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e A perforated Data Sheet is provided on pages 3 and 4 of this question
paper.

e This sheet may be useful for answering some of the questions in the
examination.

e Detach this perforated sheet at the start of the examination.
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Data Sheet

Resistors

Resistor Printed Code
(BS 1852)

Resistor Colour Code

Silicon diode

Silicon transistor

Resistance

Capacitance

Time constant

A.C. theory

Preferred values for resistors (E24) series:
10,11,1.2,1.3,15,1.6,1.8,2.0,2.2,2.4,2.7,3.0,3.3,3.6,3.9, 4.3,
4.7,5.1,5.6,6.2,6.8,7.5,8.2,9.1 ohms and multiples that are ten
times greater.

This code consists of letters and numbers:

R means x 1

K means x 1000 (i.e. 10%)

M means x 1 000 000 (i.e. 10°)

Position of the letter gives the decimal point

Tolerances are given by the letter at the end of the code, F = + 1%,
G=+2%,J=%+5%,K=+10%,M = + 20%.

Number  Colour
(1) glack Tolerance
rown
2 Red Value |
3 Orange
4 Yellow
5 Green
6 Blue
7 Violet *
8 Grey Multiplier
9 White

Tolerance, gold = + 5%, silver = + 10%, no band + 20%.
Ve=07V

Ve = 0.7V in the on state
V. = 0.2V when saturated

RT = Rl + R2 + R3 series
1,1, 1 parallel
Rr Ri Ry, Rj
i:l+_1_+i series
Cr G G Gy
Cr=Ci+ G+ Gy parallel
T=CR
Irms = '{2
2
Vrms = E
2
c= 1 reactance
2nfC
XL =2nfL reactance
f= _Tl_ frequency, period
1
= resonant frequenc
J 2N LC a Y Turn over p
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Operational amplifier

Astable and Monostable
using NAND Gates

555 Astable and
Monostable

Electromagnetic Waves

List of BASIC Commands

Gy = Vou voltage gain
Vin
R; . .
Gy = — ——= mnverfin
v R g
R
Gv=1+ —I—é— non-inverting
V.
Vou =R | — + Y2 + Ys summing
Ri R, R
1
fr— ‘ astable
2RC
T=RC monostable |
T=11RC monostable
ty= 07(RA + RB)C ] astable
t;, = 0.7RgC
f= 1.44 two resistor circuit
(R AT 2RB)C

1

c=3x108ms" speed in vacuo

DIM variable [(subscripts)]

DO [{WHILE | UNTIL} condition]
[statement block]
LOOP

DO
[statement block]

LOOP [{WHILE | UNTIL) condition]

FOR counter = start TO end [STEP increment]
[statement block]

NEXT counter
GOSUB [label | line number]
[statement block]
RETURN
IF condition THEN
[statement block 1]
ELSE
[statement block 2]
INKEY$
INP (port %)

INPUT [ ;] [“prompt” {;1, }] variable list (comma separated)

LPRINT [expression list] [ {;1, }]
OUT port%, data%

PRINT [expression list] [{;1,}]
REM remark
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Answer all questions in the spaces provided.

1 (a) Label the block diagram of a simple radio receiver shown below.

v
v
v

(4 marks)
(b) The receiver in part (a) is tuned to a carrier frequency of 0.6 MHz.
Calculate:

(i) the wavelength of the carrier waves;

(ii) the length of a half-wave dipole for this frequency;

(ii1) the value of inductance, L, required if a 500 pF capacitor is used to tune to this
frequency.

(6 marks)
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2 (a) An information signal and a carrier wave are shown below.
On the lowest set of axes, show how these combine to form an AM signal.

| |
. |
Information | : |
signal : : |
| ! !
| | |
| | ! .
| | 1 time
| | |
| | !
| ! !
| | |
| |
| | |
| | |
| | !
| ! !
| | |
| | |
I | |
| I
Carrier wave
time
|
1 |
| | |
| | |
| | |
| | |
| | !
| | |
| | |
| | |
| | |
| | |
| | !
| | |
| | |
| | |
| | |
AM signal : : |
! ! : time
| | |
| | |
| | |
| | !
| | |
| | |
| | |
(4 marks)
(b) The information signal has a range of frequencies from 300 Hz to 4 kHz.
Calculate the bandwidth of the resulting AM signal.
(2 marks)
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3 Several pulse modulated digital signals are shown below. For each signal draw, on the axes below it,

the corresponding analogue signal that would be obtained after demodulation.

SO05/ELES

(a) PAM signal

(b) PWM signal

I

time

time
(2 marks)

time

(2 marks)
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(c) PPM signal

T T | T T T T time

time
(3 marks)

(d) 3-bit PCM signal

T 1 | T time

time

(3 marks)
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4 A digital communications system uses the 2 input data multiplexer shown below.

Ao
C
Q
Bo D
So——«

(a) Complete the truth table for this logic system.

A B S Q
0 0 0
1 0 0
0 1 0
1 1 0
0 0 1
1 0 1
0 1 1
1 1 1

(1) € oo eeeeeeet e s s s eeee e eesseee
() D eeveeeeeeeeeee oo eeeeese e eeseeese e seeeene e seeee e
(HI)  Q oreeeeeeeeeeeeeeeeeese e eeeeeesessee s essesesee e e eeseeeeeeeeeeeeesseseeee e eeseeesesseees
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(4 marks)

(4 marks)
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5 (a) Draw and label a diagram of a cross-section through a step-index optical fibre.

(2 marks)
(b) (i) By what process do signals travel along curved sections of the optical fibre?

(il) Name an output transducer that would be suitable for sending a signal along an optical
fibre.

(iii) Name an input transducer that would be suitable for converting the signal from an
optical fibre into an electrical signal.

(4 marks)
(c) Describe the effect on an optical signal of:
(1) attenuation;
(i) dispersion.
(2 marks)

(d) State and explain an advantage of using optical fibres in a communications system rather than
wires.

(2 marks)
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6 A system using op-amp active filter circuits is designed to boost the information signal for a
transmitter. The information signal should only contain frequencies from 300 Hz to 4 kHz.

(a) The op-amp used has a gain-bandwidth product of 1 MHz.
Calculate the maximum gain that could be obtained at 4 kHz.

(2 marks)
(b) The system is made using a bass cut filter with a break point frequency of 300 Hz feeding a
treble cut filter with a break point frequency of 4kHz. The resulting output is then amplified

by a factor of ten. Draw and label a system block diagram to show all these sub-systems.
Include in your diagram the input and output.

(3 marks)

(¢) Draw the circuit of a non-inverting amplifier that would amplify the signal by a factor of 10.
Label the input and the output, give values for the components used.

(5 marks)
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(d) (1) Draw the circuit of the active bass cut filter with R, = 10kQ, R;= 100k, and
capacitor C.

(i1) Given that the reactance of C is the same as the value of R, at the break point frequency,
or otherwise, calculate the value of C to give the required 300 Hz break point frequency.

(ii1) It is then realised that both filters can be made in the same circuit.
Add one capacitor to your diagram in part (d) (i) in the correct place that would also
make the circuit into a treble cut filter. Label the capacitor T.
(8 marks)
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(a) How does the signal from a mobile telephone reach the base station?

(b) Each channel frequency allows eight conversations to take place at the same time.
(1) What type of multiplex system allows this?

(il)) A base station uses sixteen channels. How many users can make calls through this base
station at any one time?

(iii) Each mobile phone channel has a bandwidth of 200 kHz.
Calculate the effective bandwidth available to each user.

(5 marks)
(c) Mobile phone signals are digital. When a weak signal is received it is processed by a
regenerator.

Describe the process of regeneration of a noisy digital signal.
State what type of sub-system is used and explain briefly how it operates.

(4 marks)

END OF QUESTIONS
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THERE ARE NO QUESTIONS PRINTED ON THIS PAGE
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