.2
(1) Measure and record the distance x between the centre of the ruler and the centre of each

of the two masses,

{ii) Turn the ruler through approximately 45° aboul a veriical axis. Release the ruler,
The ruler will oscillate about a vertical axis. Determine the period T of these osdillations.

© Hwa Chong Institution 9749 /04| C2 Prelim Exams 2048
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(e} Vary x and repeat (b){i} and (b){ii) for each new distance x. Tabulate all results including
previous ones.

[6]
(d) T and x are related by the expression
Ti=P+Qx*
where P and Q are constants.
Plot a suitable graph to determine the values of P and Q.
[6]
© Hwa Chong Instintion 9749 { 04 J €2 Prelim Exams 2019
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10
{e) The relationship between T and x are given in more detail by the expression
7 =47 2 2ty
k M2

where k is a constant related to the elasticity of the spring, M and L are the mass and length of
the ruler respectively, and m is the mass of each of the 50-gram mass attached to the ruler.

Calculate M.

4] Calr.;u]ate the density of the ruler.

(@) Draw another line 1o show the graph that would be obtained if the ruler is made of material hatf
the density as the one used.
2

[Total: 22]
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4 The atienuation of a beam of beta radiation is the reduction in ils intensity due to s passage through
a material. One way fo investigate the attenuation is t¢ measure the half-value thickness r, the
thickness of material that reduces the intensity of the beta radiation to half its original value.

In addition to apparatus which may be commonly found in a schoal laboratory, you are alse provided
with the following:

Beta-source

Geiger-Muller tube

Ratemeter

A number of aluminium plates of different thicknesses
A uniform magnetic field of exactly 0.500 mT
Variable high-voltage DC power supply

A pair of parallel metal plates

Design a laboratory experiment to obtain the relationship between the half-value thickness 7 for
aluminium and the speed of the beta-particles. You should draw a diagram showing the arrangement
of your equipment. In your account you should pay particular attention to

(a} the procedure to be followed,
() how the speed of the beta particles can be determined or chosen, (You do NOT have to provide

any detail on how to generate or monitor the 0.500 mT magnetic field. You are to ignore any
relativistic effect) :

{c} how the beta radiation would be detected and the measurements that would be made,

(d) how a suggested relationship may be validated,

{a} the safely precautions that you would take,

{i any precautions that you would take to imprave the accuracy of the experiment.

© Hwa Chong Institviion 87487041 C2 Prelim Exams 2019
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Diagram

................. L LT R R R AT S L L]
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[Total: 12]
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2019 HCI H2 PHYSICS Prelim P1 Suggested Solutlons

1

D

Transposing the equation: k = |_u._._
AR

N 5= Nms™ kgms~2s7! kgms?
M._m:Om;_._m units of k are ——-—= ———= . =~
“Rate of" is considered as “per unit time,” so the units of ‘rate of energy transfer’ are J s7.]
[Note: answers A and B have the unit 'W," which is not a base unit; these answers do not have to
be considered.

=kgms K1

Initial velocity, v=4.0 m s due east,

Final velocity, v = 3.0 m s due north.

Change in velocity Av = v— i = v + (-t), where (-u) = 4.0 m s due west.
Doing a vector addition:

=-U

lav] = ) +v2 =
8 = tman~1(4/3) = 53°
Hence, the change in velocity is 53° west of north.

J42 4 32=5

As the object is released, the speed will increase until it reaches a constant value,
As spaed is given by the gradient of the graph, the gradient will increase urdil a constant value.

The mass slowed down at an increasing rate from ¢= 0.25 s ta t= 0.50 5.

(ZP, = EIPj, T+
{h/s) IN757 — p sina
(6.63 x 10-*4/066.8 x 102} 5in75° — (8.362 x 10-®) sina
sing = 0,7922
= 52 40

Clockwise moment by weight of M = anticlockwise momant by tension in mE:n
Maq(1 mos 300 sin30° (0.805)
=103 kg

Net force

Upthrust by air — Weight of helium — Weight of balloon skin & instrument.
Weight of air displaced — puVg - Mg

= parVg = preVg - Mg

= (fan - Pra) VG —~ Mg

Option A: Student thought that force and extension were reversed.

Oplion B; Student confused the net work done with work done by the force F.
Option C: Corract.

Option D: Student thought that there is no deformation in the wire.

By drawing the free body diagram of the car for each bridge, realise that for convex bridges

This paper ¢onaists of 18 printed pages.

10

"

12

13

© § Hwa Cheng Institution

Weight of car — Normal contact forge on car by road = mve/r
Normal contact force on car by road = Weight of car — mvZ/r {smaller than weight)

The convex bridge which has the shorter radius will exert the least normal contact force on the
car.

By Newton's 34 Law, force exerted by car has same magnitude as the normal contact force

GM
R
GMm GMm
Work done = increase in GPE = SR R
m. GMm
3R
2 GMm
==Z—R
3 R
2
=ZmgR
3 mg
M
| = R ——
NS
Gravitational ucﬁamm, ¢is a scalar quantity. It is always negative and for point masses follow
the formula ¢ = -—. So in this case, the resultant potential is -2 =— eM . As such it is most «

a
negative (but not __.a:;me negative) at the midpoint, where it is nearest to both the starg, and
less negative along either side as they move further away from the stars.
(modified from 2014 P1 Q13)

pV =nRT
(1.2x10% )V, = (50 + 273}
(8.0x10°)W, = (200+ 273)

5% 4T3

Vv, 323
Kwno.mm
Y

Al higher femperature, the average KE of molecules are higher. Evaperation occur at a
faster rate for this reason.

S has negative potential energy while G has negligible.

Water contracts both when meiting and condensing, so the atmospheric pressura doas
positive work.

The specific 1atent heat of fusion is a lof less than the specific latent heat of vaporization

o om >
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27 B caloylate r.m.s. voltage across the resistor. Then use P = ¥ems” 44 find the mean power.

28

29

30

2]

A

R

Vane

v

tims

Mean of V2 = S0 0E0 - 4600130 volts?

Vims® __ 4000730

R 5.0

=267W

Mean power =

Originally, eVe= hf- @ , Vo = (hf - D)/e

Intensity L = power/area = nhf/At

Frequency 2fimplies energy of photon is doubled. Same metal surface used
implies work function, & remains the same. Thus maximum KE of electron or its PE
gained, eV's= (2hf - ®).

Thus new stopping potential V'e= (2hf- O)le > 2(hf- d)le or 2Vs

Intensity remains the same, but since frequency of light is now 2f, number of
photons incident on the metal surface is halved.

Thus the number of photoelectrons emitted per unit time will ba less; maximum
photocurrent wilt be less than .

the parent nucleus is less stable and has a smaller binding energy per nucleon than the daughter
nucleus.

From the first 2 sats of raading, Comected count rate, Co =40 8, C=10g",
20

<. Qﬂ
c, \2
2 ]

w &) -6

By comparison, T = 10 days.
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HWA CHONG {NSTITUTION (COLLEGE SECTION}

HCI H2 PHYSICS Prelim P2 Suggested Solutions

cz2

2019

HWA CHONG INSTITUTION (COLLEGE SECTION)

{a)

(Net) upward force by a fluld on an object (partially or fully) immersed in the fiuid,

(&)

0]

M =pV = px 43 (n)
= 121 x 43 (x) (11.0x 109

= 0.00675kg = 6759

]

Upthrust, U = 874 <100 g
Fotca by seale on balloon, N = 1.55 w102 g

Wit of balloon and air, W=130x 105 g + mug

Net force =0 .
Thus 1.30 % 108 g + g =674 =107 g + 1.66 x10% g

Mass of air in balloon, ma = 6.99 g

i

The air is baing compreased by the elastic balloon material so Is at a higher pressure and
hence denser.

meAT =012(Y2mv?)
AT =012 (%W
=012 (¥ x 2.6% /450
=9.0x10Kor°C

1 [{a} {(I) | The tension force must be greater than the weight so that the resuitant force provides | {1}
a centripetal force for the ball to meving along the arc of a circle,
{a) [(®) | From Fig 1.2, velocity of the ball just before it hits the wall, v=2.6 m 5
By Newton'’s 25¢ Law, Fre = ma. '
Tension force — weight = mva4r [1]
Tension force = mv/r + mg = 350 (2.62/5.8 + .81} [1]
Tension force = 3840 = 3800 N (2 or 3sf)
(b) | From the graph, the average force exerted by the wall on the ball
]
(Y= Ap _mav _ 350x(0.000-2.500)
TatT At (1.35-1.20)
= _-BOTON
By Newton's Third Law, [
(average force by ball on the wall} = - (average force by wall on the ball)
=6070=6100 N (2 0or3s.f)
{¢) | The principle of congarvation of linear momentum states that the total momentum remains | [1]
constant provided there is no nat extemal force acting on the system.
In this case, external force is acting on the wali as the wall is held by the ground, thus :.m 1]
principle does not apply.
OR
Considering the system as the ball, the wall and the Earth, the total momentum is constant:
momentum loss of ball = momentum gain of wall and Earth.
{d) | Thermal energy of ball = 12% of inifial KE of ball

(M

D)

()

(1]

At start assume velocity is momentarlly zero so drag s zeno

Upthrust = 8.75 =10 g

210x10%g
W of balloon and alr = 8,30 = 103 g
Frettti

[(8.30 + 2,10 = B,75) x 107 x 9.81)/ [{7.00 + 1,30 +2.10) x 10
344 mg

(n

As speed increases, drag force (upward) Increases.

Acceleration bacomes zaro when upthrust + drag farce = waeight of balloon, air and nut

c2
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HWA CHONG INSTITUTION (COLLEGE SECTION)

c2

Comments
"'

1. Studante should first draw the potential V-curve, then use £ = - to help sketch the E-curve.

E in simply the negative of tha polantial gradient.
2. The potential gradient naar 43 is steeper end thus the magnitude of £ at qs should ba largar than
that at gy. '

2018 HWA CHONG INSTITUTION {(COLLEGE SECTION) c2
5 |{a} | The currant in the copper and tungsten filament wires is the same because both wires are | [1]
connected in series.
b]
® Rasistivity, p= .LH@ Ml
<3y 2 ._
_ ={0.020x10°)* x 300 = 6.28 1000 m [1]
4(1.5)
(¢} [ | Since currentis the same in both wires, #l
using / = neAv

where /. current, m:number density, A; cross-sectional area, v: drift velocity of elsctrons
Hence neAv for tungsten = neAv for copper

N AcVe,  _ (8.48x10%)(1.5)(0.021x10%)
A (3.4 % 10°)(0.020)

Viungsten —

_._E:n-«!_ tungsan

= 0.205 ms? CR 0.30 ms*

i1

tl

(i} | The electrons in the tungsten filament have a significantly higher drift velocity. This
implies that they collide with the positive lattice lons at a much higher speed more
frequently (more collisions per unit area). Thay impart more kinetic energy to the lattice
Ions at the same time, such that the ions vibrate more vigorously and obstruct the flow
of electrons. Since the hungsten filament gains thermal energy at a significantly higher
rate and subsequently heats up, the filament of the lamp gets hot but the copper leads
stay relatively cold, :

0]

1

M) | If the diameter of the wire Is doubled, The cross-sectional area of he wire Will be quadrupled.

The resistance ﬁx = nﬂhw iz thus quartered. Cumaent T - Wu will be quadrupted,

Electron number density is the same for the same material, the drift velacity of electrons in the
tungsten wire (v = I/ngA) is unchanged.

1)
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HWA CHONG INSTITUTION (COLLEGE SECTICN)

(e)

(]

Energy of Incident beam 1.0 ke

E=—
A

Wavelength, 2= (6.63x10*)(3x10%)

= 13
£ (19.0x10°)(16%107) 653x10" m

Using 4'= A+~ (1—cosf). 4 =6.56x10" m
mc

Altematively, accept A\ = k — k cos 0 and using the value of k obtained in (d){iv).

I

I

(i}

As the hinding energy of an slectron of a carbon atom i negligible compared with
the energy of the incident photons (19 keV),

Therefore It is justified to assume that the electrons are free.

I

cz
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HWA CHONG INSTITUTION {COLLEGE SECTHON)

2019 HCI H2 PHYSICS Prelim P3 Suggested Solutions

2

1

(a)

0

The gas molecules rebound off the incoming piston at speed higher than before
the coilisions.
The increase in average KE oaq«mmuozn_m. to an increase in temperafure.

B1

The frequency of coflisions increases.
The change in momentum per callision is higher.

B1
B1

(a)

At equilibrium, the net force is zero hence weight = spring force
mg = kx
0.850(9.87) = &{(0.220) [1}

k=

0.850{9.81)
(0.2200)

=379 Nm"

(b}

)

Forideai gas, .
total internal energy = total number of molecules x mean kinetic energy of a
molecule of ideal gas
3
u 3 NkT
3
AU = .szb.‘.

AU nmkns
AU= mao %20 ~10 % 40){10° x 10
=304

M1

Ad

()

1]

F.; =spring force — weight
= ke-mg
=37.9(0,110+0.220) - 0.850(9.81)
=417N
Fro =ma
_ Fnet _ 37.3(0.330}=0.850(9.61) [

8 = ——

m 0850

a=491ms? {1]

{ii)

During Em changeB—+C > A,

By First Law of Thermodynamics,
W =0+(-pAV)
=—{103(40 — 20)(10° x10™")
=-20J

AU=Q+W
-30=Q+(-20)
Q=-10J

M1

M1
At

(0]

2, =0"%,
481 = w? (0.110)
, 491

~9.110
o =2xf

@

491

_ W _ yeaw
m|NH| an _”._m

f=1.06 Hz {1]
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{a)

Period or time for 1 full cycle = 1£

. 11 111 5 |
0z | |=—| — [=6586x10
time to rotate 1 mmch.‘w umoﬁmou ® 8

OR

since it rotates 50 x 360 = 18000° in 1 5, time taken {o rotate 1°= 118000 =56 x 10% s

(a)

0

170

Y _ =
<5nIQp|_.rU_uIIAMO<

]

@ =27/T = 314
T = 0.0200s

{b)

]

(b)

Change in flux linkage = AD
= A(NBA) = NAAB,
=38 (0.29{2.0)(1.2) sin 1.0° -0
= 0.46 Wb turns

{c}

emf =AD/At=046/56x10%
=8200V=82kV

{m

V; = LR

Is Np 2000
For comrect working above:
I = 4,00 A

(d)

The direction of the current induced In side AD is Ato D.

As the coil starts tuming, induced emf in the coil is proportional {o the rate of increase in
flux linkage, by Faraday's Law.

By Lenz's Law, induced current in the coil will be in the direction A to T to produce
a leftward magnetic field to oppose the increase of flux linkage to the right.
{The direction of current is predicted using right hand grip rute.)

-

{e)

1. magnetic flux linkage

2. Induced current

ts

-1 mark for wrong shape of graph or not labelling the period.

{b)

2.29 % m_
= 4,58

229 4

1A

0 020 0.040

Shape of graph: 1 mark,
Correct labels: 1 mark
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{a)

The force of attracfion between two point masses is direcly proportional to the product
of their masses and Inversely proportional to the square of the distance batwaen them.

0 rmark for nonsensical definttion.
1 mark for mostly correct definition,
2 marks for faultless definition.

10

C)]

U

GPE is converted into KE and heat,
1 mark if KE or heat is omitted.

{b)

(i) | Gravitational pulf provides the required centripetat forca.
GMm _V*
R ALULBY LA
r r

1 mark for correct GPE or KE.
2 marks for full derivation.

{n

ATE _ Ar

TE r
=0.2%

B1

(i) energy 4

| Kﬁ/p

1 mark if a least 1 graph is comect.
2 marks for all correct.

orbital radius

Re: Earth radius

(i)

aTE=-32, 1 CMm

06 G T
0.2 1(6.67x10°")(5.98x10”)(1.80%10%)

= X
100 2 6.70%x10°

_ 02 10

= dooxm.umﬂwx._o

=1.072x10% J

1.072x10°

— 77 Js”
7 x 24 x 3600

Rate of loss of energy =
(P =Fv)
177 =f(77186)
F=0.0230N

M1

M1

M1

(o)

]

direction of orbit
v._:\
]

Y
satellite
towards Earth  «—— % \

B2

(e)

m GMm v

4"5!!..
r r

(6.87x107")(5.98 x10™) 2
8.7x10%

v=77186ms"

= 27800 km h*
M1 at correct substitutions.
A1 at correct numerical answer.

{in

F=uz
0.0230 =200 x10°2
z=1.14Bx10" kg s~

Fuel needed = 24 x 3600 x 1,148 x10"5 = 0,902 kg

M1

Al

(ii) | At this altitide, the centripetal force provided by the Earth is larger than the

required centripetal force {for circular motion at geostationary speed).

Bt
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HWA CHONG INSTITUTION (COLLEGE SECTION)

2019 HCI H2 PHYSICS Prelim P4 Mark Schemes & Suggested Solutions

1a)i)

Value of mass in the range 0.10 1o 0.50 gram (inclusiva)
Students should weigh the total mass of at least ten paperdlips, with working

Mass is recorded with unit and to the correct precision
Precision is based on raw data and calculation

1]

1

1a)i

Number of paperdlips in the range 5 to 20 (inclusive)

)]

1 b))

Value of & in the range 125° to 155° (inclusive)
@ is recorded to the cormect precision (nearest degree)

[

1 b)il)

Absalute uncartainty in the range 2° to 5° (Inclusive)
18f.
Degree symbol has to be present

m

1e)i)

Value of M is calculated comectly with appropriate s f. and units (2 or 3 s.£)

[l

1.c)ip)

Clear explanation or method on how the maximum value of M can be obtained
Maximurn value of Af corectly calculated

Siudents have to explicitly use the values of (a} (i) and (b) (i}
Their calculafion must be carried out correctly

1]

1a))

Value of 8 should be smaller than that in (b) ()

&is recorded with unit and to the correct precision (nearest degree}
Check with {b) (i) and do not double penalise incorrect precision

M1l

1dyip

Plot m versus cos (8/2) or another appropriate graph
Log-log graphs are accepted, as long as the mathematics is fine

Mwill be half the gradient or 2M s the gradient
For other graphs, check that the method to obtain Mis correct

nl

]

c2

HWA CHONG INSTITUTION (COLLEGE SECTION)

2019
1e)1) Two reasonable sources of error should be given, 21
Accepted sources of error Improvement o
Difficult ic measure 8 accurately, using a | Clamp the protractor with a retort
protractor held in one’s hand, because | stand, so that it is stable
of shaky hands
Friction present in the ball bearings of | Lubricate the axle of the pulley
tha putley causes the setup to be stable
over a range of 8
The hook of the hanger makes it Tie the hanger to a plece of string
impossible to place the protracter close
to the setup
Difficult to gauge whare the vertical Use a plumb line to indicate the vertical
axis is axis
The hook of the hanger is too thick, Tie the hanger to a piece of string
making the origin of the angle difficult to
judge
Not accepted sources of error
Parallax atror
Wind {due to fans)
Thickness of string
1e)l) | improvement should addrass one of the sources of emror indicated in (e)(). e}
2a)l) Voltage in the range 1.600 to 1.800 voits (inclusive) 1]
Voitage is recorded with unit and to the comect precision
2a)il) | Value of resistance calculated cormectly and presented with appropriate s.f. and units | [1}
(2or3s.f)
2o 0) Voltage in the range 1.480 to 1.580 volis {(inclusive) 1
Voltage Is recorded with unit and to the conect pregision
2b}1l) | Percentage uncertainty in Vi is based on an absolute uncertainty of 0.002 to 0.008 | [1]
V and comrectly calculated
Accept1,2and 3 s.f.
% symbol has to be present
2b)iil) | Vatues of proportionality constant k are calculated correctly [1]
Percentage difference between values of X is calculated comeclly
Percentage differencs is gxplicitly comparad to the vajue obtained in (b)) I
Conclusion is conglstent with data obiained
2c} Three wires drawn m
Rheastat coractly connacted
LED cormectly conhaeted, with short leg connected to negative pole of baftery [y}

Ccz

More papers at www.testpapersfree.com




¥

€

[1]
L1

‘a1 MOU MEID 10U PIP ING 5)UI0d Z SAOLE U] INC PEUCSES] SBY JUBPRIS J| JJBW JU0 FEnped
“anjea jdeosjud 10 1By AQ UMOP PoAOW SBNEA X T2 1D DAnfeY $| ANEA JauSUEA

quaipes swies aney 1snW aur

{8)

[l
[

"un ejepdosdde yum 8 198000 6if) 0] USAIE ASUSP JO BN{EA [Bild

‘pamalie 1273 "AjEusp o uoheinoie jof Guppom pue poylew el

)

[11
|

“yun sjepdozdde ym s wWauoa su) o) usmB W10 BNEA (BULY

"PEMORB “1'0'3 "N JO LoReirmEs o) BURiIom BUE POUIAM 199400

{e)

[}

i

{3

{1
[1

i

B OENSDFLNO0 B MDNEF DT 004 BE0ERd
= g} ydesoy "abue) UM QI8 SINEA D 7 d [Rjuswpadye 1B 30BYT) pIU9 ;8 40 2 WS 1D O SPUN S td IO HUN
-Syun JeLros [ ApApedse) payBInoeD juapel pue jdecualu-A Jo SSNIBA YIM JUSISISUCD 4 SENMEA [ PLE d -

*aienba j|EwWs B Yey o) Sjkinook 8q
1SRIL SO-PEaN ‘TMI| WWEIP Y] jo tfus) By ey uey) s51ewE aqisnw aiiueyn B jo esnuelodAy au — JUeIpeIE) -

‘auy
#1410 Juod B BUISN 5 + X = A WaY patuLeap 10 eenbs [[BLWS ke 1S/BOU 2U) 0) 4O pEEI BY 1SN eusgul-A -

ueweBpn| Busim o) anp ABIIOUE payquep| NSRS ¥ e S|} Inpag
“auy 4y JO 8P Yl U0 SI0d JO JOYEIS JEY B O JSTLU Slal|
“pu)| 9,3)EpmuRs Bl Jn0qe Sted J0 Jeneoe Ag pabpnl - )seq Jo el wbiens -

‘aJpnha RS B JJBY J0 AJRINISE UE O) YoM 'penoid eq 18nu suoeARsTo iy -

‘peyoid Buisq 51 YoM Anuenb auy) M PRISYE] 3 1SN Sexy -

‘guonoanp A pue X hoq u) pub ydesB ey) wey 15E8] j8 AdNDoo HUed PANCH J8U) 08 USSOLD 9 18T 28|eIS -
‘pamoge jou ale (01:¢ 679} sapEes piespmy pasn aq Snitl SB[BIS SYqISUSS -

-penojd ydest ejqeyns pue £j uofenbe Bupueeun -

{p}

i1l
[11
(5l

|

[zl

“(pamoyje dife | xetu} Anuenb peie|nomes Jo SeN[EA pajEroies Apeuad -

. "E)Ep MEI BY) Y] '} JO
1GUINY 21} UBY) JOW SU0 JO BLLES ALY 6Q PINCYS FS JO JadInU @ ‘2l 1o ;x 't 68 Jo 3n[eA pajemoles yoes 04 -

“nelEMaEl
BIB 7 pUB X YIS ¢ A|LG PAREME 8g [IvA JPeID “uoreResd 198105 GU) 0} UBAS Bq JSNW 7 PUB X JO BNBA M (Y -

“e|qe) 10 (11)q wol Afpanp BEaNPeR 8¢ 1OULED N JI JIBW GO 12npag

-fgeeio N 21B1S JO SICE) U] ULLINOO N BABY 10U SBOP JUBPME H HEloUUY

gl 13 DU 48 / ¢ B woRUsALD SYfueds Po1da0gE O} WLICJUDT 1SN Jun 8Y |
) shupesy uwnpoy node -

WO GZ = XAPNEHUL 0 (WD OF 5 X 5 G "Ulw) sanfea X Jo abue) Jweninsu) o) 3iEwW 8uo yonpe( -
“(suopegso N Jop swp sof) sbupea 1eedas jo SouopiAe oU 10} B L0 PNpa(] -
-G ) ejep Bupngu) you o) e sue pnpeq -
“@ 'X) B1Rp JO $199 G JO UDKDBY|0D 10} }IEW BUC PNpeg -
(3 ‘) ejep 10 S16€ Q10U IO § 1067TD D) pejoedxe $I vlepIipUR)
ueas|ios meg

(2l

[\
W

*(9)

Ut Jo BUPLIOM GU) L) N PUE 7 J0 BOUBRIAB JO 83USSAE 8L U§ |.= N TEUL JUSR Joi yaudisjut lou op s, ‘foquids
ayy; Jo efiesn 8.0 0) Jpes aME AUo Bm eousy "SUDIE|IRSC jo poped s uogsanb alp uf peuyap Ajieep
uaaq Apease sey 4, *uaAIE JUN PBLIOD URM | JO UOREINDMED FRL0Y (Wo §
you 1 (g Ul X J1 QM) X09Y3) S G| 21 9) LaYE) UBaq S () SUCRENIDSC O Jequinu Iepdoudde Jey) 20URPIAS
“{ut & 10U s) (1) U X Ji B108) X00UD) WD § PUNDIE X 40} S €« § "8°) UORE|RISC J0 Spot Joauos | ()

} : ‘Paxnpep
EEWEQ:__.B:oauﬂawn_gbnaﬁcﬂu—caug:w_ﬂu:cc_s._uwn..zux._w-‘gmuz:ﬂwonu_agﬁx_—og—w\':-

CH]

20

®sh U] J0L LaLm
X0 pau)| pESs| Ul 20iN0S 20)S
219 89A0)6 peg)| /SWO0I PBUI| PEI] /SENS pES) ISE Lons
leam se yans suonsabbng snojnolpu yalay ‘aan0s aaceoipel 1o Buypuey o) _
Bugejes voprieoasd Ajajes Jueasdy | | XEW Aajes
(o) juejsuco smeuedde
(papwoad st a0IN0s ay) usamleq sourisip daay -
aljy) ayl yey Buof @ yum acunos e Buisn = (pY) 9unos B19q aY3 Jo A poads
(jeinun) afielane 8)e) pue SUOHEDO] jo aburs auy o) Bupuocdeauas
WUSIaYIp JE SSELOW) BInsEap  » | A Souapp [equsiod jo abuel
:eqeidanoe JoN Amnuap| o) [ew Aeuualg e
{ex) Aeoap
‘anuelsip SANDBOIPRY JO INJBU IOPUE)
ayads e 1sabing o Jueisuod jdey 40 28NEIAG JUSWSINSEILL
51 aaueyEIp Apradxa 2je)s 0} peaN Sy Ses junoa bugeaday
(2d) sseuyaLy
paiinbay s1 {@E-UNO snjea-jiey uieiqo oy ydeih
peINsesll Wol} UOHEIpEs punciyoeq | SSBUNDIL) A S]E1 JUNCD B 95N »
RGNS 81) JUNOJOR 0L U2YE) S UONBIPES (1) uopeiped puncubyoeq
puncJabxorqg may jo uohdinsaq LY wnoase ojul Gune] e
Aipges
a:nsua o) spoyew peysebbng | z xew | AngersH
{2v) pieA §1 diysLionela
18w B18 Zy 10} BUSD AU [ §i papiAoid au Jaysaum 1sabbns fim
paidanne aq ues diysuoneial ajeudosddew | BJEP 84l MOU LIO JUSLILLOD pue
UE 10 PAsR( UoNesuesur 2y 101d 03 ydesf sjeudoidde ue
saliing ‘uoyBZueal)| JoaueD .
"a|qeidsade 8, 2f = A 10 ,AY = 1 ISl (L) A =2 diysuonei
-disuoneal met samod sidacoe Aup iy me| 1amod asodold . Z sIsAjeUY
ap g
Sfqeidaooe <) L 0050 40 A 23BINojED oﬂmm\_/w.mm_&ﬂuwmtnﬂw .
anjen yamB au) yw pPAINISqNs jou g IGA (b SBurpes:
sjgeidovos | 0 SI98 01 0}A Mleaojpoyialy o
51 sBujpeas jo 598 gi1seR| Iy ipA | (EA) T UIBIGE O) sSaLbjal) Aep, -
{zA) Jowelen
‘ajqejdecoe s dn-ajm aeudoidde Auenayunced
au} w1 pelele Jo weifeip Ul up UWMOYS SI o} pajoduuod agm Wo) Buisn
aqn} WD eul O} PAJIAUUGY JSjaL-IRY IZA SR JUNOD JO WBWEAUNSEAW »
(LA) JedijEa J31L3A
‘popIEmE 94 JOU [ YA PUB EA JO) 10 afinel mauos JajBLLoRW
SHIEW ‘{LWUNUKLINE JO SSELOI JUBISUCT B e Buisn wnwipune sy} Jo _
s A Buikiea Ba) pasn 51 poyjaw Buoam § | SSBWOI) 84} JO UBLIBINSESN  » g sajqeue)
suopasp aysoddo sy Lt ale satiued
ejaq =y uo Bugoe sanJof By Jey) Yans aq
1ENW plRU-A PUe peY-3 o jo Aleog :2g (za) Jola9)es
Ayoian ay) jo pRY-g pue
yBriouy ssed o) seped PIoY-3 jo Auetad pauon e
ejoq jo weaq jbeas e smoje ey (La) dmes pausy =
WS EwWs & 3apnpuy jsnw smeieddy 14G fGupwoys welbelp pajaqel Jes)) Z weibeti@
SyIEWwey wuiad bupaey | syJel
aweyos e ¥D
{NOLLDIS 3931100} NOLLNLLSNI DNOHD YAMH Lo

0]

[y

—

*(8pnouUR) DA 10} JOUS OJBZ SIEIIPLE INOYS JUSpMS,
Jun Y uotstald 199005 8 of DA KQ ATND PRIRSESW W 670 0} GE°D jo afiues ui p jo anep,

YN Yy vofEped KBLIG BU} 0} JBYU WI-0E A PAINSEsU LD 0'E 9 5T

§o oBuEl U] M Jo BNEA  "JIN Wi uoisowid 1094100 8y) 0) DA AQ PEINSEEW WD 00°E ) 05 JO BBURY U] M JO BRBA

(»)

0

pweyag Bupey peisoBbng ¢ uonseny

(NOLLD3S 3D3TIOD} NOLLNLILSNI DNOHD YMH

6LOZ

More papers at www.testpapersfree.com





