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Data
speed of light in free space, c=3.00x 108 ms™"
permeability of free space, Ug = 41 X 107 Hm™!
permittivity of free space, €, =8.85x 10712 Fm™"
( 47150 = 8.99 x 109mF1)
elementary charge, e=160x10"1°C
the Planck constant, h=6.63x103%4Js
unified atomic mass constant, u=1.66x10"2"kg
rest mass of electron, m, =9.11 x 10731 kg
rest mass of proton, mp =1.67 x 10727 kg
molar gas constant, R =8.31 JK'mol™
the Avogadro constant, N, = 6.02 x 1023 mol™"
the Boltzmann constant, k=1.38x 10723 yK!
gravitational constant, G=6.67x10""" Nm?kg
acceleration of free fall, g = 9.81 ms—2
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Section A
Answer all the questions in the spaces provided.

1 (a) Define gravitational potential at a point.

(b) The Moon may be considered to be an isolated sphere of radius 1.74 x 103km with its
mass of 7.35 x 10%2kg concentrated at its centre.

(i) Arock of mass 4.50kg is situated on the surface of the Moon. Show that the change
in gravitational potential energy of the rock in moving it from the Moon’s surface to
infinity is 1.27 x 107 J.

(1]
(ii) The escape speed of the rock is the minimum speed that the rock must be given

when it is on the Moon’s surface so that it can escape to infinity.
Use the answer in (i) to determine the escape speed. Explain your working.

(c) The Moon in (b) is assumed to be isolated in space. The Moon does, in fact, orbit the
Earth.
State and explain whether the minimum speed for the rock to reach the Earth from the
surface of the Moon is different from the escape speed calculated in (b).

© UCLES 2013 9702/41/0/N/13
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2 The product of the pressure p and the volume V of an ideal gas is given by the expression For
1 Examiner’s
pV = §Nm<02> Use
where mis the mass of one molecule of the gas.
(a) State the meaning of the symbol
M N,
.............................................................................................................................. [1]
(i) <c®>
.............................................................................................................................. [1]
(b) The product pVis also given by the expression
pV = NKT.
Deduce an expression, in terms of the Boltzmann constant k and the thermodynamic
temperature T, for the mean kinetic energy of a molecule of the ideal gas.
[2]
(c) A cylinder contains 1.0mol of an ideal gas.
(i) The volume of the cylinder is constant.
Calculate the energy required to raise the temperature of the gas by 1.0 kelvin.
EBNEIJY = ceireeeiieeieeereeeeeeer e e e er e e e e e e eeees J[2]
(ii) The volume of the cylinder is now allowed to increase so that the gas remains at
constant pressure when it is heated.
Explain whether the energy required to raise the temperature of the gas by
1.0 kelvin is now different from your answer in (i).
.............................................................................................................................. [2]
© UCLES 2013
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3 A metal ball is suspended from a fixed point by means of a string, as illustrated in Fig. 3.1.

string\ \

ball Y\

Fig. 3.1

The ball is given a small displacement and then released. The variation with time t of the
displacement x of the ball is shown in Fig. 3.2.

2.0
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1.0 . A
/ \ /
/ \ /
/ /
0 / /
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/
/
/ \ /
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/ AN y4
4 N d
2.0
Fig. 3.2

(@) (i) State two times at which the speed of the ball is a maximum.

(ii) Show that the maximum speed of the ball is approximately 0.08 ms™.

2]
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(b) The variation with displacement x of the potential energy E, of the oscillations of the For

ball is shown in Fig. 3.3. Examiner’s
Use
I 25
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Fig. 3.3

(i) On the axes of Fig. 3.3, sketch a graph to show the variation with displacement x of
the kinetic energy of the ball. 2]

(ii) The amplitude of the oscillations reduces over a long period of time.
After many oscillations, the amplitude of the oscillations is 0.60cm.

Use Fig. 3.3 to determine the total energy of the oscillations of the ball for oscillations
of amplitude 0.60 cm. Explain your working.

BNEIJY = irrreiieeeeeeeeeeee e J [2]

© UCLES 2013 9702/41/0/N/13 [Turn over
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4 An a-particle and a proton are at rest a distance 20um apart in a vacuum, as illustrated in

. For
Fig.4.1. Examiner's
Use
: 20pum :
a-particle P proton
_______________ A
| X |
Fig. 4.1

.............................................................................................................................. [2]
(ii) The a-particle and the proton may be considered to be point charges.
Calculate the electric force between the a-particle and the proton.
fOrCe = o, N [2]
(b) (i) Define electric field strength.
.............................................................................................................................. [2]

© UCLES 2013 9702/41/0/N/13
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(ii) A point P is distance x from the a-particle along the line joining the a-particle to the For
proton (see Fig. 4.1). The variation with distance x of the electric field strength E_ |Examiners

due to the a-particle alone is shown in Fig. 4.2. Use
300 ma
|
\E,,
200 A
electric \
field strength N\
/Vm™ N
100 ™
0 i
( 2 4 8 16 2 14 6
T T X /um-—
L
N
EP ‘\\
-100
—200
-300
Fig. 4.2

The variation with distance x of the electric field strength £, due to the proton alone
is also shown in Fig. 4.2.

1. Explain why the two separate electric fields have opposite signs.

.............................................................................................................................. [2]
2. On Fig. 4.2, sketch the variation with x of the combined electric field due to the
a-particle and the proton for values of x from 4 um to 16 um. [3]

© UCLES 2013 9702/41/0/N/13 [Turn over
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5 (a) Anincomplete diagram for the magnetic flux pattern due to a current-carrying solenoid
is illustrated in Fig. 5.1.

N
%

[ /]
\ N\

L —

L]

/‘A V V V V V V V

A direction
of current

1/

AN N N N N N /

Fig. 5.1

(i) On Fig. 5.1, draw arrows on the field lines to show the direction of the magnetic
field. [1]

(ii) State the feature of Fig. 5.1 that indicates that the magnetic field strength at each
end of the solenoid is less than that at the centre.

(b) A Hall probe is placed near one end of the solenoid in (a), as shown in Fig. 5.2.

YI
to circuit —~_—7= _Hall probe
for Hall probe

Fig. 5.2

The Hall probe is rotated about the axis XY. State and explain why the magnitude of the
Hall voltage varies.

© UCLES 2013 9702/41/0/N/13
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(c) (i) State Faraday’s law of electromagnetic induction. For

Examiner’s
Use

(ii) The Hall probe in (b) is replaced by a small coil of wire connected to a sensitive
voltmeter.
State three different ways in which an e.m.f. may be induced in the coil.

© UCLES 2013 9702/41/0/N/13 [Turn over
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6 A charged particle of mass m and charge —q is travelling through a vacuum at constant For
speed V. Examiner’s

It enters a uniform magnetic field of flux density B. The initial angle between the direction of Use
motion of the particle and the direction of the magnetic field is 90°.

(a) Explain why the path of the particle in the magnetic field is the arc of a circle.

...................................................................................................................................... [3]
(b) The radius of the arcin (a) is r.
Show that the ratio % for the particle is given by the expression
a_v
m  Br’
(1]

(c) The initial speed v of the particle is 2.0 x 10’ms~'. The magnetic flux density B is
2.5 x 107°T.

The radius r of the arc in the magnetic field is 4.5cm.

(i) Use these data to calculate the ratio %

© UCLES 2013 9702/41/0/N/13
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(ii) The path of the negatively-charged particle before it enters the magnetic field is For

shown in Fig. 6.1. Examiner's
Use

magnetic field into

plane of paper \

path of
particle

Fig. 6.1
The direction of the magnetic field is into the plane of the paper.

On Fig. 6.1, sketch the path of the particle in the magnetic field and as it emerges
from the field. 2]

© UCLES 2013 9702/41/0/N/13 [Turn over
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7 Electrons, travelling at speed v in a vacuum, are incident on a very thin carbon film, as

For
illustrated in Fig. 7.1. .
Use
fluorescent
thin carbon screen
film
electron,
speed v
Fig. 7.1

The emergent electrons are incident on a fluorescent screen.
A series of concentric rings is observed on the screen.

(a) Suggest why the observed rings provide evidence for the wave nature of particles.

(b) The initial speed of the electrons is increased. State and explain the effect, if any, on the
radii of the rings observed on the screen.

© UCLES 2013 9702/41/0/N/13
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(c) A proton and an electron are each accelerated from rest through the same potential For
difference. Examiner's
Determine the ratio Use

de Broglie wavelength of the proton
de Broglie wavelength of the electron

© UCLES 2013 9702/41/0/N/13 [Turn over
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8 (a) State whatis meant by nuclear binding energy. For
Examiner’s
------------------------------------------------------------------------------------------------------------------------------------------ Use
...................................................................................................................................... [2]
(b) The variation with nucleon number A of the binding energy per nucleon B¢ is shown in
Fig. 8.1.
A
Be
0 >
0 A

Fig. 8.1

When uranium-235 (233U) absorbs a slow-moving neutron, one possible nuclear
reaction is

235 1 95 139 1 0
@U + on — Mo + 'ZEla + 2)n + 7_3B + energy.

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

.............................................................................................................................. [1]
(ii) On Fig. 8.1, mark the position of

1. the uranium-235 nucleus (label this position U), [1]

2. the molybdenum-95 (23Mo) nucleus (label this position Mo), [1]

3. the lanthanum-139 ('29La) nucleus (label this position La). [1]

© UCLES 2013 9702/41/0/N/13
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The masses of some particles and nuclei are given in Fig. 8.2.

mass/u
B-particle 5.5x 1074
neutron 1.009
proton 1.007
uranium-235 235.123
molybdenum-95 94.945
lanthanum-139 138.955

Fig. 8.2

Calculate, for this reaction,

1.

the change, in u, of the rest mass,

Change iN Mass = .....occcuviiiiiiie e u[2]
the energy released, in MeV, to three significant figures.
ENEIJY = crriiiiiieeiieeieeeeee et MeV [3]

9702/41/0/N/13
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Section B

Answer all the questions in the spaces provided.

9 An electronic sensor may be represented by the block diagram of Fig. 9.1.

sensing processing
device unit
Fig. 9.1

(a) State the function of the processing unit.

output
device

(b) A student designs a sensing unit for temperature change. A 4V supply, a fixed resistor
of resistance 2.5kQ and a thermistor are available. The thermistor has resistance 3.0kQ

at 6°C and resistance 1.8kQ at 20°C.

Complete the circuit diagram of Fig. 9.2 to show how the resistor and the thermistor are
connected to provide an output that is greater than 2V at 6 °C and less than 2V at 20 °C.

Mark clearly the output V5 1.

+4V

Fig. 9.2

(3]
(c) Suggest two uses of a relay as part of an output device.
1 PSSR
2 e et eeeeeeieeeeeeeeieeeeesessteseeeesseeeeesesteeesessstteeseisteteeeiateteeeaateeeeaaarreeeeaareeeeeaarrnees
(2]

© UCLES 2013 9702/41/0/N/13
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10 (a) Explain the main principles behind the use of ultrasound to obtain diagnostic information For

about internal body structures. Examiner's
Use

(b) State and explain one advantage of the use of high frequency ultrasound as compared
with low frequency ultrasound for medical diagnosis.

...................................................................................................................................... [2]
(c) The absorption (attenuation) coefficient for ultrasound in muscle is 23m~.
A parallel beam of ultrasound is passed through a muscle of thickness 6.4cm.
(i) Calculate the ratio
intensity of transmitted beam
intensity of incident beam
ratio = .o [3]

© UCLES 2013 9702/41/0/N/13 [Turn over
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(ii) An ultrasound transmitter emits a pulse. For

Suggest why, when the signal from the pulse is processed, any signal received |Examiners
later at the detector is usually amplified more than that received at an earlier time. Use

© UCLES 2013 9702/41/0/N/13
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11 The variation with time t of the output V produced by a microphone is shown in Fig. 11.1. For

Examiner’s

16 Use

V4
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V/imV \
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>

N
A
\

)

//
4
N\,

N

1041/ 7 .

p4

0 0.25 0.50 0.75 1.00 1.25 1.50
t/ms

Fig. 11.1

The output is processed by a four-bit analogue-to-digital converter (ADC) that samples the
output every 0.25ms.
The first sample is taken at time =0 and is shown in Fig. 11.2.

0110
Fig. 11.2
(@) On Fig. 11.2, underline the most significant bit (MSB) of the sample shown. [1]
(b) Complete Fig. 11.2 for the next five samples. 2]

(c) Explain whether the sampling frequency is adequate to enable detail of the output V to
be reproduced.

© UCLES 2013 9702/41/0/N/13 [Turn over
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12 (a) Suggest why attenuation of a signal in channels of communication is usually measured
on a logarithmic rather than a linear scale.

(b) For a particular channel of communication having low attenuation, the input power is
6.5mW and the attenuation per unit length is 1.8dBkm™.

(i) Suggest the name of this channel of communication.

(ii) Calculate the distance over which the power of the signal is reduced to
1.5 x 10715W.

distance = ..o km [3]

© UCLES 2013 9702/41/0/N/13
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speed of light in free space, c=3.00x 108 ms™"
permeability of free space, Ug = 41 X 107 Hm™!
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4
Section A
Answer all the questions in the spaces provided.

1 (a) Define gravitational potential at a point.

(b) The Moon may be considered to be an isolated sphere of radius 1.74 x 103km with its
mass of 7.35 x 10%2kg concentrated at its centre.

(i) Arock of mass 4.50kg is situated on the surface of the Moon. Show that the change
in gravitational potential energy of the rock in moving it from the Moon’s surface to
infinity is 1.27 x 107 J.

(1]
(ii) The escape speed of the rock is the minimum speed that the rock must be given

when it is on the Moon’s surface so that it can escape to infinity.
Use the answer in (i) to determine the escape speed. Explain your working.

(c) The Moon in (b) is assumed to be isolated in space. The Moon does, in fact, orbit the
Earth.
State and explain whether the minimum speed for the rock to reach the Earth from the
surface of the Moon is different from the escape speed calculated in (b).

© UCLES 2013 9702/42/0/N/13
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2 The product of the pressure p and the volume V of an ideal gas is given by the expression For
1 Examiner’s
pV = §Nm<02> Use
where mis the mass of one molecule of the gas.
(a) State the meaning of the symbol
M N,
.............................................................................................................................. [1]
(i) <c®>
.............................................................................................................................. [1]
(b) The product pVis also given by the expression
pV = NKT.
Deduce an expression, in terms of the Boltzmann constant k and the thermodynamic
temperature T, for the mean kinetic energy of a molecule of the ideal gas.
[2]
(c) A cylinder contains 1.0mol of an ideal gas.
(i) The volume of the cylinder is constant.
Calculate the energy required to raise the temperature of the gas by 1.0 kelvin.
EBNEIJY = ceireeeiieeieeereeeeeeer e e e er e e e e e e eeees J[2]
(ii) The volume of the cylinder is now allowed to increase so that the gas remains at
constant pressure when it is heated.
Explain whether the energy required to raise the temperature of the gas by
1.0 kelvin is now different from your answer in (i).
.............................................................................................................................. [2]
© UCLES 2013
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3 A metal ball is suspended from a fixed point by means of a string, as illustrated in Fig. 3.1.

string\ \

ball Y\

Fig. 3.1

The ball is given a small displacement and then released. The variation with time t of the
displacement x of the ball is shown in Fig. 3.2.

2.0
x/cm y.anN yanN
1.0 . A
/ \ /
/ \ /
/ /
0 / /
0 0.4 0.8 \ 1.2 1.6 2.0
t/s 1
/
/
/
/ \ /
—1.0H-+-+-AHHHH -+t -+ A
/ AN y4
4 N d
2.0
Fig. 3.2

(@) (i) State two times at which the speed of the ball is a maximum.

(ii) Show that the maximum speed of the ball is approximately 0.08 ms™.

2]

© UCLES 2013 9702/42/0/N/13
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(b) The variation with displacement x of the potential energy E, of the oscillations of the For

ball is shown in Fig. 3.3. Examiner’s
Use
I 25
xﬂ\E\ ]/
ANG /
\ /
\ 20 i
\ energy/mJ /
\ /
\ 15 /
\ /
\ 1
\
/
\ /
A y
10
\ /
AY /
N\ /
\ S 7/
N /
NG v.d
=6~
-1.5 -1.0 -0.5 0 0.5 1.0 1.5
x/cm
Fig. 3.3

(i) On the axes of Fig. 3.3, sketch a graph to show the variation with displacement x of
the kinetic energy of the ball. 2]

(ii) The amplitude of the oscillations reduces over a long period of time.
After many oscillations, the amplitude of the oscillations is 0.60cm.

Use Fig. 3.3 to determine the total energy of the oscillations of the ball for oscillations
of amplitude 0.60 cm. Explain your working.

BNEIJY = irrreiieeeeeeeeeeee e J [2]

© UCLES 2013 9702/42/0/N/13 [Turn over
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4 An a-particle and a proton are at rest a distance 20um apart in a vacuum, as illustrated in

. For
Fig.4.1. Examiner's
Use
: 20pum :
a-particle P proton
_______________ A
| X |
Fig. 4.1

.............................................................................................................................. [2]
(ii) The a-particle and the proton may be considered to be point charges.
Calculate the electric force between the a-particle and the proton.
fOrCe = o, N [2]
(b) (i) Define electric field strength.
.............................................................................................................................. [2]

© UCLES 2013 9702/42/0/N/13
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(ii) A point P is distance x from the a-particle along the line joining the a-particle to the For
proton (see Fig. 4.1). The variation with distance x of the electric field strength E_ |Examiners
due to the a-particle alone is shown in Fig. 4.2. Use

=+ ="

300

\(E

Q

200 Y

electric \
field strength
/Vm™ \
100 ™~

pd

I'

~100 .

-200

—-300

Fig. 4.2

The variation with distance x of the electric field strength £, due to the proton alone
is also shown in Fig. 4.2.

1. Explain why the two separate electric fields have opposite signs.

.............................................................................................................................. [2]
2. On Fig. 4.2, sketch the variation with x of the combined electric field due to the
a-particle and the proton for values of x from 4 um to 16 um. [3]

© UCLES 2013 9702/42/0/N/13 [Turn over
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5 (a) Anincomplete diagram for the magnetic flux pattern due to a current-carrying solenoid
is illustrated in Fig. 5.1.

N
%

[ /]
\ N\

L —

L]

/‘A V V V V V V V

A direction
of current

1/

AN N N N N N /

Fig. 5.1

(i) On Fig. 5.1, draw arrows on the field lines to show the direction of the magnetic
field. [1]

(ii) State the feature of Fig. 5.1 that indicates that the magnetic field strength at each
end of the solenoid is less than that at the centre.

(b) A Hall probe is placed near one end of the solenoid in (a), as shown in Fig. 5.2.

YI
to circuit —~_—7= _Hall probe
for Hall probe

Fig. 5.2

The Hall probe is rotated about the axis XY. State and explain why the magnitude of the
Hall voltage varies.

© UCLES 2013 9702/42/0/N/13
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(c) (i) State Faraday’s law of electromagnetic induction. For

Examiner’s
Use

(ii) The Hall probe in (b) is replaced by a small coil of wire connected to a sensitive
voltmeter.
State three different ways in which an e.m.f. may be induced in the coil.

© UCLES 2013 9702/42/0/N/13 [Turn over
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6 A charged particle of mass m and charge —q is travelling through a vacuum at constant For
speed V. Examiner’s

It enters a uniform magnetic field of flux density B. The initial angle between the direction of Use
motion of the particle and the direction of the magnetic field is 90°.

(a) Explain why the path of the particle in the magnetic field is the arc of a circle.

...................................................................................................................................... [3]
(b) The radius of the arcin (a) is r.
Show that the ratio % for the particle is given by the expression
a_v
m  Br’
(1]

(c) The initial speed v of the particle is 2.0 x 10’ms~'. The magnetic flux density B is
2.5 x 107°T.

The radius r of the arc in the magnetic field is 4.5cm.

(i) Use these data to calculate the ratio %

© UCLES 2013 9702/42/0/N/13



13

(ii) The path of the negatively-charged particle before it enters the magnetic field is For

shown in Fig. 6.1. Examiner's
Use

magnetic field into

plane of paper \

path of
particle

Fig. 6.1
The direction of the magnetic field is into the plane of the paper.

On Fig. 6.1, sketch the path of the particle in the magnetic field and as it emerges
from the field. 2]

© UCLES 2013 9702/42/0/N/13 [Turn over
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7 Electrons, travelling at speed v in a vacuum, are incident on a very thin carbon film, as

For
illustrated in Fig. 7.1. .
Use
fluorescent
thin carbon screen
film
electron,
speed v
Fig. 7.1

The emergent electrons are incident on a fluorescent screen.
A series of concentric rings is observed on the screen.

(a) Suggest why the observed rings provide evidence for the wave nature of particles.

(b) The initial speed of the electrons is increased. State and explain the effect, if any, on the
radii of the rings observed on the screen.

© UCLES 2013 9702/42/0/N/13
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(c) A proton and an electron are each accelerated from rest through the same potential For
difference. Examiner's
Determine the ratio Use

de Broglie wavelength of the proton
de Broglie wavelength of the electron

© UCLES 2013 9702/42/0/N/13 [Turn over
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8 (a) State whatis meant by nuclear binding energy. For
Examiner’s
------------------------------------------------------------------------------------------------------------------------------------------ Use
...................................................................................................................................... [2]
(b) The variation with nucleon number A of the binding energy per nucleon B¢ is shown in
Fig. 8.1.
A
Be
0 >
0 A

Fig. 8.1

When uranium-235 (233U) absorbs a slow-moving neutron, one possible nuclear
reaction is

235 1 95 139 1 0
@U + on — Mo + 'ZEla + 2)n + 7_3B + energy.

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

.............................................................................................................................. [1]
(ii) On Fig. 8.1, mark the position of

1. the uranium-235 nucleus (label this position U), [1]

2. the molybdenum-95 (23Mo) nucleus (label this position Mo), [1]

3. the lanthanum-139 ('29La) nucleus (label this position La). [1]

© UCLES 2013 9702/42/0/N/13
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The masses of some particles and nuclei are given in Fig. 8.2.

mass/u
B-particle 5.5x 1074
neutron 1.009
proton 1.007
uranium-235 235.123
molybdenum-95 94.945
lanthanum-139 138.955

Fig. 8.2

Calculate, for this reaction,

1.

the change, in u, of the rest mass,

Change iN Mass = .....occcuviiiiiiie e u[2]
the energy released, in MeV, to three significant figures.
ENEIJY = crriiiiiieeiieeieeeeee et MeV [3]

9702/42/0/N/13

For
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Use
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Section B

Answer all the questions in the spaces provided.

9 An electronic sensor may be represented by the block diagram of Fig. 9.1.

sensing processing
device unit
Fig. 9.1

(a) State the function of the processing unit.

output
device

(b) A student designs a sensing unit for temperature change. A 4V supply, a fixed resistor
of resistance 2.5kQ and a thermistor are available. The thermistor has resistance 3.0kQ

at 6°C and resistance 1.8kQ at 20°C.

Complete the circuit diagram of Fig. 9.2 to show how the resistor and the thermistor are
connected to provide an output that is greater than 2V at 6 °C and less than 2V at 20 °C.

Mark clearly the output V5 1.

+4V

Fig. 9.2

(3]
(c) Suggest two uses of a relay as part of an output device.
1 PSSR
2 e et eeeeeeieeeeeeeeieeeeesessteseeeesseeeeesesteeesessstteeseisteteeeiateteeeaateeeeaaarreeeeaareeeeeaarrnees
(2]

© UCLES 2013 9702/42/0/N/13
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10 (a) Explain the main principles behind the use of ultrasound to obtain diagnostic information For

about internal body structures. Examiner's
Use

(b) State and explain one advantage of the use of high frequency ultrasound as compared
with low frequency ultrasound for medical diagnosis.

...................................................................................................................................... [2]
(c) The absorption (attenuation) coefficient for ultrasound in muscle is 23m~.
A parallel beam of ultrasound is passed through a muscle of thickness 6.4cm.
(i) Calculate the ratio
intensity of transmitted beam
intensity of incident beam
ratio = .o [3]

© UCLES 2013 9702/42/0/N/13 [Turn over
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(ii) An ultrasound transmitter emits a pulse. For

Suggest why, when the signal from the pulse is processed, any signal received |Examiners
later at the detector is usually amplified more than that received at an earlier time. Use

© UCLES 2013 9702/42/0/N/13
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11 The variation with time t of the output V produced by a microphone is shown in Fig. 11.1. For

Examiner’s

16 Use

V4

14 a
V/imV \
12

>

N
A
\

)

//
4
N\,

N

1041/ 7 .

p4

0 0.25 0.50 0.75 1.00 1.25 1.50
t/ms

Fig. 11.1

The output is processed by a four-bit analogue-to-digital converter (ADC) that samples the
output every 0.25ms.
The first sample is taken at time =0 and is shown in Fig. 11.2.

0110
Fig. 11.2
(@) On Fig. 11.2, underline the most significant bit (MSB) of the sample shown. [1]
(b) Complete Fig. 11.2 for the next five samples. 2]

(c) Explain whether the sampling frequency is adequate to enable detail of the output V to
be reproduced.

© UCLES 2013 9702/42/0/N/13 [Turn over
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12 (a) Suggest why attenuation of a signal in channels of communication is usually measured
on a logarithmic rather than a linear scale.

(b) For a particular channel of communication having low attenuation, the input power is
6.5mW and the attenuation per unit length is 1.8dBkm™.

(i) Suggest the name of this channel of communication.

(ii) Calculate the distance over which the power of the signal is reduced to
1.5 x 10715W.

distance = ..o km [3]

© UCLES 2013 9702/42/0/N/13
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Data
speed of light in free space, c=3.00x 108 ms™"
permeability of free space, Ug = 41 X 107 Hm™!
permittivity of free space, €, =8.85x 10712 Fm™"
( 47150 = 8.99 x 109 mF)
elementary charge, e=160x10"1°C
the Planck constant, h=6.63x103%4Js
unified atomic mass constant, u=1.66x10"2"kg
rest mass of electron, m, =9.11 x 10731 kg
rest mass of proton, mp =1.67 x 10727 kg
molar gas constant, R =8.31 JK™'mol™
the Avogadro constant, N, = 6.02 x 1023 mol™"
the Boltzmann constant, k=1.38x 10723 JK!
gravitational constant, G=6.67x10""" Nm?kg
acceleration of free fall, g = 9.81 ms—2
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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.m.,

electric potential,

capacitors in series,
capacitors in parallel,
energy of charged capacitor,
resistors in series,

resistors in parallel,
alternating current/voltage,
radioactive decay,

decay constant,

© UCLES 2013

s = ut+ at?
v2 = u? + 2as
W= pAVvV

- _Gm
r

p = pgh
p=1 N—"/n<02>

a=—w?x

V=V, Ccos ot
v =2V (X2 - x3?)

Q

4n80r

1/C=1/C;+1/C, + ...

C=C,+C,+...
1

W=3s;QV

R=R1+R2+...

1/R = 1/1?1 + 1/R2+ .

X=X, sin wt
X = X,exp(—it)

;= 0.693
t

1
2
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Section A

Answer all the questions in the spaces provided.

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

(b) A star and a planet are isolated in space. The planet orbits the star in a circular orbit of
radius R, as illustrated in Fig. 1.1.

P -~ -7 > ~
~
/ N w
/ lanet®
/ p
/ \
[ star \
| mass M i
R
\ |
\ /
\ /
\ /
\ /
~ -
~ - _ ~
Fig. 1.1

The angular speed of the planet about the star is .
By considering the circular motion of the planet about the star of mass M, show that o
and R are related by the expression

R3w? = GM

where G is the gravitational constant. Explain your working.

[3]

© UCLES 2013 9702/43/0/N/13
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(c) The Earth orbits the Sun in a circular orbit of radius 1.5 x 108km. The mass of the Sun |
is 2.0 x 1030kg. Examiner's

A distant star is found to have a planet that has a circular orbit about the star. The radius Use
of the orbit is 6.0 x 108km and the period of the orbit is 2.0 years.

Use the expression in (b) to calculate the mass of the star.

© UCLES 2013 9702/43/0/N/13 [Turn over
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2 (a) (i) State whatis meant by the internal energy of a system. For

Examiner’s
Use

(ii) Explain why, for an ideal gas, the internal energy is equal to the total kinetic energy
of the molecules of the gas.

(b) The mean kinetic energy <E,> of a molecule of an ideal gas is given by the expression
3
<EK> = EkT
where k is the Boltzmann constant and T is the thermodynamic temperature of the gas.

A cylinder contains 1.0mol of an ideal gas. The gas is heated so that its temperature
changes from 280K to 460K.

(i) Calculate the change in total kinetic energy of the gas molecules.

changeinenergy = .....ccoooiiii J [2]

© UCLES 2013 9702/43/0/N/13
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(i) During the heating, the gas expands, doing 1.5 x 103J of work. For

State the first law of thermodynamics. Use the law and your answer in (i) to |Examiners
determine the total energy supplied to the gas. Use

totalenergy = ..o J [3]

© UCLES 2013 9702/43/0/N/13 [Turn over



3 (a) Define electric potential at a point.

For
Examiner’s
------------------------------------------------------------------------------------------------------------------------------------------ Use
...................................................................................................................................... [2]
(b) Two point charges A and B are separated by a distance of 20nm in a vacuum, as
illustrated in Fig. 3.1.
20nm
| P |
A ¢ T— —————————— [} B
—
X
Fig. 3.1
A point P is a distance x from A along the line AB.
The variation with distance x of the electric potential V, due to charge A alone is shown
in Fig. 3.2.
0.8
potential
7AY ) i
\VA VB77
0.6 3
/
/
. ‘ g
0.4
0.2 R eannanARREE R
0
2 4 6 8 10 12 14 16 18
x/nm
Fig. 3.2

The variation with distance x of the electric potential V; due to charge B alone is also
shown in Fig. 3.2.

© UCLES 2013 9702/43/0/N/13
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(iif)

(iv)

© UCLES 2013

9

State and explain whether the charges A and B are of the same, or opposite, sign.

By reference to Fig. 3.2, state how the combined electric potential due to both
charges may be determined.

Without any calculation, use Fig. 3.2 to estimate the distance x at which the
combined electric potential of the two charges is a minimum.

The point P is a distance x= 10nm from A.
An o-particle has kinetic energy E, when at infinity.

Use Fig. 3.2 to determine the minimum value of E, such that the a-particle may
travel from infinity to point P.

For
Examiner’s
Use
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4 (a) State two functions of capacitors connected in electrical circuits.

For
Examiner’s
8 TR Use
2.

(b) Three capacitors are connected in parallel to a power supply as shown in Fig. 4.1.

—oVo—

[ 1S
| |

[ &2
| |

[ 1S3
| |
Fig. 4.1

The capacitors have capacitances C,, C, and C;. The power supply provides a potential
difference V.

(i) Explain why the charge on the positive plate of each capacitor is different.

(ii) Use your answer in (i) to show that the combined capacitance C of the three
capacitors is given by the expression

C=C,+C,+C,

2]

© UCLES 2013 9702/43/0/N/13
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(c) A student has available three capacitors, each of capacitance 12 uF.

Draw circuit diagrams, one in each case, to show how the student connects the three
capacitors to provide a combined capacitance of

(i) 8uF,

For
Examiner’s
Use

(1]
(i) 18uF

[1]

© UCLES 2013 9702/43/0/N/13 [Turn over
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5 A uniform magnetic field of flux density B makes an angle ¢ with a flat plane PQRS, as | [,
shown in Fig. 5.1. Examiner's

Use
Q

magnetic field
flux density B

Fig. 5.1
The plane PQRS has area A.
(a) State

(i) what is meant by a magnetic field,

(ii) an expression, in terms of A, B and 6, for the magnetic flux @ through the plane
PQRS.

(b) A vertical aluminium window frame DEFG has width 52cm and length 95¢cm, as shown
in Fig. 5.2.

D
\ 95cm
G

hinge

\

hinge

\

/ F
Fig. 5.2
The frame is hinged along the vertical edge DG.
The horizontal component B, of the Earth’s magnetic field is 1.8 x 1075T. For the closed

window, the frame is normal to the horizontal component BH.
The window is opened so that the plane of the window rotates through 90°.

© UCLES 2013 9702/43/0/N/13



(ii)

(c) (i)

(ii)

13

Explain why, when the window is opened, the change in magnetic flux linkage due

F
to the vertical component of the Earth’s magnetic field is zero. Exam(;rrwer’s
Use
.............................................................................................................................. 1]
Calculate, for the window opening through an angle of 90°, the change in magnetic
flux linkage.
change in flux linkage = .......cccccooiiiiii e Wb [2]
State Faraday’s law of electromagnetic induction.
.............................................................................................................................. 2]
The window in (b) is opened in a time of 0.30s.
Use your answer in (b)(ii) to calculate the average e.m.f. induced in the window
frame.
emf = V [1]
(iii) State the sides of the window frame between which the e.m.f. is induced.
between side ............ and side .............. [1]
9702/43/0/N/13 [Turn over

© UCLES 2013



14

6 A particle has mass m and charge +q and is travelling with speed v through a vacuum.
The initial direction of travel is parallel to the plane of two charged horizontal metal plates, as

shown in Fig. 6.1.

+V

metal plate

path of particle

metal plate pe—

Fig. 6.1

The uniform electric field between the plates has magnitude 2.8 x 10*Vm~' and is zero

outside the plates.

The particle passes between the plates and emerges beyond them, as illustrated in Fig. 6.1.

(a) Explain why the path of the particle in the electric field is not an arc of a circle.

(b) A uniform magnetic field is now formed in the region between the metal plates. The
magnetic field strength is adjusted so that the positively charged particle passes

undeviated between the plates, as shown in Fig. 6.2.

+V

path of particle

© UCLES 2013 9702/43/0/N/13
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(i) State and explain the direction of the magnetic field. For

Examiner’s
Use

.............................................................................................................................. [2]
(ii) The particle has speed 4.7 x 10°ms1.
Calculate the magnitude of the magnetic flux density.
Explain your working.
magnetic flux density = ........ccoooriiiiin T [3]

(c) The particle in (b) has mass m, charge +q and speed v.
Without any further calculation, state the effect, if any, on the path of a particle that has

(i) mass m, charge —q and speed v,

.............................................................................................................................. [1]
(ii) mass m, charge +q and speed 2v,

.............................................................................................................................. [1]
(ili) mass 2m, charge +q and speed v.

.............................................................................................................................. [1]

© UCLES 2013 9702/43/0/N/13 [Turn over
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7 (a) By reference to the photoelectric effect, explain

(i) what is meant by work function energy,

(ii) why, even when the incident light is monochromatic, the emitted electrons have a
range of kinetic energy up to a maximum value.

(b) Electromagnetic radiation of frequency f is incident on a metal surface. The variation
with frequency f of the maximum kinetic energy E,,,y of electrons emitted from the
surface is shown in Fig. 7.1.

4
EMA)(/1O_18J
3
2
1
0
0 1 2 3 4 5
f/1015Hz

Fig. 7.1

© UCLES 2013 9702/43/0/N/13
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(i) Use Fig. 7.1 to determine the work function energy of the metal surface. For

Examiner’s
Use

work function energy = .......occcoeeiiiiiii i J [3]

(ii) A second metal has a greater work function energy than that in (i).
On Fig. 7.1, draw a line to show the variation with fof E,,,, for this metal. 2]

(iii) Explain why the graphs in (i) and (ii) do not depend on the intensity of the incident
radiation.

© UCLES 2013 9702/43/0/N/13 [Turn over
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One possible nuclear fission reaction is
2SSU + g)n - 1‘5‘238a + gg Kr + 38n + energy.
Barium-141 (1;15 Ba) and krypton-92 (gé Kr) are both p-emitters.
Barium-141 has a half-life of 18 minutes and a decay constant of 6.4 x 1074s™".
The half-life of krypton-92 is 3.0 seconds.

(a) State what is meant by decay constant.

(b) A mass of 1.2g of uranium-235 undergoes this nuclear reaction in a very short time
(a few nanoseconds).

(i) Calculate the number of barium-141 nuclei that are present immediately after the
reaction has been completed.

(ii) Using your answer in (b)(i), calculate the total activity of the barium-141 and the
krypton-92 a time of 1.0 hours after the fission reaction has taken place.

actiVity = ..o Bq [4]

For
Examiner’s
Use
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Section B

Answer all the questions in the spaces provided.

9 (a) State three properties of an ideal operational amplifier (op-amp).

(b) An amplifier circuit is shown in Fig. 9.1.

10.8kQ2

Vin

1.2kQ

Vout

Fig. 9.1

(i) Calculate the gain of the amplifier circuit.

© UCLES 2013
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(ii) The variation with time t of the input potential V|, is shown in Fig. 9.2. For

Examiner’s
10 Use
potential
A%
5
0 SEEE=E=se i
T VIN
-5
-10
Fig. 9.2

On the axes of Fig. 9.2, show the variation with time t of the output potential V.
(3]

© UCLES 2013 9702/43/0/N/13 [Turn over
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10 Magnetic resonance imaging (MRI) requires the use of a non-uniform magnetic field For
superimposed on a large uniform magnetic field. Examiner's

Use

State and explain the purpose of

(a) the large uniform magnetic field,

© UCLES 2013 9702/43/0/N/13



11 Data may be transmitted in either analogue or digital form.

23

For
Examiner’s

(a) State Use

(i) whatis meant by a digital signal,

.............................................................................................................................. [2]
(ii) three advantages of the digital transmission of data when compared to analogue
transmission.
3 TSR
2 et e eeeeeeeeeet et eeeeeeeetaa e eeeeeteteena e e aeeeeenar e aaaas
PR
3]
(b) The block diagram of Fig. 11.1 represents the digital transmission of music.
parallel- serial-to-
ADC to-serial [-——-parallel X
converter converter
Fig. 11.1
(i) State the name of
1. the blocks labelled Y,
.............................................................................................................................. [1]
2. the block labelled X.
.............................................................................................................................. [1]
(ii) Describe the function of the parallel-to-serial converter.
.............................................................................................................................. [2]

© UCLES 2013
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12 (a) State two reasons why frequencies in the gigahertz (GHz) range are used in satellite

For
communication. Examiner’s

Use
N
2R

(b) In one particular satellite communication system, the frequency of the signal transmitted
from Earth to the satellite (the up-link) is 6 GHz. The frequency of the signal transmitted
back to Earth from the satellite (the down-link) is 4 GHz.

Explain why the two signals are transmitted at different frequencies.

...................................................................................................................................... 2]
(c) A signal transmitted from Earth has a power of 3.1 kW.
This signal, received by a satellite, has been attenuated by 185dB.
Calculate the power of the signal received by the satellite.
POWET = ittt W [3]
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