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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
t'he Boltzmann constant
gravitational-constant

acceleration of free fall
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¢ =3.00x108ms™
1ty = 41 x 107HM™!
£, = 8.85 x 10712Fm”!
=8.99 x 10°mF~)
0

e=1.60x10""°C
h=6.63x1034Js
1u =1.66 x 10?"kg
m, =9.11 x 1073'kg
m, =1.67 x 10?7kg

R =8.31JK" mo@

/, =6.02x 10
k=1 JK-1

G 107" Nm2kg-2

EQ 9.81ms2
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3
Formulae
uniformly accelerated motion S=ul+laf
N 2
v2 = u?42as
work done onhby a gas W = pAV
gravitational potential $=- £
r
hydrostatic pressure p = pgh
pressure of an ideal gas p= %N—&n@z)
simple harmonic motion a=-w

velocity of particle in s.h.m.

Doppler effect

" electric potential
capacitors in series
capacitors in parallel

energy of charged capacitof

electric current

resistors in series 0?
o RS

resistors in parallel 1/R=1/R, +1/R+...

BI
Hall voltage W= nig
alternating current/voltage X = X, sin wt
radioactive decay X = X, exp(-Al)
0.693
decay constant A= T
© UCLES 2019 9702/42/0/N/19 [Turn over
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Answer all the questions in the spaces provided.

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

NewHons. . of ghuntoden. states. ¥0e. e, o poiot...
MOS585..ib...propanbanal . 10, the...Jvotuc of Ahdin massee,
WMWS@W@PWMM@W%M?M&@/&M@Q 2]

(b) The astronomer Johannes Kepler showed that the period T of rotation of a planet about the
Sun is related to its mean distance R from the centre of the Sun by the expression
R3 _
e k

where kis a constant.

Use Newton’s law to show that, for planets in circular orbits abgilt :the"Sun of mass M, the
constant kis given by A7

= GM
T 472 .
where G is the gravitational constant. Explain you'rwiorkiQrig.
G‘Hyﬂ < mwzﬁ R )= 2nF
R ' W= 2
T
= An®
. Q ; X
b SR (R, =K)
& v e (e
g [4]

(c) Asatellite is in a circular orbit about Mars. o
The radius of the orbit of the satellite is 4.38 x 10m. The orbital period is 2.44 hours.

Use the expressions in (b) to calculate a value for the mass of Mars.

613
geaxi'aM _ (42x0°)
A> (2:44%3600)*
M= (4-3¢x1pb)%4an* )
(244 X3600)* A 66+ K10

= 6445 X\0? 23
& 645 XIO'B mass= .0 AR X 10 ... kg [2]

"

[Total: 8]
© UCLES 2019 9702/42/0/N/19
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2 (a) Smoke parti.cles are suspended in still air. Brownian motion of the smoke particles is seen
through a microscope.

Describe:

(i) what is seen through the microscope

..smms.....c>.£.....\.'\gm...mm’.u.()g..h@bhazm ......................................

(1]

.....................................................................................................................................

(i) how Brownian motion provides evidence for the nature of the movement of gas

molecules.

mmmzmdmcm7msmmaas ................

dremiesananisnnsnesnnie [2]

(b) A fixed mass of an ideal gas has volume 2.40 x 103cm?, 4t préssure 3.51 x 105Pa and
temperature 290K. The gas is heated at constant volume',“un;il the temperature is 310K at

pressure 3.75 x 105Pa, as illustrated in Fig. 2.1.

2.40 x 103cm® N [ 240x10%cm?
3.51 x 10°Pa P& (370 10°Pa
\ P4 . 310K

290K 0 .
a @Qg. 2.1

"The quantity of thermal er quired to raise the temperature of 1.00 mol of the gas by
1.00K at constant volume is 2.5 J.

Calculate, todhre ificant figures:
+ Y

(i) the amount, i of the gas

pV=NnRT
~ 6
(351 X10%)x (2-40 X0 10 ) = nx 83X 290
Cinn Pa) Cin ™) tmad) (regn) CinK)
n= (3:5K0°) % (240010 )
3 -3\ X 240
= 0-384055¢
A0 -
bl 350 moa‘mount: 0350 .............................. mol [3]

© UCLES 2019 9702/42/0/N/19 [Turn over
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e therm i hange.
(i) the thermal energy transfer during the ¢
ii) theth

= 5% 0-350 X (210-290)

(¢) Forthe change in the gasin (b), state:

(i) the quantity of external work done on the gas 0

0 : [Total: 11)
N _ -

© UCLES 2019
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3 (a) State whatis meant by specific latent heat.

HuWWmP ﬁw ..... Wwﬂmagip
..... Cu’lg

............................................................................................................

(b) A student uses the apparatus illustrated in Fig. 3.1 to determine a value for the specific latent
heat of fusion of ice.

heater

pan of )
balance T —
The balance reading measur Y ass of the beaker én‘d the melted ice (water) in the

beaker.

pieces of ice at 0°C are added continuously to the funnel so
unded by ice.

The heater is switch
that the heater is

+*&
When w%'fefdnps the funnel at a constant rate, the balance reading is noted at
2.0 minute interv. er 10 minutes, the current in the heater is increased and the balance

readings are taken for a further 12 minutes.

© UCLES 2019 9702/42/0/NH9 [Turn over
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The variation with time of the balance reading is show!

nin Fig. 3.2.

300 T
EEnESEENENENRNEEREEE
HH A
—?:i:::ﬂf;?
250 H e H
¥ __ﬁ::::tzt::zEﬁ
1]
mass/g L “E 7
200 RamE s Zz
- A
A
'l
an 7
150
% -
100 B
1
50 J.Ak 1 | 3 ‘ *‘4,: L - —
| e
N\
0 1
o - 4 8 12.. 16 20 © o4
Q@ time/minutes
Fig. 3.2
The{&’@ing eter and of the voltmeter are shown in Fig. 3.3.
9
®

|

ammeter reading

voltmeter reading

‘ /A IV
from time 0O to time 10 minutes 1.8 7.3
after time 10 minutes 3.6 15.1

Fig. 3.3

© UCLES 2019 9702/42/0/N/19




i) F
(i) Fromtime o to time 10.0 minutes, 65g of ice is melted.  120-55 = 65

Use Fig. 3.2 1 285~ mew 45 = 140
22,0 minutes. 0 determine the mass of ice melted from time 12.0 minutes to time
mass = ...... 1 40 ........................................ g [1]

(i) Explain why, although the power of the heater is changed the rate at which thermal
energy is transferred from the surroundmgs to the ice is constant.

(iii) Determine a value for the specific latent heat of fusion L of ice.

E=mL

(R+VTe =ml 4\@@(54 3+ R)

R
(R B rrr)x(roxw 140XL - '40L5 65L = 600(1314+ R)

N

Mé :
|40. :'326)@'2
6% 6EOR

2 330 L=.. 3,30 ..... e G 4]

ich thermal energy is transferred from the surroundings to the

(iv) Calculate the

Ice. +¢
B vir= mk
Wmdmj \

(364 ””W%zmw)m = |40 X 330
H: (140%330) < [26 X15°) 10X
= 15554

Rale = 135% _ o0 5p #2300
o0
so0 T 2C T W [2]

[Total: 10]

© UCLES 2019 9702/42/0/N/19 [Turn over
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4 Aball of mass Mis held on a horizontal surface by two identical extended springs, as illustrated in
Fig. 4.1.

ball
mass M oscillator
fixed / /
pom! \W
7 lb-c
PP
Fig. 4.1

One spring is attached to a fixed point. The other spring is attached to an oscillator.

The oscillator is switched off. The ball

is displaced sideways along the axis
then released. The variation with time ¢

springs and is
of the displacement x of the ball i

in Fig. 4.2,

1.5

T 2 T azm
x{cm ;§€E _____ E-: BENRREEEOn EaamsammEm
RN EELe + ?ﬁfw . e
EEm v . H a . l
N B T T e
054 - + e PN
ixmm E: ! i i ENEEEE ] T
0 :::i.:% n | ] :i | | I
of 0.8 H -\, 15 24—
SRERN - L1 | | 171
05 ' A
ENERE N u !
~1.04HE 5 : g
:ﬁ:% H
-1.5 100 . .

Fig. 4.2
(a) State: <@
” &

(i) whatis mea damping

ICE_S?/\Q(\% ..... et

........................................
.............................................................................

................ 1
(i) the evidence provided by Fig. 4.2 that the motion of the ball is damped

bl o cecliations, Qs At e

..................................................................................................................................... (1]

© UCLES 2019 9702/42/0/M119



11

(b) The acceleration g ang the displacement x of the ball are related by the expression

= (2K
a=—{24)x
where kis the spring constant of one of the springs.

The mass M of the ball is 1.2 kg.

() Use data from Fig. 4.2 to determine the a

ngular frequency w of the oscillations of the
ball.
W=2IL = 2L _ 3 geag
T 08 & " Q

@.. 2 S ralds‘1 [2]
(ii) Use your answer in (|) to determine the@ k. A
1 N ]oc—ﬁLQ\R |
‘aC )t

w5? -~:zr\

P |
’ iqulaﬂ K = 274446

over
© UCLES 2019 9702/42/0/N/H9 [Turn
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illati ilator is constant.
(c) The oscillator is switched on. The amplitude of oscillation of the oscl

i i 0.7wto 1.3w, where @ is
The angular frequency of the oscillations IS gradually increased from

the angular frequency calculated in (b)(i)-

itude A of
(i) On the axes of Fig. 4.3, show the variation with angular frequency of the amplit

oscillation of the ball.

\ Ay |
~» Amplitde & ki
edoémbﬁgftéazu possus A

"Ny nenvichiey.
‘. 0 ; . ' e -39
. 07w 1.0w 1‘30)6@ 0‘050 CMW'IOJPA
| angular frequen . N
\ OI'NQI \h b(l\)’fbg‘):

© UCLES 2019

Wﬂ . ig. 4. . 80 UW Mdﬂ
gy resa - NOY W“f“’fm

an)

(i) Some sand is now sprinkled on the horize rface. MAK

The angular frequency of the oscil@ again gradually increased from 0.7wto 1.3w.

State two changes that occur @!ine you have drawn on Fig. 43. -

W \OURF‘(\Q&A@Q ...................................... F S— ;.

[Total: 10]

} W
twy}?@@mﬁﬂm
o pea s [ower

9702/42/0/N/19



13

5 (a) (i) Statewhatismeant by the specific acoustic impedance of a medium.

pfadudéyo(%ﬁi@f;ﬁm7mmdmm ......
WW% ...............................................................................................................

..................................................................................................................................... 2]

(i) The density of a sample of bone is 1.8gem™ and the speed of ultrasound in the bone is
41%x103ms™.

Calculate the specific acoustic impedance Zg of the sample of bone.

00cm = Im
Qogd of 7 I

¢
; \m* s 10 o

'lcw?’ s 169 b@o

\0°ern” hos 1€ Xi0'g °

)8 X100 KA x10° @47&‘0 .............. kgm=2s~" [1]
€
1.-4 X10 0

6 -
g X10g -

r.: ZB

v

© UCLES 2019 9702/42/0N19 [Turn over
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(b) A parallel beam of ultrasound passes normally through a layer of fat and of muscie, .
illustrated in Fig. 5.1.

fat muscle
- e
beam transmitted beam
of ultrasound of ultrasound
- v ' —_—
R
> ‘ o —_—
| | ]
i 0.45cm ! 21cm !

Fig. 5.1 (not to scale)

The fat has thickness 0.45cm and the muscle has thickness 6@

L/
Data for fat and for muscle are given in Fig. 5.2.

enuation (absorption)
coefficient u/cm™!

specific acoustic impedance
Z/108kgm—2s~1

fat 1.3 o
muscle 1.7 g
0 Fig. 5.2

icient o at a boundary between two media of specific acoustic
iven by the expression

0.24
0.23

The intensity refle
impedances Z, a

S 4

. S
g

*

(22 - 21)2
(Z,+Z,)?

a=

Calculate the fraction of the intensity of the ultrasound that is transmitted through the
boundary between the fat and the muscle.

s ) = 0t R0 O€
= T
ciotensiy Refete (17 ¥ )

dpusmiteck =

[ 008

fraction transmitted = ..o Do [1]

© UCLES 2019 9702/42/0/N/19
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(c) (i) Statewhatis meant by attenuation of an ultrasound wave.

(ii) Data for linear attenuation coefficients are given in Fig. 5.2.

Determine the ratio

intensity of ultrasound transmitted through the medium

intensity of ultrasound entering the medium

for:
1. the layer of fat of thickness 0.45cm e
. - % ' Vel sIaM
patio= & by ot iS
~ 024 X0 95 :
€ 3 faho

; 0 -ga%-6 so{

& 0-90

2. the layer of muscle of thickn

" x 2\
_wil a
T R
- 6164
,ﬁ“!.‘ 0-61
A
ratio = ..{4.. : 62 ..............................................
[3]

(d) Use your answers in (b) and (c)(ii) to determine the fraq@_@l@g\gﬂy entering the layer
of fat that is transmitted through the layer of muscle.

pskr gpf) =t |
0 g% 0-€4¢x 6 614

= 05414
& 054
fraction transmitted = 0’54 ....................................... [1]
[Total: 10]
9702/42/0/N/H9 [Turn over
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6 The variation with time of the displacement of an amplitude-modulated (AM) wave is shown in

Fig. 6.1.

signal

iz Y | ﬂ

U
ol [ [l [{20]] {30] [ |40]] [s0]] |60 Jo go| | le0|| |00

time/us

Fig. 6.1

. The sinusoidal information signal has frequency 10kHz@ SQDO\X wow . . .
in da Smm CartfRl ooV
(a) Determine the frequency of the carrier wave 15 9 Jon

e='r o= Voxg© Q
' x10° Hz

Q 5 ,
0 frequency = "?/X\D ............................... Hz [1]
(b) On the axes of etch the frequency spectrum of the modulated wave.
*$
Tse »
signal
intensity HHHH H -
1 AR ] ] - ,F:
.
0 : 0 —>
190 200 A frequency/kHz
Fig. 6.2
— (3]
powi 'FCMW woue = 2DRHE
‘f 3 & [Total: 4]
= lO Z
v t *Fs mOdulai?
& v C sighod
9702/42/0/N/19 toowe

© UCLES 2019
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7 Describe the principles of computed tomography (CT) scanning.

*. 000 of...coch.. Sehon. QN0 2D
+_JMages...awu..of._many. Sections. ond. CoMbindh...............

T

® UCLES 2019 9702/42/0/N/19 [Turn over
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8  Tlectrons enter a rectangular slice PQRSEFGH of a semiconductor material at right-angles 1,
face PQFE, as shown in Fig. 8.1.
magnetic field
flux density B

direction of
incident electrons

A uniform magnetic field of flux density Bj

(@) The electrons each have charge rift speed vin the slice.

State the magnitude and theddiregtion of the force due to the magnetic field on each electron
_ as it enters the slice. 0 - :

given. by Bau..£ Heclintetion

............................................................................................................. [2]
(b) The force on the electrons causes a voltage Vj, to be established across the semiconductor
slice given by the expression
V, = BL
ntq

where I is the current in the slice. k‘ ‘c\bﬂj—}“-&\f/ ol UO&HS—Q %m‘k\

(i) State the two faces between which the voltage V,, is established.

face ...... PBHE ............. and face ...\ EG‘F’ ............. (1]

(if) Use letters from Fig. 8.1 to identify the distance t.

2 thichnes PE

© UCLES 2019 9702/42/0/MNN9



100 ey =\

3
UOD)3 \m P
) * =10° M)
(c Aluminium ($7Al) h ) L
8 as a density of 2.7 cm~3. Assume that there is o f lect :
1o carry charge per afom of aluminiumg ®onelree electron available

() Show that the number of charge carriers per unit volume in aluminium is 6.0 x 10%8m=3,

bRy of (rplee = 23 01 mo\
XF
Wnber of - antictes (change Capsirs) = Priagadho CONStut x roks
10°X 6‘052)(1023 = §.02 x10°%

28 2
¥ 600 x10 @
(i) Asample of aluminium foil has a thickness of 0.090mm. The currer@we foil is 4.6A.

A uniform magnetic field of flux density 0.15T acts at right-a e foil.

®
Use the value in (i) to calculate the voltage V, that is g(&led.
> 46 _ 0 Note :
Vuz 015X o 4 =€ [cmﬂo_(\mf)
-3 . . e
 6-00Xi0% 0-090X10 X107 = 16xi7'%)
= .agexw T, |
X g0y o“‘ga |
o | - _,
' Q Vo= o0 X N0 V2]
* ) [Total: 8]

© UCLES 2019 9702/42/0INN8 [Turn over
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¢ {a) Define what is meant by electric potential at point.

\,Uo&‘\ﬂdcmwmvlo{mg@ ...... .ivmﬂ/uea,w ....................
Mjﬁu.&...maﬂ.ge,m. / amumﬁﬂ@iﬁ ...... ok /M/nj ................

..........................
..........................................................................

(b) Inan a-particle scattering experiment, a-parti

illustrated in Fig. 9.1.
gold film

beam of
a-particles

\4

Fig. 9.1 d
The apparatus is in a vacuum. $

The gold-197 ('95Au) nuclei in the fil @ nsidered to be fixed point charges.

The a-particles emitted from the sa ch have an energy of 4.8MeV.

Calculate: . Q . o
(i) the initial ki eti @K, J, of an a-particle emitted from the source

14
49x10° \-6x\o‘

g 62X |
NI X0

© UCLES 2019 9702/42/0/N/19
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(i) the distance d of closest approach of an a-particle to a gold nucleus.

Ep = Q\Qz, 9= L fanbale = 2ev
4ﬂgodt B2 gpbéuus FeV
%6 XI0 - (2 X3) x (- ex\D'q )

ANX 8856 2y d

4
d = .2x16x\DH><"4Q)t\b"l0
AN X2 85X 107" x % 69)(\0
= 4-M35 xlo“*

[Total: 8]

® UCLES 2019 9702/42/0/NI9 [Turn over
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conduction
band

forbidden
band

valence
band

Fig. 10.1 q
. ‘ 3
Use band theory to explain why the resistance of al c
decreases as it

semiconductor material
s temperature increases.

Janet. € Cin4ne ... 4 a_hole 76025, ..
. QI g ) ;

QW P 5. ... Mutlbin. %mwg,e

Lannels.. . ) ma/pchwgzmﬁaw%m@k
QNS ABSTY.  SedStzve....0 BRSO

[Turn over
9702/42/0/NH9
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(b) A comparator circuit incorporating an ideal operational amplifier (op-amp) is shown i,
Fig. 10.2.

+3.0Vo .

+5V w5V
\Jo\\ﬂqg_:r‘\dﬁon
1.50kQ Ry N \ | ‘D\“de“
e '/ b
L\

VOUT
1.20kQ 1.76kQ

= I

Fig. 10.2 *\

The variation with temperature 6 of the resist Qf the thermistor is shown in Fig. 10.3.

351 HaT T 1 ?
2 u ; ! LANEE H i -
; |
3.0 : . ;
N
R, /kQ X
S
“® HH
e SERRNNNS :T‘:ﬂtf
"" N j;r "H B
2.0 iﬁ::j_:i_f;_
i3 T
1.0+
¢ 6/°C
Fig. 10.3
4702/42/0N19
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(i) Determine the tem

on or off perature at which the light-emitting diode (LED) in Fig. 10.2 switches
U= V7
R+ _ 150
. 72¢ 1420
Ry = LSOXI36 _ q.2/552
T 120
22051 T KU
temperature = 14 ............................................ °C [4]

in (i) for the LED to emit light.

iﬁfZEﬂﬁ?mMmew

(ii) State and explain whether the thermistor is above or below the temEerature calculated

.
feasssssssasciensnnasinannrnn
sessssrrssinssrnanes

[Total: 11]

© UCLES 2019 9702/42/0/NN9 [Turn over
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11 (a) State Faraday’s law of electromagnetic induction.

Indiked EHE o Jmoporhoned... 20, 400 falL. Gfe...............
R T e O TIE U o R —

solenoid S

© UCLES 2019 9702/42/0/MN/19
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e coil C has a ci ‘ i
Th a circular cross-section of diameter 3.6 x 10-?m and contains 63 turns of wire.

B=9.4x10"]
where [ is the current, in ampere, in the solenoid S.

The variation with time ¢ of the current I in solenoid S is shown in Fig. 11.2.

-

o T T
2 0% - FHHHH '_t raae f*ijjf:tﬁ THHE l,

<
g
I
|
I
I
\
[
i—w
HRERE

| ‘ | =
s Y AN i
(f;;ﬁ“jm R ¢/ ¥ o BEER T
| f f2 £ s e shSnmRre
T time -1
S N A

[ 1

Fig. 11.'3)2
(i) thereisno electromotlve force ( |nduced in coil C.

Qh ............................. and time "L} ........................ (1]
Q& maximum but W|th opposite polarities.

time 'Er‘«'/ ......... andtime ...5... e

7
7
j
H_
ﬁ
N

State two times at which:

(ii) the induced e.m.

*

(c) The alte’rﬁalﬁg cu he solenoid S in (b) is replaced by a constant current of 5.0A.

Calculate the average e.m.f. induced in coil C when the cur[gent in solenoid S is r‘gversed ina
time of 6.0ms. (_‘j\ —B—
AR = NAD  _63X% Q.4 x10 % 5% X0 8X10° ) x%
AL 8X1073 o«
oSt o - p-l60OV o
sl BPvN\ =0 s 02
omit.induced= . OO V (3]
[Total: 7]
9702/42/0/N/19 [Tl..ll‘rl over
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12 Radon-222 (%2Ra) is a radioactive gas that decays randomly with a decay constant of
7.55 x 1073 hour™.

(a) State what is meant by:

(i) random decay

Oy XS, OPIRKE ARG

...........................................................................................................................................

(b) The activity of radon gas in a sample of 4.80 x 10-m® of air taken 1;0"#1"5 building is 0.600Bq.
There are 2.52 x 10%° air molecules in a volume of 1.00 m?”of air.

Calculate, for 1.00m3 of the air, the ratio N

number of air molecules
number of radon atoms

Ackvity For A-g?o mQ‘ - 8600 ko =
Aoﬁd@ for

Q - | as2x107
) 50602 B4 4

) yexiv 4.928 X0

o | A= 2N & a2x0'"

S 4

A= 5% 107

v 3 ,\22_)&:?3'6—@
- ,5 N
= IDXI0 per et T3.5EX0

3600 ~ 64 602649

[Total: 8]
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