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You must answer on the multiple choice answer sheet.

You will need: Multiple choice answer sheet
Soft clean eraser
Soft pencil (type B or HB is recommended)

INSTRUCTIONS

¢ There are forty questions on this paper. Answer all questions.

e  For each question there are four possible answers A, B, C and D. Choose the one you consider correct
and record your choice in soft pencil on the multiple choice answer sheet.

e  Follow the instructions on the multiple choice answer sheet.

e Write in soft pencil.

e \Write your name, centre number and candidate number on the multiple choice answer sheet in the
spaces provided unless this has been done for you.

s Do not use correction fluid.

¢ Do not write on any bar codes.

¢ You may use a calculator.

INFORMATION

e  The total mark for this paper is 40.

e  Each correct answer will score one mark.

s  Any rough working should be done on this question paper.

This document has 20 pages. Any blank pages are indicated.
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Data
speed of light in free space ¢ =3.00x10°ms™
permeability of free space ty = 4m x 107"Hm™
permittivity of free space £, =885x107"?Fm™
(4:% = 8.99 x 10°mF)
elementary charge e =1.60x10""C
the Planck constant h =6.63 x10*Js
unified atomic mass unit 1u = 1.66 x 10°%kg
rest mass of electron me = 9.1 x 10" kg
rest mass of proton m, = 1.67 x 1077 kg
molar gas constant R =8.31JK "mol”
the Avogadro constant Na = 6.02 x 10®mol™’
the Boltzmann constant k=1.38x102JK"
gravitational constant G =6.67 x 107""Nm?kg™
acceleration of free fall g=9.81ms™
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Formulae

uniformly accelerated motion

work done on/by a gas
gravitational potential
hydrostatic pressure

pressure of an ideal gas

simple harmonic motion

velocity of particle in s.h.m.

Doppler effect

electric potential

capacitors in series
capacitors in parallel
energy of charged capacitor
electric current

resistors in series

resistors in parallel

Hall voltage

alternating current/voltage

radioactive decay

decay constant

® UCLES 2021

W = pAV
=_Gm
-
p = pgh
p= laNTmc:cz:'
a=-wx

vV = Vv COS wt

v=to(xS-x?)

fv

f, =
Vi,
- _Q
v 4neyr

1/C=1/Ci+1/Cp+ ...

C=Ci+Cp+...
W= 1Qv
I =Anvg
R=Ri+Rx;+...

1;R:1KR1+1JIR2+A..

BI

Vo =
H ntq

X = Xp sin wt

X = Xp exp(—Aif)
1= 0?93
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1 What is essential when recording a measurement of a physical quantity?
A the measurement has an SI unit
B the measurement has a unit and a number
C the measurement has a unit given as a base unit
7& the measurement is from an analogue scale
2 The mobility i of electrons travelling through a metal conductor can be calculated using the
equation
As |
S 2,
H= = A’$ l‘ar
where e is the charge on an electron and m is its Elﬁass. The average time between the collisions
of an electron with the atoms in the metal is .
What are the SI base units of u?
A Akg™ B As’kg’ C Askg™ E\@ng‘
3 An aircraft heads in a direction at an angle @ east of with a horizontal velocity relative to the
air of 800kmh™". The wind blows with a horizon ocity of 200kmh™" from east to west, as
shown.
\ k
NOT TO direction%.l ant
SCALE | craft
aircraft velocity relative . H
to air = 800kmh™" ,|;\ l:
oo Iyesu el
wind v@o 200kmh-"' g )
)]
E
+ x 2 bnh—' 2-
The resul elogity of the aircraft is in a direction due north. mulJaMl-'- 780) - (7,0‘0) _
_ | _ —_ = 1146 X 7T0kmh
What is angle #and what is the magnitude of the resultant velocity? -1 77‘{-£ Py
%o 4o’ (T4E ). 755
oo resultant 20?
velocity /kmh™ ° ° ° 2
0-90 -75C = 14-§ x M
A 14 770
B 14 820
c 76 770
D 76 820
© UCLES 2021 9702/11/0/N/21
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4 A cathode-ray oscilloscope (CRO) is used to display a sound wave of frequency 2000 Hz.

The display of the CRO is shown. I = l/ = 5%10 ’S
< R — 27>
'/
/TN /TN SIS 'S for 4err
/ 128 X(57ge— Lewn
sohich is aqpivalen b 4o 12545

/-
N N Im"

)
“1cm:

What is the time-base setting on the CRO?

A 125uscm™ B 250puscm” € 500pscm’ D 1000pscm”’

5 Four possible sources of error in a series of measurements .
1 t angles favw[t

an analogue meter whose scale is read fro
1)

, so the needle sometimes sticks slightly

a meter which always measures 5% to

.

2

3 a meter with a needle that is not friction

4 a meter with a zero error x (&
Which errors are random and which a {i ?

random error
A 1and 2
B 1and3 2and 4
C 2 and 1and 3
D d 1and 2
©® UCLES 2021 9702/11/0/N/21 [Turn over
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6 An archer shoots an arrow at a target. The diagram shows the path of the arrow.

path of arrow
_mexhegit

HVV.IZWJ“U 51"-10‘ Sl‘“dg

conslpont in 4 UAJ
mb?m uuleli gM
eAWICe,

archer

Air resistance is negligible.

The graphs show how three different quantities p, g an:ﬂ;\fw with time.

[ \” 4 deuﬁg'\* #dah b
P |t ; Lo 1

0

9;:::05\;" Q
™
i 0

> 0 -
0 time 0 time
Which quantity could be the horizontal component isplacement and which quantity could be
the vertical component of displacement of th w?

time

horizontal
component of
displacement

p
q r

A

o 0O o P
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7 Two cars X and Y are positioned as shown at time { = 0.
They are travelling in the same direction.

X is 50m behind Y and has a constant velocity of 30ms™". Y has a constant velocity of 20ms™".

50+t = 20k
L= 506

50m

ar ¥ faivg wered flo:atgng]go
What is the value of t when X is level with Y? "' MA
eoV

A

A 10s B 1.7s C 25s D 5.0s
stk sccelombion ool 012 zéégagu@ﬂ4&
8 A constant resultant force acts on an object in the direCtio h ject’'s velocity. ) .
mxv inereane N " et
Which graph could show the variation with time f of t tum p of the object? n memer
[/
)( e
) ﬁapﬂj,m
P D.’)P k o D
0 £
0 t
k p
0+ - 0+ -
t t
9 Which statement must be true for an object in a gravitational field?

% If the object has mass then the field causes it to accelerate.

B If the object has mass then the field causes it to have weight.

If the object has weight then the field causes it to accelerate. a0, f ad
ﬁ umjh‘l > M—{o 6’4\/!"&/7 f

ﬁ If the object has weight then the field causes it to have mass.

® UCLES 2021 9702/11/0/N21 [Turn over
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10 A ball of mass 0.16 kg is travelling horizontally at a speed of 20ms™. |
Ch‘”‘ rectu so ‘-lgm
It collides with a wall and rebounds with a speed of 15ms™" along its original path. The ball is in
contact with the wall for a time of 1.0ms.
= o6 (-1 =20

What is the average force exerted by the wall on the ball? ix lD-3
A 800N B 2400N C 3200N D 5600N

11 A uniform solid block is fully submerged in a tank of water.

The dimensions of the block are x and y, as shown.

water surface

) &

The block is held vertically in the position shown. density of the block is the same as the
density of the water.

If the block is always held at the sam below the surface of the water, which single
change would increase the magnitudg ofsthe upthrust force on the block? u?fi\rubl’ s due 4o d,lff

ieveas -
X decrease the density of th prossure. pehoee- ’k,f

ﬁ hold the block horizont % :;Dﬁn ﬁﬁ% d ‘Eléjl'm
C increase dimensio ko b Aenti '1 w]})“
ﬂ increase the dx@he blg’gl’( '1 ) “7 ”«{ :

© UCLES 2021 9702/11/0/N/21
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12 A shelf XY is 0.40m long and is attached to a wall at end X.

It is kept horizontal by a wire attached to Y and to the wall, as shown.

wall —__

0.40m

The tension force in the wire is 15N at an angle of 30° to the horizontal.

U
What is the moment of this force about point X? l(oos'co X0 tf

A 3.0Nm B 52Nm C 6.9Nm D 12Nm

@1 is shown.

sum of the clockwise
the anticlockwise moments

13 A statement about the principle of moments with some wor

‘For an object in a state of rotational equilibri
moments about any pomt is equal to the s
about ... .

Which words correctly complete the statem
any point \

the centre of gravity of the obj @
C the pivot

D the same point

o = ISX oo - 1471CPe
%”{»j';xﬁ = 71(4—10;»03).(: 1S-TkPa. 2 1 6kPa

A 14.7kPa B 86.3kPa C 103kPa D 116kPa

15 Which statement about energy is not correct?

A Energy is never lost but it may be transferred between different formsy” ""W’”"“AM oo

B In an inelastic collision, the total energy is constant./
C The efficiency of a system is the ratio of the useful energy output to the total energy input.‘\-/

D When a machine does work, friction reduces the total energy.

® UCLES 2021 9702/11/0/N21 [Turn over
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16 A pulley of radius 0.40 m supports weights of 20N and 15N by means of a thin string, as shown.
A | —
» #
. \5
0-4
Vinhoight of aoN = 27
€
Y in helght of 2 =

Tim gp-e of 20N=20 x9.
gref oN-2

7
,x&rﬁz 8317‘&]—
* B

ina-pe oLICN= 1§ x .8lx2'|=‘-2333
15N Ving-pe of & 78/ x27

v ) p.0 =& 77(9;6-2%3
20¢N M merears 'Mire sgz‘lsI

® =

The weights are moved by slowly rotating the pulley clockwise through an angle of 60°.

What is the increase in the total gravitational potential energy of the weights?

A 0.33J B 20J c 21J ‘QJ

17 A car of mass 1500 kg accelerate n initial spee
car to gain 3.0 x 10°J of kinetic energy. gp J'lhﬂi

What is the change in the speed of the car?
A 54ms™ B 10ms™ \Q

ced fncer

3—1
18 A car of mass 1500kg travels Wt velocity of 30ms™ down a slope. The slope is at an
own.

angle of 6.0° to the horizontal

s™'. This acceleration causes the

1 xeaw (8P4 (5x00* ) - 468750
v
4437(0:]5}1501)\' g v:;(

D 25ms™

constant velocity

1500kg of 30ms™’
slope T
=

rizontal---------------- D e P B

resistive force,
2000N

b
The magnitude of the total resistive force acting &n the car is‘20(m_|:l. 00 iné _ W) X 20
What is the power output of the car's engine? Force ¥ Velw’[“j - ( ﬁ‘

A 14kW B 60kW CcC 110kW D 380kw

© UCLES 2021 9702/11/0/N/21
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19 A metal wire, of cross-sectional area A and unstretched length [, is subjected to stress o. As a

result it has strain . _
Which expression gives the Young modulus of the metal? gl'fM’\ £
A £ B A c 2 D ol
e} al £ eA
20 Two identical springs are connected in parallel.
A weight of 8.0N is hung from the combination, as shown.
,\4*\"7 force/N [ A
W B OB e
= B 4 7 L, = fem
= = ) / | P=ke
e E g0 k=8 =2
0 RESHEHERRR o004 >
0 6 78 10
8.0N length/om  Combined k=800

S
The graph shows the variation with length of the force applied to one of the springs. b
ambineal e= (&
What is the strain energy in one of the s

¥
A 0.060J B 0.12J @ 14y D 0244 £° Mhﬂﬂ;”‘”ﬁ‘lﬁ“

C4
Q i z 0 ‘llJ
0 ea. The balls are separated by a distance of 1.30m.

age ofthe sea so that the balls move vertically up and down.

21 Two balls float on the surface

A wave travels on the s

C
21 am
—y /)\ 0 I 8
: Ny ¥
_ 090m i NOTTO
e —— SCALE M}( )
| 1.30m ) ll z )\ 0
' ' PW +'bb
D
The distance between a crest and an adjacent trough of the wave is 0.90m. — %
\ .
What is the phase difference between the two balls?
A 55° B 110° Cc 160° D 260°
© UCLES 2021 9702/11/0/N/21 [Turn over
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23

24

12

Which statement about transverse or longitudinal waves is not correct?

A Longitudinal waves can be used to demonstrate diffraction.

an
B Longitudinal waves can travel in a vacuum. op lﬂ Aransverse woaNes ¢
C Transverse waves can form stationary waves.
D

Transverse waves can transfer energy.

A glass tube is closed at one end and has a loudspeaker at the other end.

[: —loudspeaker

A stationary wave is formed with a node at the closed end of the tube when the sound has
frequency f,. There are no other nodes. oo~ fffuv =£, Mmmwo ic s fue "

The frequency of the sound is then slowly increased. 0l L
Q wave? -

glass tube

‘-"b’q

3
What is the frequency of the sound that produces the nej%!o : ZK 7
A 1.25f B 1.50f C 2.00f 3.00f;
0 0 0 0 ’Fh A/"
With which waves can the Doppler effect be ed? 3360 & %}\

A all waves including sound and light

# light waves only

)8(\ sound and light waves onI3Q

‘7( sound waves only

-0
D M
25 Which radiation co a%t of waves of wavelength O.g,zr'n? de"'r
+ T Jw¥
A yrays . Lho \ W
’ J2 1 emd
B ultravio Q o " a‘er,‘f‘M
X
L m
C visible light ,\ w\ﬂt&ﬂ
D X-rays
© UCLES 2021 9702/11/0IN/21
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26 A string is fixed between point P and an oscillator M. Another string is fixed between M and
point Q. M is midway between P and Q.

Pl v o

/] I
L

The frequency of the oscillator is adjusted until a stationary wave is formed on both strings. The
speed of the wave between P and M is twice the speed of the wave between M and Q. C _,_,F

N
Jl—,‘jhu, gruo‘ meam> gieater A

Which diagram could represent the stationary wave pattern?

27 A water wave in a ripple tank is diffracted a ses through a gap in a barrier.

Bi.the wave? oidfh EF 8“1’ % A 'f W
the amplitude and frequen clineident wave

the amplitude of the inci Qe and the width of the gap
% the wavelength and litude of the incident wave

D the wavelength c@c dent wave and the width of the gap

Which two factors affect the angle of djffra

©® UCLES 2021 9702/11/Q/N21 [Turn over
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28 Light of wavelength 4 is incident normally on two narrow slits Sy and S, a small distance apart.
Bright and dark fringes are observed on a screen a long distance away from the slits.

p dark
|__screen

light, Lrijhk

wavelength 4

g .
o diff- ;u{raaﬁm 51P’S| p= Md‘ﬁ”w

The nth dark fringe from the central bright fringe is observed at point P on the screen.

Which equation is correct for all positive values of n?

A S,P-SP= %

7{ S:P-SiP=na
C SP-SP=(n-1)2 »(‘Wﬁl'gm \0

D SQP—S1P=(H+%}/{

29 Green light is incident normally on a diffraction gratingdand forms a diffraction pattern on a distant

screen. Q
\ screen .
diffractic@ _ A,s! "B
. z
green & %“9 4

light
(b 0 decioarer vohich mews H%
Which chapge,, on own, would decrease the separation of the diffraction maxima on the
screen?
Increase distance between the screen and the diffraction grating. N0 ﬁf'fwk

Replace the diffraction grating with a grating that has a smaller separation between the slits. no bﬂ;““k

Replace the diffraction grating with a grating that has fewer slits per unit length. iVlU’MMb
Replace the green light with red light. ot 4 A and hence $M9 T

L 0 K

© UCLES 2021 9702/11/0/N/21
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30 What is meant by electric field strength? %

31

32

15
"5

X force per unit charge acting on a small mass

B force per unit charge acting on a small positive charge

x force per unit mass acting on a small mass

‘F force per unit mdss acting on a small positive charge
nass

Three parallel metal plates of the same area are fixed with a separation of 2.0 cm between the top
plate and the middle plate, and 1.0cm between the middle plate and the bottom plate. The top
plate is held at a potential of +500V, the middle plate at +200V and the bottom plate is earthed,
as shown.

7 ,‘1/@
[ : 1 +500V £ = 0l
Xe prw o
2.0cm . \S‘oo
a\"4 0
| 1 +200V q < 'J% A\
1.0cm¢ Ye wu«,f"‘ 0'000\“«
0
| ov P (}0‘
What is the value of the ratio magnitude of force fronat X ?

magnitude of forge on an electronat Y
A 075 B 1.00 5@ D 1.50
The current I in a wire is given %on

I=nAvg

where n is the numb of the free electrons, A is the cross-sectional area of the wire, v is

the average drift ve.o ! @ e free electrons and q is the charge of an electron.

Which relatiénship 1 t used in the derivation of this equation?
A charge S cugént x time /

. A . ws
distance = speed x time . ,ﬁy
pur domiby =220

B
C number = number density x area AWM
D

volume = length x area

©® UCLES 2021 9702/11/Q/N21 [Turn over

Solved Papers by EHW Page 15



16

33 A circuit contains two resistors, P and Q, and a power supply of negligible internal resistance, as

shown.

24

<—o0 ©

2h
P 3k Q
gl
The current in resistor P is 2.0 A and the power dissipated by resistor P is 18 W=J R M’J‘“d* means R =4S
E=1VE Y0 = 2XVK 2D 90 pdocrss Q= 6Ny hom chage b 4IC, £ = qo <205

Resistor Q dissipates 240 J of energ when a charge of 4DC passes through ‘it

=

hew
What is the electromotive forceD(e m f ) of the power supply? "’lf‘ L*Q‘OX Z
A 3.0V B 6.0V C 9.0V D 15V

34 The I-V characteristics of two electrical components P and Q are shown.

2.0
I/A

1.5

\U

B\“ Q

1.0+ t 0)‘

3
0.5_ J

. w ‘)‘
AT N
Which statement is @ o WV ( 5
*’ I et
A Foragurreht of0.5A, the power dissipated in Q is double that in P.

B Foracu of 1.9 A, the resistance of Q is approximately half that of P.
% The resistance of Q increases as the current in it increases.

D Pis afixed resistor and Q is a filament lamp.

© UCLES 2021 9702/11/0/N/21
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Ret & 17, ¢4 A -IL
w ke 5 °
35 Two copper wires S and T, of equal length, are connected in parallel. Wire S has a diameter of

3.0mm. Wire T has a diameter of 1.5 mm.
A potential difference is applied across the ends of this parallel arrangement. G'Mwﬁbzf& w'"UDéEJ n
Vi es .

tinS » oC h ‘W‘r@%d, l /o
What is the value of the ratio SUTENLINS o 06 FAISTMNLE Th | s,
currentin T vesithanee inS —-—*ﬁ"’ L,Q = _ﬁ
1 1 Yo% S
A B 7 c 2 D 4 2 g
1 7
/%gf )r{
36 What is the circuit symbol for an oscilloscope? 2
A B C D
A\ -~
om oo @
37 Three identical cells, each of electromotive force (e.m. nd internal resistance r, are
connected as shown.
Su O o s
Eev so BV P75 15 86 A

L

current Y

What is the potential % between points X and Y?

A 0 I‘B C 2E D 3E

® UCLES 2021 9702/11/0/MI21 [Turn over
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38 Potential differences across two resistors of resistances R; and R; are compared using a
potentiometer wire (uniform resistance wire) in the electrical circuit shown.
rakio %f‘l

IF"# (a‘lw'ﬁ[)W

- e | M«:l t?f;rﬁm ’

60cm , 20em

gV Y

- - \
< z =
R % 2,
AV
potentiometer
—] wire

R, X R, Y

other terminal is connected to a point that is a distance 60cm from one end of the

One terminal of a galvanometer is connected to point X. T |nometer reads zero when its
potentiometer wire.

One terminal of a second galvanometer is connect
when its other terminal is connected to a point th
the potentiometer wire.

point Y. This galvanometer reads zero
stance of 80cm from the same end of

What is the ratio & ?

Al B Q@
3
39 Auranium-238 nucle@ undergoes a series of nuclear decays to form uranium-234, 233U
Id

'2
give this result’? U ”'WU @"'l' IMM)

" particles juw TW’ U ﬁl
our y-rays fhis TVM z.U

= |

p 4
3

Which series of

emission Lb
C emission of one a-particle and two B~ partlcles 92 D—-ﬂ' E 'i' O‘*

230
)( emission of two a-particles and eight B~ particles ?1\/&0 %U———) -2- o6 + 3 P*ﬂ:u

+€
40 Which combination of up (u) and down (d) quarks forms a proton?
420 £

e 0
7@ G B ulid x udd )( ddd

@ UCLES 2021 9702/11/0/N/21
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