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Data
speed of light in free space, ¢ =3.00x108 ms™!
permeability of free space, py =47 x 107 Hm™
permittivity of free space, €, =8.85x1072Fm
elementary charge, e =1.60x10"1°C
the Planck constant, h =6.63x10734Js
unified atomic mass constant, u =1.66x10"27 kg
rest mass of electron, m, =9.11x 10731 kg
rest mass of proton, m, =1.67 x107% kg
molar gas constant, R =8.31 JK'mol™*
the Avogadro constant, N, =6.02x 1023 mol™
gravitational constant, G =6.67 x 107" Nm2kg—2

acceleration of free fall, g =981ms2

2625/05 Jan02



Downloaded from

Formulae

uniformly accelerated motion,

refractive index,

capacitors in series,
capacitors in parallel,

capacitor discharge,
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Answer all the questions.

1 (a) Fig.1.1 shows a part of the signal produced by a microphone positioned in front of a
loudspeaker. The loudspeaker is emitting a pure tone (i.e. a pure sine wave).

microphone voltage/V

+2
0 0 | i /
0.1 0.2 0.3 0.4
D time/ms

Fig. 1.1

(i) State and explain whether the signal shown in Fig. 1.1 is an analogue signal or a
digital signal.

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

(if) Caiculate the frequency of the signal of Fig. 1.1.

frequency = ....cccceeeveeicicen, kHz [2]

(iii) On the axes of Fig.1.2, plot the frequency spectrum of the signal of Fig.1.1,
marking important points on the frequency axis. (1]

signal voltage

frequency/kHz
Fig.1.2

(iv) State the bandwidth of the signal of Fig. 1.1.

bandwidth = .............ccccoevnennnn kHz 1]
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(b} Fig.1.3 shows an unmodulated carrier waveform.

carrier voltage/V

+5 {\

0 0.1 0.2 0.3 0.4
\J b \J \) M \J time/ms
-5 \J
Fig.1.3
Calculate the frequency of the carrier.
carrier frequency = ... kHz [1]

(c) The carrier of Fig. 1.3 is now amplitude modulated by the signal of Fig. 1.1.

(i) On the axes of Fig. 1.4, sketch the resulting waveform. 4]

carrier voltage/V

+10
0
0.1 0.2 0.3 0.4
time/ms
-10 [
Fig.1.4
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(ii) On the axes of Fig.1.5, draw the frequency spectrum of the modulated carrier vee

waveform of Fig. 1.4. Label important points on the frequency axis. [3]

AM carrier

frequency/kHz
Fig.1.5

(ili) Calculate the bandwidth of the AM signal of Fig. 1.4.

AM bandwigth = ......oovererereeerererenne. kHz [1]

[Total : 15]
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Fig.2.1 shows the variation with time of part of a signal which is to be transmitted using
pulse code modulation.

signal/V

14

12 /UUW
ol |\ / / /

/
T

o N O O @
-\
e

10 15 20

time/ms

Fig. 2.1

The signal is sampled at t= 0 and at 5 ms intervals thereafter. Each sample becomes a 4-bit
code in binary with quantisation steps of 1 V.

(a) State the full name of the electronic circuit used to turn each sample into a 4-bit code.

(b) During the time shown in Fig. 2.1, there will be five samples taken. in the boxes below,
write down the codes resulting from each sample. The code for the first sample has
been added to the first box to guide you.

0010

[2]

{c) The above five samples are transmitted as a digital signal along a cable, one bit after
another. Calculate the longest time for which a bit could last to allow this system to
operate.

tiMme = e, ms [1]
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(d) At the receiving end of the cable, each code is made to produce the equivalent samplte
voltage. Each recovered sample is then reformed into a signal. On the axes of Fig.2.2,
plot the recovered signal at the receiving end of the cable.

recovered signal/V

9
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2]

14

12

10

S N OB 00

(e) Explain why this signal differs from the original signal of Fig.2.1.

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

(f) Suggest two changes which could be made to the digitising process o aliow the
recovered signal to be much more like that of the original. Numerical values are
expected in your answer with some explanation.

..........................................................................................................................................
------------------------------------------------------------------------------------------------------------------------------------------

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

10

Fig.2.2
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3  Fig.3.1 shows a circuit designed to operate a small filament bulb under certain light %
conditions.
4 L 4
o
B A ——— 15v
X
\ A 7
Tan H 3k
Qv
.- &
——_— " 15v
—
Fig. 3.1

(a) State the full name of the light sensor in Fig. 3.1.

...................................................................................................................................... [1]
(b) State the name of the electronic component labelled X.
...................................................................................................................................... [1]
{c) Calculate the voltage at the point A.
voltage = ....ccoceevueuennn. V [2]
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(d) (i) Describe how the resistance of the light sensor changes as the light intensity
changes from darkness to brightness.

(i) Hence explain the corresponding changes in the output voltage of the component
X. In your explanation, refer to your answer 1o (c).

By E B R A B E e EE e AN kAN N TN NN PSRN EE N A NN A SIS T AN R TR a R TR RA RN E i baar T b aa et At hunn A d R n st a i mdd
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................

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

(e) InFig. 3.1, the output of component X is connected through a diode to the small filament
bulb.

(i) Explain why the diode is necessary.

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

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

............................................................................................................................... 2]
(ii) Explain how the state of the lamp depends on the light intensity reaching the

sensor.

............................................................................................................................... [2]

[Total : 13]
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4 The radio wave spectrum is composed of various wavebands. Three of these wave bands

are labelled as LF, HF and UHF. For each of these wavebands complete Fig. 4.1 below. [8]

waveband fult name frequency range propagation typical use
Diffraction over

LF Low frequency 30kHz-300kHz curved Earth

HF

UHF TV broadcasting

Fig. 4.1

[Total : 8]
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5 Since the 1980s there has been a move by all telecommunications companies to replace %

coaxial cable with optic fibre. State and explain three reasons for this change.

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

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

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

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

--------------------------------------------------------------------------------------------------------------------------------------------------
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Fig. 6.1 shows a satellite in a geostationary orbit around Earth. In this orbit, the satellite does
not appear to move relative to any fixed observer on Earth.

---------------- transmitter

700km

Fig. 6.1

A transmitter, in the south of France, beams a 3.5kW signal on a carrier frequency of
12 GHz up to the satellite. The satellite picks up the 12 GHz signal and changes the carrier
frequency to 10 GHz without altering the modulation or the information being carried. The
new amplified downlink carrier signal has an output power of 350 W and is broadcast to
Europe over an area called a footprint. The diameter of the footprint is 700 km.

(a) State the two conditions which have to be met for a satellite to be in a geostationary
orbit.

(b) Use Newton’s law of gravitation to show that the orbital speed of a geostationary
satellite is independent of the mass of the satellite.

(3]
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(c) The mass of Earth is 6.0 x 10%*kg. Show that the radius of orbit of a geostationary

(d)

(e)

)

(9)

satellite is approximately 4.2 x 107 m.

[4]

The satellite carries rechargeable batteries as well as solar cells. Explain why both are
necessary.

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

The solar cells are required to produce 600 W from sunlight of intensity 1.5kW m2. If
the efficiency of these cells is 5%, calculate the area of solar cell required.

21 0= NS m2 [2]

The satellite transmits a power of 350 W into a footprint of diameter 700 km. Calcuiate
the maximum power which can be received on Earth by a dish of diameter 75cm.

power received = ......cccoovnrvierernennn. W [2]

The carrier frequency transmitted to the satellite is not the same as that broadcast from
it. Explain why there is a difference between these two frequencies.

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

[Total : 16}
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A couple who find modern life too stressful decide to move to a Scottish island which has no
mains electricity supply.

There are two ways in which they could provide a power supply. One method is to lay a long-
distance supply cable from another island which has mains electricity. The other method is
to equip themselves with an aerogenerator and rechargeable batteries.

One disadvantage of using a long-distance supply cable is that the potential difference
available at the user’'s end of the cable is less than the p.d. at the supply end of the cable.
Because of this and the cost of laying a sufficiently thick cable, they decide to use an
aerogenerator and batteries.

Rechargeable 12 V batteries are available and these will provide a reservoir of energy which
can be increased by adding extra batteries. However, a battery will deliver only 80% of the
energy stored in it.

The island is usually windy so they plan to keep the batteries charged by means of the
aerogenerator. This consists of a rotating propeller of diameter 1.5m, which drives a
generator. The overall efficiency of the aerogenerator is 40%. It works by converting into
electrical energy some of the kinetic energy of the air passing through the propeller. The
average wind speed on the island is 8.0ms™*. This means that all the air inside a cylinder
8.0m long, of diameter 1.5 m, passes through the propeller in 1 second. This is illustrated in
Fig.7.1.

propeller

air flow

Fig.7.1

Although the island is normally windy, there are periods of calm. Meteorological information
suggests that the longest such period would be 40 hours. The couple estimate that their
average power requirement during these periods would be 160 W.

Additional information:

amount of energy stored by one rechargeable battery =7.0x10%J
density of air =1.3kgm™3
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(a) Explain why the p.d. available to the user of a long mains cable would be less than the
p.d. at the supply end of the cable.

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

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

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

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

{¢) () Show that the mass of air contained in a cylinder of diameter 1.5m and length
8.0m is approximately 18kg.

2]

(i) Calculate the kinetic energy of 18 kg of air, traveliing at 8.0m s\

ENBIQY = .eooeeeecirienirenenenenae J [2]
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(iii) Hence calculate the average power output of the aerogenerator.

POWET = ..o W [1]

(d) Calculate the average time taken by the aerogenerator to recharge one battery fully.

time = ... s [2]

(e) (i) State what form of energy is stored by a battery.

(i) Give one reason why the energy delivered by a battery is less than the energy
input.

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

...................................................................................................................................
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() (i) Calculate the greatest amount of energy which needs to be delivered by the e

batteries during a 40 hour period of calm weather.

ENEIJY = .oovvceveeeeeecreeee s J [2]

(i) Calculate the total energy which the set of batteries must be capabie of storing.

=1 a1 (o | J [2]

(i} Calculate the minimum number of rechargeable batteries that will be needed.

2]
[Total : 20]
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