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INTRODUCTION - RADIO FUNDAMENTALS.
Radie equipment: are used for the transfer of information by
electromagnetic means., A complete ggSembly of a radie circuit

reguired to effect the desgired transfef.of 1nformation i8 known as

a telecommﬂlcatioh system. Common telecommunication systemsinclude
. A . )

telegraphy, telephony, teiemetry, television, radie etc. In general,

the building block;of wipeless'systems or etherwise include the
transmitter, the:chanhel:and'the‘receivef.the transmitter converts
the input signal (audio or vidéo-etc) into an electrical signal;
tﬁe channel links the transmitter and the receiver -and includes
wires, waveguldes, radiowaves in space: etec; the receiver copverts
the electrical signal back into the audie or video form, |

In thefradio system, electromagnetic radiation ef frequency

" within the radio frequengy pertien of the electromagnetic srectrum

will be used fer transmission and reception of elecirical silgnal,
. . L . qn PR N

The transmissien channel is the radiowave 1n~spaceAthein frequency

of operation range from about 100KHZ to 1000MHZ,

The transmitting station generates electro-magnetic wave32
which travel in space at the speed of light (3x108m/s) and is

picked up by the reéeiving stations, They maybe switched on and

off by means.of a key in accordance with a signalling cede (as in

wireless telegraphy), or their Characteristics maybe varied electrically

in response to sound waves entering a micréphone (as in radie
telephémy or sound Broadcastin@; or they'maybe varied in resgponse

to light waves entering an electronic camera  (as in television),

" Qther:: uses of these waves are for radar (the detection ef distant

objects by the use of waves which are reflected from the object
back to the transmitter); and for telemetry (the transmissien: of -

scientific data from instruments fitted in rockets, balloens ete).
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.In all these cases, the waves ate set up in space when currents
elternating at radio freguencies are pumped into the transmitter

aerial, These currents alternate at high frequencies and can be
modulated, '

The possible frequency bandsI for use include: Very low

frequency (VLF, 3-30KHZ for long range naviggtion* sonar), Low
frequency (LF, 30-300KHZ' for navigational aids, rade beasors) ,

Medium frequency(ﬁ?ﬁoo._goookva)for maritime radie, directionfinding,
distress and cﬁl‘ing}*Comneréial AM radio,"coast'gua&d communication).
High frequency (H.E- 3 30MHZ search andrnscuz air craft cemmunication
with ships, telegraph, telephone) very high fnequency(VHF 30-300MHZ
for VHF television channel E:M radie, taxi ccab, polioe,navigational
aids etc), UItra High frequency(UHF 0. 3 3GHZ for UHF televisioniV'
channelynavigational aids,surveillance :adan)satellite communication;
radio altimgxers'etc)g Super'nigh‘freguency (SHF 3-30GHZ, fer :
satellite communication, weatnerradaf, appfoach radar, airborne

' radar etc)Q Extremely high frequency(ﬁHF 30-300GHZ for rail road .

serv1ce, radar landing systems etu).

I.1 RABIO COMPONENTS:

‘The radio transmitter and receiver are made up of three

main component groups VIZ: inductors, capacitors and resistors,
Others might include transistors, diodes etc,

As an example, a mainsttransformer can be classified as
an inductor because it comprizes a numberiof coils of wire
wound on iron laminations, giving inductance as well as trans-
former action; an intermediate - frequency (I.F.) trsnsformer
is really e~combination of two or more inductors which are

tuned to Specific frequencies and coupled to provide the

transformer action.
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. In all these cases; the waves ate set up in space'when currents
alternating at nadio freﬁuencies are pumped into the transmitter
aerial, These.currents alternate‘at high frequencies and can be
modulated, : |

The possible frequency bandsI for use include: Very low
frequency (VLF, 3-30KHZ for leng range naviggtien° sonar), Low .
frequency(LF, BO-BOOKHZ\for navigational aids, radte beq;ﬁﬁ%;

Medium frequency(M: 300.3,000kt)for maritime radio, directionfinding,
distress and ca“ing, Commertial AM radio, coast ‘guatgd communication),
High frequency (H.F- 3 30MH2 search andrzscue air craft cemmunication
with ships, telegraph, telephone) very high frequency(VHF 30-~300MHZ
for VHF television channel,f:M radie, taxi -cab, police,navigational
aids eté);’ Ultra High frequency(UHF, O. 3—3GHZ for UHF television
chennel,navigational aids,surveillance radan)satellite communicatien;:
radio'althtexers'etc)g’Superfnigh‘frequencyv(SHF 3-30GHZ, fer
satellite commnnication, weatherradaf, appfoach radar, airbdrne

' radar etc)Q Extremely high frequency(&HF 30 BOOGHZ for rail road

serVice, radar landing systems etv).

I.I  RABIOQ COMPONENTS:

'The radie transmitter and receiver are made up of three

main component groups VIZ: inductors, capacitors and resistors.
Others might include transistors, diodes:etc. |
As an example, a mains transformer can be classified as
an inductor because it comprises a numbercof coils of wire
; wound on iron‘léminations, giving inductance as well as trans-
former action; an intermediate - frequency (I.F.) transfonmer
is really eicombination of two»or more inductors which are

tuned to specific frequencies and coMpled to pravide the

transformer action.
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When inductors are used solely to give transformer action, however,
the components are usually réferred to a8 a transformer e.g, the
mains transformef; I.F. tranéfermer, audie frequency(A.F) transformer,

as distinct from a main: induétbr)fI.F inductor etc.

I.I.I TRANSFORMERS
‘ Tﬁréevséégé_tYpes'of transformers are found in Radie

equibmentfﬁ Tﬁe§¢~inciude: power trénsformers (designed
‘for fhe mains frequency): Loudspeaker and AF: coppling
transformefs (desigﬁed for a specific rggg@pf‘low frequenc;es;
Aerial coupling and I.F, transformers (designed to tune
and(couple R.F, circiuts). . -

. Power trahsformers are made in various sizes to sﬁ&t ‘
the current they dre-requlred to supply without overheiting.',
They always use fairly massive sheet-iron laminations,
depending upon their pover ratings; The primary winding
is cohnected across the supply and the othgr supply low
voltage to the transistor and high voltage to thé rectifier
circiut is cailed the secondary. The primary winding usually.
has various taps to suit the number of mains veltage. The
desfgndgn sﬁch components is concentrated on secuking
maximum efficiency at the power frequency (50or 60HZ).

. Low-frequency cénpling~and output transfermers usually
hgve}two windings: the primary whith coennects the collector
terminal of the transistor output and the secondary which
connects to the loudspeaker or base terminal ef the follewing
stage, DBoth types are designed to operate efficiently |
over the whole of the'audio spectrum, and with output
transformers thevtunns ratio is such that the low impendance
of the sﬁqakeri(usuallyrox a few ohms, 3T say), reflected
inte the'ggllgctur terminal 6{ the output transister as
several thousands of ohms te mitch the opfimum leoad impendance
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of the transistor., The turmsratio required is qualbto
(21/22)%. where Z, is the optimuim load impendance ef the
outbut transi;tor and 22 is the impendance of the speaker,
L.F. or audio coupling‘transfofmers may or mayjpot hav§ a
step-up (Qr step-down ratie, depending upen quﬁirements, and
since there is less powér in a cbupling circiut, such
transformers are usually smaller thah loudspeaker output
transformers. High - quality.audig output transformers
have Sqffic#ént Rr1mafyAinductance to maintgin a good low-
frequency regponsé,”anq a small winding capacitance to avoid
gftenuatioh‘at'the hiéh frequency enq of the audiospectum.
They are also mucﬁ larger than loudapqakef transformers used
in 'ordimmx-‘:\x receivers., | | |

‘:Radio-frequency transformers, including I.F. transformers
are really individually tuned and coupledwindings. Fer I.F.
transformers each wihding is tuned by parallel capatitance
to the reguired intermediate frequency, which is usually
L70KHZ for A.M. sets and 10,7MHZ for F.M. sets, a ffpced
capacitance'is usuaily employed and tuning is accemplished by
ﬂust-iron cores, The coupling coefficient is usually fired
by the ‘spacing of the twe or mere windings. VYariable preset

goupling possible, in this case two windings are wound on

vertical formers and a third former simply carrieg an adjustable

dustiran core, which has the effect of'varying the coupling
soefficient.

" For minmture I.F. transformers, particularly those used
in transistor receivers, potted cores are ueed.ﬁ
'in'gepgrai transfbrmérs in radie equipments are used for
the following pufposgs: transform current (o¥f vbitaga)vfrom
a lower tqwg higher\ﬂalue and vicé“versa; iéolate electrically

ene part of a circiut ffem another (two windiﬁg transformgr),

S

impedance matching etc,

vesddS,
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cI.1.2. C AP A C I T 0 R S

Basically feurtypes of capadtors exist namely;
(1) the electrolytic capacitor (which is polarized with one
' ternﬁnh{ppsitive ﬁhthhrésﬁect to the other and therebmust
be used in circiuts with no voltage reversal; it has. a

large capattance for a given size

(11) The fixed capacitor with paper, metallizedpaper; plastic
‘ £ilm (polystgr); mfca or ceramic dielectric as used for

coupling or decoupling
(111) The variable‘capacitor, used for tuning and

(1v)  The thmeer or pre-set capac1tor used instead of a

dust-lron core to adjust the tuned frequency of L«C.

circuits.

I.I.Z({) FLECTROLYTIC CAPACITORS
These 'are able to provide a large capacitance in
é small space because the dielectric between the plates
is microscopically ihin, Apart'from their capacitance,
the‘workingﬂVQItage and ripple current must be considered
before choosing an glectnﬂytic'capacitor,T%ey.are used
ﬁﬁ'by-passféhd”coupling capacitors
o Anode (hve)

———————InSoJAJU%f'ﬁuSL
Elec troLﬂ &

U E \Lclre\j’ﬁ_
. : --““”“‘FQLW\&F Gas and Oxi1de
('bw-lv..t:t\*t(.)
Fig 1.1. 2 (1) Section through an electrolytic
capacitor,

In high tension feed circuits, electrolytics are

used as by- pass capacitor's, connected across emitter
resistors. A high value is. usually reqyired for these
applications and electwlytic capoicitor is about'the
only component that can provide in a small volume,
Sometimes a péper-type capacitor eof rather low value

is connected in parallel with an'electrelytic used

A’lbuv:a n \.u\ ~ C an GVQ'-tST:m*:\‘JJ i
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as a by-passor decoupler. This is due to the fact that an
electrolytic capaeitor has a fairiy high inductance which can
. i'cause trodble in éertain?cirzu%s, and the paper capacitor
effectively by-pdﬂ;only SLgnal that may develop across the in

Lnductive element,

Electrotytic capacitors are found also as coUplegs in transistorﬁ»

radio. These usually have a hiBhvalue and very low working
voltage and are physically smallvunits, Bewane of the

connections!!!!

I.1.2 (1) CERAMIC CAPACITOR‘S

These are often found in television equipment and
some are unusual in having a negative coefficient of
temperature“ {ie: their<capbc1tance decrease slightly
w;th increase in temperature). This feature can be useful
for peutmTalizing frequency drift in Qscillator and I.F.
circuits, and in most V.H.F/F.M. tuner units a selection
of both types Qill Se found, The capacitor used i¥ rated

at the appropriate a.,c, working Yoltgge.

(L) TMJD\A\Q,Y t’ P'Q"
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I.I. 2 (iii) VARIABLE CAPACITORS

Two types are ‘in used, the tuning capacitor
and the tyimmer. As used in many radie receivers,
the former has a setof fixed plates in parallel, Called
the stator, and an intermeshing set of plates on a

shaft, called the rotor,

oo L
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Air is employed as the QLe;ectﬁb, and these are normally two er
threebséctions ganged to work together although operating as
separate'capécitors.withveach section of the same capacitance and
any frequency difference in thé funed curcuit8¢"served’the
component being allowed fof by the use of padding and trinming
capacitors pr by coil des’;gn. | ,

Some uiri&tSs maﬂbe found with twe main sectiohs and a third
smaller sectien independently'operatéd from a Separate spihdle
for band - spreadipg pn the short waves., Two separate gqnged d
sections. mqj'be found on some AN, /F M receivers, the larger ‘
sections for A M operations and the smaller for F. M..V&riablek
capacitors in small transister receivers arevdeﬂghcd for use
with printed éirguit boérds. They employ pblythene as the
diéléctric to allow much smaller size for_abgiven capacitance
per sectioen,. | ﬂ

Trimming capécitors are-set to suit circuit cenditions‘énd
then not touched in normal operation, They may take the form |
of a concentfic érrangement'where ane set can be screwed between
the air gaps of a secend set,'or there is the compresslonvtype
where a Serw is mSed’to‘pfess down ene plate(ef several plates)
on to andfher, with mica bétweent As the adjuéting sCréw is

tunnéd clockwiée for increased«gggggure, the capacitancq is

Id

increased, - o . ’a PTE T e

1
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fig. 1.1.2 (111) variable cgpalﬂéonasymbol

I.I.3 RESISTORS

These'bhave many applications, among which are:
dropping voltage from the high ! ten81on line to the collector

fer‘minal ‘of the transistnr: matime am b 7o e
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A.F. circuits); potentiqnl divider networks (either fixed or variable)
and decoupling in collector and autome&io galn control A.G.C.) »
circuits. The vqlues of the reslstance employed cover a wide range,
from a few ohms (for biasing reélstdrs) to maoy thousands (kilohms)
or.millions (megaohms) of ohhs (for base léqks and decoupling
purposes).

Resistors nfe mostly either ofbthe composition type or wire
wound, The first maybe of solid carbon cohposition or a film
of carbon or similar matérials on a glaés or perddain rod, The .
second are coils of resistance wire and are'thus able to pass consi- |

derably more current than the composition resistors,

——NVWW——
@ Fixed Resister b Variodle Resistor

Eiglh3 Resistovs - Symbol

I.I.3(i) =~ VARIABLE RESISTORS AND VOLUME CONTROL
o : The botentiomotef or volume control resistor is used

in radio and‘televisionvset for the control of volume,
tone, brightness, line and frame holds, height, inteference
soppqweséion etc, Most of these resistorss are made of
cohposition'material'or a layer of carbon or graphite,
over which a slider rotates; or the resistive element
may be wire-wouhd for canyimg a greater current.
(see Fig 1.1.3) As the slider moves back and fgvih it
changes the effective resistance in the circuit in an

upper or lower manner,

1.1 3(ii) THE THERMISTOR.

* This is a negative temperaturc coefficient resistor
whose regiStance value decreases with increase in

temperature, ' If is used for the suppresion of switch
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on current surges in.séries-connected heater chains. In AC/DC
receivers, the hegter’currenfnis braught to the carrect value by

a mains droppér, the whole oflthc series dirnhitbeing connected
across the mains supply. When the set is first switched on the
series fasiétance of all the heaters and the mains dropper is
relativeiy low, meaning a heavy surge current could flew through
the circuit. To aviod a switch-on surge, a thermistor is connected
in the heater chain, and»since its value is relatively high. when .
cold, it 1imits the chain current, The current however causes the
thermistor to warm up, and as it does so; its resistance décreases,
thereby progressively letting mere voltage to reach the value heaters
as their resistance increases during the warm-up period.

Fig 1 1 3(11) thermistor

PIVorS

I.IQ3 (iii) VOLTAGE DEPENDENT RESISTORS" In thlS type the resistance

decreaseswith increase in voltage. It is found in TV
receivers where it 1s used for stabilizing the timebase
against voltage variations‘and the effects of ageing
component’'s. It belohgs to the semi~conduiector family.
Fig 1. 13(111) voltage dependent

Resistor
IfI.B(iy) LIGHT DEPENDENT RESISTOR:

" In this type the resistance decreases as the intensity
of the light falling upon it inereases, It is used in

TV receivers ts provide an automatic centrol of contpast
or brightness to suit the roem lighting conditions and

is connected in thé appropriate circuitry so that vhen
the network resistance changes.due to a change of 1llumin-

nations, the brightness or contrasgt is automatically

compensated for,
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Fig 1.1. 3 (1v),! light dependent Resister

INDUCTORS :

An ordinary untuned winding preg.3e’ inductance vand
is known as an.inducter or choke. A tune circuit is
made up of both inductance and capacitance, and the
frequency to which the combinatien tuned depends en the value
of the two elements. bEven‘ a piegegeof wire has a small
valueM;f induétance whigh is a functien of 1fs length and
configuration (whether wound as a coil or is merely looped).

At ordinary broadcast freéuencies, the inductive effect
of a short length of 1ntefconnecting wire inside a receiver
is of little consequence but at very high frequencies as used ﬁ
for television and for V.H.F./F.M. radio, it may - be
sufficient to upset the normal characteristics of a
tunqedhéircuit. Types of inductors or cﬁdkes include
the low frequgncy smoothening choke, the V.H.F tunihg
imductor,

A tuned circuit, compri¢sing inductance, L and

cépacitance (C), has a tuned frequency (F) given as

Fom 1
... 2ALLC

This frequencj is increased or decreased by
decreasing either L or C or decreased by increésing the
value of one or both"of these elements, In most broadcast
receivers a vériable-capacitor is uded for tuniné; but in
certain television and YHE/FM'rece;vers the'dapacitance
1s fixed and the finddctQACe is varied to cause'a
change in timed« £ frequency.
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Fig. 1.1.4 Schematic Representation of Inductors,

I.1.5  _DIODES 3

I.I.6

S s ety

Diodes are the simplest solid state components. A
diqde has only‘f@o'lcads; an anode.and a cathode. In amplifiegs
and communication.equipmentr, diodes serwve as'temperatﬁfe
stabilizers, signal detector and reguiators. Larger size

diodes are used in electrenic power supplies typically as

rectifiers.

The diode family comprises:regular diodes, the zener
diode (used primarily for voltage regulation), the tunnel
diodes (used in Oscillators.for‘its negative resistance

characteristics), the light emitting diode(for illuminatiop).

% o M“el ,w.oaz
b——w‘o - +- -
-+ - PR

o Lght Entihy (i Regulor Siode  * @ Zener Diode

wde
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F:"d | 1.5 : Some’ DCodz* Safmlﬁ-ol,s

TRANSISTORS .

This is the most widely use semi copductor device they
are widely used as amplifiers in commuhi#atioﬁ circuits and as
switches in digital circuits, They are available in discrete
forms as weli as in integrated circuit (IC) forms, Twe basic

types exist: the NPN and the PNP types.
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