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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=3.00x108ms™’
Uy = 4m x 107"Hm™"

£, = 8.85 x 10712Fm~"

1
4ne,

e=160x10"""C

( =8.99 x 10°mF1)

h=6.63x10"3Js

1u =1.66 x 1027kg

— -3
m, =9.11 x 107"kg 0
m, = 1.67 x 10-2"kg
®
R =8.31JK''mo

\

N, = 6.02 v
3JK-1

x 1071"Nm2kg=2

2
i
Q

9702/41/M/J/I18

Past Papers Page 2



Formulae

w
]
=
=%
+
P =
o]
—
4+

uniformly accelerated motion
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work done on/by a gas W = pAV
gravitational potential P =-—
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 0 I = Anvg
resistors in series 0 R=R+R,+...

resistors in parall 1R =1/R; +1/R, +. ..

Hall voltage b= %
alﬁe‘rm‘g cu X = X, sin wt
.

radioactive decay X = X exp(=At)

decay constant A= 0.?‘93
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Answer all the questions in the spaces provided.

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

(b) A distant star is orbited by several planets. Each planet has a circular orbit with a different
radius.

(i) Each planet orbits at constant speed.
Explain whether the planets are in equilibrium.

2.6 x 10"

ship between R and T is given by the expression

A 2 R3 = kT2,
*
© UCLES 2018 9702/41/MJM1 8
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1. Show that the constant k is given by the expression

_GM
42

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

quMl}roJ('w&Q jqﬂtf« = C%Hi‘;@(tmo—f;ice/

R> K,
G’l :VL

GM
R
&M =47RT L R e

3]

2. Use data from Fig. 1.1 for the three plane xe expression for k to calculate the
mass M of the star.

Q’l-s‘amdo 2 §;(m >

4 10!

Slnee I < J@ o0 <47 -M
é GG_UQLO G
Q 2 e QX0

kg [3]
[Total: 9]
o2
*
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2 A metal plate is made to vibrate vertically by means of an oscillator, as shown in Fig. 2.1.

direction of
oscillations

| oscillator

Fig. 2.1
Some sand is sprinkled on to the plate.

The variation with displacement y of the acceleration a of the sand@e plate is shown in
Fig. 2.2.

5 T ] "V\
\ s l"*“iw
!
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N
-10-81--6 =2 HHONH2HH4H 6 810
—1 N y/mmi]| >
N a=—DK
-2
s N
-3 .-
‘? ! s R " N
L o4 ” | -5
*
Fig. 2.2

(a) (i) Use Fig. 2.2 to show how it can be deduced that the sand is undergoing simple harmonic
motion.

Shaianl line. fvoughovigin cuggecks accelerabion T
o oﬁ\moﬁ\’wo\ﬁﬂacgwtlﬁé\mo‘ menokive dope
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(ii) Calculate the frequency of oscillation of the sand.
5 | wo=2nf
A= -LO" X

5 ‘H = - LO} —6
4 (-2
Lo = 2530474
+ = 22 30476

VALl
frequency = ............... 2’ 0= N Hz [2]

 sandl dyovels cﬂmlrav Aickonce,
(b) The amplitude of oscillation of the plate is gradually increased beyond 8 mm. The frequency
is constant.

At one amplitude, the sand is seen to lose contact with the plate.

-2
For the plate when the sand first loses contact with the pl 2 me
(i) state the position of the plate, ‘\
....................................................... [1]
Uhe @rmi@r fe
2 > €% UAI:Z/V e
KM XK b r .
accelevadion,
amplitude = ...l l 7 ............................... mm [3]
[Total: 8]
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3 (a) (i) State whatis meant by the intern Jenergy of a system.

Oum.ef. Javekic.om \Doi(wh @w&t% ”g melesden ..
\V\TO\V\FXQMW\D%M ...........................................................................................

(ii) Explain why, for an ideal gas, the change in internal energy is directly proportional to the
change in thermodynamic temperature of the gae

__.Ln[;uv\o& wu oW\ \o@ jm 15 D‘V\ 'hw kivd'ic, weyjj

(b) A cylinder of volume 1.8 x 10*cm® contai gas at pressure 6.4 x 105Pa and
temperature 25°C.
Helium gas may be considered to be an id

nsisting of single atoms.

23
hogxeonx0”

NUMDEr = oo e [3]

[Total: 8]
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9
Piezo-electric transducers are used for the generation of ultrasonic waves.

(a) State one other use, apart from in ultrasound, of piezo-electric transducers.

(b) Explain the main principles behind the use of ultrasound to obtain diagnostic information
about internal body structures.

D\hasvunipdsuwbhmm'w ............................................................ { ¢

dleen Lan bowdars ave veceived b

b£|’m{u&ml PulSe, bolle us abouk

IanLow/wij’/rmvsrmff :
....dmkmi.mm....m....a’@%&...9%....é.ﬂ

[Total: 7]
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5 Ageostationary satellite orbits the Earth with a period of 24 hours.
(a) State

(i) the direction of the orbit about the Earth,

frequency = ... e Hz [1]

(b) A signal transmitted from Earth to a satellite has an initial power of W.
The signal power received by the satellite is attenuated by-195dB. . V\LLQ > p“f
gnal p y ¥ %HJ gtﬂ 1S gy
(i) Calculate the signal power received by the satellite. e JCVOWVW'HT < on (pp
. d

V\O-”rd[’) = ,'D[DU (_E/'I*- *\

-1 - loto{a(ﬁ v e

3000

7
(J vower = .. 4RI W3]

M8Wwer in (i), explain why different frequencies are used for the
k in communication with the satellite.

I/\i- 'ﬂ/lwn O‘OLUV\ QLV\‘C &0

[Total: 8]
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6 (a) State whatis meant by electric field strength.

............................................................................................................................................... [1]
(b) An isolated metal sphere A of radius 26cm is positively charged. Sphere A is shown in
Fig. 6.1. I
charged
sphere A

Fig. 6.1

Electrical breakdown (a spark) occurs when the eleCisi strength at the surface of the
sphere exceeds 2.0 x 10*Vm™.

Calculate the maximum charge Q that can be n the sphere.
EFS = | QMo = 1
. e,

T 2
47, % (0:52)

dodal c % - 6-04xt0'C which T 48 so addilion

d/wwaz 15 4&"& 5&

additional charge = ... .88 [2]
[Total: 5]
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7 (a) Explain what is meant by the capacitance of a parallel plate capacitor. 0/
lale, am

..Lhar ..@x../..;).f.)fmE.a,ﬂ.‘..‘.w.h&m...((b u
....pn.ﬁm. wfmlzm{w{val il oron

Fig. 7.

When switch S is at position X, the battery
resistance is connected to capacitor C.
When switch S is at position Y, the

motive force 120V and negligible internal
is discharged through the sensitive ammeter.

The switch vibrates so that it i
position X fifty times each sec

sition X, then moves to position Y and then back to

The current recorded o eteris 4.5pA. 4.0y (0 64

Determine @
(i) the chakg lomb, passing through the ammeter in 1.0s,

l ar(ﬁa = wrm,i/ x Hme
ERCTANE)

charge = ............. 4 (X,D .......................... C 1]

© UCLES 2018 9702/41/M/J/I18
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(ii) the charge on one plate of the capacitor, each time that it is charged,

Tn 105, 4.$x07% ¢ r,»/Fc e fwwg ﬂ,rouik

ammeber, md e switch Gibrali SO Hm
- Jhis means

in 1-06 from charglug o dischargl
a ool 0( f(,m,u,},c 1,05 (o'GC, In a;@ta;omﬁ'm 40
the fivst Hime it pake tonbatlt with x , ik cha/\ﬁe/s to

hosxto™® .
$0 charge = ............. 9 X(D ................................. C[1]

(iii) the capacitance of capacitor C.

ca

ual to that of capacitor C, is now placed in series

0oyl anes

current recorded on the ammeter.

(c) A second capacitor, having a capaci

with C.  som biuned capo

Suggest and z;?Iain the effg

............ Q[2]
[Total: 9]
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8 (a) Negative feedback is often used in amplifiers incorporating an operational amplifier (op-amp).
State
(i) what is meant by negative feedback,

]:VAOHW DFD& u\@ » WMLOIM.E.QJI wiHA e ‘M’)\L}

(b) An ideal op-amp is incorporated into the amplifi

o}
Vour
_L_
Fig. 8.1
&
o (i) e the gain G of the amplifier circuit.
1 w = I‘Hvﬂo’b
- '\“Vl = \JDIAJ%
Rin R a0
6 = —Ram __a4o0
Kin 800 )
G= el l .......................................... [2]
© UCLES 2018 9702/41/MIJI18

Past Papers Page 14



15

(i) Determine the output potential difference V,; for input potential differences V| of

1. -0.10V,
\/ou_L’ = “V"n X %ODJ'L
(30,
| .
Vour = 2 ...................................... v
2. +1.3V.

Mok = — 13 X9400

(iii) The gain of the amplifier shown in Fig. 8.1 is ¢

State one change that can be made to Wi of Fig. 8.1 so that the amplifier circuit
e of the gain decreasing as light intensity

[Total: 9]
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9 A rigid copper wire is held horizontally between the pole pieces of two magnets, as shown in
Fig. 9.1.

copper L ) i 8.5cm i
wire I I
S
direction S
of current > > %\
N ‘
side view Qrp view
Fig. 9.1 ®,

The uniform magnetic flux density Bin the region
is zero outside this region.

The angle between the wire and the directio
The current in the wire is in the direction

(a) By reference to the side view/ T Fi
magnets.

The width of each pole piece is 8.5cm. *
bétweg

, state and explain the direction of the force on the

a&sawﬂ / . Flewat
Ufm O/%ﬂw / V‘j[fw’/

' occerding
ba a/owwwm

rrent in the wire is 5.1A. o wher

I
e # equal to 90°, calculate the force on the ere 2 W )NJL’YLOQ uﬂ&ﬂm
F = BILi g f # s oot
= 37X $ ] % 8
(0D
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(ii) The angle #is changed to 60°.

The length of wire in the magnetic field is ( 8.5 )cm

sin60°

Calculate the force on the wire.
’} . ] -2
F = 5.7XID 5ju60%x S+ | X 8-SXID
Sin6o’

S
147 1% IA =121 %58k

(c) The constant current in the wire is now changed to an alternatin
and root-mean-square (r.m.s.) value 5.1A. T, gfm

s sl Mﬁ-fbwm

900. 3“}) A‘C .

The angle between the wire and the direction of the mag
he force Fon the wire for two

On Fig. 9.2, sketch a graph to show the variation witﬁ'
cycles of the alternating current.
-3
E = 3-TXI0%T-2136X &€
-3 6D
FIN f— mEmmas: H =n =2:3%I10 "N 5o
3 eal it ’|1Af§
LR sam ARa ’ JE ¢
/ 1T , S o [ =p -05%
| \
1 ‘
21
t1f
/ ,'
i
I
01~ -
‘? 0 ’f > \ v-l t/s
\
o \l /
\ Il
f
i |
| I
f
\ L
AN
[Total: 8]
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10 (a) State Faraday’s law of electromagnetic induction.

Tvduced emnd- lﬁﬁew%fv'ﬁf”ﬁwﬂ*" ..... rafe of

(b) A coil of insulated wire is wound on to one end of a ferrous core and connected to a battery,
as shown in Fig. 10.1.

ferrous core

aluminium
ring

coil of
insulated
wire

core.

ed.
e swileh is closed , the qurrent sl fo flow

\omlwmohgfo'ucwmg“%a{mJhacmﬁz

inwoandd e fuoe. nclucts emf v aluminiom v oo lokich
means entfentic wou flovins M*‘AQ“”&*DDQ:Q o.4eld

¢ _eveaked arouvd. e wq widing 4o lenz’s low
)

e (—.e)o\ svound e o Ppotes e {:‘dol orownd ﬂf/mrn'mz(

W[’\'Cb“éw"“\j'tl(afwad 3...“‘”‘ S 4]

[Total: 6]
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11 (a) (i) Explain whatis meant by a photon.

%a\azk%wwjj”fb[eabmo.j nahé ..... MDIMEM ......

(ii) By reference to intensity of light, state one piece of evidence provided by the photoelectric
_effect for a particulate nature of light. -

Tncrearing. inkewsilg hay wo e ea@m'x energI
@Vigckv Lj HC j QF

(b) Some electron energy levels in a solid are illustrated in Fig. 11.1.

n band

]

valence band

o’b

Fig. 11.1
A semiconductor s a very high resistance in darkness.
Light incident nductor material causes its resistance to decrease.

ance of the semiconductor material in dj ﬁerenl light conditions.
rkmwe wwdublﬂtm bwn Igm wl/ucj? tS ol

* MY{—D Lovdub%tﬂ/\ bowd [MVI
M\mewca\oaw& ....... Ahig (9%.‘.%..%.‘.\. ..............
d\WjeWWé5om's¥qnceéecrms@ ......................................
............................................................................................................................................... (5]

[Total: 8]
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12 An X-ray beam is used to produce an image of a model of a thumb.
A parallel beam of X-ray radiation of intensity I, is incident on the model, as illustrated in Fig. 12.1.

b soft tissue
one
1
S )
incident beam o 1.3cm ernerge_rlt beam
intensity I, o -
2.8cm
NG J
Fig. 12.1

Data for the attenuation (absorption) coefficient 1 in bone and in soft t's@e shown in Fig. 12.2.

bone

soft tissue

Fig.

(a) Calculate, in terms of the incident i o of the X-ray beam, the intensity of the beam
after passing through

(i) athickness of 2.8cm of s

mvd’t“éc&“% = 10 .
0.9(%'8)
= ID@
intensity = ............ 00& ............................... I, [2]

© UCLES 2018 9702/41/M/J/I18
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(ii) the bone and soft tissue, as shown in Fig. 12.1.

7 _ ioe/(—o-ﬁxz-?,))(ésxl.a)

iNtensity = ..ovvovvveeren Bvbvie ot I,12]
a bouk absorbers of X s - Lf wot abotorlord /then lack

M 10
(b) (i) State whatis meant by the contrast of an X-ray image. }} alsotb wal Hlan rAa ‘kow-(ﬁl@ .‘T;\JM
U

...Dlﬁmm.&@.....‘m....bl.q.gk!zzsﬁwa_..d@%%@% ...... befwega sfructures

.................................................................................. :z tenerreneenieereeneenneeennees[2]
®
(ii) By reference to your answers in (a), suggest \(& e X-ray image of the model has

good contrast.

..... Ihe. largery. tha diffoadbel b
NN Jhe Vnoc’d haw

......................................................................................................................... 1]
\& [Total: 7]
T T ol o
-
g
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13 (a) State whatis meant by radioactive decay. )
..... 5 mns«sum wbowjunsw'bucfwwﬁ'oﬁw

(b) The variation with time t of the number N of technetium-101 nuclei in a sample of radioactive
material is shown in Fig. 13.1.

10.0

3% N

¥

8.0+

N/107

6.0

30 )
t/min
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(i) Use Fig. 13.1 to determine the activity, in Bg, of the sample of technetium-101 at time
t = 14.0 minutes. Show your working.

A:—)\M whore N 1S po- ® uvd_ac tac!nuc,[‘iv\

tie gample ab ol hime anm
TR IS N
by, Jyxeo
A - /’@&xq.qxﬂ
ly*0

0 A= b s [2]
0Q [Total: 8]
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