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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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c = 3.00 x 108ms™"
Uy = 4t x 107 Hm™
£, = 8.85x 10712F m""
1 _ 9 E-1
(s, = 899X 10°mF™)
e= 1.60x1071°C
h= 6.63x10734Js
1u = 1.66 x 102"kg
m, = 9.11 x 1031kg
m = 1.67 x 10-27kg

8.31JK "mol™*
6.02 x 1023mol™!

x 10723 JK™"
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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.

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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p = pgh
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Answer all questions in the spaces provided.

1 (a) State Newton’s law of gravitation.

(b) Planets have been observed orbiting a star in another solar system. Measurements are made
of the orbital radius r and the time period T of each of these planets.

The variation with R3 of T2 is shown in Fig. 1.1.
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Fig. 1.1
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. - z T
The relationship between T and R is given by K
T2 = 43'52/'_\)3 } - > 3
4R T4 = HUTRC

am

where G is the gravitational constant and M is the mass of the star.

Determine the mass M. Ry QMPV\ ¢ =0

@ qvakient = YA > @ 1.6 x(Z65X2U|>(3600)2= um >
&M 8% 1023 6.6 110" M

@ |.6years”™ - 4T* M= 2.4F5F x (030
BXl0*Zm=  &aM

30
M=....2:0x.102" kg [3]
(c) Arock of mas in orbit around the star in (b). The radius of the orbit is r.

(i) Explain why the ¢ ﬁi tional potential energy of the rock is negative.

LPE ¢ zero

Snw &txmws ..... AhALTIVE | Wov K TS

vy x _v* MM Y,
s >
\/LMV}: (f\MM [2]
2V

(iii) Use the expression in (c)(ii) to derive an expression for the total energy of the rock.

Et - Ce + Ep

Et = aMV 4 <_ &'I\I/IM>

[2]
21
[Total: 12]
2V
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2 Afixed mass of an ideal gas is at a temperature of 21 °C. The pressure of the gas is 2.3 x 10° Pa
and its volume is 3.5 x 103 m3,

(@) (i) Calculate the number N of molecules in the gas.

PN = NicT

-23
22%105 x 3.6%107> = N x1.38XL0 (sz%?;)

N = 2.0x (023

@ N= 2.0 K10 = 2]

(ii) The mass of one mol the gas is 40%./_2 [ 56 K ( 0
Determine the root-mean@ (r.m.s.) speed of the gas molecules.

V;M<c’-> = 2/2’6 &

< tF>s 2T O
m /‘O

x> = gXt.bzsxtO—ﬁK Cl@g)
o x .66 X10~%+TF

\!

,f<o?—> = [ 183207 2
1\ r.m.s. speed = HZg ................... ms~! [2]
CYms
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youtube.com/c/Megalecture/
+02 336 7801123



For Live Classes, Recorded Lectures, Notes & Past Papers VisIt:

www.megalecture.com
7

(b) The temperature of the gas is increased by 84 °C.

Calculate the value of the ratio

new r.m.s. speed of molecules
original rm.s. speed of molecules

Yomee2> = 3HeT
Crms = J 3T
W\
Crmet = Cmwmsz
— ratio = (]—'IL ........................... [2]
\! M X M [Total: 6]
oA

—

| o&

{ Trew %u—kp&ﬂ-gq) - (378

),%3) \PE

O
%
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3 (a) Using a simple kinetic model of matter, describe the structure of a solid.

(b) The specific latent heat of vaporisation is much greater than the specific latent heat of fusion
for the same substance.
Explain this, in terms of the spacing of molecules.

...... DUYing paling | He A 0 Mol Spiivy

(c) Aheater suppli ergy at a constant rate to 0.045kg of a substance. The variation with time
of the temperatu substance is shown in Fig. 3.1. The substance is perfectly insulated
from its surroundin
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Fig. 3.1
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(i) Determine the temperature at which the substance melts.
temperature = ................... -—’ﬂ .................. °C 1]

(ii) The power of the heater is 150 W.
Use data from Fig. 3.1 to calculate, in kJkg™', the specific latent heat of vaporisation L of

the substance. 8.5 -3 = B.H
15D X 5.5 X 60 = 0.045 x L

L = LIx 0o T g

=
L= LK\ kikg™" [3]

(iii) Suggest whaifean be deduced from the fact that section Q on the graph is less steep

MO S .2 et AT por iUk,
SO

.S0..axts O;mmwus@wwas@rew G
(G
Q
Y,
o

[Total: 8]
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4 (a) The defining equation of simple harmonic motion is
a=— wx.

State the significance of the minus (-) sign in the equation.

A ande . hale oPPssile  Advechons

(b) Atrolley rests on a bench. Two identical stretched springs are attached to the trolley as shown
in Fig. 4.1. The other end of each spring is attached to a fixed support.

support support

\

trolley spring

éa Fig. 4.1

The unstretched length ing is 12.0cm. The spring constant of each spring is

8.0Nm~'. When the trolley is ifi eduilibrium the length of each spring is 18.0cm.

The trolley is displaced 4.8 cm to one siffe and then released. Assume that resistive forces on
the trolley are negligible.

(i) Show that the resultant force on the tr@ moment of release is 0.77 N.
Cowwn 0}\/! + Nt

[':Q = 2 KL
= 2 Q%)(H.%XIO_)’)
- 0.1+

[2]
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(ii) The mass of the trolley is 2504g.

Calculate the maximum acceleration a of the trolley.

- e

(iii) Use your answer in (ii) to determine the period T of the subsequent oscillation.

a = —wWwry

0;? ...................................................... s [3]
(iv) The experiment is repeated With an jgitial displacement of the trolley of 2.4 cm.
State and explain the effect, if an ge has on the period of the oscillation of the

trolley. —r@
N O i

A = (K— v 6: [Total: 9]

S
s TN
- “
—
2K - \l [
— YW
[
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5 (a) (i) State whatis meant by the amplitude modulation (AM) of a radio wave.

MAdL 10 AT Sychvany Wik e

(ii) State two advantages of AM transmissions when compared with frequency modulation
(FM) transmissions. Used 10 Walleie fulleres

WMy + ) vave ingo. P

(b) The variation wi @/ f of the amplitude A of a transmitted radio wave after amplitude

al is shown in Fig. 5.1.

"
(69

Q
Al s
PR

fo-f¢ Fig. 5.1 et £5

For this transmission, determine:

Landwi HA

(i) the wavelength of the carrier wave

V= £ X
2% (0% = A X 1500 X (0~

= 200
)\ wavelength = ......................s Z O’b ................... m [1]
(ii) the maximum frequency of the transmitted audio signal.
frequency = -']—O ...................... kHz [1]
© UCLES 2021 9702/42/F/M/21
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(c) Another audio signal with the same maximum frequency is transmitted using a different
carrier wave frequency. The lowest frequency of this modulated wave is equal to the highest
frequency of the modulated wave in (b).

Determine the frequency of this carrier wave.

L H
1510 IS 20
freqUeNCy = .o.vveee.. {%_ZO ............... kHz [1]
[Total: 7]
%
<<\>
Cx
%
Q
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6 (a) State a similarity between the gravitational field lines around a point mass and the electric
field lines around a point charge.

__________ both . fedde ek ave. yodial Ok obey

+
(b) The variation with radius r of the electric field strength E due to an isﬁgevd‘/‘chj?ged spher

VWUSE SANGIS  reaafimship. Wt Alstangg

a vacuum is shown in Fig. 6.1.
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Fig. 6.1

Use data from Fig. 6.1 to:

(i) state the radius of the sphere

© UCLES 2021
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(ii) calculate the charge on the sphere.

Lzxp®= _ 41 . N 5
4R <o (2 .LXI5%)
-4
charge = ......... 6 L'X(O ....................... C [2]

(c) Using the formula for the electric potential due to an isolated point charge, determine the
capacitance of the sphere in (b).

(= A = 6 = YR éo f

—

\} @/L,WQOV\

-2
capacitance = ........... Z%XIO ..................... F [3]
[Total: 7]
© UCLES 2021 9702/42/FIM/21 [Turn over

youtube.com/c/Megalecture/
+02 336 7801123



For Live Classes, Recorded Lectures, Notes & Past Papers VisIt:

www.megalecture.com
16

7 (a) Fig. 7.1 shows the circuit diagram containing an operational amplifier (op-amp).

3.6k

—
+3.0V
) o
° i
-3.0V
Vi H 0.72kQ Vour
@ Fig. 7.1
(i) State the namé’of % ype of amplifier.
................................ NOerRw AMDHEY .
(ii) Show that the gain ofie @er is 6.0.
| + 2.6 x (07

I - @ @zxto%
@ (1]

-
&
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(iii) At time t = 0 the input potential V| is zero. V| then gradually increases with time t as
shown in Fig. 7.2.

6

5

potential

N 4 \Nouk = € x\Jin

AN

Fig. 7.2

Voyr from time ¢ imet=T. 2]

On Fig. 7.2 e@line to show the variation with time t of the output potential

(iv) State how the circui ge{.1 may be changed so that the gain of the amplifier is
dependent on light i Si -

MA @V v e place, o,(l 3.2

....................................................... @ [1]
(b) An op-amp is to be used to switch on a high-vo@ er.
(i) State the name of the component used as the gutput device of the op-amp
LE™S fl(yla £V\r\\—d/\/ Vv’ »

(ii) Complete Fig. 7.3 using the device named in (i) and a o@o that the heater may be
switched on when the output of the op-amp is positive.

+
..... R
o]
- "k connections to
g7 } high-voltage heater
(. ./1 - O
----- ' 3 M‘ i
= cstil
Fig. 7.3
[3]
[Total: 9]
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8 (a) Two long straight wires P and Q are parallel to each other, as shown in Fig. 8.1. There is a
current in each wire in the direction shown.

The pattern of the magnetic field lines in a plane normal to wire P due to the current in the
wire is also shown.

wire P wire Q

plane A ‘\
direction of

@ current

magnetic field B X IP

pattern I a,

(i) Draw arrows on the magnetic fiel@lines in Fig. 8.1 around wire P to show the direction of
the field. [1]

(ii) Determine the direction of the force on §@e to the magnetic field from wire P.

______________ TS 0 ol
<.

State and explain whether the magnitude of the force on@ is less than, equal to, or
greater than the magnitude of the force on wire Q.

Fig. 8.1

(iii) The current in wire Q is less than the current in wi

Eqpal in magnitvoe e Lo ey
nd, PROSIYE I ALV 2KV

; Nowhn's #id (o

© UCLES 2021 9702/42/FIM/21
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(b) Nuclear magnetic resonance imaging (NMRI) is used to obtain diagnostic information about
internal structures in the human body.

Radio waves are produced and directed towards the body. The radio waves affect the protons
within the body.

(i) Explain why radio waves are used.

..... mwm YOtV ASIYD enewawdv 2

(ii) Explain why the radio waves are applied in pulses. ﬁlP Mh) h\@Vl M\’ Sfﬁﬂf/
(resmale]

NG owc,ar Wtk e 1”5 radio plses

[Total: 8]

M ¥ v(\} tﬁ@él(ﬂ\/\ INA aerckon,
Q

Q
/2/,.@
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9 (a) Define magnetic flux linkage.

por toulay v thae field.
(b) Aso enoim%ﬁ 6.0cm and 540 turns i$ placed in a uniform magnetic field as shown in

Fig. 9.1.
solenoid
/ 540 turns
> diameter
. 6.0cm
magnetjgfiield

6 SQ Fig. 9.1
The variation with time ¢ tic flux density is shown in Fig. 9.2.

250 I
\ \
200 A
flux density / \
/ 1
/mT 150 ] ! \
/
/
100 - .
/
\
; @
0 i

0 1 2 3 4 5 6 7 8

Fig. 9.2

Calculate the maximum magnitude of the induced electromotive force (e.m.f.) in the solenoid.

© UCLES 2021 9702/42/FIM/21
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(c) A thin copper sheet X is supported on a rigid rod so that it hangs between the poles of a
magnet as shown in Fig. 9.3.

4
N
<

poles of magnet

Fig. 9.3

Sheet X is displaced(io side and then released so that it oscillates. A motion sensor is

used to record the dis of X

A second thin copper sheelgY s sheet X. Sheet Y has the same overall dimensions as

X but is cut into the shape sho ig. 9.4.
AT

—

The motion sensor is again used to record the displacement.

The graph in Fig. 9.5 shows the variation with time t of the displacement s of each copper
sheet.

Fig. 9.5

© UCLES 2021 9702/42/FIM/21 [Turn over
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(i) State the name of the phenomenon illustrated by the gradual reduction in the amplitude

of the dashed line. L\\g V] {,

(ii) Deduce which copper sheet is represented by the dashed line. Explain your answer
using the principles of electromagnetic induction.

llVLL {,

ﬁ ........ &DS ..... QUU\VUJ\@KQKSS ..................... [4]
A»\} UIW@V\T 48 Ty Wiy ey\%&f 10]
”{MP“@
WAk oss &

Gwreakty Aom/qmvg @

Q
%
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10 The output potential difference (p.d.) of an alternating power supply is represented by
V = 3205sin(100mtt)
where Vis the p.d. in volts and t is the time in seconds.

(@) Determine the root-mean-square (r.m.s.) p.d. of the power supply.

220 /2 =

ems.pd. = o b V [1]
(b) Determine the period T of the output.
|60 A = w2
[ 7.3 = 2K
) o-oz-sr T o .02 ... s [2]

(c) The power supply i @:ted to resistor R and a diode in the circuit shown in Fig. 10.1.

P

Fig. 10.1

(i) State the name of the type of rectification produc t iode in Fig. 10.1.

© UCLES 2021 9702/42/FIM/21 [Turn over
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(i) On Fig. 10.2 sketch the variation with time t of the p.d. V across R from time ¢ = 0 to
time t = 40ms.

400

J
4

300 N f

VIV

200 7

100

0

0 10 20 30 40
t/ms 1]

-100

-200

0 Fig. 10.2
Q .
|

(iii) On Fig. 10.1, draw the sy o(component that may be connected to produce

smoothing of V.
@ [1]
C}( [Total: 8]
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11 (a) Electrons are accelerated through a potential difference of 15kV. The electrons collide with a
metal target and a spectrum of X-rays is produced.

(i) Explain why a continuous spectrum of energies of X-ray photons is produced.

L& hitig s otk watnl. hene 4 rangt of:

..................................................................................................................................... [3]
(ii) Calculate the wavelength of the highest energy X-ray photon produced.
1e — Photav
covvet b
£ \lud Shop -

LEXIWOT X 15X 10°

NG ¢
Ve

&
wavelength = O 7/ﬂX|O ................ m [3]

I

\

A= 8-2AX10°
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(b) Abeam of X-rays has an initial intensity I . The beam is directed into some body tissue. After
passing through a thickness x of tissue the intensity is I. The graph in Fig. 11.1 shows the
variation with x of In (I/I )).

x/cm
0 1 2 3 4 5 6 7 8 9 10 M

In (/1) .

-1.0

-1.2

~1.4 N

-16

~2.29+
23— ‘
2.4 =

Fig. 11.1 O
(a

(i) Determine the linear attenuation (absorption) coeffici @his beam of X-rays in the
tissue. |
() = -Fr

jU = 0.2
m = -y
- 228 = -)
BT A 0.2\ . om-! [2]

(ii) Determine the thickness of tissue that the X-ray beam must pass through so that the
intensity of the beam is reduced to 5.0% of its initial value.

-
0.05 Y% =¥ e 7
lylo_og - - 0.2 W
" 14 6 thickness = ,u’g ...................... cm [2]
[Total: 10]
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12 (a) Radioactive decay is both spontaneous and random.

State what is meant by:

1. spontaneous decay ....... WfH/\OU{‘KLV\WU‘ML Q,(Y\C{V(ﬂ’.(h‘/\/\

AN - 1o (o)1 Mo =0T | A R g e USRI
CONRL. RE. reasdtet. | each, nuceas] Same probaivy.
[2]
(b) Strontium-90 (33Sr) is an unstable nuclide. — 5.2 X(0 6 &4/

The activity of a sample of 1.0 x 10~2kg of strontium-90 is 5.2 MBq.
" 1% 10° 5
(i) Determine thgfdecay constant 2 of strontium-90. | = |.OX X x6.02%x10

A - A N a0

Q N = 6.69x10®
5%@ A (664 x10"7)

[0

/(?: aAFxlo
2@

(ii) The activity of the sample after a time of 1.0 Iveg is found to be greater than the
expected 2.6 MBq.

Suggest a possible reason for this. Q
A, s ARD  unstmble

........ MAS A0 M Az e 1)
N W”ICJégVUUVl A rodiobon . [Total: 6]
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