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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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mg, = 9.11 x 10731kg

m, = 1,67 x 10‘27kg*\

Q§= 9.81ms=2

¢ = 3.00x108ms~1
Mo = 4 x 10" Hm™
£y = 8.85 x 10712 m~1
= 8.99 x 10°mF-1)
e=1.60x10"19¢C
h= 6.63x10"34ys

Tu= 1.66 x 10™27kg

Cl

R = 8.31JK™!
N, = 6.02 @ol*
k =M. 0-23 K1

B7 x 10"1"Nm?2kg2
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Formulae

uniformly accelerated motion

gravitational potential

hydrostatic pre
pressure of an

simple harmon

work done on/by a gas W = pAV
__Gm
h=-=
ssure p = pgh
. _1Nm
ideal gas =3¢
ic motion a=-w
= v, cos wt

velocity of particle in s.h.m. v
v

Doppler effect

electric potential

capacitors in series 1/

capacitors in parallel

energy of charged capacitor

electric current

resistors in series

. L@
resistors mggrglel
A4

Hall voltage

alternating current/voltage

radioactive decay

decay constant A
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1C, +. ..
@-c1+02+...
QW=%QV

I = Anvq
R=R,+Ry+...
1R = 1R, + 1Ry +. ..
*®
_BI
VH—ntq

X = Xg sin wt

X = Xo exp(=At)
_ 0.693
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Answer all the questions in the spaces provided.
1 (a) Define gravitational potential at a point. tﬁ

ek deng . po. Wil 00055, 70l 4 Jlriti
...... inﬂn@-@a}\o\r\t»

............................................................................................................................................. {2]

(b) TESS is a satellite of mass 360Kkg in a circular orbit about the Earth as shown in Fig. 1.1.

Earth

satellite TESS
radius of Earth

radius of orbit :e
6.4x10°m L/ é
&V 0\
Fig. 1.1 (notto

The radius of the Earth is 6.4 * 108m an ass of the Earth, considered to be a point
mass at its centre, is 6.0 x 1024kg.

(i) Ittakes TESS 13.7 days to o,

Show that the radius of

oofgH - 2nr
r T
LogH o AT
S
2 A
T
| N .
S :J TLG‘H _ a?.-'J-)ai;;fgco)x i b OX10
3 .
= (3]

= pPBIsE e 240 H636 2 Z'4Xf08n\
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(if) Calculate the change in gravitational potential energy between TESS in orbit and TESS
on a launch pad on the surface of the Earth.

GPE= —Ghm = —6-6% xlo7!! % cox 107 84

(M:Pr? : 2-AXI05, = ~6003 cooee
= -‘G'Hf\'\__ ] = s
— = ~ obTX0 x 6- = (D
Csunface r © X 6-0X10 X360 _ _ >, .
) PR 2251125410

AGRE= = 6XI07 ~(~ 2.3 x10")
= 224X O‘O
change in gravitational potential energy = ... 7.0 AL 0@ ..................... J [3]

(iii) Use the information in (b)(i) to calculate the ratio:

gravitational field strength on surface 6f :
gravitational field strength at location of orbit

5= O Jail ‘o E o aneD ©
r Z T =
—"& (6-4x10%) >
(J@ /406 .25

QQ ratio = /4 ................................................ [2]
Q [Total: 10]
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6

A large container of volume 85m3 is filled with 110kg of an ideal gas. The pressure of the gas is
1.0 x 105Pa at temperature T.

The mass of 1.0 mol of the gas is 32g.
(a) Show that the temperature T of the gas is approximately 300K.

V= -
pV=nRl n= llo;(zt’ooo_ 34375
0 XJDSX g5 = 343%F.5 X ¢.3( x

T= | OXlng_s
34375 x8.3)

= 2975

[3]
(b) The temperature of the gas is increased to 35 stant volume. The specific heat
capacity of the gas for this change is 0.66J

kg™
Calculate the energy supplied to the gas by :
E=mc AT 0
= 100 Q&o

= 36
(24

&
Q energy = 36&9 ........................................ J [2]

t of the gas molecules causes pressure in the container.

(c) E)‘Mh
As Re. AMAlLES.. Colilt. dut Al of. Hho. anteeads..
ﬂé)?!#t&é/ mdaczs/cﬁw L. A W .. 022 Tl 2.
Ao, 00, .. A0 17 b Ll Sfe Ak oM.

9%4%7@ rm%m ALl & /t@wdmw,w

L. fraesculzL.... ol L rasiied. =..... e /doa)..h hygttaer
the. 4 Wm ..... . Al GFRTS...... MoK .
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(d) The temperature of a gas depends on the root-mean-square (r.m.s.) speed of its molacules.

Calculate the ratio:

r.m.s. speed of gas molecules at 350K
r.m.s. speed of gas molecules at 300K

2 2
TOQW T?J’o = @ = lBG
TQ_?OO 390.2‘

<
0@‘)
o@ﬁa I Y - W mtal 1[::)1]
2
Q”Q

Q.’

MR 2

*
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//' 3 (a) Abody undergoes simple harmonic motion.
/ e
/ The variation with displacement x of its velocity v is shown in Fig. 3.1.
/
/
r110.4 5
v/ims-1HE =
| —# 0.3 NG
i H X
0.2
(|
i@
[
0.1 L}
|
é o
-0.06 -0.04 -0.02 10 0.02 0.04 £0.06
, .
~0.1 xm
| I L I
|1 I R
UR B
_02 5
NN 14
N 11 A
N T A
™ -0.3 .
[N
1111
N TTTTl
Fig. 3.1

(i) State the amplitude x, of the o@ons.
(ii) Calculate the perigﬁ oscillations.

_ 04z Wl
T p-05 T
T 2t
L T= 2% 005 e
042

=0.449
&/0‘1’5 [254&>

reD S s [3]

(ili) On Fig. 3.1, label with a P a point where the body has maximum potential energy.  [1]

at exteme
atamhipce .
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(b) Abar magnet is suspended from the free end of a spring, as shown in Fig. 3.2

spring

magnet\
coil\

1+~

Fig. 3.2

One pole of the magnet is situated in a coil of wire. The coil

is. conneeted in series with a
switch and a resistor. The switch is open.

The magnet is displaced vertically and then released. The ‘tmagnet oscillates with simple

harmonic motion.

(i) The switch is no se;. Explain why the oscillations of the magnet are damped.
Asqebsutthn. is...closal...a. COVE ... Msiﬁbﬂqﬂw

mzm...a.....m.ag/xmbi@.ﬁ.elgt...eo ..... L2, Wduced......

N0 Now. e, Q... 2. IR Ao sfue..cnd
$.the. gk ). ey for0s. o 40....
ook (A 0. S84y cunnead. hostk. 1. 0152...

KO’Dt)é(\JQ'\L@ZS\S:\OFﬂ&Q@ ......................................................... o
[Total: 10]
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,/ 4 (a) (i) Explain why ultrasound used in medical diagnosis is emitted in pulses.

L .5 s alloulstho. coomited &, sulladtad, S e, o
ok %@mmo!q O o M0do... 1S e,

d;ls:':l‘...

lUtns@eynel. udod ... Whin.. Ve s euwelnes. ...
.S W 7). zzzm ﬁmfﬁ..ﬂ

A 1.
Qlednic.. O’ug ......... o

e tbf&(ﬂ Ll .....

ma;Q

vlbﬂaﬁbcvﬂs cibd. i EHE A N et s

(b) The spemf acoustic |mpedances Z of some media are glven in Table 4.1.

© UCLES 2020

Table 4.1
media Zfkgmi2s!
air {3 <102
gel " 1.5x 108
soft ti 1.6 %108

(21 - 22)2

a= T Lo\
(Z,+2,)
ree S|gnlf icant figures, the fraction of the ultrasound intensity that is

@ F
Calculate,
reﬂ:%ted

ndary befween air and soft tissue.

4., Tp

9702/42/FIM/20

(i) The specific acousti ces of two media are Z, and Z,. The intensity reflection
coefficient a for ry of these two media is given by:



/
4
/
Jlr
/ 1
4 (ii) Use your value in (b)(i) to explain i i
3 why gel i i i
;I ultrasound o p y gel is applied to the surface of the skin during an
'\MQ?& ngm ..... M@Mim ........
, @ [Total: 8]
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/ 5 (a) State two advantages of the transmission of data in digital form, rather than analogue form.

1 SigoAL...can. b SAGenu IR .. oY, Jaflg. TS
/i TR oo

/ 2. gwé&mmf\mg@f\@@ ..............................................................

(b) Optic fibres are used for the transmission of data.

(i) A signal in an optic fibre is carried by an electromagnetic wave of frequency
1.36 x 10'4Hz. The speed of the wave in the fibre is 2.07 x 103m§@?

For this electromagnetic wave, determine the ratio: @

wavelength in free space
wavelength in fibre

?QQ ratio = ..oveeene.. [ o S (2]

ength of the signal in the fibre is 0.40dB km~1. The input power

(ii) The attenuati
put power is 0.060 mW.

of the fibre. P
" 0-40X L = [Olag (7%:;

0-4D L = [0leg g%%oj@% z
; 04 = 13-97

| SoL= 3494

|
[Total: 7]
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6 Two positively charged identical metal spheres A and B have their centres separated by a distance
of 24cm, as shown in Fig. 6.1.

» 24cm '

Y

sphere A sphere B

Fig. 6.1 (not to scale)

The variation with distance x from the centre of A of the electric field strength E due to the two
spheres, along the line joining their centres, is represented in Fig. 6.2.

9

8
E/10*NC

o 92 468 1012 - 14161

|

© UCLES 2020 9702/42/FIM/20
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(b) The charge on sphere Ais 3.6 x 107°C. Determine the charge Qg on sphere B.

Assume that spheres A and B can be treated as point charges at their centres.

16
Feghic Feld Strorg ot Ag BC fzﬁg;txacfmﬂ &

Explain your working.

o Ep Ep = ©
Qe > %:?Cm

Qs _ QD 4\1ger™ ) -0
AMe5n am’ﬁ 9y =3-6X10 x 008" 7X00
3‘6X\0-C: QL 0-16°

cwr (08 o
( Qg = wvueers "o yo* AT C [3]
(¢) (i) Sphere Bis removed.

Use information from (b) to determine the ele

v= 0k

= AN
7 150
% 1600
lectric potential = [ OO ..................................... V [2]
(ii) Calculate t itance of sphere A. .43/
c=9 = 3-6X10 _ 2-2254
»»’?,) v 1568 141 F 759
g ~2
({/\/ 2 r i X/O

-2
capacitance = .......... Q‘ _/ZX[O .................... F [2]
[Total: 8]
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On Fig. 7.1, sketch the temperature characteristi
c of a negative t
thermistor. Label the axes with quantity and unit. SR mRerEits coeficent (n£)

T

™"
- m\\mmal (&

pesistane /b '
Fig. 7.1

¥ -
(b) Ann.t.c. thermistor and a resistor are connected as showw'

<

O
1 &
>

Fig. 7.2

The temperat hermlstor is increased.

Sm:e and change, if any, to the reading on the voltmeter.
Lhete INRGSES.o AL [25iSaACR. £ D Nt
oo RN, aA 15 o portenicel. GO e

Ulowt Mmo«dxpj . 18, Yol tnoa 8. 1neRaLs. 2
WV{‘%IA‘M 2 & In b fixel wsists)
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/ (¢) The variation W'Ilh the fractional change in length Ax/x of the fractional change in resistance
ARIR for a strain gauge is shown in Fig. 7.3.
/
3 10
/ ARIR as
'
i‘! 10-2 8
/
Il. 6 A
/ it
V.
2 v f
0
0 05 1.0

' 15 20 25 3.0 e
, AXIx
x 1072 q
? .
Fig. 7.3 (\

The unstrained resistance of the gauge is 120 Q.@te the new resistance of the gauge
when it is extended to a strain of 0.020.

A = O
g

0-@40

M. = & =B N0 X120

-

4
R = |20 (O |
— AB20-8 T 3OS (R

r

resistance = \5@ ...................................... Q [3]
[Total: 7]
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(@) Explain what is meant by a magnetic field.

/. A \cw\ ROV WV V1 N .= 4 1OV wx9
We;nces ....... K. 11

8

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

(b) The apparatus shown in Fig. 8.1 is used in an experiment to find the magnetic flux density B

between the poles of a horseshoe magnet. Assume the magnetic field is uniform between the
poles of the magnet and zero elsewhere.

Rorseshoe

metal rod

balance pan

Fig. 8.1

The rigid metal rod,a ,@ %0 mm is fixed in position perpendicular to the direction of the
magnetic field. THe poles of the magnet are both 45mm long. There is a current in the rod

that causes a force on the rod. The balance is used to determine the magnitude of the force.

The vafiati curr;e’nt I of the force F on the rod is shown in Fig. 8.2
¢
«;@

4

© UCLES 2020
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10.0
,/
8.0 pd
y /l
/ F/mN
6.0
/
/ £
4.0 2
/l'l
2.0
A
0 AR AN AW
0 1.0 20/ 3 B 4.0 5.0
QY
Fig.8.2 )

Calculate the magnetic flux density E

e
2.2 X 45 X10

© UCLES 2020 9702/42/F/IM/20 [Turn over
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(c) In a different experiment, electrons are accelerated through a potential difference and then
enter a region of magnetic field. The magnetic field is into the plane of the paper and is
perpendicular to the direction of travel of the electrons, as illustrated in Fig. 8.3.

region of magnetic
field into the plane of
the paper

Y

electron beam

Fig. 8.3

(i) Explain why the electrons follow a circular path when inside jon of the magnetic
field.

B A Bncs...8. \I@loc»g...ﬁ ......... bhen)ah WWMM%
e £te Casen Ao MG GRS In. 4. c2een.

(i) State the measurements needed@a;o determine the charge to mass ratio, e/m,, of
an electron.

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

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

[Total: 8]

9702/42/FIM/20
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9 (a) The outputof a power supply is represented by: (,Jt
V =9.0sin20t \JHM;\I%Q "
' T
where Vis the potential difference in volts and t is the time in seconds.
/ Determine, for the output of the supply:

(i) the root-mean-square (r.m.s.) voltage, V, .

A _ 62V

¥ .6

ems = e Bl @ ................. V [1]

(i) the period T. @
W =20 w=2IF w=.2

T= 2t = 2L &
) 552 R s 2]

(b) The variations with time t of the output ci@ference V from two different power supplies
VO

are shown in Fig. 9.1 and Fig. 9.2.

Fig. 9.2

The graphs are drawn to the same scale.

State and explain whether the same power would be dissipated in a 1.0Q resistor connected
to each power supply.

...... Moaammmmswuoucgm,
W e difoc. e auen.. Sl e,

.............................................................................................................................................
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(c) ()

(i)

© UCLES 2020
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Thgoﬂxlwer supply in (a) is connected to a transformer. The input power to the transformer
is i

The secondary coil is connected to a resistor. The r.m.s. voltage across the resistor is
120V. The r.m.s. current in the secondary coil is 0.64A.

Calculate the efficiency of the transformer.

ower constewd 0 \00/. off -

- Q0= — 7681w
Pin Secovrdovey = 0 64 X120

g0 ~ &
efficiency = ........ { / ................................ [3]

State one reason why the transformer is not 10(@ient.

..... hootk. ...

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

9702/42/FIM/20




23

10 (a) By reference to the photoelectric effect, explain what is meant by work function energy.

e RO, ANMBUNK. GF. 02IGH. JOGUHIE. e

(b) In an experiment, electromagnetic radiation of frequency fis incident on a metal surface.

The results in Fig. 10.1 show the variation with frequency f of the maximum kinetic energy
Eyax Of electrons emitted from the surface.

1.4
Epax /107104

1.2 o

1.0

0.8 i

0.6 -

0.4 .

0.2 d

0 1
5.0 6.0 6.5 7.0 7.5

f/1014Hz

Q@ Fig. 10.1
(i) Determine/the wor unction energy in J of the metal used in the experiment.

0?" (‘\’“\ﬁlﬂ@bmf EF-’/%@' 3.6!)( \0’ 1%
g 4% T a5 -7
E 5 K 10 work function energy = 3'6)(10 .......................... J [2]

© UCLES 2020 9702/42/F/M/20 [Turn over




24
(ii) The work function energy in eV for some metals is given in Table 10.1.

Table 10.1

metal work function/eV

tungsten 4.49
magnesium 3.68
potassium 2.26

/’ Determine the metal used in the experiment. Show your worin?(g.
(e sley 2 2.gqipMs = W - o 26eV
U6X1p™"

(c) The intensity of the electromagnetic radiation for one pa

State and explain the change, if any, in:

(ii) the rate of emission of ph

Antfeases..

ML

*

© UCLES 2020 9702/42/FIM/20
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41 Electrons are accelerated through a potential difference of 100kV. They are then incident on a
metal target, they decelerate, and X-ray photons are emitted.

(a) Calculate the maximum possible frequency of the emitted X-ray photons.

&e Nnoten = U 19
LRl o mami0
: =19 100 XIOT T 1q
1% &: 1 62’23 ;(('L__jqfrequency= ...... °24X‘0 ......................... Hz [2]

(b) Explain why an aluminium filter may be placed in the X-ray beam when producing an X-ray

image of a patient.
\aa.. Bleee oo nlaced. to... ke

(c) The linear attenuation (absorption) coefﬂcienté.y for X-rays in bone, blood and muscle are
given in Table 11.1. :

T
ulem™1
3.0
blood 0.23
muscle 0.22
2
(i A beéﬁi’of t -rays is incident on a person.

Calculate the percentage of the intensity of the X-ray beam that has been absorbed after
passing through 0.80 cm of blood.

e
To
. @23X08 — 0552 |
=c?® R :gygg./_mfabﬁw}zécQ

o jpo B8 =TT Sl o

percentage of intensity absorbed = ......... ..o % [2)

© UCLES 2020 9702/42/FIM/20 [Turn over
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(ii) In an X-ray image, white regions show greater absorption of X-rays than dark regions.

State land explain the difference between the X-ray image of bone compared to that of
muscle.

oS seon o e liant Adan. Puseds..
00 K DRSO MG, ahs@ibhion. Wede (50.....

[Total: 9]

© UCLES 2020 9702/42/F/IM/20




/
/

27

12 (a) Explain what is meant by the binding energy of a nucleus.

M fs. o

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

(b) The following nuclear reaction takes place:
25y + in —> 'dCs + BRb + ygn

(i) Determine the values of x and y.
= 3.7

12755 = 3% 8T
(2289-(144 +90)=T  ,- 2. &k S

(ii) State the name of this type of nuclear reaction.

..... e NP N

(iii) Compare the binding energy per nucleon of uranium-235 with the binding energy per
nucleon of caesium-144.

B Vtanison. Dag... @60, . .. OLE@S AL ...

gy fon. serloupiieia. il b coyiclod O
Reng 20l Por Srnpilp/ Vet S buding enesgy,
(c) Yttrium-9 , a

A sample initially cons'?@ trium-90.

Calculate the time, in days, when the ratio of the number of yttrium-90 nuclei to the number of
zirconium-90 nuglei would be 2.0.

It Wk ;
decays into zirconiun

o F
The half:life o -90 is 2.7 days.
2 LN
t= 0 3 . \

time = coveveeriienereseeeen L’g ............. days [3]

[Total: 8]
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