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INSTRUCTIONS
e  There are forty questions on this paper. Answer all questions.

s  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.

Follow the instructions on the multiple choice answer sheet.
Write in soft pencil.

* 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.

¢ Do not use correction fluid.
Do not write on any bar codes.
You may use a calculator.
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e The total mark for this paper is 40.

e  Each correct answer will score one mark.

e  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 ¢ =3.00 x 10®ms™
permeability of free space Hy = 4nx 107 Hm™
permittivity of free space & =8.85x107"?Fm™
(4:50 =8.99 x 10°mF™)
elementary charge e=160x10""C
the Planck constant h=6.63x10Js
unified atomic mass unit 1u=1.66x 10%"kg
rest mass of electron m, =9.11 x 10"kg
rest mass of proton mp = 1.67 x 10%kg
molar gas constant R =8.31JK 'mol”
the Avogadro constant N =6.02 x 102 mol™
the Boltzmann constant k=1.38x102JK"’
gravitational constant G =6.67 x 107""Nm?kg™
acceleration of free fall g=981ms™
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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

s = ut+ Jat?

v? = u? +2as

W = pAV
=_Gm
r

p = pgh

a=-wx

vV = vy cos wmi

v=tao(xg-x7)

= fv

° vy,
-_Q

v 4ne,r

1/C=1/Ci+1/Co+ ...

C=Ci+Co+...
w=1Qv
I =Anvg
R=Ri+R+ ...

1/R=1/Ri+1/R;+ ...

_ BI
= BL

ntq

X = Xp sin wt

X = Xo exp(—Aif)

= o.§393
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1 A paperback book contains 210 sheets of paper (pages). lts thickness is measured with a ruler,
as shown.

book 20 s&v.ds —>d 7UV1M

1 sheek — 27, p.0( 286um
R % 0-:15mm

What is the average thickness of one sheet of the paper in the book?

A 0.013mm B 0.017mm C 0.13mm D 0.17mm

Energy = LXVXE
2 What is the unit of resistance when expressed in SI base units?

N . L9 Friwxdid- = Txvxt
kg'm2sA RMCW - !_ - m kngXM _IxVxs
1 -

1,2 3 p2 %2
B kg mTs'A Co Ve _‘Sﬂi—
C kgm’s'A? - T
D kgm?s”A? where js/_nflv ’
=m xmxms$ xAs
3  Which list consists only of scal iti = A

A acceleé\tion, displazgment, I’cfrce

B densié el‘\égy, freqhénc

C distaris, pressiffe, temp
\/ /
momeRtum, power, velum@ywaveléngth
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4 The output of a signal generator is connected to a cathode-ray oscilloscope (CRO). A trace is
shown on the screen.

T=9m¢ =8xw %

i f- 1
\/ . s X0 ®

1.0cm
2ms 2ms 2m8 Zmsi
-
1.0cm
- -1
The time-base of the CRO is set at 2.00mscm™". ok Axi0 3s em
VT
What is the frequency of the signal?
A 50Hz B 125Hz C 250Hz D 500Hz

%’ uucu-lfm'ui =1
5 After measuring the wid a shelf to be 305mm, it is fou the graduations on the ruler

used are 1.0% further apart than they should be. 5% ¢ WW $ hould compose widfh

Which type of measurement error is this and what is the idth of the shelf?

type of error true width/mm

’% random 302

B random )( 308

2( systematic
D |, systematic
</ A
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6 The graph shows the variation with time of the acceleration of a car.

U cdoceelenal
acceleration Cowy occeteA o

0 =
0 time

What must the shaded area under the graph represent? A =

A the average velocity of the car _

B the change in velocity of the car “ A VZ/{U (‘11[”» =acc X 14/}'12_
y the final velocity of the car
\p the initial velocity of the car

7 A stone is thrown horizontally off a cliff and then lands i . Air resistance is negligible.
AT TEesidliLe s egigiie.

Which statement about the stone's motion is not I

. ‘u{;,}luf’/

The final displacement of the stone depep

pon its,initial h’c/n izontal velocity.v” .
% ZDWI"J accel o hemeg no (,ijf/k\b/
B The stone travels with a constant ho tal.c mponent of velocity until it hlts the wate
C The stone travels with an increas ical component of velocity. hwamf_s cea lew
’z
D The time taken for the st it the surface of the water depends on its initial horizontal

velocity. pn accuer

8 Water is pumped thr se-pipe at a rate of 90kg per minute. Water er e horizontally

from the hose- p| eed of 20ms™. Waker hovely 20m e Muﬂ seLom
What is the"mi |m Torce required uwed from a person holding the hose-pipe to prevent it moving
backwar o 20-0 5
mx ‘io —f
A 30N B 270N C 1800N D 110000N
©® UCLES 2021 9702/13/0/N/21
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9 A skydiver leaves a stationary balloon and falls vertically through a long distance.

Which graph best represents the variation of the acceleration a of the skydiver with the distance s

travelled as she falls through the air? ai resickince must be signifioaut . The chydiver firek falls worthe
accelerahion only due o ‘r7-w' ie.9.8lmg # Ihwﬁl Ifiu +o
A reont Aut fo decrianBin resulent fovee ac
A Aao?n/or D n ruulh/:d—j@-/a vﬁymw alv‘wyg;i‘#ﬂz:;iw
a / her e = O meami
e ey .
>< acc@lﬂ'"‘j"m
oY
\ V\'ﬂ/-‘e’
C - 0 1 -
0 s 0 s
| bl -
Rt X
s A Al VL A
0 - 0 -
0 S 0 s

@Q

10 The diagram shows two sphe ing each other head-on. Each sphere has speed u.
One sphere has mass 2m and th& oth&s has mass m.
M_ v >
s mx- pe=Jlmu , "
k,csln 2my 7 Yicina 3"
ORIV L
mw’M ’
wl\l“‘“’
Which diag M‘hﬁhe result of a perfectly elastic collision? mom alif ’&Lﬁlilm IA‘#L"”"&
Mlﬂewﬁwﬁaswn' .AV ket
wmi 4—2/11 4
() @) o
-— U Su - U u__ —
3 3 g 6 3
MmxX3u
£} , ,44..»!1!“”” 2
D

u @. 2u @,
6 myL 3 wx Zv
j 1/
oty o \;Lm
© UCLES 2021 9702/13/0/N/21
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11 A spherical object falls through water at a constant speed. Three forces act on the object.

Which diagram, showing these three forces to scale, is correct?

X o
& . A.w‘ﬁ onmv”"’b . vf‘*’ahy
T T I i

O o O

12 Two forces act as a couple. ﬂ oowple Fx !@LO‘HAFMV& came MAﬁ”Me

Which statement about thg two forces must not be corr

They act along the same straight line.

They act in opposite directions. “
C They are the same type of force.

D They have the same magnitude

13 A sign outside a shop is sus Qﬁ a rusty horizontal hinge at its top end. The sign hangs in
eqwllbrlum t an angle of vertical, as shown.

frees b M@*{b’

hinge £ = Wein2s

d - Lbem = 0-26m
W= 26x7-8/

LD sign womonk = 36x9.8/xsn X "x0-26

The sign is a square of side length 52 cm and uniform thickness. It has a mass of 36 kg.

What is the moment of the weight of the sign about the hinge? P‘Vol' 8 L”“‘?e h& W (‘ih"—a‘CL5
M/aﬁm
A 39Nm B 78Nm C 83Nm D 92Nm L,urm '""iffh /e
as F

o caﬂ compor
L“'L‘/W e,‘/j«/\,;%//wjm%
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14 A uniform rod of length 200cm is freely pivoted at point P. The rod is held horizontally in

ij a 60N weig is attach d the rod b a string passing over a frictionl
pulley.  The rod uw rﬂw c odcwl ik P due 4o ils 4, of amhclockw:ug + 6oN
f lolod
string N frictionless
: >0 ulle
40cm uniform rod 10D L ] 4 pulley W
: , Je . Ty LoV
= 7 mPa Gy QI L e
i P 20gcm | 5'6‘
- - o ) weight
.:u b (ods it middle i€
Gince ved iy in eqpilibyium, BN 6 - cociuBoX 16

What is the weight of the rod?

A 30N B 60N C B8ON

15 The diagram shows two blocks X and Y.

block X

. .

2

a
Block X has sides of length a Qck X is placed in a liquid of density
periences an upthrust U.

level with the liquid surfac

N =g0N

D 140N

2a

ith the shaded face .
oo A FWMWL due«lo

e

Block Y has honzont@w of length a and 2a and height 1a. Block Y is placed in a liquid of
density 2p, also with th ded face level with the liquid surface. ?wy)uyb
’

n block Y?

B U Cc 2vu

© UCLES 2021
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16 A gas is contained inside a syringe, as shown.

syringe

\
gas . wp=faV . w,‘)

-b _
The initial volume of the gas is 2.00cm?®. 2XI0 m =(-DIXID éxto
_o-uoyJ & oy ml

¢
Atmospheric pressure is 101kPa. L0l XD Pﬂ‘

What is the work done by the gas on the atmosphere when the gas is heated and expands to a
volume of 6.00cm™?

A 404pJ B 404mJ C 404J D 404kJ

[,UUOU\'

17 A mechanical device does useful work atzfue X and wastes efe

Which expression gives the efficiency of this device?

A X g X=Y)
Y Y
18 Car P has kinetic energy 240kJ. 24X =24x0
Car Q has half the mass and twjc d of car P. _L;cm X (2‘/)_, mv WM meanS }/
What is the kinetic energy of ! k-2 E‘][cw\ & » Zxé ;(1)5(0
= J
A 120kJ B k C 480kJ D 960kJ o7 l,gDL:j'
AM n
19 an engine. The pump ralsesl volume of 0.50m? of water in 1.0 minute C/
e pump has an efficiency of 70%.
pump Sy o T —/J»e\j power m{ul' @M&\Ql{’l‘y
The density eris 1000kgm™ ,[—,ryw/
What is the useful output power from the engine? = 10oDXx0-Cx q % 20
U
A 25kW B 3.5kwW C 150kwW D 210kW 60
. 2500
o
= 2L )
70/, X100 /> L
2600
® UCLES 2021 9702/13/0/N/21
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20 Which spring combination has an overall spring constant of 8.0Nm™'?

A B

extension ) )
=0.20m ’\ extension extension

=0.075m =0.075m
uNm
extension
=0.20m 12N
‘ -1
16N IGNM
¢ ot
M z 0-07 10l
¢ gmu;— 1.8 D bl ext = 014
"/.b/ = .
o 0‘]{"’0 L k - Q V ,
P AS
extension extension extensj extension
=0.075m =0.075m =0. =0.075m
sion extension
extension =0.075m =0.075m
=0.15m

\(\Q)

ol
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21 A metal wire is stretched to breaking point and the force—extension graph is plotted.

Acformad bk has net bofos

2
Which graph is correctly labelled with the elascifc region, the plastic region and the area
representing the work done to stretch the wire until it breaks?

)< >
plastic elé.tic
plaz(tic

region region

elastic
region

region

force force

/ir/work done
0 ' - 01 -
0 extension 0 extension

X b

plastic plastic
region region

work done

elastic
region

force

work done work done

0
0 extension \ extension
22 A longitudinal wave travels thr The spring js shown at one instant.
ont ¢o 1 vﬁd’b
i waye

What is the wavelength of t

-

spring

[
Y
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23 Which statement about waves is correct? W
Both longitudinal and transverse waves can travel through a vacuum.yut net va
% Both longitudinal and transverse waves transfer meﬁter wuag
\é Longitudinal pégresswe waves consist of alternate nodes and antinodes.

D The particles of a transverse wave vibrate perpendicular to

the dlwctlon of energy

propagation. &N Q= ’)\ where [=0°6m
which means
A=0%m

24 A stationary sound wave is formed in a pipe that is closed at one end and open 4t the other end.
The wave has two antinodes. One of these antinodes is at the open end of the pipe.

The length of the pipe is 0.600 m. The speed of sound in the air column in the pipe is 340ms™".
c=fA S0 £ =340

What is the frequency of the sound wave? 08
A 425Hz B 850Hz C 1130Hz D 2270Hz
Souwree
25 A train travels at constant speed along a straight track. The orn emits sound of frequency
500Hz.
——

OHz. ,‘_mwu Py o f&n’\
o )

#e person

A person standing by the side of the track hears sound

J
The speed of sound in air is 340 ms™".

What is the speed of the train and in whi n is it travelling relative to the person?

jc‘k ‘F;)‘v (m cane 40‘”&

speed/ms™ \H—Vs movn/ﬁ;
A 34 way, from the person &'::%
X 34 ards the person hS0 = Sod X340
C 38 away from the person 34 0+ Vs
,ﬁ towards the person

-1
X A= g5 ' TXO ™
26 A smooth ce has bumps on the surface that are smaller than the wavelength of visible light.

oy am h T00AM
F""% l&" What is the approximate maximum size of the largest bumps on the surface? b0
M.,/s\{ 20 nm B 350nm C 720nm D 50um
M""‘M )ss
© UCLES 2021 9702/13/0/N/21 [Turn over
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27 Two progressive waves travel in opposite directions and form a stationary wave. The graph

shows the variation with distanc ispl t of the stationary wave and of one of the

two progressive waves at the same instant in time.

progressive wave

9.5

107777 T AN T T TN

displacement ] \ £ N L v / 3
/mm 5K . mmy AN ! TN

0 N0 ‘Jj // \ \ L/ ] \
A . 5'f 10 \ o/ ZJG ‘ \\25

5 \ A/ A \ o x!cm—k‘

=977y i N

\ At \ Al ey

~10--13 =

stationary wave

What are the approximate displacements of the other progressive wave at the positions J, K

and L?
displacement/mm Q

J K L

-5V 0 -10
5/ | 45K 0

0* | +5 +10 \
+sK | -5 0 e

28 Which diagram shows the di ion,of water waves in a ripple tank?

o0 o »r

i

@ UCLES 2021 9702/13/0/N/21

-
S
~—_
o

—
R
—_

Solved Papers by EHW Page 14



15

29 |Interference fringes are produced on a screen by double-slit interference using light of
wavelength 600 nm. The fringe separation is 4.0 mm and the separation of the slits is 0.60 mm.

AzExiDTm A =yxo m D=7? a= (rw'm
What is the distance between the double slit and the screen? A =ax y .3
P = 6X) X4 X(0
A 0.25m B 040m C 25m D 40m D nle);,

30 A ray of green light is incident normally on a diffraction grating. Several bright spots are produced
on a screen on the other side of the grating, as shown.

| bright spots
ray of -
green light -
diffraction
grating '0
NOT TO SCALE % o w, /
0 - ph where &) s
shoter dsind) = ¢ oy ame

the same angles as previously?

Which pair of changes could result in bright

A Use blue light and increase the distancebetWween the grating and the screen. L) ;a/gk;‘l’g
Gk a0 e
fes per unit length in the grating. ,o/6762*

B Use blue light and increase the nu s
x Use red light and increase the distahce between the grating and the screen. )\ MI}/ 6’
h<u§b

X Use red light and increas er of lines per unit length in the grating.

ol
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31 Two parallel metal plates are at electric potentials of +800V and +1300V.

Which diagram best represents the electric field between the metal plates?

A B
P T
[~ " ]
lw»\'\lb < wwr’ﬁ/h’a
+800V +1300V +800V < +1300V
| < R
|
S—— S~
\’f/
— S
+800V +1300V \% +1300V
| > N
|7
Q) ~
-19
16X10 Q 19 3
32 An egctron is in a uniform trig,fidld of field strength 1500V m™". F =500 X 1-6X10 = 3./xi0 o

What is the accelerati electron due to the electric field?
A 85x10°ms” %
1.6 x s72

2.6 x10"ms™

- . -<
f/wrf dorge = X1 %1630 T 6C i BXI0 s

33 A lightning strike transfers 1 x 10?° &lectrons past a point in a time of 30 us.

What is the average current during the lightning strike? 1= ﬁ = —[‘7—-_(
3x1/0
A 0.5mA B 0.5A C 500A D 500kA
@ UCLES 2021 9702/13/QIN/21
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34 A cell has an electromotive force (e.m.f.) of 6V and internal resistance R. An external resistor,
also of resistance R, is connected across this cell, as shown.

I.b_-£-2 el
ket Y |
: R
: |
3
1-% R
—C +——
Power P is dissipated by the external resistor. < T’k = jﬁ. =1
e R
The cell is replaced by a different cell that has an e.m.f. of 6V and negligible internal resistance.
>
a = L
What is the new power that is dissipated in the external resistor? [ = _g/ % P ‘(%) X'E, %
A 05P B P cC 2P D 4P

- e

hhmes L 0 4P
35 A wire of uniform cross-section has resistance R. @ ﬁ

A Ca? P
and has twice thé'diameter ofthe P ;ufi

1

o cave rigtwiy o
A second wire is made of the same material but is tw.

first wire.

What is the resistance of the second wire? R, % £ = Soﬁ,
)
A R B R D 8R

@
/

36 The diagram shows two_fesis orks.
LK pofal R= B42R=3R
Z2 2

network 2

A ng

=

What is the ratio 1otal resistance of network 1, N €'®’] =4
total resistance of network 2 gk" T
4 5 1 2
A = B = c - D =
5 4 2 1
© UCLES 2021 9702/13/0/N/21 [Turn over
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37 The circuit shown contains three cells of electromotive forces 3.0V, 2.0V and 4.0V, in series with
a resistor of resistance 5.0 Q. The cells have negligible internal resistance.

lI, wagt"&;xv

2.0V cortboin®
What is the current I in the circuit?

A 0.20A B 060A Cc 1.0A D 1.8A
ol wiclus it % preb”

38 When a-particles are fired at a thin metal foil, most of the i ass straight through but a few
are deflected by a large angle.

Which change would increase the proportion of a-part ected by a large angle?

X using a-particles with greater kinetic energy =
B using a double thickness foil /nCreaAf ge 4«;&(
% using a foil made of a metal with feweRgri in its nuclei dﬂ% pfros?l‘@

% using a source emitting more a- les per unit time

ol
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39 A nucleus of neptunium-236 contains 93 protons and 143 neutrons. This nucleus decays with the
emission of an ua-particle. The nucleus formed then emits a ~ particle.

154091 4o 92
Which diagram shows the changes in the number P of protons and the number N of neutrons in

these nuclei?

40 Which combination of quarks ¢

A
146
N
144 - P
)
4
140 /
13 —199
138
90 92 94 9
P
c
146 1
1444 P X mb/,///a\m}
1b
o] NA 13
140
138

90 92 94

3o Mido 140
B
146
144 3 Nx
2 7y X
142;5 i
140+
138
90 92 94 96
P
D
146
VvV~
N 142 P
PN A
1
wml "'.0.
" 9
138

90 92 94 96
P P
ét

he quark composition of the hadron shown?

p = proton

n = neutron

3 = sigm p@of charge —e
Si %&?ﬁcle of charge +e

d = down quark ,Jé&

s = strange quark —%b

hadron con?:ggli{tion
A ¥ dds — -1
B N uds—> np charge
c p uud — +4
D n udd—> nqcharge
@ UCLES 2021 9702/13/0IN/21
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