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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 constant,
rest mass of electron,

rest mass of praton,

molar gas constant,

the Avogadro constant,
gravitational constant,

acceleration of free fall,

2

¢ =3.00x 108 msg™
My =47 x 1077 Hm™
€ =8.85x 1072 Fm

e=160x10"1°C

h=663x10"%Js

u =1.66x10"%7 kg
m, =9.11x 1073 kg
m, = 1.67 x 10727 kg

R =831 JK tmol™
N, =6.02 x 1023 mol~

G =6.67x10""" Nm2kg~2

g =981ms2
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Formulae

uniformly accelerated motion,

refractive index,

capacitors in series,

capacitors in parallel,
capacitor discharge,
pressure of an ideal gas,

radioactive decay,

critical density of matter in the Universe,

relativity factor,
current,
nuclear radius,

sound intensity level,

3

1
s=ut+zal?

v2 = u2+42as

11,1
c C G
C=C,+C, +
X = X, VCR

X = xeM
i {.693
)
3H2
Po = 873
2
= (1~ *6_'5)
I = nAve
r= A3
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Answer all the questions.

Fig.1.1 shows a block diagram of a demonstration set up by a teacher to show the processes
of analogue-to-digitat conversion (ADC) and digital-to-analogue conversion (DAC). The
periodic signal from the signal generator is regularly sampled and digitised by the ADC and

transmitted along the muiticore cabie to the DAC and oscilloscope.

signal .
gengrator ADC DAC oscilloscope
Fig. 1.1
The trace observed on the oscilloscope is shown in Fig.1.2.
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Fig. 1.2

(a) Use Fig.1.2 to calcuiate the following and explain what information you used to arrive at

your answer in each case.

(i) the frequency of the signal generator

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

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

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

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

sampling frequency = ................ Hz [2]
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(iii)
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the minimum number of separate wires in the multicore cable

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

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

number of wires = ..o, [3]

{b) Explain how the trace observed on the oscilloscope changes when

)

(i)

{c) (D

)

the sampling frequency of the ADC is increased but the number of bits into which
the signal is converted stays the same

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

the number of bits into which the signal is converted is increased but the sampling
frequency of the ADC stays the same.

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

State two reasons why a digitised signal is not normally transmitted in parallel by a
multicore cable when the distance of transmission is very large.

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

2 OO [2]

Explain how the parallel output from the ADC is transmitted over long distances to
the DAC.

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

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

[Total: 15]
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2 (a) Fig. 2.1 shows an operational amplifier with inputs A and B and output C.

+15V
A........_. —_
C
B— +
-15V
Fig. 2.1
(i) Making reference to the open-loop gain and the voltages V,atA, VgatBand V, at
C, explain why the op-amp is called a difference amplifier.
............................................................................................................................... {2]
(ii) The open-loop gain of the op-amp is 1.0 x 105. Complete the following tables to
show how V,; depends on V, and V.
Vi/V Vg/V Vo/V Vo/mV | Vg/mV Vo/V Vy/mV | Vg/mV V!V
+3.5 +2.5 ~1.54 -1.54 +2.85 +2.87
[3]

Fig. 2.2 shows a circuit built around the op-amp of Fig. 2.1.

+15V T I
L~
[ 8kQ
A#__
B +
—-15V
5kQ 12k0)
ov
Fig. 2.2
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(b) Calculate the voltage V, at point A.

VA= e V [2]
(c) (i} Inthe circuit of Fig. 2.2, there is a thermistor. Put a circle around this component.{1]

(ii) The thermistor has a negative temperature coefficient. Explain what this means.

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

(iii)) Calculate the resistance of the thermistor which will make Vj equal to V.

resistance = .....c.......... k) [3]

{d) The motor which drives the fan is rated at 15V and 150 mW. Explain why such a low
power motor is used in the circuit.

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

...................................................................................................................................... (2]
(e} Explain why the diode is necessary in this circuit.

...................................................................................................................................... [2]
(f) Explain how the circuit functions.

...................................................................................................................................... [3]

[Total: 19]
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3  Suppose the BBC is to set up a new radio station which can be received by everyone in the

UK.

The new station could broadcast nationwide using AM on the LF waveband or FM on the
VHF waveband.

(a)

(b)

(c)

(d)

Explain what is meant by AM and FM .

State and explain two reasons why music broadcast using FM on VHF sounds better
than the same music broadcast using AM on LF.

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

By considering the problems of nationwide coverage, explain why it would be much
cheaper to use AM on LF than FM on VHF.

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

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

Draw the diagram of a dipole aerial for use on the VHF waveband. Calculate the length
of your dipole for a typical VHF frequency. Show your working.

[Total: 16]
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4 Fig. 4.1 shows two telephone exchanges linked by optic fibre. Between the two exchanges
there are four amplifiers, equally spaced, as shown. A fifth and final amplifier is located
inside exchange 2.

exchange 1 {> {> D L> exchange 2

Fig. 4.1
The amplifiers are necessary to prevent the signal-to-noise ratio from falling below 34 dB.

(a) Explain what is meant by noise in a telecommunications system.

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

...................................................................................................................................... (1]
(b) Explain why the signal-to-noise ratio falls as the length of the optic fibre increases.
............................................................................................................................... [2]
(c) Exchange 1 outputs a signal power of 22 mW into the optic fibre.
The fibre has an attenuation of 0.30 dB km™!,
The noise power at the input of each amplifier is 0.28 pW.
Signal-to-noise ratio at the input of each amplifier is 34 dB.
(i) Show that the signal power at the input of each amplifier is 0.70 mW.
[2]
(ii) Calculate the attenuation in each section of optic fibre.
attenuation = ................. dB [2]
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(iii) Calculate the separation of the two exchanges. *

separation = .........oeeeveeenran km [2]

(d) The refractive index of the core of the optic fibre is 1.5. Calculate the minimum time
which a light signal could spend travelling between the two exchanges.

minimum time = .......ccceeeeinene ms [3]

[Total: 12]
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Nowadays, almost all A-level students in the UK own a mobile phone yet very few have any o

idea of how the mobile phone network operates. Imagine you are to give a talk on the subject
to a group of Physics students who are not studying this module. In the space below, set out
the main features you would bring out in your talk to explain the principles of operation of the
mobile telephone network. Include in your answer some comments on the frequencies used.

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

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

[Total: 8]
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This question is about the design and use of Christmas tree lights. ”

Design of bulbs

An engineer intends to design light bulbs for use in a set of Christmas tree lights to be
powered by a 240V mains supply.

Each bulb, when operating normally, will use 0.50 W and will have a filament 6.0 mm long,
made of tungsten.

resistivity of tungsten at normal working temperature = 1.1 x 10°°Qm

(a) State one advantage of connecting these bulbs in parallel, rather than in series.

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

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

..................................................................................................................................... [1]
(b} Suppose the bulbs are connected in parallel. Calculate
(i) the current through each bulb
CUITENt = i ercr e enann A[2]
(i) the resistance of each bulb fiiament
resistance = ...iiicicccrer Q [2]
(iii) the radius of each bulb filament.
radiuUs = e m [3]
(iv) Hence suggest why these bulbs are impractical.
.............................................................................................................................. (1]
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Use of bulbs

A householder has two sets of Christmas tree lights.

Set A consists of 24 bulbs, each of resistance 200 Q, connected in series.
Set B consists of 48 bulbs, each of resistance 50, connected in series.
All bulbs fail when their power dissipation reaches 0.75W.

{c) Set A is connected to a 240V mains supply. Fig. 6.1 shows the wiring of four of these
bulbs.

24 bulbs
AL

W X Y Z
P Q R S

ov

24OVT

Fig. 6.1

During use, the filament of bulb Y fails and its resistance becomes infinite. In order to
find which bulb has failed, the householder connects one terminal of a volimeter to the
0V terminal of the mains and notes the voltmeter reading when its other terminal is
connected successively to points P, Q, Rand S.

Enter in the table the voltmeter reading for each connection.

Explain your answer,

connection reading/V

P

®w n O

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

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

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

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

..........................................................................................................................................
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(d) (I) The householder has no correct replacement bulbs for Set A. Each time a Set A

bulb fails, it is replaced by a Set B bulb.

Explain why this is unsatistactory and what will happen as more bulbs are replaced
in this way.

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

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

(ii) Caiculate how many bulbs from Set A can be replaced by Set B bulbs before the
system fails altogether.

Assume that the resistance of each bulb is independent of the current.

number = .. e [4]

[Total: 20]
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