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INSTRUCTIONS

e 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.
Follow the instructions on the multiple choice answer sheet.
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.
Do not use correction fluid.

e 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.

e Any rough working should be done on this question paper.
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Data
speed of light in free space ¢ =3.00 x 10°ms™
permeability of free space Uy =4nx107"Hm™
permittivity of free space g, =8.85x 107 Fm™
(4:% =8.99 x 10°mF™)
elementary charge e=160x10""C
the Planck constant h=6.63x10"Js
unified atomic mass unit 1u=1.66x10%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 10 mol™
the Boltzmann constant k=1.38x102JK"
gravitational constant G =6.67 x 107" Nm?kg™
acceleration of free fall g=981ms™
© UCLES 2021 97021111121

Examhelp web past papers Page 2



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
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s=ut+ lat?

vi=u?+2as

W = pAV
4=-

p = pgh

p= %NTF”Q%
a=-w

vV = vy cos wt

v=+to,(xs-x?)

fv
fy =
vy,
.. Q
v 4near

1/C=1/Ci+1/Ca+ . ..

C=Ci+Cy+...
W= 1QVv
I =Anvg
R=Ri+Rx+...

1;R=13R1+1!‘R2+...
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X = Xp sin ot

X = X exp(—Af)
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1 What is a reasonable estimate of the volume of an adult person?

G&)omm3 B 0.50m® c 1.0m D 20m°

2 Which combination of units could be used for expressing the power dissipated in a resistor?

7/ newton per second (Ns™) P_NT where V2N = Nxm o

_

B newton second (Ns) & As
C newton metre (N m)momeu ] P-Nm )k/’( _ Nm{‘
D )newton metre per second (Nms™) S

3 Aforce of 10N and a force of 5N act on an object.

§ 530 r/ -

The angle between the forces is 150°.

The resultant forg@®n the object can be resolved into a pair of perpendicular components.

Which row shows numerical expressions for a possible pair of perpendicular components?

force component/N force component/N

n

A 10c0s30° -5 1060830°

. ?

B 16%in30° - 5 1066830°

@ 10 — 5cos 30° 5sin 30°
log, S

D 10 — 5sin 30° 5ees30°
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4 Asignal of requency 25Hz is displayed on the screen of a cathode-ray oscilloscope.
TﬁD . OL’_;

T=004
0048 —> 2em
0:025 ¢— Jewn
|

nn\nn IHT\H" ”"\”"/””\””/ D‘O}_SC»WI"U‘( 20msem
vV VIV
‘ | | | - .i1cm

g

1cm

HEEE IR NN NN NN NN

What is the time-base setting?
A 10mscm™ 20mscm™’ C 25mscm’ D 40mscm™

5 A micrometer screw gauge is used to measure the diameter of a wire.

The reading on the micrometer with the jaws closed is (—0.05 + 0.02) mm. ’HMA eanhs /mw;g Z.0A00 ON15Y
e —ve sign mwvj

The reading with the wire in position between the two jaws is (+1.03 + 0. 02 mmw l: L
u. unl-
What is the diameter of the wire? i/\l "’D ’llf/wi’
uol/uw wiv )
A (0.98%0.02)mm .03 *D D{’ |.08 pocihion h/s aL$D
B (1.084+0.02) mm o b o mwvusfﬂ/\az o\a-hm bins-
su
C  (0.98 + 0.04) mm ud;{"ww }\& ISNM A\i‘ld‘l& D(rw;a,m I3 es [
w N @
@(1.0810.04)mm F a,\osowtol QN«\ he on fhe ’m“’"u’“’“
yollr v ! eV &wﬁm v Hrom O
o2 ,,w
\%\o a WNQ’
w\\k\)(\Y CX\ 1\,\/
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6 A projectile is launched at an angle to the horizontal at time t= 0. It travels over horizontal

ground, as shown. NEL4 7 £20
path of prmeﬁlle " P
oy )
Ue MAX AR o N\ vema¥
Levslant hovi m/ ground
Air resistance is negligible. <p ua(’

Which graph best shows the variation with t of the speed of the projectile from when it is launched
to when it lands on the ground?

- on y
A X I//ngA\',\oﬁ"- 20 A

speed

0 ¢ 0 u.oQ‘
Q x Bk oﬂ
o

[

speed ’“@M’Mo&\tﬂ" 0“' v speed
X 4y
\4/-»3/
(78
N ke 1Y |

7 A train, initially at rest at a station, has a uniform acceleration of 0.20ms™ until it reaches a
speed of 20ms"' It travels for a time at this constant speed and then has a uniform deceleration
of 0.40ms™2 until it comes to rest at the ne t station. The distance between the two stations is

3000 m. w=0 ¢ olooom N ZZD 5 <=1800m U0 . soom ,
l ( D. ‘ of¢ -0 L’ \V) z o
What is the time taken by the train to travel betwedn the two stations?
A 75s B 150s @2305 D 300s
£ = 1008 E=7C¢ £ -5Ds
©® UCLES 2021 9702/11/M1Ji21
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Newton’s third law of motion describes how forces act in pairs. One of the forces of a pair is the
weight of the rocket. £avee due to Earfirle

a
What is the other force of this pair?

A air resistance

A rocket is fired from the Earth into space.

| —

NO

force of the exhaust gases-ertherocket”

force of the rocket on the exhaust gases

gravitational force of the rocket on the Earth

9 The graph shows how quantity P varies with quantity Q for a body falling vertically downw:

MLo—n Mpa vo

ekl

ards in

=2 somefhi V\U

a uniform gravitational field with air resistance. 20 [L/ wnL, lﬂQ/ VbLDU{Tj ~ /Hme/ cavwrk

0

A

swLCL

elotyonn b
S T R e e fon

R -FoC act .-

0

Q

Which pair of quantities could be represented by P and Q7

P

Q

acceleration

acceleration

force of air resistance

1Im%;ala+:l;]n/sl,«

vooL
\ w(«em'b j

Hont occe]eratiom

ek v ot
velocny\,d% v*orce of air remstance
oo
\fel_ocity time
only NOT

10 Which quantities are conserved in an inelastic collision?

k-2

kinetic energy

total energy

linear momentum

conserved not conserved conserved
B conserved not conserved not conserved
t Cc ’ not conserved conserved conserved
D not conserved conserved not conserved
©® UCLES 2021 970211/M/J/21
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11 A charged oil drop is held stationary between two charged parallel plates.

"Eb\f, charged oil drop

top plate

bottom plate

Which forces act on the oil drop?
fe N
both electric and gravitational

X electric only

V gravitational only

y neither electric nor gravitational

12 Which pair of forces forms a couple with a torque of 30 N'm? U‘"
X il et
3050/ 3(1N i 40N
6 DNM 1.0m
20m .
10N
D Y
30N
2);5 15N 147( >
Y - lﬂ/ 1 e BDNM
1.0m NOT tp"f
5
I
15N
® UCLES 2021 9702/11/M1Ji21

Examhelp web past papers Page 8


mnfar
New Stamp


9

13 A uniform rigid bar XZ with negligible mass is 1.20m long. The bar is pivoted at point P. Three
coplanar forces act on the bar as shown. Forces of 16 N and 20N act perpendicularly to the bar
at points X and Y respectively. Force F acts at point Z at an angle of 30° to the axis of the bar.

The distances along the bar of the pivot and of the forces are shown.

“olal cloekusve =(6x0 3 sww‘z, SHO4F

\owaw{‘ldw,wvxf ZO’KD 20N

4-$404SF =6+ b

The bar experiences a resultant moment about P of | ina@,ClaBkwiSE difection.

What is the magnitude of F?

A 92N B 11N @16N D 24N

P = 1000X009% /0

14 Water of depth 9.0 cm is covered-ay oilof depth*5.0 cm in a measuring cylinder. - qoopﬁ
The density of the watehis™B00kgu* and the density of the oil is 800 kgm™. Pﬁ'&l sg'zgox b 'Dg%lo

What is the total pressure exerted on the base of the measuring cylinder due to the oil and water?

A 390Pa B 880Pa C 1200Pa @1300[33

15 A rocketis fired upwards. %aﬁuiwﬁ Q-F@ LLI/ D:f hdﬁkl’

As it accelerates upwards after leaving the launch pad, which forms of energy are changmg

O\V\ W b
chemical energy, gravitational potential energy and kinetic energy \ mccc,le,mhm
B chemical energy and gravitational potential energy only —Fu.b\ bei wa D
C chemical energy and kinetic energy only FAN q,m‘\c3 ‘U"u%j

D gravitational potential energy and kinetic energy only

16 A roll of tape of length 50 m requires a constant force of 20 N to unwrap it.

20N

roll of tape \

® tape

What is the work done in unwrapping the whole roll? Fovea % O'iS l—wvl& i~ fire o‘ifzc"w f’ﬁ"&
?OY {D
A 04J B 25J C 5004 1000J

© UCLES 2021 9702/11/M/Ji21 [Turn over
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17 A trolley of mass 600 kg is initially at point P on a slope, at a height of 80 m above ground level,
as shown. The trolley is released from rest and moves along the slope, first coming to rest at
point Q, at height h above ground level.

ak & z lﬂo%%b ’l{ (D 000 -0 trolle
9““% = 20%%0 J/\J\ v mass 60% kg
N o . {
20380 =G0t A ME Nt ink, qp-e - 17085DT

NOT TO

-0 SCALE

Q 80m
hI ground level

The total distance PQ moved by the trolley along the slope is 1.5km. A constant resistive force of

300N opposes the motion of the trolley on the slopés (N oyl elom o.aa'uw:\,’/(:ﬂd'\w 520: ’ELE_UI'D
={So,

What is h?

@3‘5m B 76m C 79m D 80m

18 An object of weight 15.0 N is pulled along a horizontal surface at a constant velocity of 2.00ms™".

The force pulling the object is 12.0N at 30.0° to the horizontal, as shown.

2.00ms™
_— ;12.0N
)30,04_‘
1260830

15.0N
Fxv

What is the power used to move the object?

A 12.0W 20.8W C 24.0W D 30.0W

© UCLES 2021 9702/11/M/Ji21
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19 The spring constants of four springs are determined by plotting the following graphs of force F
against extension x.

1N 2 3 N\ 4 »
& A p
104-------3 —, 204------- g / 1004-------+ &/ 104-------- &/
é | &“ @ | e |
FIN 2/ FIN 1 FIN /! FIN o/ !
i v : 4 : WV i
0 ' 0 ' 0 ' 0 '
0 5 0 4 0 0.1 0 0.5
x/mm x/mm x/mm x/mm
Which order of the graphs shows decreasing spring constants? k— ‘_E_
A 251534 *
3 =>4 5251
C 4525153
D 453521
© UCLES 2021 a702M11/M/J/21 I_TI..I rn over
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20 Forces are applied to the ends of a rod so that its length increases. The variation with force F of
the extension e of the rod is shown.

A

e

Pt
eum‘lk

The point P is the elastic limit.

Which shaded area represents the work done during the plastic deformation of the rod? ﬁ:

R o
-~ c
. A 2

e i e
P P
i |
0 - 0
0 F 0 F
o © X
e e
P P

e
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21 Two identical waves are produced by sources at points P and Q. The waves travel along different
paths to reach point R, as shown.

P .—h————jaiq‘:—:[‘r:l ———————————— o R
7 dffonc <300 02
/,x’/1’00cm 0-9 XbGO

Q./’ 006

Both waves have a wavelength of 6.0 cm. The waves are in phase at point R.

What is the phase difference between the waves as they leave points P and Q7

A 0° B 60° >< 90° ®1zo°

22 A longitudinal wave travelling from left to right has vibrations parallel to the direction of transfer of
energy by the wave.

The wave can be represented on a graph showing the variation with distance of the displacement
of the particles from their equilibrium positions at one instant.

Which point on the graph is the centre of a compression? A’” +He \Iﬂlﬂ.& ALQ ! ‘,

9 Girection of ndicole posbicte IS movi
r\'lblf/‘ ,%6‘“\6 ‘ransfer ofenergy 15 SDurcE i( Va values
disol oV ING W” '"""' mma:l arho[e N movu/\a
isplacement
topthe right mm&D\‘ 'IwuarolA e cource -

D

> PJX"% \ dlstance

displacement MU,/? from source
tothe left | P o dl &Jv

e 6\” X AQ\P&

)(O‘po’\ 6“\& g0¢

23 A stationary wave is formed from two |dent|cal sound waves. JuAL olAwU aM\’j n me ‘)

e spenr
A microphone is placed at a position of maximum loudness. It is then moved along the stationary 4"‘55

wave from this first position of maximum loudness to the fourth position of maximum loudness,
The microphone moves a distance of 12cm.

I\ =D
The speed of sound is 330ms™". %)\ {\ 0-1% .
N
What is the frequency of the sound waves? )\ =0-08m k\_@__g
So-F:J}/o.og ia
@4100 Hz B 5500Hz C 8300Hz 11000Hz 4
@ UCLES 2021 a702/11/M1Ji21 |_TI..I rn over
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24 An ambulance has a siren that emits sound of a constant frequency. The ambulance is moving
directly towards a stationary observer.

\[/\15

The ambulance decelerates as it is approaching the observer and then accelerates after it has
passed the observer.

How does the frequency of the sound heard by the observer change as the ambulance is
approaching and as it is moving away from the observer?

approaching moving away

observer from observer
@’ decreases decreases
B decreases increases
C increases decreases
D increases increases

For 'h/u_ Toa
when m a*nb:?om

medums Vg increanes - As a mull— £5 dww%
Fov e Movmﬂ o V4V MCJUACA
e He ambo ALLQJ,UO-LCA whidh

raises value o{ Vs e o maulk £ decroases

Z;f IMCW

3x100m/s
25 Microwaves in a vacuum travel at speed X and have wavelength of order of magnitude Y.

What are the speed and a possible order of magnitude of wavelength of X-rays in a vacuum?

All voawes aved ak Hhe same spuoj

speed wavelength

@ x ey ouk Xereups pas mucd shorber A

B X 107y on tom 4o m,aowavw
10X Y

¢ |°/ a0'x v

© UCLES 2021 9702/11/M/Ji21
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26 The diagram shows part of a stationary wave on a string.

X and Y are points on the string. The vibrations at X and Y are 180° out of phase.

positions of string
when X and Y are at
maximum displacement

What is the distance between X and Y? Dl'S,ﬂWICL u:w 3 ao' & [,

A one-quarter of a wavelength an 'MDCIQA i¢ 52‘

e half a wavelength

one wavelength

‘X two wavelengths

27 Which wave behaviour is shown in the diagram?

horizon

sea wall sea

sea wall

wavefronts
@ diffraction
B Doppler shift B‘FSMAJ
Y interference
superposition
® UCLES 2021 9702111/M/J/21 [Turn over
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28 A teacher sets up the apparatus shown to demonstrate a double-slit interference pattern on a

screen.
screen
single dou_ble
slit slit
source L
of light q;“'l B
- - -

P r ;D
Which change to the apparatus will increase the fringe spacing? to mereane x f
decrease, ucreare
y decrease the distance pWP l%DL’ '7/ orlna D/)\
decrease the distance g
: wereane. .
(\ deerease the distance r
wer et .

decrease the wavelength of the light

29 Light of a single unknown wavelength and blue light of a single wavelength are both incident
n)\ normally on a diffraction grating. Two diffraction patterns are produced, one for each wavelength

Joind

of light.
‘)“\1\9 %\ The thirdéorder maximum for the IQ light occurs at the same angle as the second-order
maxirfium far theslight of u@own wavelength. The wavelength of the blue light is 480 nm.
o> A, = -9
What is the unknown wavelength? Ntk n,)\,, 3 legOX[O = ad X A 2

A 320nm 720nm C 960nm D 1440nm

30 What is the electric field strength in a region where a proton accelerates at 2.00ms™ due to the

field?
A 11.4pvm B 5.22nVm™’ C 104nVm™’ 20.9nvVm™’
Qrmilo}n‘mﬂ Foree = EledFicfree
mxa = EFSx Q)
AXLETIXID Ty 9= EFSX X GX0 i
© UCLES 2021 9702111/MAJ/21
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31 An oil drop of mass 2.6 » 10”"°kg and with a charge of —4.8 « 107"°C is in a vacuum between two
horizontal plates. The plates have a separation of 2.0 cm and a potential difference (p.d.) between
them of 1200V, as shown.

EFS=N -0 ;goooov.n"

+1200V 002
2 1 60,000 = Fe n
oil drop + 2 4 Y10
plates w - 2.0cm P
W FE = %8 X (0- N

W= 2SS0 N
ov Fe oW

-1$
Which statement describes the motion of the oil drop? V‘e/_;ulla,/& e =5 2"7‘? X10 N
)( It is stationary. OCC- = ml? quarJ&
It has a downward acceleration of 9.7 ms™. Py {CR S \0

It has an upward acceleration of 1.3ms™.

D It has an upward acceleration of 11ms2

8 =Ixt

32 Which two units are used to define the coulomb?
ampere and second

ampere and volt

X volt and ohm

‘V\ volt and second

33 A mobile phone battery is charged by connecting it to a constant potential difference of 5.0V.
After a time of 1.0 hour, the initial current of 0.50 A slowly decreases to zero, as shown.

08 , E =TVt
current/ o - D-SXEXoxGo =Go00T
900 :
| Tolad - 13607
3 s 20

time/hours

What is the best estimate of the energy transferred to the battery during the time of 2.0 hours
shown in the graph?

A 2700J B 9000J @14000J D 18000J

© UCLES 2021 9702/11/M/Ji21 [Turn over
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34 Alength of wire is connected into an electric circuit. The current in the wire is measured.

Which change on its own could increase the current in the wire?

an increase in the length of the wire ucrzase resislames “’Wd‘ dwm L

an increase in the radius of the wire o‘ec,ruv:e,d R i‘ imazMO' I
')tf an increase in the resistance of the wire dezrwma I

% an increase in the resistivity of the wire increases R rﬁ heuee T me

35 A cellis described as having an electromotive force (e.m.f.) of 6.
What does this mean?

A 1 coulomb of charge always dissipates 6 J of energy in the internal resistance of the cell.
B 1 electron gains 6J of energy when passing through the cell.
C There is a potential difference of 6V applied across any external circuit connected to the cell.

When 1 coulomb of charge passes through the cell, 6 J of chemical energy is transformed.

36 The diagram shows a network of resistors. Each resistor has resistance R.

—° R
— |
3 \A:b >
What is the total resistance of the network between points X and Y?

B SR @% D 6R &4%4’% :%R

A

o

11

© UCLES 2021 9702/11/M/Ji21

Examhelp web past papers Page 18


mnfar
New Stamp


19

37 Three resistors are connected in series with a battery, as shown. The battery has negligible
internal resistance.
Nod = Vi X Ry
Combuned Taishonce

R, intma cose is 13051
bez s Hhe one —(;1 whidk
we're %v&lw\m ol
1500 \ob= G X 180

What is the potential difference across the 180 Q resistor? (20410120

A 186V 2.4V C 36V D 40V :L'L‘\’

38 A potentiometer circuit is used to determine the unknown electromotive force (e.m.f.) of a cell X.

1200

In the circuit shown, E is a cell with an e.m.f. that is known accurately. QR is the potentiometer
wire, which has a movable contact S. Contact S is connected fo a galvanometer and to cell X.

E

| of
|

|
I

@

|
X
What is not a necessary requirement to determine the e.m.f. of X from the circuit?

A The e.m.f. of cell X must be lower than the e.m.f. of cell E. v

The internal resistance of cell X must be known.

C The lengths QS and QR must be determined accurately. v

D The resistance of the wire QR must be proportional to its length. v/

39 A nucleus of uranium, *3U, undergoes a series of decays. During the saa'r?i_si-!};i of decays, two
: I . 23 0
o-particles and one article are emitted. —4 Aa
p P 2V L3¢ + B+

As a result, a nucleus of actinium, Ac, is formed. 13;-8 _

What is the correct notation for the nuclide of actinium that is formed?qa - 3

227 227 23 23
A ZAc SQAC c ZiAc D ZlAc
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40 Which particle is a fundamental particle?
electron
hadron

neutron

O 0w

proton
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