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Data
speed of light in free space ¢ =3.00x10°ms™
permeability of free space ty =4nx 107" Hm™
permittivity of free space £ =885x107?Fm™
(4;50 =8.99x10°mF™
elementary charge e=160x10""C
the Planck constant h=6.63x10"Js
unified atomic mass unit 1u =1.66 x 107%kg
rest mass of electron me =9.11 x 107"kg
rest mass of proton m, = 1.67 x 107" kg
molar gas constant R =8.31JK 'mol™
the Avogadro constant Na = 6.02 x 102 mol™
the Boltzmann constant k=138x10%2JK"
gravitational constant G =6.67x10""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+ lat?

v?i=u?+2as

W = pAV
0=-F

p = pgh

p= %Nvm.:c%
a =-wx

;= fv

° vty
- _Q

v 4ne,r

1/C=1/Ci+1/Cy+ . ..

C=Ci+Cy+ ...
W= 1Qv
I =Anvg
R=Ri+R:+...

1MR=1/IR{+1/Ry+ ...

- Br
f ntq
X = Xp sin wt
X = Xp exp(=At)
1= 0.693
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1 What is a reasonable estimate for the density of sand?
A 2x10°gem™
B 2x10°gem™
C 2x10'kgm™

@ 2x10°kgm™

2 Which physical quantity could have units of Ns?m™'?
-2

X acceleration M5

-z
X force ¥4 xms

-1
@ mass N/Mg'j’ = NQQ'M
[

3 A velocity vector is shown.

North »
L 7030
o >g, [

What are the components of the velocity vector in the northerly and in the easterly directions?

component of vector | component of vector
in northerly direction in easterly direction
/ms™ /ms™
7( 38 X 38
b4 38 X 65
@ 65 .~ 38"

D 65 65
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4 A micrometer screw gauge is used to measure the diameter of a copper wire.

The reading with the wire in position is shown in diagram 1. The wire is removed and the jaws of
the micrometer are closed. The new reading is shown in diagram 2.

AN

15

2 i %
= eY

| =10 sl J( [t
E A a/\ﬂ

0 =5

N

25t/ 9 \

/727 diagram 1 diagram 2

What is the diameter of the wire?  Tu€ value L@ ‘64 —‘;‘9 ( > 2.4Smm

A 1.95mm 2.45mm C 259mm D 2.73mm

5 A student measures the current and the potential difference for a resistor in a circuit.

FbY Jcl —I—Q,’L )
_ t = (50.00 + 0.01)mA wcevaml R o uncey faunfion vV
R=Y urrent=( £oohm / bez m\dh/u:. / Aivide ﬁ

T potential difference = (500.0 + 0.1)mV o
/ UV\OU/{'G}LULIL‘j 4‘: V = KIUDD/: b'D'Z.a/
The measurements are used to calculate the resistance of the resistor. §D‘D o °

yA uv\cwb\w\\b] f'_L b DIND'D/ 0.02%

What is the percentage uncertainty in the calculated resistance?

A 0.0002% B 0.0004% C 0.02% @ 0.04% Jﬁ,ma/ uu\OO/JfMIN{j = 0-bY Z
]

6 Four cars, A, B, C and D, move from rest in a straight line. The cars take the same time to
accelerate to a velocity of 60kmh™". Their velocity—time graphs are shown. —

ellest avea um Uy"HAQ (
Which car reaches a velocity of 60kmh™ in the shortest dlstance'? k “ OA CAJIMJ l 0

h dislamc l«e,vp, 14
Wit ’h/\uﬁ/\& th b‘F ,Ma sjnee

velocity 0 hese ave curvers
fkmh!

O

0 time
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7 A cannon fires a cannonball with an initial speed v at an angle « to the horizontal.

: T ST Lm'h& =D/\ _
@Mﬁ ) i ““HH% AQMU,"—H N L
H . - o
X \“‘\\D\ (a- N0C -
k= W’ ol =y swee | hor'rz.spu.d?\l w8

L6 Which equation is correct for the maximum height H reached?

A H=Vsinx B H=9sinx @H=gvsinafF D H=gzsina
2g 2v 2g 2v

kst

8 A ball strikes a horizontal surface with momentum p at an angle #to the surface, as shown. N h (:]/

= o‘wv\mg,e (A mwnw\A[MM/
Li'lame,
—Peiu® —psind Rps
= SIIAQ

The ball rebounds with the same magnitude of momentum at an angle #to the surface. L,

The ball is in contact with the surface for time .

What is the magnitude of the average resultant force acting on the ball during the collision?
)( Jero X ZTP )< 2pcr059W @ 2pst|r16'
. |
fmld hovi2om NOT pos

9 A skydiver, who is falling vertically through the air, opens his parachute.

Which row describes the velocity of the skydiver immediately after he opens his parachute?

Apea increanes whidh o 18 shomes
direction of magnitude of N2l r w
velocity velocity +D W E’ A%QM decy {7
decreants . beode
‘A ’ downwards decreases (LI/W /MVQJ,@U, .
B downwards increases
% upwards decreases
”i upwards increases
©® UCLES 2021 9702/12/F/M/21
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10 A stationary firework explodes into four fragments which travel in different directions in a
horizontal plane. The diagram shows the velocity and mass of each fragment.
WVIZMJMM
M b’pv @‘PLO”M 259 ;uoLWLL(( ';oo;u/\H( 10g

Ly 00— p R,

p ¢ NOTTO
2yoeosly ,gww,u SCALE
240ms™ \ 300ms™’ qu 73
. . 211:%20 —15d{2y =
Memembun a{rlr e/XPlD“W\ QLOM A-OKID- _7 Vv (0]
(10x3omeinus)4 (20% 3005 4S _\
. \ 300ms™
(2 szuosmb(§> - (asx vsmH()
< > —
15¢g —&s'lw'-(( Iynosml{( 20g
What is the speed v of fragment X?
@ 200ms™ B 240ms™ C 300ms™ D 360ms™

Librium
11 A particle with mass moves in a horizontal straight line through a uniform electric field in a
vacuum. The electric field is vertical.

horizontal path

of particle
e
electric field
particle /

direction of

gravitational
field

—\e

There is a significant gravitational effect on the motion of the particle.

What could be the direction of the electric field and the sign of the charge, if any, on the particle?

electric field sign of charge

direction E-Ftsoprlnrdp & ﬂdvmiMw\Jﬁ-«w 1% AowV\W”JA

downwards negative
downwards positive resy HﬂMb]g-ch, wouldl e OLDUOMUUOWO&
upwards negative yeAu”'w/té (73 wo“l"l be af”"‘mwav

upwards no charge A4 DU V@M Fﬂw wo VJO’ be 0{0 WVUUUWOk
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12 Two parallel forces, each of magnitude F, act on a rod of length 5d.

Which diagram shows the positions of the two forces that will produce the largest torque on the

rod?

- A B )(H 0 L U}(W,\P
o e
A I A
F F F

. € W
7{\ e _i\;u\;\o ~ @ d
.N\ ‘)(D“OV F P‘/\ [)
- 2¢

13 A mass of 30kg is suspended from the end of a wire. A horizontal force F acts on the mass so
that it is in equilibrium, with the wire at an angle of 30° to the vertical, as shown.

Tws?g = 39
T - 339 K
Teinzd =F
mass 30kg

What is the magnitude of F?

A 17N B 150N @170[@( D 510N
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=1
14 A balance is used to measure the mass m of a number of cylindrical metal rods of length 1. All the
metal rods have the same radius r.

The graph shows the variation with 1 of m.

b

m

—

6= 0

. . SNy W
The gradient of the graph is G. d M =

Which expression gives the density of the metal?
11
A & B G2 @ G D Gnr? T
2nr nr?

15 Two blocks, X and Y, are on a horizontal frictionless surface. The mass of block Y is greater than
that of block X. Block Y has a spring attached to its end.

e

The blocks are pushed together so that the spring is compressed between them and the blocks
are held stationary as shown.

compressed spring

frictionless

F surfacg X Jﬂmﬁm} Yy =F

before release

When released, the blocks move in opposite directions.
Which statement is correct?

After release, the kinetic energy of block X must m;;al the kinetic energy of block .
1Hed

NOT vectol apmoum )
After release, the sum of the kinetic nerglgéAof the blocks is equal to zero.

SPring  has ¢|aahe [Fu u{%n]uohw compre
\ﬂ The total energy of the spring and blocks immediately before release is zero.

@ The total energy of the spring and blocks is equal to the energy needed to bring the blocks
together.
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16 A gas is contained in a cylinder by a movable piston.

L ———=——| final position

| S of piston
. | initial position
[ ] of piston
35.0cm | —gas
30.0cm %
7L
cylinder A
N N E— Mwaw,m ),
.Ocm
N <
paved ¥ XG0
The cylinder has a circular cross-section of diameter 20.0cm. b

The pressure of the gas is 102 Pa and the piston is initially 30.0cm from the base of the cylinder.

The gas is heated causing the piston to move up so that it is 35.0cm from the base. The pressure
of the gas remains constant.

AV -
How much work does the gas do in moving the piston? |02 X 1-CIXID

®0.1GDJ B 0.641J c 1.12J D 449J
17 An egg of mass 25 g falls vertically downwards from the surface of a table which is 900 mm above

18

the ground. Air resistance is negligible. 279 -%lxb'q =y 'ZDZMS’) u=0

\ = T

What is the kinetic energy of the egg when it hits the ground?

wRl

N\

So

A 0.023J 0.22J c 23J D 220J
Final Te = Lx 255 X (1-20)”

NN\
An aircraft travels at a condfant velomtv_of 90ms™ in horizontal flight. The diagram shows the
horizontal forces acting on the aircraft. Fyrcen halom

drag

2400N thrust =2 YoON

The mass of the aircraft is 2000 kg.
{
What is the power produced by the thrust force? P =FV = 24pD X490 =2 . [£X(D W

A 1.8x10°W 2,2x1o5w cC 18x10°W D 20x10°wW
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19 Which expression is equal to the stress on a wire?

X extension = q'wwv\

original length

force
cross-sectional area

>6 force . QFﬁ,,.t? MMLW"‘L
extension
Young modulus -

2
original length /QQ\’U/‘/J”OV‘
o2

20 A wire is stretched by applying increasing values of force F. For each value of force applied, the
extension x is recorded. A force—extension graph is plotted from the data obtained.

Which statement about the area under the graph must be correct?

>< It can be calculated as 1 Fx. m’l% /H'LDSC, wMJ\, a‘o@\\j H‘DDkelé [aw

It is the elastic potential energy stored in the stretched sample. -+ hl,&k [0%
It is the work done in stretching the sample.

It would be the same for any wire of the same material.

B
)\:5)([0 = 4w

a
— ¢ —_—
c:ax\o“w\%\ 1$¥\D Wz 7<X\0 _g <« 50
21 A progressive radio wave in a vacuum has a frequency of 75 MHz. z 0 =
Phars
D'S m a \Qg ‘(
What is the phase difference between two points on the wave that are 50cm apart from each

other?

A 23 ‘8’45" c 90° D 180°

22 Which statement is correct for longitudinal waves but not correct for transverse waves?

A They can form stationary waves.«”

. : WIOLA
e They can only travel through a medium .\ lce alec@wm “"I'“’- Lo a(@HMAA_\J@“‘L lAW\V\/\CLI
o o drove] v vee

C They can transfer energy in the direction of travel. v/

D They consist of peaks and troughs. v/
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23 A loudspeaker emitting a sound wave of a single frequency is placed a distance L from a
reflecting surface, as shown.

1 L -
: | __—reflector
loudspeaker '
e S I
microphone path of
microphone
A stationary wave is formed with an antinode at the loudspeaker. A microphone is moved from

the loudspeaker to the reflector.

4 nodes bfr ik reaches

Before the microphone reaches the reflector, it detects four points W
minimum. wiw \wum mg‘\\h»dw

What is the wavelength of the sound wave? m

A 2L g 2L o 4L D 4L b
9 8 9 sL‘j')\

24 A source of sound of frequency F at point Z is moving at a steady speed. The pattern of the
emitted wavefronts is shown.

Which row describes the frequencies of the sound heard by stationary observers at X and Y?

frequency frequency
heard at X heard at'Y

'>< <F <F
2'5 :Z :i low dislmee betwen W“”"/f’”k o end X

>F >F
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25 What is not a possible value for the wavelength of the named electromagnetic waves when it is
travelling in a vacuum?

electromagnetic wavelength/m
wave
A -rays 3x10™" v
B X-rays 3x107" Vv
c infrared 3x10° v
D ) microwaves 3x107° ID" Ho lDy

26 Two waves, P and Q, meet at a point X and superpos
ol isp lacomonds

Sum of i
Initially, the two waves meet at X_in hasef(zero phase difference) so that the resultant wave has
an amplitude of 14.0cm at that point. ey ]

The phase difference between the two waves is then changed so that they meet at X with a
phase difference of 180°. The resultant wave now has an amplitude of 4.0cm at X. -K‘ —7(; = lf

-1, -4 4o -
What is the amplitude of one of the waves at point X? : =4 2 S0 A, = Somn
= '7~’ < 9em
A 20cm 5.0cm C 10cm D 18cm

27 A water wave is diffracted as it passes through a gap between two barriers in a ripple tank. The
wave is observed to ‘spread out’ as it moves through the gap.
X @ widl

Which two factors both affect the amount of diffraction observed?

)( the amplitude and frequency of the incident wave
\# the amplitude of the incident wave and the width of the gap
the wavelength and amplitude of the incident wave

the wavelength of the incident wave and the width of the gap

© UCLES 2021 9702/12/F/Mi21 [Turn over
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28 Two sources of microwaves P and Q produce coherent waves with a phase difference of 180°.
The waves have the same wavelength A.

____,___-_---‘——‘—_—,::="Sfa’ﬂf\ol;&uwm tw uob«r&diéﬁ

L num'eer” bz fwme

S of wuen from 15 15

o I 160 £1 S“\g 0 W vm %Do

g B puase differenss o
ya«l’\/\d'(‘("’w ,F)MHUV\D

At the point S there is a minimum in the interference pattern produced by waves from the two
sources. The distance (QS — PS) is called the path difference.

Which expression could represent the path difference?
LoXE © X3
B 2 2

29 A beam of red laser light of wavelength 633 nm is incident normally on a diffraction grating with
600 lines per mm. L. 33XID—'1mM

J\| =L
600 first-order
maximum
light /—" - zero-order
beam - - maximum
ASW&O =W diffraction first-order
grating maximum
screen
same 9 DWLCI Coml i xlo’s'mm

The beam of red light is now replaced by a beam of blue laser light of wavelength 445nm. A
replacement diffraction grating is used so that the first-order maximum of the blueTight appears at
the same position on the screen as the first-order maximum of the red light from the original laser.

-3
. 0 -
How many lines per mm are there in the replacement diffraction grating? I 67X 0’ >

533K " T X0
A 420mm™ B 470mm™ c 600mm™ @BSOmm‘1 .3
p{}: - 17Lxlo ¢
I ;‘$§3'
a\'/\ﬂb = _—-3
'172)“0

-
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30 Which diagram best represents the field lines in the electric field produced by a combination of
one point positive charge and one point negative charge?

X

ok K
R e

31 The diagram shows a thundercloud whose base is 500 m above the ground.

500m| oy 0P\

The potential difference between the base of the cloud and the ground is 200 MV. A raindrop with
a charge of 4.0 x 107" C is in the region between the cloud and the ground.

_1z Q
_ 0
What is the electrical force on the raindrop? F - ﬁ’ l: = M
%
@1.6x10‘6|\| B 80x10*N C 16x10°N D 040N S
© UCLES 2021 9702/12/F/M/21 [Turn over
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32 The current I in a metal wire is given by the equation
I=Anvg.
What does the symbol n represent?

\% the number of charge carriers in the wire

'ﬁ the number of charge carriers per unit cross-sectional area of the wire
the number of charge carriers per unit length of the wire

the number of charge carriers per unit volume of the wire

33 A cell of negligible internal resistance is connected to resistors Ry, R; and Rs, as shown. The cell

provides power to the circuit and power is dissipated in the resistors. 1
‘Zl\: o where ’Lti?/a
/. o
| T 5 =L, * 1,
Ton
1S RA R,
S 5
" A\ -
3a P =1"R
2N R, oV R,
e b H
Which word equation must be correct?
- . . . - . o e
dissipated in R; = dissipated in R + dissipated in Rs 9f all e
X power dissipated in Ry = power dissipated in R, + power dissipated in R; ﬂf Y clameed

power dissipated in R, = power dissipated in R 5{ IZ,,’ 23

power output of cell = power dissipated in Ry + power dissipated in R; + power dissipated in
Rs bLz o lah ol

\ﬁ power output of cell = power dissipated in R,

© UCLES 2021 9702/12/F/Mi21
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34 A fixed resistor and a diode are connected in series to a battery of electromotive force (e.m.f.)
6.0V and negligible internal resistance. The graph shows the variation with potential difference
(p.d.) V of the current I for the diode.

50
I/mA //
40 -

30
40mA

The current in the diode is 40 mA. $So EU)ISW D’F Olwfi”f

What is the resistance of the fixed resistor?

A 30Q 120!2 C 150Q D

35 An electrical cable consists of seven strands Ef copfer wire, each of diameter 0.30mm,

connected in parallel. v P[ 11
V- w \ = _f’l_
A ) P
The resistivity of copper is 1.72 x 10°°Qm. The current in the cable is 13 A. 1 A A

What is the potential difference (p.d.) between two points on the cable a distance of 1. Om apart?
V= T2 X 1xIB 2 5.6
(o 1S Y- for ok 7]

shands so acros
36 A cell that has internal resistance is connected to a switch S and a variable resistor. A voltmeter ,’Z Dlnm

A 0.0045V B 0.11V @0.45\/ D 32V

is connected between the terminals of the cell, as shown. o s lwlg[&
i¢ 0
O
\.ﬁ\,
|

Y

_ meaws w/\-('i“{\'simca_yw d.
When S is open, the voltmeter reads 1.5V. The switch is then closed and the variable

resistor is adjusted to have a resistance of 4.00Q. The voltmeter now reads 0.75V. vo i means - 78V Yot
16 acrows Vovicole 12oi

What is the internal resistance of the cell? R=\_ - R U B 2. s-0 2 =hn 4nuse T =0 1975A
T° oS
A 1.0Q B 20Q @4.0!2 D 8.0Q
© UCLES 2021 970212/F/MI21 [Turn over
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37 A cell of electromotive force (e.m.f.) E and negligible internal resistance is connected into a
circuit, as shown.

W o2 T, Combived R = 451
N e T T . 7. = %A
v 7 22 Ll = 4A Ly = £)
6V " | = and 1y = g/aA
st E=1 —L
Gupp E—F 120 40 C\D Vo - lexA
P i.S Lt

The voltmeter has a very high resistance and reads a potential difference V.

What is the ratio % ?

B 1 c

: L ©
6 3 2 3

38 A battery is connected to a potentiometer. The potentiometer consists of a uniform resistance

A

wire and a sliding contact P'VOV\U" slidey mouZs hwardg K 6N
TS seu F?U VAT Lovsey <
25V
) K

Q 2 R

d \ - b.’lS\'

resistance

@ wire

The potential difference (p.d.) V between the sliding contact P and end Q of the wire is measured
using a voltmeter. The sliding contact P is moved from end Q to end R Zf‘the wire. Sliding contact

P is distance d from Q. Roo¢ Q v Rocd 2o Linear r k\‘P
Which graph shows the variation with distance d of the p.d. V?

® : X A
v % | j v [ v
0 0 0 0
0 d 0 d 0 d 0 d
@ UCLES 2021 9702M12/F/Mi21
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39 The figure shows part of a chart of nuclides where neutron number is plotted against proton o -
number. auckem?t

. - : . 239 4 QSf
An unstable nuclide X decays by emitting an o-particle. X N OC U-dJAQJ «FNWW—Z/Q

Which nuclide is formed by the decay of nuclide X?

neutron C
number
X
pucles?” e | 145
" ' D
144 _\
(e
143
L/
142
A
141
140

91 92 93 94 95 96
proton number

40 The nuclei of common isotopes of hydrogen, helium, lithium and beryllium are shown. /} Y P“;*!;‘“{;P

Gw
Which nucleus contains equal numbers of up and down quarks? ﬂ MV‘/'
) ‘W lo 0l°

w0
Pw,}ma 00000! Qup %Qdow“ﬁ"m itﬁfzz'g%fjﬂ"mm

akion—> od q &”‘F ¢ 4 downfr Z“WHW "

© UCLES 2021 9702/12/F/Mi21

Past Papers Page 19



20

BLANK PAGE

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the
publisher will be pleased to make amends at the earliest possible opportunity.

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge
Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download
at www.cambridgeintermnational.org after the live examination series.

Cambridge Assessment International Education is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of the University of
Cambridge Local Examinations Syndicate (UCLES), which itself is a department of the University of Cambridge.

© UCLES 2021 9702/12/F/Mi21

Past Papers Page 20



