T"j:‘-PapaCambridge

Cambridge International AS & A Level

PHYSICS - - -

Topical Past Paper Questions
+ Answer Scheme

2016 - 2021

T1'j:l’PapaCambridge



T‘f]’PapaCambridge

Chapter 7

Communication

o
X

W

261

T1f]’Papa(.‘.ambridge



“ jPPapaCambridge

137.9702_m21 qp 42 Q:5

CHAPTER 7. COMMUNICATION

(a) (i) State whatis meant by the amplitude modulation (AM) of a radio wave.

(ii) State two advantages of AM transmissions when compared with frequency modulation
(FM) transmissions.

....................................................................................... ‘kb

(b) The variation with frequency f of the amplitude A of a tran* radio wave after amplitude
modulation by an audio signal is shown in Fig. 5.1.

°

1
1500 1510
flkHz
>
MY ¥ Fig. 5.1

®
For this tranSmission, determine:
(i) the wavelength of the carrier wave

wavelength = ... m [1]

(ii) the maximum frequency of the transmitted audio signal.

freqQUENCY = i kHz [1]
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(c) Another audio signal with the same maximum frequency is transmitted using a different
carrier wave frequency. The lowest frequency of this modulated wave is equal to the highest
frequency of the modulated wave in (b).

Determine the frequency of this carrier wave.

frequency =

[Total: 7]

138.9702_s21 qp 42 Q: 4

(a) A sinusoidal carrier wave has a constant amplitude and a frequency of 1.2 & carrier
wave is modulated by a signal wave such that a 1.0V displacement of ave causes
a change in frequency of 25kHz.

 /
The signal wave has frequency 8.0 kHz and amplitude 2.0V. \
(i) State the name of this type of modulation of the carri@(

(ii) For this modulated carrier wave, determine

iation, if any, in:

1. its amplitude ‘
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(b) An audio signal is transmitted by means of a modulated radio wave.
The variation with frequency of the amplitude of the radio wave is shown in Fig. 4.1.

A

amplitude

0 ! I
225 240 255
frequency/kHz

Fig. 4.1 o

(i) the wavelength, in km, of the carrier wave

For this transmission, determine:

(if) the bandwidth 0
0 BANAWIHN = ..o kHz [1]

dio signal.

(iii) the frequenc

* frequUEeNCY = ..o kHz [1]

“,‘

A [Total: 8]
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(a) (i) When audio signals are transmitted over long distances, modulation of radio waves is

used.

Suggest a reason why modulation is used.

(ii) State a technical advantage and a technical disadvantage of using frequency modulation

rather than amplitude modulation.

advantage: ...

disadvantage: ......cocceeiiiiiiiiniee e,

(b) An audio signal of amplitude 2.0 uV and frequency 4. 2kHz(\ transmitted using a carrier

wave of amplitude 10.0mV and frequency 100 kHz.

Either amplitude modulation or frequency modulati

The amplitude modulation is at a rate 0f1
The frequency modulation is at a rate

Complete Table 5.1 to show the ma
frequency of the modulated wave

e used.

nd minimum values of the amplitude and of the
ype of modulation.

ble 5.1
ude/mV frequency/kHz
maximum minimum maximum

amplitude

frequency

o

modulati

dulat

(4]

(c) For the amplitude modulated wave in (b), determine the bandwidth.

bandwidth =

[Total: 8]
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The variation with time of the displacement of an amplitude-modulated (AM) wave is shown in
Fig. 6.1.

signal
displacement

——
—
—

0 1o [ |20 [ [0 [ |4o] [ {50 [ {eo] [ [70| | |eo| [ {90|] |10
time/us
Fig. 6.1
 /
The sinusoidal information signal has frequency 10kHz. (\
(a) Determine the frequency of the carrier wave. 0
.................................................... Hz [1]
ency spectrum of the modulated wave.
oL ] I .
frequency/kHz
Fig. 6.2
(3]
[Total: 4]
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(@) In radio communication, the bandwidth of an FM transmission is greater than the bandwidth
of an AM transmission.

State

(i) whatis meant by bandwidih,

....................................................................................................................................... [1]
(i) one advantage and one disadvantage of a greater bandwidth.
= L0 AV 1 | = o = o OO PRRRSSRS
AISAAVANTAGE. ..oeiiiiieiiee e Q .........................
@

(b) A carrier wave has a frequency of 650kHz and is mea have an amplitude of 5.0V.

The carrier wave is frequency modulated by a si frequency 10kHz and amplitude 3.0V.
The frequency deviation of the carrier wave is 2

Determine, for the frequency modulated carti ve,

Q°Q0

he minimum frequencies,

(i) the measured amplitude,

amplitude = .. V1]

*
(ii) Oth&uam
®

Maximum frEQUENCY = ... e kHz
MINIMUM fFEQUENCY = e kHz
[2]
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(iii) the minimum time between a maximum and a minimum transmitted frequency.
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(@) Inradio communication, the radio wave is usually modulated.
State what is meant by amplitude modulation (AM).
............................................................................................................................................... 2]

(b) A sinusoidal radio carrier wave has a frequency of 900kHz and an unmodulated amplitude
measured to be 4.0V.

The carrier wave is amplitude modulated by a signal of frequency 5.0kHz.

For the amplitude modulated wave,

(i) determine the wavelength,

O U o DdIUWILLT = e
oo

(c) Communicatio
of rotation ab

etimes made using satellites in geostationary orbits that have a period
e Earth of 24 hours.

(i) State two other features, apart from the period, of a geostationary orbit.

?‘]’PapaCambridge
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(i) Suggest why
1. frequencies of the order of gigaheriz are used for satellite communication,

[Total: 11]
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An analogue signal is to be transmitted to a receiver. Before transmission, the signal passes
through an analogue-to-digital converter (ADC). After transmission it passes through a
digital-to-analogue converter (DAC) before finally reaching the receiver, as shown in Fig. 5.1.

transmission line

input ADC T DAC receiver
signal —— =~ jl—a--- I

Fig. 5.1

(a) State two advantages of converting the signal into digital form for transmission.

ettt et ettt ettt ettt eeteoeeeeeeeaaseeeeseeeeeesteiesseeesessteisseeeeessseeieseeeessseeeaasteeasseeeeaseeeaaieeans
2 et e e e ae e e be e e et e e an e eenrneeaaaneas
0\
( (2]
(b) The variation with time of the potential difference (p.d qut signal is shown in Fig. 5.2.
8 | [ |
p.d./mV N
) A
6
'l N\
N
/
4
/
D 4
¢
| o ®
®
[
G L1
0 2 4 6 8 10 12
time/ms
Fig. 5.2

The ADC has a sampling frequency of 250Hz and uses 4-bit sampling, with the least
significant bit corresponding to 1 mV. The signal is first sampled at time 0, when the sampled
bits are 0001.

(i) State the sampled bits at time 4ms and time 8 ms.

AMNS: i BMS: [1]

?"t.’PapaCambridge
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(ii) Part of the signal received by the receiver, after the sampled signal has passed through
the DAC, is shown in Fig. 5.3.

8

p.d./mV

G [

0 2 4 6 10 12
time/ms

Fig. 5.3

On Fig. 5.3, complete the line to sho&@ved signal for time 0 to time 12ms.  [2]
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(c) The ADC in (b) is replaced with one that has a sampling frequency of 500Hz and uses 3-bit

sampling, with the least significant bit corresponding to 2mV.

On Fig. 5.4, sketch the signal that is now received, after passing through the DAC, from
time 0 to time 12ms.

8
p.d./mV
6
4
2
0
0 2 4 6 12
time/ms
¢?
[3]
[Total: 8]
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An analogue signal is to be transmitted to a receiver. Before transmission, the signal passes
through an analogue-to-digital converter (ADC). After transmission it passes through a
digital-to-analogue converter (DAC) before finally reaching the receiver, as shown in Fig. 5.1.

transmission line

input ——|  Apc DAC receiver
signal — = 00— ----- —

Fig. 5.1

(a) State two advantages of converting the signal into digital form for transmission.

8 LT
|
p.d./mV -
J N
6
,/ N\
\ / N
EmesaEmamaE N A A
4 /
N /
B /
e 4
PR
2 “
®
|
0+~
0 2 4 6 8 10 12
time/ms

Fig. 5.2
The ADC has a sampling frequency of 250Hz and uses 4-bit sampling, with the least
significant bit corresponding to 1mV. The signal is first sampled at time 0, when the sampled
bits are 0001.

(i) State the sampled bits at time 4 ms and time 8 ms.

AMS: oo BMS: oo [1]
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(ii) Part of the signal received by the receiver, after the sampled signal has passed through
the DAC, is shown in Fig. 5.3.

8

p.d./mV

0 ~

0 2 4 6 10 12
time/ms

Fig. 5.3

On Fig. 5.3, complete the line to shovb@ed signal for time 0 to time 12ms.  [2]
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(c) The ADC in (b) is replaced with one that has a sampling frequency of 500Hz and uses 3-bit
sampling, with the least significant bit corresponding to 2mV.

On Fig. 5.4, sketch the signal that is now received, after passing through the DAC, from
time 0 to time 12ms.

8
p.d./mV
6
4
2
0
0 2 4 6 12
time/ms
Fi 50
(3]

[Total: 8]
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The digital transmission of speech may be represented using the block diagram of Fig. 6.1.

D—[>_,TADC— —————————— ——1{ DAC ||> [ﬂ

Fig. 6.1

(a) Part of the signal at point P on Fig. 6.1 is shown in Fig. 6.2.

16

signal — T~
/mv 14

pd

12

10 Fi

v

pd

|
|
0 0.25 0. 0.75 1.00 1.25 1.50
Q time/ms

The analogue-t
sample is con

nverter (ADC) samples the signal at time intervals of 0.25ms. Each
four-bit number with the smallest bit representing 1.0mV.

Uss ig. e the four-bit number produced by the ADC at time
[0} ‘0i25m

NUMDET .o
(i) 1.25ms.

NUMDEE .ot
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(b) The digital number is transmitted and then converted to an analogue form by the digital-to-
analogue converter (DAC).

Use data from Fig. 6.2 to draw, on the axes of Fig. 6.3, the output level of the DAC for time
t=01totime t=1.50ms.

Assume that there is no time delay of the transmission of the signal between point P and the
output of the DAC.

16

output
level 14
/mV

12

10

NN

0 0.25 0.50 0.7 .' 1.25 1.50
time/ms

@’a’

[Total: 6]
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(@) State two advantages of the transmission of data in digital form, compared with the
transmission in analogue form.

(b) The digital numbers shown in Fig. 5.1 are transmitted at a sampling rate of 500 Hz.

0111 1011 1001 0100 1110 0101 0010

end of < Qart of

tfransmission nsmission

N

Fig. 5.1 0

The digital numbers are received, after transmiss@digital-to-analogue converter

(DAC).

On Fig. 5.2, complete the graph to show the vari th time t of the signal level from the
DAC.

16

14

12

signal
level

10

t/ms

Fig. 5.2
[4]
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(c) State the effect on the transmitted analogue signal when

(i) the sampling rate of the analogue-to-digital converter (ADC) and of the DAC is increased,

(i) the number of bits in each sample is increased.

[Total: 8]
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(@) State two advantages of the transmission of data in digital form, compared with the
transmission in analogue form.

(b) The digital numbers shown in Fig. 5.1 are transmitted at a sampling rate of 500 Hz.

0111 1011 1001 0100 1110 0101 0010

end of < Qart of

tfransmission nsmission

N

Fig. 5.1 0

The digital numbers are received, after transmiss@digital-to-analogue converter

(DAC).

On Fig. 5.2, complete the graph to show the vari th time t of the signal level from the
DAC.

16

14

12

signal
level

10

t/ms

Fig. 5.2
[4]
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(c) State the effect on the transmitted analogue signal when

(i) the sampling rate of the analogue-to-digital converter (ADC) and of the DAC is increased,

?‘Q’PapaCambridge
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(a) State two advantages of the transmission of data in digital form rather than in analogue form.

(b) An analogue signal S; is converted into a digital signal D using an analogue-to-digital
converter (ADC). After transmission of the digital signal, it is converted back to an analogue
signal S; using a digital-to-analogue converter (DAC), as illustrated in Fig. 5.1.

analogue signal digital signal ana gnal

> ADC [->»------ >-1 DAC
S; D
A
Fig. 5.1 (\

(i) Outline the process by which the ADC converts
signal D.

o

(i) The ADC and the DAC o
bits in each digital nu

ith the same sampling rate and the same number of

State the eff ransmitted analogue signal S; when, for the ADC and the DAC,
1. thes is increased,
S ¢
R N
o4 ',‘

2. the number of bits in each digital number is increased.

T"i'.’PapaCambridge
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The analogue signal from a microphone is to be transmitted in digital form.
The variation with time t of part of the signal from the microphone is shown in Fig. 5.1.

16

microphone 14 v A

output/mV
12

"'\.

e

10 /

8 T et

N\
\

I

Fig. 5.1

The microphone output is sampled at a frequenc 5.0kHz by an analogue-to-digital converter
(ADC).

The output from the ADC is a series of ers. The smallest bit represents 1.0mV.
The first sample is taken at time ¢t =

(@) Use Fig. 5.1 to complete Fi

microphone output/mV ADC output

?‘]'PapaCambridge
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(b) After transmission of the digital signal, it is converted back to an analogue signal using a
digital-to-analogue converter (DAC).
Using data from Fig. 5.1, draw, on the axes of Fig. 5.3, the output level from the DAC for the
transmitted signal from time {=0 to time {=1.2ms.

16

14

output
level

12

10

[T

t/ms

Fig. 5.3
>
(c) Itis usualin modern telecommunication@s for the ADC and the DAC to have more than

four bits in each sample.
State and explain the effect on th

tted analogue signal of such an increase.

[Total: 8]
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(a) A digital signal is produced by sampling an analogue signal and passing the samples through
an analogue-to-digital converter (ADC).

(i) State what is meant by a digital signal.

(ii) State one change to the sampling or to the ADC that will improve the accuracy of
reproduction of the original analogue signal.

..................................................................................................... 0[1]
(b) The least significant bit of the four-bit digital number 1100 reé signal voltage of

2.5mV. Determine the signal voltage, in mV, represented by"\ number.

[Total: 4]
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(@) During the transmission of a signal, attenuation occurs and noise is picked up.
State what is meant by:
(i) attenuation
..................................................................................................................................... [1]

rather than in analogue form. ‘\

(c) Part of an analogue signal is shown in Fig. 4.10

10

signal
voltage =
/mvV SNSNEEENSNENSENEEEEEE ENENEEEEEE S

AN
4

*
*

0 1 2 3 4 5 6 7
time t/ms

Fig. 4.1
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The signal is to be transmitted in digital form.

The analogue signal is sampled at a frequency of 1.0 x 108Hz using an analogue-to-digital
converter (ADC). The ADC produces 4-bit numbers.

The times t at which the analogue signal is sampled are shown in Fig. 4.2.

time
t/ms 0 1.0 2.0 3.0 4.0 5.0 6.0
digital
number 0010 0110 0100 0101 | o | | s
Fig. 4.2
On Fig. 4.2:
(i) for the digital number at time t = 3.0ms, underline the least signifi &SB) [1]
(if) state the digital numbers corresponding to the sampling i ntime t=4.0ms

and time t=6.0ms.

L/ [2]
(d) The transmitted digital signal is converted back to an }e signal using a digital-to-
analogue converter (DAC).

On Fig. 4.3, show the variation with time t of th i levels of the DAC for time t=0 to
time t = 4.0ms. Assume that there is negligible lay in the transmission line.

output
level

0 1 2 3 4
time t/ms

Fig. 4.3
[3]

[Total: 10]
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(a) State what is meant by the amplitude modulation (AM) of a radio wave.

(b) Aradio wave is modulated by an audio signal.

The variation with frequency f of the amplitude of the modulated wave is shown in Fig. 5.1.

A
amplitude o
0\
0 .(‘m I
292 300 30
flkHz

Fig. 5.1

Determine: 0
(i) the wavelength of the carrier wave

2 wavelength = ... m [1]

odulated wave

(if) the ban
>

0‘,’

.
(iii) the maxi

bandwidth = ... kHz [1]
requency of the audio signal.

maximum freqUENCY = ..o kHz [1]

?‘j_']'PapaCambridge
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(c) The power of a radio signal at a transmitter is P.
At a receiver, the received power Py is given by the expression

_0.082P;

P
R X2

where x is the distance, in metres, between the transmitter and the receiver.
For the transmission of this signal, the attenuation is 73dB.

Determine the distance x.

X= i, D O m [3]
* [Total: 8]

T1f]’Papa(.‘.ambridge
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(a) State what is meant by the amplitude modulation (AM) of a radio wave.

(b) Aradio wave is modulated by an audio signal.

The variation with frequency f of the amplitude of the modulated wave is shown in Fig. 5.1.

A
amplitude o
0\
0 .(‘m I
292 300 30
flkHz

Fig. 5.1

Determine: 0
(i) the wavelength of the carrier wave

2 wavelength = ... m [1]

odulated wave

(if) the ban
>

0‘,’

.
(iii) the maxi

bandwidth = ... kHz [1]
requency of the audio signal.

maximum freqUENCY = ..o kHz [1]

?‘j_']'PapaCambridge
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(c) The power of a radio signal at a transmitter is P.
At a receiver, the received power Py is given by the expression

_0.082P;

P
R X2

where x is the distance, in metres, between the transmitter and the receiver.
For the transmission of this signal, the attenuation is 73dB.

Determine the distance x.

X= i, D O m [3]
* [Total: 8]

T1f]’Papa(.‘.ambridge
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(a) State two advantages of the transmission of data in digital form, rather than analogue form.

(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" Hz. The speed of the wave in the fibre is 2.07 x 108ms™".

For this electromagnetic wave, determine the ratio:

wavelength in free space
wavelength in fibre 0\

(ii)) The attenuation p
is 1.5mW an

of the signal in the fibre is 0.40dBkm™'. The input power
ower is 0.060 mW.

Q FALIO = e [2]
h
t%

Calculate t f the fibre.

L 2

0‘,‘

*

[Total: 7]

?‘]'PapaCambridge
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(a) The transmission of signals using optic fibres has, to a great extent, replaced the use of
coaxial cables.

Advantages of optic fibres include greater bandwidth and very little crosslinking.

(i) Suggest an advantage of greater bandwidth.

..................................................................................................................................... 1]
(ii) State what is meant by crosslinking.

........................................................................................................................... 2]

(b) In telecommunications, a signal power of 1.0mW isusedasar epower.
Signal powers relative to this reference power and expresse re said to be measured
in ‘dBm’.
Show that a signal power of 13dBm is equivalent to Z@
E (2]

(c) Asignalofinp mW is transmitted along an optic fibre for an uninterrupted distance

of 45km.
attenuation per unit length of 0.18dB km™".

L 2
Thé optic fibr

Calculate th& output power P from the optic fibre.

[Total: 7]
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(a) Telephone signals may be transmitted either by means of an optic fibre or by means of a wire
pair.

State three advantages of the use of an optic fibre rather than a wire pair.

Lo et e et e e e et e e e ee e e eeaEnereeeeaEEEeeeeaeEereee e nreeeeaaareseeeeeaaRneeeeeesannreeeeeaarneeeaannreeeaannn
e et eeeeeeeeeeeeeeeeeeesessseeeeeesteseseeeiseceseeesiasseeeseseiesteeeseniassteeeeiasneeeeeeaanees
Bt et et ettt eeee e eeeeeeeeeeseeeeeeeeeeeeeeessesssereeeessesseeeesseceseseseasseeesesesesteeesesissseeeeeiaseeeeeeaannees
(2
(b) Itis proposed to transmit a signal over a distance of 4.5 x 103km f an optic fibre.
The input signal has a power of 9.8 mW. ‘\
The minimum signal that can be detected at the outp er of 6.3 x 10~ W. For this
signal power, the signal-to-noise ratio is 21dB.
Calculate:
(i) the power of the background noise o@
L0 W 2]
(i) i tenuation per unit length of the optic fibre that allows for uninterrupted
transmission of the signal.
attenuation per unitlength = ... dBkm™ [2]

[Total: 7]

?‘]'PapaCambridge
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(a) The transmission of signals using optic fibres has, to a great extent, replaced the use of
coaxial cables.

Advantages of optic fibres include greater bandwidth and very little crosslinking.

(i) Suggest an advantage of greater bandwidth.

..................................................................................................................................... 1]
(ii) State what is meant by crosslinking.

........................................................................................................................... 2]

(b) In telecommunications, a signal power of 1.0mW isusedasar epower.
Signal powers relative to this reference power and expresse re said to be measured
in ‘dBm’.
Show that a signal power of 13dBm is equivalent to Z@
E (2]

(c) Asignalofinp mW is transmitted along an optic fibre for an uninterrupted distance

of 45km.
attenuation per unit length of 0.18dB km™".

L 2
Thé optic fibr

Calculate th& output power P from the optic fibre.

[Total: 7]

?‘]’PapaCambridge
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(a) State three features of the orbit of a geostationary satellite.

(b) A signal is transmitted from Earth to a geostationary satellite. Initially, the signal has power
3.2KW. The signal is attenuated by 194 dB. é

Calculate the signal power received by the satellite. e Q

°
&£

(c) Suggest one advantage and o vantage of the use of geostationary satellites compared
with polar-orbiting satellites @ unication between points on the Earth’s surface.

advantage: ..........

[Total: 7]

?‘]'PapaCambridge
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(a) For a signal transmitted along an optic fibre, state what is meant by:

(i) attenuation

(b) The initial section of the transmission line for a signal from a telephon
in Fig. 5.1.

ge is illustrated

52km

exchange amplifier

gain 115dB

0
&

| to the transmission line has a power of 2.5 x 103 W.

After the signa elled a distance of 52km along the transmission line, the power of the
signal is 7.8 » he signal is then amplified.

nuation per unit length, in dBkm™, in the transmission line.

attenuation per unitlength = ... dBkm-1 [3]

?‘]’PapaCambridge



T‘f]’PapaCambridge

299

(i) The gain of the amplifier is 115dB.

Calculate the power of the signal at the output of the amplifier.

T1f]’Papa(.‘.ambridge
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(a) During the transmission of a signal, attenuation occurs and noise is picked up.
State what is meant by:

(i) attenuation

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

(ii) noise.
............................................................................................................................ [2]
(b) By reference to (a)(ii), explain the advantage of the transmissio esignal in digital form

rather than in analogue form. \

(c) Part of an analogue signal is shown in Fig. %

10
signal
voltage =
/mV
8
/
6 [ ?
H / N
0? 11
L o4 N
o " .
4
1'"’
/
’(
2 "4
0
0 1 2 3 4 5 6 7

time t/ms

Fig. 4.1
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The signal is to be transmitted in digital form.

The analogue signal is sampled at a frequency of 1.0 x 108Hz using an analogue-to-digital
converter (ADC). The ADC produces 4-bit numbers.

The times t at which the analogue signal is sampled are shown in Fig. 4.2.

time

t/ms 0 1.0 2.0 3.0 4.0 5.0 6.0
digital

number 0010 0110 0100 0101 | ......... | ] .

Fig. 4.2

On Fig. 4.2:

time t = 4.0ms

(i) for the digital number at time t = 3.0ms, underline the least significQ@SB) [1]

(if) state the digital numbers corresponding to the sampling tim
and time {=6.0ms.

[2]

(d) The transmitted digital signal is converted back to an }signal using a digital-to-
analogue converter (DAC).

On Fig. 4.3, show the variation with time t of the
time t = 4.0ms. Assume that there is negligible ti

evels of the DAC for time t = 0 to
y in the transmission line.

0 1 2 3 4
time t/ms

Fig. 4.3
[3]

[Total: 10]
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(@) A section of a coaxial cable is shown in Fig. 5.1.

copper braid

insulation

plastic covering

Fig. 5.1

(i) Suggest two functions of the copper braid.

(ii) Suggest one application of a coaxial cablefor the transmission of electrical signals.

(b) (i) The constant noise pow ansmission cable is 7.6 uW. The minimum acceptable
signal-to-noise ratio is

Calculate th ceptable signal power P, in the cable.

&

*
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(ii) The input power of the signal to the transmission cable is 2.6 W. The attenuation per unit
length of the cable is 6.3dBkm™".

Use your answer in (i) to determine the maximum uninterrupted length L of cable along
which the signal may be transmitted.

T1f]’Papa(.‘.ambridge
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(@) A section of a coaxial cable is shown in Fig. 5.1.

copper braid

insulation

plastic covering

Fig. 5.1

(i) Suggest two functions of the copper braid.

(ii) Suggest one application of a coaxial cablefor the transmission of electrical signals.

(b) (i) The constant noise pow ansmission cable is 7.6 uW. The minimum acceptable
signal-to-noise ratio is

Calculate th ceptable signal power P, in the cable.

&

*
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(ii) The input power of the signal to the transmission cable is 2.6 W. The attenuation per unit
length of the cable is 6.3dBkm™".

Use your answer in (i) to determine the maximum uninterrupted length L of cable along
which the signal may be transmitted.
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A geostationary satellite orbits the Earth with a period of 24 hours.
(a) State

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

(ifi) a typical frequency for communication between the satellite and Earth.

freqQUENCY = .o e Hz [1]
(b) A signal transmitted from Earth to a satellite has an initial power of 3. 0
The signal power received by the satellite is attenuated by 195 da

(i) Calculate the signal power received by the satellite. ‘\

>
&

(i) By reference to %e in (i), explain why different frequencies are used for the
up-link and IiNK'in communication with the satellite.

[Total: 8]
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164. 9702 s18 qp 43 Q: 5
A geostationary satellite orbits the Earth with a period of 24 hours.
(a) State
(i) the direction of the orbit about the Earth,
....................................................................................................................................... [1]
(if) the position of the satellite relative to the Earth’s surface,
....................................................................................................................................... [1]

(ifi) a typical frequency for communication between the satellite and Earth.

freqQUENCY = oo e Hz [1]
(b) A signal transmitted from Earth to a satellite has an initial power of 3.0 0
The signal power received by the satellite is attenuated by 195 dB.e

(i) Calculate the signal power received by the satellite. ‘\

>
&

(), explain why different frequencies are used for the
communication with the satellite.

(i) By reference to y

[Total: 8]
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(a) State three advantages of an optic fibre compared to a metal wire for the transmission of a

signal.
2 SR
OO USSP PSP PP PTUPRPRRPPRONt
K TSSO ST OU PO PP TUPRPRRPPIONt
[3]
(b) An optic fibre of length 57 km is connected between a transmitter and a receiver, as shown in
Fig.5.1.
. | 57km | .
transmitter | | receiver
signal power sig@wer P
15x10°w | ____
"""" power
optic fibre x 107" W

Fig 51 (\

-1. The transmitter provides an
wer at the receiver is 9.0 x 10~/ W.

The attenuation per unit length of the optic fibre is
input signal of power 15 x 103 W to the fibre. The

(i) Show that the signal power P entering @ iver from the optic fibre is 2.1 x 10°W.

&
<

@ratio of 24dB is needed at the receiver in order for it to be
signal from the noise.

(i) A minimum
able to disti

Determin he receiver is able to distinguish the signal from the noise.
D 4

o
@

*

[3]

[Total: 8]
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166. 9702 _s17 qp_41 Q: 3

The digital transmission of speech may be illustrated using the block diagram of Fig. 3.1.

serial-to -
|O |> ADC H O x  b—--------——] parallel |— Y —I>—|:ﬂ
optic fibre converter

Fig. 3.1

(@) (i) State whatis meant by a digital signal.

....................................................................................................................................... [1]
(ii) State the names of the components labelled X and Y on Fig. 3.1. 0

SOOI

Y ettt &

(b) The optic fibre has length 84 km

The input power to the opti
noise ratio is 28dB. 0
Calculate Q

enuation per unit length in the fibre is 0.19dBkm™".

.7mW. At the output from the optic fibre, the signal-to-

(i) indB,t

input power to optic fibre
noise power at output of optic fibre’

&

*
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(i) the noise power at the output of the optic fibre.

NOISE POWEE = ..o e e e ee e W [3]
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167. 9702_s17_qp_43 Q: 3

The digital transmission of speech may be illustrated using the block diagram of Fig. 3.1.

serial-to-
e — x b—cieeooc—1 parallel - v —I>—|I]
D_I>_ optic fibre converter

Fig. 3.1

(@) (i) State whatis meant by a digital signal.

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

(ii) State the names of the components labelled X and Y on Fig. 3.1. 0
)PP PR UPR PR
USRS &

(b) The optic fibre has length 84km enuation per unit length in the fibre is 0.19dBkm™".

The input power to the opti
noise ratio is 28dB. 0
Calculate Q

(i) indB,t

.7mW. At the output from the optic fibre, the signal-to-

input power to optic fibre
noise power at output of optic fibre’

&

*
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(i) the noise power at the output of the optic fibre.

NOISE POWEE = ..o e e e ee e W [3]
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A coaxial cable is frequently used to connect an aerial to a television receiver. Such a cable is
illustrated in Fig. 4.1.

insulator ELE:,S;ir?ng
copper N
core — \m\m\’\”
copper
braid

(@) Suggest two functions of the copper braid.

(b) Suggest two reasons why a wire pair is not usual connect the aerial to the receiver.

(c) The coaxial cable
The cable has a

Cal
afiuxt

g an aerial to a receiver has length 14m.
n per unit length of 190dBkm~".

ss in signal power during transmission of the signal along the cable.

fractional 0SS = ....ovviieieiie e [4]
[Total: 8]
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A coaxial cable is frequently used to connect an aerial to a television receiver. Such a cable is
illustrated in Fig. 4.1.

plastic
covering

copper
braid

Fig. 4.1

(@) Suggest two functions of the copper braid.

(b) Suggest two reasons why a wire pair is not usu edto connect the aerial to the receiver.

(c) The coaxial cab
The cable has

ing an aerial to a receiver has length 14m.
ion per unit length of 190dBkm™".

Calgulate oss in signal power during transmission of the signal along the cable.

0'“

*

fractional 0SS = ....ooviieiieie e [4]
[Total: 8]
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(@) Signals may be transmitted in either analogue or digital form. One advantage of digital
transmission is that the signal can be regenerated.

Explain
(i) what is meant by regeneration,

(b) Digital signals are transmitted along an optic fibre using infra{\dlation. The uninterrupted
length of the optic fibre is 58km.

The effective noise level in the receiver at the end ic fibre is 0.38 uW.
The minimum acceptable signal-to-noise ratio in eiver is 32dB.

(i) Calculate the minimum acceptable b@of the signal at the receiver.

*
4
* ,“
(i) The inpu power to the optic fibre is 9.5 mW. The output power is P,
Calculate the attenuation per unit length of the optic fibre.

attenuation per unitlength = ... dBkm~! [2]

[Total: 8]
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171. 9702_w16_qp 43 Q: 4
(@) Signals may be transmitted in either analogue or digital form. One advantage of digital
transmission is that the signal can be regenerated.

Explain
(i) what is meant by regeneration,

....................................................................................... ‘..

(b) Digital signals are transmitted along an optic fibre using inf@adiaﬁon. The uninterrupted

length of the optic fibre is 58 km.
The effective noise level in the receiver at the en tic fibre is 0.38 uW.

The minimum acceptable signal-to-noise ratio i ceiver is 32dB.

(i) Calculate the minimum acceptabltb’%,\I of the signal at the receiver.

Calculate the attenuation per unit length of the optic fibre.

attenuation per unitlength = ... dBkm~! [2]
[Total: 8]
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