MINISTRY OF EDUCATION, SINGAPORE

in collaboration with

CAMBRIDGE ASSESSMENT INTERNATIONAL EDUCATION
General Certificate of Education Advanced Level

Higher 2
CANDIDATE
NAME
CENTRE S INDEX
NUMBER NUMBER
PHYSICS 9749/03
Paper 3 Longer Structured Questions October/November 2021

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

READ THESE INSTRUCTIONS FIRST

Write your Centre number, index number and name in the spaces at the top of this page.
Write 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 correction fluid.

DO NOT WRITE ON ANY BARCODES.

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

Section A
Answer ali questions.

Section B
Answer one guestion only.

You are advised to spend one and a half hours on Section A and half an hour on Section B.

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

® UCLES & MOE 2021
Printed and published by Singapore Asia Publishers Ple Lid

for the Singapore Examinations and Assessment Board under licence from the Chancelior, Masters and Schalars of the University of Cambridge (acting
through the University of Cambridge Internationzl Examinations Syndicate} either solely or jointly with the Government of Singapore (acting through the

Ministry of Education, Singapore).

{2021)33
H2 Physics
FPaper 3



Section A
Answer all the questions in the spaces provided.
1

in a child's toy, a small ball moves along a smooth track. The ball moves down a straight siope
and then travels around a vertical circular loop, as shown in Fig. 1.1.

24cm

Fig. 1.1
The loop has a diameter of 24 cm.

The slope has a length of 56 cm and Is inclined at an angle of 40° to the horizontal.
Initially, the ball is at rest at the top of the slope.

{a} For the ball moving down the slope:

{i) calcuiaie the acceleration of the ball

G- as{w@ = @-M)sfntkho = & ;dg’,t.

acceleration = 63 0 R € 2\ ;

(ity use your answer in (a){i) to determine the speed of the ball at the bottom of the slope.

viz ur4res

v = JOL—I—ZC(.‘BOI?() (0-56)

Vo ]
= 2(575

speed= 2T OR Wl VLA

................................................ ms~! [2]
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(b) The speed of the ball at the top of the loop is 1.5ms™, as shown in Fig. 1.2.

ball

15ms!

traCkf\

Fig. 1.2
The ball has a mass of 72g.

Determine, for the ball at the top of the loop:

S.').

(i} the magnitude of the centripetal force acting on the ball
F¢ = Mma =/ Il ) [-
< "(Toeg / C
Lo¢D 0

12 ) =t35 N

{ii) the magnitude and direction of the force due to the track acting on the bali.

N*-Mg:: Mma,
N < M(qcfg) -

force =
direction
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2 (a) The gravitational potential ¢ at a distance x from a point mass M is given by the expression

__GM
p=-=

where G is the gravitational constant.

Explain why gravitational poiential is a negative quantity. (ﬂ,@:PLt.r P"ﬂm W‘”y
Lo

Ste. . Infiocy s deatted a5 sem

ond @w%ﬁ%l%u < dtha e ary

(b} Aplanet of diameter 8.8 x 10%km has a mass of 6.2 x 1023kg. The planet has no atmosphere
and it may be assumed to be isolated in space.
The mass of the planet may be considered to be a point mass at its centre.

A meteorite collides with the planet. This causes a rock of mass 2.8kg to be thrown up from
the surface of the planet with a speed of 3.8 x 10°ms™,

(i) Calculate the gravitational potential at the surface of the planst.

-l 13
C{’; - aM = —-(66:"'9(‘-0 )(_G'LXIO ) Ky
< = =-(-2(6 xX10
24 ot
3 /0
CM gravitational potential = -*I?.?.Xw ..... 0‘?. —LX!O Jkg™! [1]
" 1%
— = —mV {ii) Use energy considerations, and your answer in (b)(i), to determine whether the rock
ZJT'/ Y returns to the surface of the planet or travels out into space.

~ ‘);6_{0 beape Spedd U > | 2xb 63305 6202 / (8]
~ 3@)&0(’ s
:JJLCP - 4@}2' H/_C > 2.8Xi0 M}r /[,Ml]

K1Y ) {\e,{{,,mx +o 5wr#a,(¢ AN l-{'; 3]

5[l£d (% LUM ‘HLM Mc’/')as M [Total: 7]
o +he p}ahc}' /[m]
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3 (a) State whatis meant by the internal energy of an ideal gas. Crb&r pbyb @W&ﬁ‘"\’)
(m] .~ micosgpe Einedie enery

()  due do tmbon mote of gl e gos weleceles
b e gydton. Cun PE for bl gss)

{b) Afixed mass of an ideal gas has a volume of 3.2 x 10-3m?3 at a pressure of 1.0 x 103Pa and
a temperature of 12°C.
The gas is heated at constant pressure so that its volume increases to 3.6 x 10-3m3 at
temperature 8, as shown in Fig. 3.1.

3.2 x1073m3 3.6 x 10"3m?3
1.0 x 10°Pa 1.0 x 10°Pa
12°C g°c
Fig. 3.1

(i) Calculate the final temperature 8, in degrees Celsius, of the gas,

Vool i P comtast

gaMe 30 YA

/o DA
O =H&'c o- 45 . ok 416 . 2] )

{ii) Determine the work done against the atmosphere during the expansion of the gas.

W= PaV = (1400 C?.c-z-Lwa'g /]
- %0

WOTK dOME T Lo neer s eesrereseneens J 2]
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(¢} During the heating process in (b}, 101J of thermal energy is supplied to the gas.
For this heating process:

(i) use your answer in (b)(ii} o determine the increase in internal energy of the gas

Auz Q+W = [0l - 46 = §1J

HICTBASE T ovviieictiiecessestresssenassreessreesssassaneases
(i} calculate the average increase in kinetic energy of a molecule of the gas.
AT = LH 6% - 12 = 35-64 v L]
u= 2 kAT
Cl 3%)(10 )C” 6"0 / Lml]
1

- 21
bl q 3:"})60 T4x0 0R 338Xl J\g Lprlj

INCTEAESE = it iirienenrirarare e ravnn b aereaesasaemens
-1
AHewative oR 1-s'xlo [Total: 10]
PV = MK‘T
N = C oxlaY)@ 2X9 ) F121%
- 21 0
"T (1-28x15 %) (124243 1s) ~
. 61 L
: "'éy" - 20 = 7' g XLO
N 812X (o
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4  Astrip of steel is clamped at one end so that the strip is horizontal.
A mass M is attached to the other end, causing the strip to bend, as illustrated in Fig. 4.1.

clamp

steel strip mass M

Fig. 4.1

The mass M is given a further vertical displacement and is then released. The subseguent motion
of the mass on the end of the steel strip is simple harmonic.

The variation with time ¢ of the total vertical displacement y of the mass M is shown in Fig. 4.2.

0 | IR FT (L] (L3 TF3 TTT L
0 0.4 0.8 1.2 1.6 2.0 2.4 2.8
I
-0-25 A S trs
f » e
A-':D"SD -0.5 7 \ i X 7 N SN - / Ol'eoreﬁ.gﬂg
ylem , f Y i \ i Y / QMPH‘
—0*?{' iwa Y ] i i \ . -h\‘LL [pl]
/ INFH )

—.’LG Fi ) A N . A g Lt / lnm’lm\x
—1-25 ' N (;.Ul‘e& [51]

-15

- / 2 conqoln/fe

Fig. 4.2
{a) Use Fig. 4.2 to determine, for the oscillations of the mass M:

(i) the amplitude x;

{ii} the angular frequency w

w=2T _ 2T -7.8534§ v/ [M)]

T T %
w= YC,OR ....... 7 '85" ..... rads™ {'2]/ CM]
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(iii) the maximum speed v, of the mass.

o= X< (1-85398)(o-s2) 23421V [n]

Vg =

mass M

steel strip

card

Fig. 4.3

The mass of the card is negligible when compared to the mass of M.

The mass M is again displaced and then released. its initial displacement is the same as that
shown in Fig. 4.2.

On Fig. 4.2, sketch the variation with time ¢ of the total vertical displacement y of mass M for

three complete, lightly damped osciliations of the mass. [3]
[Total: 8]
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5 (a) State whatis meant by the diffraction t:)fav\.rave.E—Q’Q’R’-r P‘@‘{‘“ @MPMA'M“)
spadig ot warty b s geometicsl Sl*“[*’”" /| ]

ofhr VPW% -H:mkfk 6 A} or obstacle. / Yy

{(b) A double slit consists of two parallel slits, each of width 0.100 mm. The separation of the slits
is 1.40 mm, as illustrated in Fig. 5.1.

0.100mm  0.100mm

Fig. 5.1 (not to scale)

Parallel light of wavelength 590nm is incident normally on the double slit. A screen is placed
parallel to the plane of the double slit at a distance of 2.60m from the slits, as illustrated in

Fig. 5.2.
double slit screen
...--.+
SRS —
paralle! light
wavelength 580 nm
.—-——H—.—.—.
___._._......,..}..__
i 2.60m
Fig. 5.2 {not to scale)
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(i} Initially, one of the two slits is covered.

Calculate the width of the central fringe of the single-slit diffraction pattern seen on the

screen.
Give your answer to three significant figures. - q
. si0 = 540x10 5 0=0338° /[q]
Smfc A 0100 NS 2
b
------ 1 Yan 0-328° = 2 = o-
) = X X, Scil [x 821 X =003y
— H"“--Q .
D l" width 235 = 0.02068 m / [ﬂﬂ
fringe width = .......... 0'0?’0_{- ...................... m [3] |/ CA!_:]

(ii) Both slits are now uncavered.

Estimate the number of fringes resulting from double-slit interference that are seen within
the central maximum produced by single-slit diffraction.

= XD (s9xw D) (2-60 -3
X S -( 46X ) ( ) - l*OqS} X0 m / LE’IJ
ﬁ; ‘ “'3
-0 X0

F’; = M = . |
e l-04s%} X572 2301 o D]
2% 3}/ CAL]

AUMDET T et v re e e e e s
[Total: 8]
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6 Asolar cell generates an electromotive force (e.m.f.) when solar radiation is incident on its surface.

A variable resistor R is connected across the terminals of the cell, as shown in Fig. 6.1.

solar cell

Fig. 6.1

For one particular intensity of solar radiation incident on the cell, the resistance of the resistor R is
varied.

The variation with potential difference V of the current I is shown in Fig. 6.2.

160 T
I/mA Eas: 8
: by (4l ) 30)
120 N
A
\
80
X
7 Jl J‘ )l 4 [lS md‘
7 /' ’1' / o ; \‘ / (@l:] Cg
40 ya y. r\'.dq IE/
Y A
AT AT A/ E 4 (¢ correct
o 4 ’,( ’ y 4 ’1 p y M
0 100 200 300 400 500 800
VimyV
Fig. 6.2

(a) (i} Atone value of resistance, the current and potential difference are given at point S on
the graph of Fig. 6.2.

On Fig. 6.2, shade the area that represents the power dissipated in the resistor for

point 8. 2]
{il) On Fig. 6.2, mark with the letter M the point on the curve that would give rise to maximum
power in the resistor. [1]
© UCLES & MOE 2021
Printed and published by Singapore Asia Publishers Pie Ltd
{2021)43
H2 Physics

Paper 3



{b) For this light intensity incident on the solar cell, the current in the resistor R is 100mA.
Use data from Fig. 6.2 to determine, for the current of 100maA:
(i} the resistance of resistor R
V= coom\/ 2 v (s I
R = ,l/_, _ goo o
1~ looXy®

FESISEANCE T .ioiviieecieieireineie s e eer e serses e rnrans Q 2

(i) the power dissipation in resistor R

p= 12R=(L00 Xi10>)"(5.0)= 6.0 w /]
v [A]

power = 0- 050 OR 0‘0500 W 2]

mEEMrisAsitssme AT Er YR Y ARt indrrdddany —nm

(ii)) the internal resistance of the sotar cell.
p‘.l MAX FOJ-U d{)s’ﬂpﬁfhm/ R':r

2
L oreRe p (ex30X07) = 3954k S ]

Il (I}()Xlt;} z

internal resistance = ... 2 2]

Motal: 9]

Cavion : Do wat  use £=g50h"\l Lecanst, 4he
Va\w, O‘P cvm'cpa | $ W“CNS'H"'} d)‘t ‘}0

V‘V’(‘f’% IWt&r\g‘\fé-
'WS Gnswee  \¢ MNoULECT l-l.
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7 {a)

(b}

State one similarity and one difference between the electric potential produced by a point
electric charge and the gravitational potential produced by a point mass.

simary . oot {%vwdp ................. ohonal 4o dictance v4 [ei
Crefer Phosno C»mfpfndaf:?fwa"wpom&mw) ]
difference.q’!'wayé ng OL‘I'N{, "QY Mﬁw PV}U"I’T"{ &

coid be, neghSor paite “f thetiy  patential. /7 [a]

Two point charges, A and B, are separated in a vacuum by a distance of 12cm, as shown in
Fig. 7.1,

—
N
o
3

Fig. 7.1
A point P is on the line joining the two charges and is a distance x from charge A.

The variation with distance x of the electric potential V, at point P is shown in Fig. 7.2.

300 ]
LY
L1
V, IV
200 N
Q ,180) |
100 =
O AN LS00 L LN YU O 0 A O T -y =~ S 20 i
152 A3 4 AR s HEH 6 B 7 FEH 8 o 9 PR 11 12
I L]
N ] 12
L €2 -b0)
-100 A
1
=200
Fig. 7.2
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(i) Explain whether the charges have the same, or opposite, signs.

opponte Sign  @s T hes  pomte K Ve
M-%“M ........ f’t{ﬂ’l'“"ls .................................................... oo 1] [A]

(i) Determine the ratio

magnitude of charge A
magnitude of charge B

Explain your working.
&n Qs

I-I-T.Y% (ﬂ) - Uy, (,?’) \/ [Bﬂ

éZ_ﬂ_ = -%-:. 3-] 1/ CMD
Qe
3:] gR 30 OR 3.00 ‘/U"‘J

FAHO B oeieiieccireeercr s res s e sarssrnresnes smneesareen 3]

(iii) Calculate the magnitude of the electric field strength at point P where x =7.0cm.

F= - _ O-(-60) ) goy ! l/mi (8]

i (12-1) xi0
et
l/ S‘C:Lr‘lf'l“fhh, LM)]

/)

electric field strength = . £ 0 e i ¢ i3]

[Total: 9]
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Section B

Answer one question from this Section in the spaces provided.

8 (a) Define magnetic flux density. (Refe Qkas%‘u CON{JM‘AM)

P wal  \eng v (8]

(b) A proton is travelling in a vacuum in a straight line with a speed of 6.2 x 10°ms~1. ltenters a
region of uniform magnetic field of flux density B, as shown in Fig. 8.1.

praton
speed 6.2x10%ms™!

magnetic field
flux density 8

Fig. 8.1 {not to scale)

Initially, the proton is travelling in a direction normal to the magnetic field.
The proton follows a circular path in the magnetic field of radius 7.6cm.

@ UCLES & MOE 2021
Printed and published by Singapore Asia Publishers Ple Lid

(2021)47

H2 Physics
Paper 3



(iiy Calculate the magnetic flux density B.

=
B= Mmv _ (léq—xw T)[G}XLO) 0.0%<| 1/ m]
1T Y (%) /b

0085 OR (.08 _

(c) A uniform electric field is now switched on in the same region as the magnetic field in (b).

The magnitude of the electric field is adjusted so that the proton moves undeviated through
the two fields.

{i} OnFig. 8.1, draw an arrow to show the direction of the electric field. {11

(i} Determine the magnitude E of the electric field strength.

&?/V =g £

E= By =(0° 0851)({. 2107 = 2362 Vw™ '/ [m]

c. 52%0p R 53000, }/ [AT]

{d) Two coils, P and S, are wound onto an iron core, as shown in Fig. 8.2.

0 v
coil P
\ ABAAAAN AAANNAAANNN
\ /COHS
.
(TAVAVATRAVERY Y] LRURVAY) RURVIRY AT RY/
iron core
Fig. 8.2

A sinusoidal alternating current in coil P gives rise to an alternating magnetic flux in coil S.
The magnetic flux density is uniform throughout coil S.

The variation with time f of the uniform magnetic flux density B in coil S is shown in Fig. 8.3.
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I

(4" 2/ - S’)
Fig. 8.3

(i} Calculate the root-mean-square (r.m.s.) value of the magnetic flux density in coil S.
..3 -2
B L )40
Bo | M7 Lygsxo
Vo NE
4-5) o L.5

EMLs. value = ..l s T mT [1]

[

(i) State two times at which the electromotive force (e.m.f.) induced in coil S is zero.

time -0 ....................... ms and ime .............. 4'0 ...................... ms [1] |/ Epfl]

7-06ms, [0Oms OR 13-0Omg

{e) The coil S in (d) contains 270 turns of wire. Each iurn of wire has a diameter of 2.4cm.

Use data from Fig. 8.3 fo determine the maximum e.m.f. induced in coil 8.

dB 59 | (525 7 L8]
o T (54

£=NA ‘il._b% ;(240)[—[{): C(-mxtc?l)"](s"ng) =0-}516 ar
——

/['ng.: 0}5 ...... 0 rZ ..... 9 49')_ ...... vV 4] / D’c[‘

[W 0-34 o 0~°lo]
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{fi The alternating current in coil P in {d) is now replaced by a direct current that is reversed at

reguiar fime intervals.
The variation with time { of the magnetic flux ¢in coil S is shown in Fig. 8.4.

A

flux ¢

T

et

a————

—

o

L

—,]
e
.9

—

time ¢

———

=
| feee

Fig. 8.4

Use data from Fig. 8.4 to sketch, on Fig. 8.5, the variation with time ¢ of the e.m.f. induced in

coil S.

A

Cumﬁ@{

/ [snpe ]

em.f.

4%y

fi

sam=

met/

wagnitide]
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5 (a) State:

(i) two pieces of evidence provided by the photoelectric effect for the particulate nature of
electromagnetic radiation

(ii) how a line emission spectrum may be explained on the basis of the existence of discrete
electron energy levels in atoms.

Refec  Physic Comi“m fage 0] &39.
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(b) Some electron energy levels in an isolated atom are shown in Fig. 9.1.

~0.38eV
A ~(0.54 eV
-0.858V
-1.5eV

-3.4aV

energy

-13.6eV

Fig. 9.1
in the visible section of the spectrum of electromagnetic radiation, purple light has the shortest
wavelength.

(i) Calculate the energy, in eV, of a photon of purpie light of wavelength 340 x 10-%m.

= h ‘ y e 3 -
= ,;\9,; b 63%10 "% Iyio 5 85%10 ‘g'\]' / Iy

h

340 x079 -19

5.856 x10

-6 X101 /L]
= 3.(c625 ¢

(i} By reference fo your answer in (b)), explain why a visible line spectrum does not result
from electrons de-exciting to the ~13.6eV energy level.

Smalest_enetp bonstin, = 13:6-3.4= 026V Had T [w]

-------------------------------------------

® UCLES & MOE 2021
Printed and published by Singapore Asia Publishers Ple Ltd

{2021)52
H2 Physics
Paper 3



{c} The isotope beryiilum -7 ( 4Be) is radioactive with a half-life of 53 days. A beryllium-7 nucleus
decays by the emission of a y-ray photon of energy 0.48 MeV.
Initially, the total mass of undecayed berylfium-7 in a radioactive sample is 5.7 x 10-12kg.

(i} Determine the probability of decay of a beryllium-7 nucleus in a time of 1.0 day.

A= = 0-013018

probability = GOIBOR‘OM;[ ........... 11 /DU]

{if) Calculate the number of undecayed beryllium-7 nuclei in the sample after 120 days.
nele o = F‘Tle_llst
No M ;
o S 4
No: 5-Fxl0 XMW (C-0rx10 ) - 4. QOZXIO / LSl]
3 .
N= N, C-L)%’ C‘t ‘IOZXIOW)('L) = Lozxd v/ [M]

Lot o [.anqo'l'L v A

number = 8 0T ML [3]

(iii) State why, although the beryllium-7 is radicactive, the number of beryllium-7 nuclei in the
sample does not change.

Berylivm _nucdei M%% ses ereqpy 0 X v /" [e])

{d} The beryllium-7 nuclei in {¢} may be considered to be stationary hefore the emission of the
y-ray photons.

Determine the recoil speed of a beryllium-7 nucleus due fo the emission of a y-ray photon.

E:_L.I_E.ZO'QS’ M‘CV

-3¢ g -
| 6BETRINO o pssqgns S [

0 ‘%leoéx - gxto

N

- bt ’3)(10'3LP / ZMI—'] [Total: 20]
"A (DL Léxm"‘)[z SSQ}M"")
=22 x;o rc
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