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Data
speed of light in free space
permeability of free space

permittivity of free space

elementary charge

the Planck constant
unified atomic mass unit
rest mass of electron
rest mass of proton
molar gas constant

the Avogadro constant
the Boltzmann constant
gravitational constant

acceleration of free fall
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¢=3.00x10°ms™
Hy = 4mx 107 Hm™

&, = 8.85 x 107Fm™
1

o =8.99 x 10°mF™)
e=160x10""C
h=663x10"Js

1u =166 x10"kg

me=9.11x10""kg

my = 1.67 x 1077 kg
R =8.31JK " mol”

Na = 6.02 x 10% mol™
k=1.38 x 1072 K™
G =667« 107""Nmikg™

g=0981ms~
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Formulae

uniformly accelerated mation

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
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s=ut+ Lat?
v? = u?+ 2as
W = pAV
§=-Cm

p = pgh
p=%NTm<¢2>
a=-wx

V = Vi COS ot

=+ ) 2 z
v =dw (x5 —x7)

fov
f,=—
vV,
- _Q
v Ame,r

1C=1/Ci+1/Cs+ ...

C=Ci+Ca+...
w=1qv
I =Anvg
R=Ry+R:+...

TUR=1/Ry+1/R: %+ ...

BI
Vu =
ntg
X = X sin of
X = Xy exp(—4f)
4= 0.693
3
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1 What is not a reasonable estimate of the physical property indicated?
A 2x10°W for the power dissipated by the heating element of an electric kettle v
B 4 10°m’ for the volume of water in a swimming pool
C 5% 10°Ns for the momentum of a lorry moving along a road
@6 = 107N for the weight of a fully grown racehorse "’W‘ u MAM%
wol

Which quantity could have units of N my'? B}
acceleration F& N\% ?&‘ /g \Ad\
charge & <

; current- '\AVP[/ mbxm ¥ ms XAS =

resistance 14~

3 An object is acted upon by two forces, 10 M in the vertical direction and 6N at 40° to the vertical,
as shown.

TON

\leucnl YU)L\[(:IAV\k = S yuy wgwfudp
L\or'lzov\ln& vosulbank =2 96N v :3/\%

®

6-bsindl
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4  An analogue ammeter with a range of 0—250m&A is connected into an electrical circuit. The
diagram shows the ammeter's display.

\1; wh \Q;\-G «\b\

What is the reading on the ammeter?

)f\ 76 mA ‘f\ 165mA C 183mA @momn

5 Students take readings of the volume of a liguid using \thiée diffefent pieces of measuring
equipment X, Y and Z.

The true value of the volume of the liguithis @

The students’ results are shown.

Z
number of number of number of
readings readings readings
0
volume V' volume 0 v volume
How many pieces of equipment are precise and how many are accurate‘?“gﬁ wa\ 09&:
o Yo b‘ oV X\P \{;@ \}
number of precise number of accurate Wd,v‘\s \“w)(w\v\‘ : o
pieces of equipment pieces of equipment w uﬁ,u#’ \"1
1 1 7“@\;9@ ~A

A Q®

B 1 2 o

c 2 1 holﬁdﬂﬁbm (7] \'Q%&w\«’ h mﬂ-‘;&:

N
D ot of oo
o
v
1 Yr e YUt
yu *
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6 Which graph shows the variation with time f of the velocity v of an object falling vertically
downwards in a vacuum? w'\h,\ no [0 vdMS\qv\m, S0 va)Lanff QMMQEM

A

! \“"‘ko\&\«v v e\
e 0 53

* O

Veurek 7 A projectile is fired from point P with.velesity ¥ al an angle @ to the horizontal. It lands at point Q

s0 ke = a horizontal distance R from P. Aifresistange 1S pegligible.
oo NET IS e H'D"Z""‘“‘JZ E l"“ﬁ
be 02> . 9 path bf projectile TDW& l

4\5\?‘ N 00
é\}" k‘*%j& :\-\lsmo B/ Worizg
e WP | syt
*o& \v\ .:‘9‘\ / :
'\ Mnb | t ffree fall O\lsww 5
’ “mm\\a\ Sl = hwizovled 'k\#i‘A*

Q

- horizontal

@"’ \KS‘\
o Which equation for R is correct?
A R= Yisindcosd 'R/ = \I(DSQ X &\ISIHQ
g —_—
2V?sin ¢ cos ¢ 2 . a’
R = 2V°sin é cos &
g R~ aVsiubDud
c R= Visingcose o
29
D R= V2gsin # cos ¢
2
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8 A book of weight W is at rest on a table. A student attempts to state Newton's third law of motion
by saying that ‘action equals reaction’,

book

K A2 cart 1 g en A ook

<o Same be thes oLuub
bunkm Eortn bub in the
oppki (- eliseckiom

If the weight of the book is the "action’ force, what is the ‘reaction” f@ice?
X the force W acting dot#:wards on the Earth from the table
B the force W acting upwards on the book from the table

the force W acting upwards on the Earth from the book
D the force W acting upwards on the table from the floor

9  Four balls are drog q ed JRhIMBametime fro@ the tap of g very tall tower. There is no wind

blowing. sp same o\b,m f,l now QU'(‘lof '{WLAM&B
Which ball hits the ground first? wlﬂ‘

A%xw?@é

O mw@ ol ey S‘ v‘oér"

mass M mass 4\ mass M mass 4M
diameter D diameter D diameter 2D diameter 20
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10 A nitrogen molecule P travelling at a speed of 320ms™ in a vacuum collides with a stationary
nitrogen malecule Q.

After the collision, P travels at a velocity of 180ms™ at an angle of 55° to its original path.

Q travels in a direction at an angle of 34° to the initial path of P. mMars DF
Tokal momakem bfr collision o oo =0 \\[\ L= XX 67)"0
'd" % 180ms ZI s 2% lD k-_%,
Tokal mementum twﬂ/.sam o -0% | -,
thwm Ma\( \lsth /'\ IS
1805inSSMp smB‘«M& so 180sinsE ." v o 180sincC
u 2oms sinzh \55» : 3 7
i |somws_§§ ginzh
2 : R vw%ﬂ'
Tolal mementum w(,lwm K—O-WA MPX 20 0
Tobad b eollision 2-oug = (MprR0ussS)t :I/ usinble
ome (Max Veof3h)
before collision after collision
Assume that there are no external fasceSactiAgon the molecules.

What is the magnitude v of the velacity of Q after the collision?

A 120ms™ B 140ms™ c 180ms™ @250ms“

11 A charged particle-is placed in a uniform field of force. The direction of the force on the particle is
gppositedo the JII+“71I n of the field,

-ve
What'is the field and wha;lls t::‘n; charge on the particle? e
- field charge on particle
( A ‘> electric negative
Y electric positive Y
[ gravitational W”"J‘!,,mb;:m negative A
,ﬁ gravitational m#; positive )ﬂ

o} 14
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12 A disc of radius r is acted upon by two opposite forces, each of magnitude F. The forces form a
couple, as shown,

F

Fx2r
What is the torgue of this couple?
A 1Fr B Fr (c )ZFr D 4Fr

13 A uniform square sign of weight 40N is suspended vertically from its top edge by a harizontal

- front view side view

hinge hinge-——. ) UJ;,).
O —— sign—__ Mok “frre rﬁ:t‘{&

goﬂm 0.80m sign 6 = 40§iu9 N) iy

A e T .o o
@ ”ulslbm,fdg D=22.02
v e sntin Tas |
g Gplibriuwt'slale, so - T4 Ml
“giy A ement dua b fichon . 0.80m
4oN Glmulo‘“be b mvm?dm-fvmijhk
The hinge is nai/frigtioniéss. When the sign is displaced from the vertical by an external force and
then released, o8 nof return to the vertical position. Some foe o wed %a{u_b:imﬁsil Uen M
momeuk e Lo frichon mewposibion bn oir wlhieh intn V&ll"ul
The' maximumdtorgue exerted by the hinge on the sign is 6.0 Nm. Tchzegsign is displaced.[:j 90° so
thatitis hefizontal and then gradually released. hew 115 Ais la 1 o hovizo w ahon
Fsin fdwg g0 ok ':E »uld go loodle Ly *.l,;\,oc, \ chll—im
At which angle to the vertical does the sign hang after release? L L do Q dunato L\«w\ge: 'F ek o

A 110 22° c 68° D ?QMW‘AQ [N

14 Each foot of an elephant has a circular cross-section with a circumference of 1.4 m, The elephant
has a mass of 5400 kg.

The elephant is standing still with all four feet on the ground. Assume the pressure under each
foot is the same. % ‘FDI& - 52101”(10 = 135p0N S0 onek =T7

What is the approximate pressure exerted on the ground by each of the elephant's feet? Y‘_L'.‘L— %
k4
A 8.7kPa B 35kPa ®B5KP3 D 340kPa M‘% b-1Sbm

P =13goD
e T Ssh
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15 A stone is falling vertically through the air at a constant (terminal) velocity.

Which energy change is occurring?

@ gravitational potential energy to thermal energy
- w‘“’*"".ﬂ s wml—w/&'
X gravitational potentiBl energy to kinetic energy of the stone

A . ;
)( kinetic energy to gravitational potential eneray of the stone h""—j“’ S dw‘”'% go g e v

o Snvenbing indd ¢ ofher
% kinetic energy of the stone to thermal energy h

16 An object of weight 12 N rests on a platform on top of a container with two pistons, as shown. The
container contains a fixed mass of gas, and the pistons are free to move.

_ _ object

__platform

- piston

| _—container

The plunger is slowly pushed 4.0cm to the right. As a result, the object slowly moves upwards a

dS@iee 0 S0cm. deisiwnwwha L,& L([M \,M\—;C,ng e Jirﬁ(’.ﬂ-iw o(,p

Hewmuch work is done on the object? o
RX0s
0.060.J B 0.48J Cc 6.0J D 48J
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17 A constant force F, acting on a car of mass m, moves the car up a slope through a distance s at
constant velocity v. The angle of the slope to the horizontal is «.

The acceleration of free fall is g.

itati i i mo b _ x){ i
What is the ratio gravitational potential energy gained by car 2 48 SIAS
work done by force F Fx F
mgs sing mv mv? ng sina
A Fv B Fs © 2Fs @ F

18 What is the definition of power?

A Power is the product of ferce and velocity.
Power is the praduct of foree and work done per unit time.
Power is the product of force per unit time and velocity.

Power is the rate at which work is done.

2
19 A steelbar of circular cross-section is under tension T, as shown, AI'ZA = Eé——

The diameter of the wide portion is double the diameter of the narrow portion.

sk = founizn.

T ‘|I A T o 2O
/ rers i varrow =Alewsion
‘“ﬂ”‘e d=1 e
. N ]
What is the value of stress in the wide portion 2 . . ,
stress in the narrow portion 5‘["“ v wide sion
@0.25 B 050 c 20 D 40 . . T
ratio = hw:lm% tevnion
T R
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12 o & A/o- 4y
e L e
20 Two guitar strings are stretched by tensile forces. \(\ \g)'» A S
String X is stretched by a tensile force F that causes an extension x° AD\(O)Y* b
String Y is siretched by a tensile force 2F that causes an extension 2x. 7,

The strings obey Hooke's law.

strain energy in stretched string X ,
strain energy in stretched string Y

a\wlunqlb A‘”’ Y b“’ ?‘:J"*'n
light and lheothare N

21 Two lasers emit light in a vacuumM{ laser emits red green light.

What is the ratio

A 4 B 2 c !

Which property of the light from the two lasers must be different?

amplitude

G frequency

intensity

®
'X speed %10 N\IS
22 1 articles g 3 progiessive wave are a distance 10cm apart. The two graphs show the

varlatlon with time  of the d|spl-acernent d of the two particles.

C,I(,\ C ; C N

| [N, LN e
0 ¢ 0

|

t com wum§

Secon IaA[A w’
R a ran Nfa
boti i’ r UDL’ [
What could be represented by the two graphs? Q,Vﬁ(b
@panicles in a longitudinal wave with a compression and the nearest rarefaction separated by
10cm
B particles in a longitudinal wave with a comp ion and the n t rarefaction separated by
20cm 100w
c—>

"
particles in a transverse wave with a peak and the nearest trough separated by 20cm_ ﬂ
particles in a transverse wave with two adjacent peaks separated by 10cm
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23 A sound wave is detected by a microphone that is connected to a cathode-ray oscilloscope
(CRO).

VIS\oNS _——76{7\(6(5
V[
. 6-SR1D

The time-base is set to 20 psdiv .

The screen of the CRO displays a waveEP_rm, as shown.
325t

What is the frequency of the sound wave?

A 15Hz 15000Hz C 20000Hz D 30000Hz

24 A person stands at the side of a straight railway track. A train moves towards the person and
emits sound from its whistle.“The person-hears a sound of freruency 1690Hz as the train
0

approaches him. =1690
£, =156
The person then f®aEs Seund™of frequency 1500Hz as the train moves away from him. The
speed of sound IN&r S84 Ms™". N =34d 1650 = w i’l 1S00 = 340fg
. P Ne=1 —Ng ZhnL
Whatié the psed of the trair? S'l‘woo—\s:‘go\:s - 2008 340k\g
@20ms" B 38ms” c 41ms’ D 43ms” Sl0000+ 1500V = 340fs

€ 4600- 160N =S1000041S00Ng
25 Which list shows electromagnetic waves in order of decreasing frequency?
A gamma-rays — infraﬁraviolet —» radio waves
9 gamma-rays —» ultraviolet —» infrared —» radio waves
ZN\ radio waves — infrared — ultraviolet — gamma-rays

?( radio waves — ultraviolet — infrared —» gamma-rays

& UCLES 2021 97021 20121 [Turn over
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26 A pipe of length L is open at one end and closed at the other end. A loudspeaker is at the open
end and emits a sound wave into the pipe. L ,)7 soA=4L
4

\J

pipe —L

EL:-})\ sol =4L
i " 3
D; | i
: g Al
/o i m Ls J\ s0 {

/ L
loudspeaker
Pe — L=
When a stationary wave is formed, there is an antinode at the open end of the pige.
L= Lacorell
Which wavelength of sound could be used to produce a stationary wave? 4 1
2L al —u
A 2 B L @ a D2l

27 Which diagram best shows how water waves diffract when they pass through agap in a barrier?

O

T W

barrler

QV\O‘AA 0\\‘“ a\%obﬂ&

|§> VJ%YLT\
| I
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28 In a two-source interference experiment, light of a single frequency is incident on a double slit.
The light waves emerging from the slits are coherent.

What is meant by coherent?
A The waves are in phase.
The waves have a constant phase difference.

The waves have the same amplitude.
The waves interfere constructively wherever they ovenap_'hﬁ-lﬂ o ‘W,q/\{ dﬁ"?}”" Vb@

29 A parallel beam of light consists of light of wavelength 420+ and light of wavelengt! .w 0 rige

}\. ’F&O& MaxX Mo
N The light is incident normally on a diffraction grating.

no- eQM\m diGtoank o 92fin m«&wﬁ,\g

The diffraction maxima for the two wavelengths cverlap only atan angle of 219 from the direction

of the incident light beam. . . -
Aot Yond 50 is MW WA =Ny
What could be the line spacing of the diffraction grating? e G'bo*lo
"y "(W“D
A 1.2um B 1.6um @2_4 im D 37um w!u;s\}
’ H ! MM s w = B k"‘ v G5
bI0nm wwj: HO
30 A positively charged particle P is in an electric field, as shown. R' W
—e
Y
& x

The field lines (lines of force) are evenly spaced and parallel.

Which statement is correct?

Maving P a small distance in any direction will not change the electric force on P. M

. . o . . i 0
Moving P a small distance in direction ¥ will increase the electric force on P. f(:"“’ N v
Maoving P a small distance in direction Z will increase the electric force on P.
Maoving P a small distance in direction X will increase the electric force on P.
& UCLES 2021 9T0241 2121 [Turn over
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31 The diagram shows two parallel metal plates P and Q, separated by a distance of 5.0 mm. There
is a potential difference of 700V between the plates, Plate Q is earthed.

T =700V
e plate P
50mm|$ l[;}rn *R N 0.
’ ! ER * \ ~ 1 fe)
plate Q ﬁ
R a4

What is the magnitude and direction of the electric field at point R?
A 1.4:x10°NC™" from P towards Q
B 1.4 10°NC™ from Q towards P
C 1.4 x10°NC™ from P towards Q

1.4 % 10°NC™" from Q towards P

32 A wedge-shaped metal conductor of length L, varying width and uniform thickness is connected
to a cell, as shown.
v N
% X: Y onhy
— AN
T \wﬁ

) S

Which graph best shows how the average drift velocity v of electrons in the conductor varies with
distance x from end X7

® X X &

v v " v
0 T 0+ T 0+ | 0-
0 0 L
) : ak '"m* 0
«‘ < w\(?\"‘ 'LW’
@ UCLES 2021 ar0znaminzl
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33 The power output of an electrical supply is 2.4kW at a potential difference (p.d.) of 240V. The

two wires between the supply and a kettle each have a resi

supply

Aok 240V
1 2.4kW

Ok o500 . ()0
S .

kettle

Lok

0.500

34 The graph shows the variation

and Z.

power/ kW p.d./V
6 23 230
B 2.3 235
X 2.4 230
W[ 24 235
7

:‘Tnce of 0.50Q2, as shown.
Powendi !Si?“['

b&gﬁ?

230
o

10(,—0& Puﬁ(’hdf&ﬂ l’)d}ﬂ) z IODN

What is the power supplied to the kettle and what is the p.d. across the ketile?

I
N
2
w;“’f
0 &_\(}v
0 0

Which row correctly identifies the components?

metallic conductor at | semiconductor filament
constant temperature diode lamp
A Z
@:) Y X z
[ Y Z x
D Z Y X

© UCLES 2021
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with_potential difference V of the current I in components X, Y

¥
o

5

gt !

N
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35 Awire of resistance 9.550 has a diameter of 0.280mm. £ =9 {( Azp . |SBX ID’8
It is made of metal of resistivity 4.90 = 107 Qm. P = l,.‘7 )(l[)'7

What is the length of the wire? L= %

@‘I.ZDm B 480m C 19.0m D 76.0m F

36 A cell of constant electromotive force (e.m.f.) but with internal resistance is connected to a fixed
resistor R using a potentiometer. A voltmeter measures th@potential difference (p.d.}) between

the terminals of the cell. N, Z \s mov <\)
Q=" st edX T Y O

1 Z
o (:[) —
LSV i X

Which statement explains the change to thesreading of the voltmeter as contact Z is movcg
towards end X of the potentiometer? yosltkst 7 avides o 2wk fe Lobomn one lzm\nw\} lew

The voltmeter reading decreases becausea the current through the cell decreases.
The valtmeter reading decreases because the current through the cell increases.
he voltmeter reading increases because the current through the cell decreases.

D The voltmeter reading increases because the current through the cell increases.

37 A cell of electromotive force (e.m.f.) E and negligible internal resistance is connected to a circuit.

The circuit has currents I, I and I, and potential differences V4, V. and V3, as shown.

1y
WW’{'\W\ "E {'W

Which equation represents a statement of Kirchhoff's first law?

@L:rzua B L=L=1I )( E=V,+V, )( Vi Vo= Vs
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38 Two resistors are connected in series with a 6.0V power supply, as shown.

w0V L) = w

R R, IV
Q\\"\v\ s w2
4 o GX\2000
12000t %9
N - 12ka R . 60,007
2
oV

What is the resistance of the variable resistor R to give a potential difference of 1.0V across the
12 kS resistor?

A 20kQ B 10k0 @(iok!l D T2k

39 A nucleus of magnesium decays into a nueleus X by emitting a p* particle. The decay is
represented by the equation shown.

2%
Mg BX -
\

What are the values of P and Q%

P Q|
A b2 11
B, 2 13

23 11
D | 23 13

Wdd > vud
[} \ - -\
40 In p” decay, a neutron inside a nucleus changes to a proton. n— \ F + Vv 4 De;

Which statement describes the quark composition of the nucleus during the decay?

The number of down quarks increases by one.

The number of down quarks stays the same.

yy The number of up quarks stays the same.
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