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WORKING CIRCUIT DESIGNS

Simple crystal set

LCryvital sel using (ransEtor

Transistor detector/amplifier

Double-diode crystal set

Crystal set with one stage of amplification
Crystal set with two-stage amplifier
Two-transistor amplifier for loudspeaker output
Practical two-stage amplifier

Two-stage amplifier with volume control
Push-pull output with direct coupling
Push-pull output with transformer coupling
Basic TRF receiver

Three-transistor TRF receiver

Single-transistor receiver with pre-amplifier

Singla-tranistor regenerative receiver
Simple regenerative receiver
Three-stage reflex receiver

Three-stage reflex receiver with choke-capacitance
coupling

Single-transistor reflex receiver
Fourstage reflex recelver

‘Mighty Atom’ single-transistor receiver
Three-transistor regen receiver
Superhet recepver

Mullird design for six-transistor superhet
Mullard ministure superhet receiver
FET recetver

W IC amplifier

THF broadcsst receiver

Wireless microphone

Marine-band canverter
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1 RADIO MADE EASY!

Everyone knows what a radio fs, but many people find it difficult to
understand how & radio recetver works. Reading technical books on the
wilject 18 noi elways & help. The bngusge of radlo, and the
understanding of technicalities, can prove difficult or even impossible
without some previows bockground knowledge of the subject. So we
will start right from scratch—In plain lanpuage!

The “sending’ of sound is edsy (o understand. Wheh someont speaks
e (or ahe) sends out = sort qf pressure wave from the mouth. This
travels through the air st spproximately 335 metres per second, or
1,100 feet per second (the speed of sound). When 2 sound wive reaches
the eat of & listener (anvone who happens to be in the way of it), the
pressure wave will set parts in the ear vibrating, the ‘sgnal’ being
transmitied 1o the beain and ‘received” i an impression of 1ound-
Fg 1.1
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Fig. 11 Speech B framsmitied diecily theongh the alr by
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Sound-pressure - wives Bave another characteristic: {hels ‘strength
decresses quite faphdly with distance. Doubling the distance between
wender” and "récelver” would result in thie level of sound received being
reduced by one guarfer (nof one half}.

The only efféctive wily (o increase "distance of sending’ or ronge |5 to
increase the strength of the original sound, by shouting, for instance,
aithough this will not grestly increase the range. (Remember that the
strength of the sound-pressare waves decrease in proportion to distance
fimeer ‘distance, or {distance)?.) The oiher method is to lncrezsse the
strength of the orlginal scund by using a megaphone of public-address
pvyiere Both pre devices which bogdt sound, known o emplifiers, A
Emple megaphone is & mechanical amplifier, while » public-address
system is 80 electonic sound smplifier, based an 8 sricrophoie, 2n
armpfifier circutt, and & fowdypenker—Fig. 1.2,

MERTEPHONE FLECTRICAL

i3 L

Fig 12 Toeutend the mape ol st {iurrrakbed, o fosin of
armplily g dewice can be s,

Here the microphone st rather fike the human ear, being vibmted
by the ‘sound ‘waved, bul tirning this &ffect into decirical mpulees
rather tun perve pulses, Thede pre fed to the pplifier; which
considerably magnifies the sirength of these elecirical signali. The
stropger signals are then fed o @ loudspeaker, which works ke a
miciophone In reverse. 1t & fed with electiical impulies fo 52t 2
disphragm vibrating, which in turn generates 8 sound-wave “output’,
Because the incoming signal (into the microphone) has been magnifled
or amplified, the sound wave issuing from the loudipeaker is wery much
fonges than the origing! “inpet” sotind.

Buch & systern B3 #fill limited in mnge. Words spoken Into s
public-address myutem may be heard, under favournble condifions, as far

rae LD
LouND-PRESSURE
WY E
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wwsy 25, perhaps, one mils— bt ceitainly pot misch farther. Also, wind
blowing in opposition to the sound will comiderably reducs the mnge.
8o 1o incresse range still further, some other method of tmnsmitting
e soupd mist be used—Fig 1.3,

S0UND WaJVES

) G ||

MICROPHONE HH:H'G'F"HDHE
A

Fig: 13  To trapsmit wound aver looger diEANcE, WHES D wped io
comnerd e piemphones. In o slmple system, the nikcsophones cm
o work my wpeakery, |3 the upsal (eleplions sysem, o paraie
mhicmophone and spraker (garpiece) are woed wf such nd.

Again the original sound I directed into 0 microphone, which i
connected by two wires 10 another microphone. Each microphone can
act either a8 o microphone or speaker. Microphone A turns sound into
ehectrical impulses, which are transmitted slong wires to microphone 8
which s wibrated to turn these knpulses into the original sound; (n
other words, it is working a¢ 8 speaker. If sound it now introduced into
mictophone B, electrical impulses will be transmitied along the wires
back oA, which now acte 8z 3 eppaker.

The particuler adwntage of o “wire' system is that once the sound s
turned into electrical imputses, these impulses can be transmitted over
quite long distances without greatly diminishing tn power. There will be
a reduction in power with increasing length of wire, because all wires o
conductars of electricity offer same rexfizance to the passage of electric
currents. The greater the wite length, the greater the resistance, and
thus the greater the bous of dlectrical emerigy. This will show up in the
'recedved” sound, being much weaker than the original

Thete are ways of compensating for this; for example, the nchision
of & battery in the circuit, to produce & more ‘responsive’ microphone
cireuit (i.e. make the electrical impulses, gengrited by the microphone,
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I ROFHORE i ! MICaDPEONES
SPEAKER 'I ija AMPLIFIER SFEAXER

TEATTLEY

Flg. E4 —Benér somid trarsminjon over wired b gven By added
jieny {vid @ Badieryh. An implifier oan aleo be iitrodeced mie {he
eieeiid 1o boail the viresgih of the electrical i

stronger), Abw, if necesmry, an amplifien can be (ncluded in the
alreisit—Flg. | 4,

Before leaving this parficular setup il 8 worth explaining that,
dlthough two wires am shown connecting the two microphone
speakers, the wystem will slo work with ome wire. Bat, since a
ingle-wire connection cannol compleie 4 Yoop® for electiocs] currents,
some other ‘common’ connestion is needed af each end. This can be s
connection to eortl, sivd provides the ‘return path® for the circudt- Fig.
1.5 There are disndvantapes in such » system used for telephonic come
munleation {which we have been describing), but the use of earth ssa
‘comman’ connection i very useful |n radio wark, as will be seen later.
The earth iy be ‘real'-le. 3 cofffiion 1o & physical earth; or
“irtual'—i.e. connection o a common line in the redio chrouit with no
externad earils connection.

Telephonic tranimission - is possible: over very Jong distances, but it
doet need fterconnecting wires and one ormore "seiiching centres’ in
alder 1o be ahle to connect one “sender’ 1o more than one ‘recelves’, of
alternative "recelven’.

MICAOPHDNE] MICADPHOMES
SPEARER WERAR

ONE WIRE

'HHTH' "EARTH"
CONNECT1OM COMMECTEON

Fig. 13 Sknypile telephond ivslemi o operile oves & iingls wie
with “eerth refam’,
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Radio & wire-less transmilssion (hence the original nume, wirele):
electrical impulses penerated in & microphone 2re sent directly through
the nir—and oy namber of receivers can tane in 1o the @me signal st
the same time. The “sender’ becomes o broadessr swtion, each of the
Tistenem wsing & radio receiver 1o hear the brosdeast signals.

Bul electrical impulses, peneraied by sound waves peaching a
microphone, cannot be senl directly. In the absence of connecting wires
in the mictophone, nothitg will happen. The trick i3 to turn the
dectricul impulses generated in the microphone into & type of electricul
signal which will travel through the atmeosphere (and even inlo space};
iy olving turning the electrical immilses o rdicfraguenicy wme,

WAVELEMGTH

p—

J

AMPLITUDE

V

i i 3 [} 5 B 7 B,

[

FREQUENE Y 1% NUMWBER OF COMPLETE WalW'ES PRE SECOND

Fig. 18 A wovelorm & @eflied by |55 wevelenpth-ot o,
prefuinbly freguency —and amplitade. Amplitide (v o messre of e
‘powes” or srength af e wave.

A wave | vmply s way of expressing, in physical form, =
transmission involving energy. (A simple wave is shown in Fig. 1.6.) The
chatacteristics of the wave are defined by |8 wavelenpth, or distance
from crest 1o crest, and by its amplifde or “ing” on elther e of the
centre-ling along which the wave {s moving.

Imstend of wavelength, however, it B more convendent to speak of
freguency, the number of complete wavefoems produced per second.
Wavelength, frequency and the speed of the wave sre simply teliled o
fialbows :

wive Hﬂtd
wivelength = fr!quu-l'n'c_}'
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Wavelength (whete used) b normally quoted in memer; liequency i
now quated in Hertr (abbreviated He).

All the sound and electrical waves we have considered so far have
been st audio {or *hearing') frequency (abbreviation AF). The criginal
sound waves (which are an sudia frequency ) are converted dizectly into
electrical waves, and back apain into sound waves, all & the same
frequency. The complete sange of audio frequencies is from sbout
30 Hz (5 very low, desp nate) to around 16,000 He, The car cimnol
respond to frequencles outside this vangs, so they are not heard.
Mrither, as we have noted, are any of these audio-frequency waved
direstly transmissibie through the air over any distance, mpinly becauas
their arplitude decresses mpldly with increasing distance. Amplifude is
& measure of the power o ‘strength’ of the wave (think of sea waves for
aslmple comparisan

Radic-frequency waves teavel with the speed of fight, 000, (RN
metres per secand. Because of their high.speed, their amplitude i far
feis modifled by distance. Another distinction & that radio-Trequency
waves (abbrevistion REY are s=nt out in all divections from the
source—a characteristic of all efectro-magnetic radiation {unless con-
strained or ‘bearmed’ in @ position of direction by suitohle reflecting
devica), .

The various radio weves are divided into categories, namely

10—30 ke Very low frequencies, of VLE

30--300 kifz Low fraquencies, o LF (long wave).

00— 3,000 ki Medium frequencies, or MF (medium wave).
3-30 MHe High frequencies, o HF {shoct wave).
30300 MHz WVery high freqguencies; or YHE.
300-3,000 MHz Ulirg-high frequencies, ar THE.
3,000-30,000 MHz  Superhigh frequency, ar SHF.

The LF mnge comesponds 1o the “long wavelength’ band: the
MF range covers the ‘medium wavelengih®; and the HF covers e ‘short
wavehand®.

An immediate problem srises. Radio waves (RF) cannot be heard, o
how can hey be made to transmit sound? The answer | surprisingly
simgple: the radio-broadcast station transmits an RF signal corresponding
to the particular RF frequency allatted 1o it—Fig. 1.7, This s culled the
‘cartier”, and snoe it will nosmally be well sbove 30,000 Hz it cannot
he heard (except possibly soms side-cffects in the form of a litle
‘noise"),

Radio Made Easy!

W F CARRIER WaAYEDS
ARE LWE THIS

TRAMEMITTING
AEFIAL

Fig. 1.7 Form of & vesdy RF cardier wave which |y tranomitied ot
u specifle freguamey.

To transmit sound -spesch or musik—a microphone is used fo turn
sound waves Into sudic-frequency [AF) electrical waves, just as in the
previous systems described. Alternatively, these AF elecirical waves can
be obtalned ditect from n dise or tape recording, etz

This ‘sound’ signal Is superimposed on the carrler wave being
tramsmitted. Instend of hating & consfani wavelosm [constant ampli-
tude, a3 in Fig. 1.7), the combination of the AF ('sound’ wave) with the
carrier results in o wive something like that shown in Fig. 1.8 The “top’

MICEOMEONE  QIRCUIT TUSNS SO0UND

b
fmwrﬁs b i i
W)

AF SlGrAL

|||I.||||| |||| ||| -|||| LTI "-I
Fll III.I |1|||::|a..| |.-|.|II!||
arF L
CaARMER

BESLLT NG "RODULATED CARRIEW SIGMNAL

Fig. 1.8 The effect of wperimpoiing an sadio-Freguancy (AF)
iigraal on the BF cerricr il a miodulated carmer-wavs Lranummasn.
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ind "bottem’ of the carrier wave now assume the form of the "pound”
wave, which is thua cartied along with the carrier.

This combination &8 knows 13 & modickried wave. The ‘wund’ or AF
wave has modified the form of the RF carrier wave, or modulated it. 1t
i also exsy tosee that what has actually been modified or modulated i
the amplitude of the carrier save; so this form of mdio fransmession 1§
aalled amplitde-modulption or AML

This is the anly type of radio iransmission we shall be dealing with
in this book. There are others, noiahly freguency modulation or FM,
used for VHE workitg (which is outside the scope of reception by
simple radio recelvers),

No problems, therefore, in geiting AF signals “on the air’, In fact, the
air s literafly full of such dygnals almost every hour of the day, radiined
from differsiit brosdcasi-bransmitting stations.

The nex! slep (s to be able to pick them out of the zir, w0 to speak,
gnd, in particulas, 2o pick out or mme in to the one particalor gtation
we Afe tryving to listen 1o, i

A single length of wire will ‘pick up® virtually 211 AM signals present
This 18 becawse each signsl jepresents varyiig Emcims af elecirical
ghergy passing scross the wire whien, by & phenomenon Knowm a8

SiNGLE WIRE

‘“"#‘LFH,M _.;f’"'f O KERIAL

" gy
A= AVNNIN Y NALS OF CIFFERENT
""|.J1_ FREQUESRTY FALSING AERIAL

ﬁ.n.mnﬁn‘u*ﬁ“-'l""l'

"-u%%
N %
¥\\\cnmmﬂnm; M TE

I B CLUERENTS INDUSED
RS HAL

Fig 19 A dmple wige seral -2 yery. wesk ‘meoevr of Flio
sigmaly (b4 o process knewn au inductioh)

Radio Made Easy! 19

ndiiction, 8 part of that varying energy will sppesr in the wire &8 an
brchived cwurrent, This current will wary with the sume freguency, and
duplicate the same modulriion, od the orging signali—Fig. 1.9

The single length of wire, op gerie! a8 it can now be called, i thus
probably being sffected by dorens of differemt RF signals, each
inducing [t own ‘current image' i the wire; all thes cuments will be
extremely minute=far too unall to messure. So the sedal o only the
parting point for a practical receiver; anothe) example of “electronic
trickery” Is recjuired, namely 8 fmed cirowir connocted to the bottom of

the werial=Fig .10,
\*;-l!ml'.

—
w LARTH

Fig. 110 The sddition of & funed circait 0 an sl produces
amplification of signals [Hdwred in the sermd ot ons Freguency enly
itk resomamnk freguincy of The funed ool

A tuned cirouft normally comprises @ cofl (which 8 far more
efficient than a straight wire for picking up induced cuments), and 2
capacitor {which ucts as a stopor 8 bieak it & circuit (or diréct clirrent
i€, bui passes alternating currentCRe).

A capacitor aiso has ihe impottant propedty, when combised with a
coll, of generating & greatly magnified induced current at the particular
frequency known as resonar! freguiency.

This is & very important Tactor in the behaviour of a fied etreuil
Radio signals i (hat frequency, present in the aedal, will be greaty
magnified or amplified, while other signals ot different radio fre-
guencies wifl not. Thus, spart from plckdng up and g (Y ing 2
particular broadcast frequency, the tuned checut virtually repects ill the
other signal qurrents preseni in the serial because they aré o minate.

Since the resopant frequency of the tuned circwll depends on the
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valise of the capacitor 'and coll imductance, & suitable combination of
values can be calculuted to give maximum response (i.e. ‘resonate’) at
any particular brosdcast frequency. However, this would largely restrict
the scope of the receiver; therefore, one of the tuned-circuit compo-
nents is made variable in value, which means that the tuned circidt can
now be admsied 1o mne i to & whole range of sepaste broadeast
frequeicies.

One more step is needed to complets a basle receiver. The tuned
circult, when adjusted for resonance, is picking vp the origlnal canrier
phus sound signaks, or modulated RF signels. As this signal cannot be fad
directly to a speaker (ot being at audio Trequency) it is fed through a
derecror, which need be nothing more than 3 simple component called
s dinde-Fig. 1.11

EODULATED RF B0k
FHOA TUKMED CIRCUNT 'l

-

Fig 101 A dmode scivas o defecior

A diode |s another stop-go devics, which patses .6, of d.c. in one
direction, but itops curment flow in the other. The effect of passing
modulated RF through a diode is to ‘chop ofl' the *bottom” of the
signal, leaving two separate components; one being the “top hall’ of the
original carrier, the ather 8 varying d.c. companent, following exactly
the variations of the original AF xignsl used to modulute the
carrier—Fig 1.1,

The outpit from a diode detector can, in fact, be fed direct toa
sulizble speaker, which will respond to the warying d.c. signal, turning
this knto sudible sound in o sbnilar way. i felephotic tanemission—
Fig. 1.13. The RF signal ‘“top hall" present will not affect the speaker,

WARTING D
[FOLLOWIRG AF)

BOTTOM HALF
CHOFRED OFF

Fig 1.17 The form of the signal passed by x diode detecior—a
iyt of ‘chapped’ KF end 3 d ¢ compaonent varying in AF

Aadio Made Easy!

T.IIEEIAL
TUNED ECTOR
S kel /“E'
+ g AF

RE

PHOMNLS

w

Fig. 1.13 The Basic stiges which make up & simple resqieer,

RF

TUNED {Lw o LIFHLR
Jlla"cm:m' DETECTOR
r 4: T

1

-

Blg 1,14 More oumpat pover can be obtained from i iecsiver by
mierpoileg ene (or mored dageish of sinplilication alier delgction.

although it may be desisable fo introduce some further components to
wrmooth oul posiible tnlerlference with the sound signal recuired.

Suichi & basle clrcult relles only on the mned cirewit for the smouni
of amplification produced-and thus the volume of sound heard in the
speaker. Surprisingly, this can be all that i necessary to hear a limited
number of stations quite clesily on & Wimple crystal set, using an
earplece 88 8 spesker. To produce betier volume, however, It @ a
relatively straighiforward matter to introduce one or mote stages of
arpilfication afier the detector—Fig 1.14.




2 THE LANGUAGE OF
RADIO

The following obbreviations are normally wied to designite compo-
nends, partcularhy on elrcuit drawings

A Aerial; or current valod in amps,

E | Earth; or potentisl {e.m.1).

B Resistor (ihe different resistors in & circull being numbered K1,
R2, B3 efc.. for individual [dentification); or resistance,

YR Variable reslstor of potentiometer (although some times the V"
I8 dropped and just R ued ),

C Capacitor (numbered C1, C2, C3 efc., in @ circuit). Variable
capaciton sre normmally: desgnated C, sor V. Also symbol for
capacitance.

CT Trimmer copaciton

D Diode:

L Coll (orinductance ),

RFC- Rsdip-frequehcy choke

T Truwnaformes.

TR Transistor, although there e altermatives wied, e Tr, VT and
T; alio sometimes [, IT T is used for tansistors, then TR B uead
o tradsforme .

FET Fleld-pffect transiston.

I Cureent.

IC  Imtegrated elrciell (modile )

PC  Printed clrcult or printed-circuit beand] (PO bosnd )

St BW O Switch

] Jack

¥ Voltage ore.m.L

£ Impedance,
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WaRLLALE FESISTOR
POTENTIOMETER )

S e— _I'mr'l_
COIL OF INOUCTANCE
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£ 3

TRANSFORMER

AERIAL EARTH

——

CAFALITOR GRS HICAN |

— i —f— A —

ELECTROLYTIC CARACTTOR

—H

VAKIABLE TRIMMER
CAFACITOR CARAEIT (ol

—p— By

BATTERT {PLLUS SIGMN MAY RE
CMITTED)

S
af=le ]

£ %

THAMSISTOR p-a=p TYPE

@ K

TRANSISTOR fpen TYPE

O =

FELDEFFICT TRANSISTOR

Fig 21 Standud symboh used i cirouil disgrams with altsrme-
tives in mowi cases. These cover the symbals mast lilksly 4o be foand
on Briiish, Europess and Anerican cireull diagrams.

Compopents on circull dlagrams afe also designated, and emily
identified, by symbols, end here ogaln there are some variations 1o be

found -2 Fig. 2.1,

Basic quantities are measured In units as follows.

Resistavice

Capacitance
frductance

o ol (£2).
in fapads (F).
in henrys (H).

The Language of Radio

Tepegance it ehums

Porertinl differenceorem . in vl (V]
Current in amperes (ampe),
Power in watts (W),

Numerical values of these unlts are often too large or too small to be
expressed conveniently, when the following prefixes are used (repie-
gen ting multiples or sub-rmultiples),

Facior by which wnkt
Frefla Symivol i el plizd Exaniple

R M 1,000,000

10 Mitx {10 megheriz )
= 10,000,000 fx

1.00:d 10k = [0000 ohims

000 ar 0,001 I ma {2 milsmp)
= {1002 wmpe

1.1, DOCGO ar & @V {6 microvokad
0.oodang = {1, CHICDOS werdny

fLoD0O0Ga0] not widely med o8
8 prefix in tasc
sitcirenkcs

0. 0000000 O00HFY 110 pF (330 plecfarsds)
= [ OD0E0000G 20 Meeads

“Naje. e unll name boolien onilbisd when the infersnce is obvigius Thas for
8 10K peslator, the value would be gaoted s 10 &,

An a simple guide, mega (M) and kilo (k) are most usually found
describing high waluss of radio frequancy and resirfore

Milli (m), and to & lesser extent micro (), are most commonly
msociated with very low values of currenr or wolfage, and practical
valuet of inductances

Pmctical values of copocirort ang invoriably quoted in microfimds
{uF) or picofarsds (pF).

Nore: components are described in detal in Chapter 11.




3 CRYSTAL SETS

The sinplest type of radio receiver consists of an seral, a uned sircuit
and a detecton—plus headphones 1o listen to the dgnals recelved by the
tuned cireuit. 1t s generally calléd & oryvsral sef because i works on the
same principle o4 the very aartiest radio sets, ising a lead-galens crystal
and a ‘cat’s whiskér" as a deteéctor. The only real difference iz that the
eryital and cat’s whisker have been replaced by the much moee efficient
potnt-contact dinde.

A smple pumed ciraelt con be made by winding & coll of wire af
wecific diameter snd length (mumber of tums) 1o match the caps-
gitmce range of & vadable capadtor. The combination of codl
{mductance} and capacitance can then be adjisted by turiing the
vartable capacitor spindle to be resonant, of tume kn 1o various broad-
cay frequencies. The signal which is tuned n is then passed to the diods
which blogks the RF content, and rectifies and passes on the AF content
tin ihe headphones, which transform these signaly inte audible-sounds.

The tuned circuit-can be combined with the aeral by winding the
eoll on 8 ferrlte rod. This ingre sses the inductance of the coil (reducing
the length of wire required), whilst the rod itself slso acts = an seral 10
piek up the mdio signals, This is the type of sedal emploved in mox
domestic radio receivers, However, with very gmple sets working with
very weak signals, sn external aerial may alio be requited.

The performance of all simple, fowpowerd receivem i, in fuct, very
much dependent on the efficiency of the serlal and tuned creult, widch
can be regarded as the critical part of the system. Performunce gan
pethaps be improved by experimenfing with different sedal/tured-
circuit systema, and by the addation of Turthes chrouliry, s explainedin

laier chapiem.
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WRAF BLEEVE FROM
GUWRED PRPER

GEAL )
WicK

;_imtl. START | 55 TLRAH
W TLIER WNDRS
WG

Fig 3.1 Asrls rupleg coll wound from 36wy, wie on g § 4n

digmeier Termibe rind,

Fiz. 3.1 detnils the construction of & mitable colf fora tuned cirauit,
matched 16 & [ermrite rod of & in. diemete; and aboul 4§, lobg (see
Chapter 4 for altemative coil windings on different rod sizea). 1f a rod is
purchased longer than 4 In., It can be used & |t [, of cut down by
marking around with a file and then breaking off the surplus length

Cut seven l-in, lengths of gumstrip. Molsten ene and wrap around
the rod gummed side up, Now add dbout ancther half a doeen
wrappings of amilas length over the find, this thme with pimined side
dovwyt o form B ressonably rigld tabe, Make sure that the paper tube is
& dicing fit on the ferrite rod and leave 1o dry thoroughtly (preferably
rernoved Gron the rod wo that it cannot become suck to itk

When the paper tube Is quite dry it should be rgid, when the coil
windings can be applicd. The wire to be used is 38aw.g enamelled
copper wine, the number 38 referring 1o the actial diamerer of the wire
according 1o the standard wire gouge (Lw.g.).®

siaptng aboul §in. in from one end of the papeér tube, wind the
wire carefully round the tobe, with each tum fight against-the one
Belore 11, unidl sxieen il tapms bave beesi completed. Then make &
loop i the wire, a3 shown, and carry on winding, with mccesding tirns
touching. until Gifty tiems sl hive besn compleied. The two loose
ends of the coll {the sturt and finish) cin be secured with s dab af
sealing wax whilst the projecting loop can be twisted fogether (e.g. by
pitting 8 pencil through the loop and twisting up). Cut ofT the loop,
lewvinig abiosit £ . protniding from te main coil, bare the wise enik
#nd solder togetier, This formi point 2 on the coll; the start is point 1,
and the ebd point 3-se Flg 3.0 b will be easy (0 emember theswe

* ST Wi gaag s s abel vew soes stmaller thoan the British standars
wireguege e w g0 Foretamphe. 386 o g o agprokimalely Lhie saime 2o b 460
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without marking drce the loop or tapping peint (1) comes much closer

one end (1) than the other (3).

Cut a panel of Paxalin sheet 1o shout the wre shown i Fig. 3.2,
ullnglhn-:haﬁ.*{}n this secure o fag strip, as shown, and drill a kole to
mount & mintature of snallsize 500 pF wariable capacitor.

TEAMINEL

HOLE FOF BoUsTING s sTHF
EAALL Timek CAPALITOR

Fig. 32  Paxobin paned and tag strip for coystsd aet clicude

FiFmiTE FOD

1}

——— =
O

i

(l:'"m PRI FANEL
CARALI 10N
Fig. 3.1 Lsyoul af compoments an Faxalii penel
The serial cofl is then mounted on the panel a5 shown in Fig. 3.3,
gluing the cofl on to the Paxolin with two or three dabs of sealing wax,
or some other siitable adhesive. Note: the fesrite rod must be free to
glide tn the paper tube for *runing’ adjustmants.
Virtually any ministuee germanium of silicon diode will be sulmble
for the detector, Recommended types, which are readily available, are

IN34 and IN914.
g3 musi be of hiph-impedance type, which need not be

expensive io buy, and the highet the lnpedance the better the reception.
» A pheshnlic or Hiberglass sheet may alss be used

AL STHIP
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EXTERMAL
BICAAL

HIGH-IMPECARCE
EARPIECE QR
FHONES

Y
\

L:J’HHE-." TICH. T3
EXTERNAL E4RTH

Flg.- 34 'Wining evandcticii 1o complete the erywtal sel

Altermatively 8 deal-ald type earplece can be used; this will not give the
same volume of quality of reproduction 2 headpliongs, but is a less
expensive component. This should prefernbly be of the high-impedance
tiagnetic type, with high senstivity. Any high-tmpedance earpicce will
suflice, bt if of crystal type will require o resistor, ¢onnected soross it,
to complese the ciraut. This will reduce the amount of current Mowing
through the esrplece and lower the ttrength of signal.

Wiring connection #re shown in Fig. 3.4, End 3 of the serdal coil
(the end of the S0-turn cofl) connects to one terminal of the tuning
capacitar, the aerigl of *hot” end of the tuned cirenit, and the point to
which an externnl el bs connected. The other end of the coil (end 1)
connects to the other termdnal of the tuning capacitor, from which m
additional wire is tsken to the first tag on the tag strip. This i the
‘earthy’ end of the tuned circult, and (he point to which an external
edfth i conngcted. Leave plenty of slack wire between the cofl and
tuning capacitor,

The other conngctiong sre then as follows:

(1) Tapping point of e coil wire bared #nd connected o the
second tag.
(ii) The dicds alwo soldered to this same tag, and to any other fiee
tag.
(iii) Headphone (or earpiece) Jeads 1o the ‘earthing’ tag, and fo the
‘froe” tug to which the above diode has been conpected, All
connections should be made with sofdered joints.

Crystal Sets n

The wiringup can be checked against tse gircult diagrem shown In
Fig. 3.5 {ignoring the componenis shown with broken lines). The set
shiould now be *working”.

In areas of strong signal strength, no extemal seral or earth
connections should be necessary. Performance will, however, be
improved in any aren by aitaching an serial wire (which can be any thin
wire, &.§, uslng the same wite ai for the coil winding), of up 1o 160 feet.
The longer the aerial the bester the reception, provided it s ted away
from the receiver to as high a point as possible.

An earth connectivn may further fmprove sedsl performance; by
1lis e mvean & compection to seme conductor positively in comtact
with the ground (prefecshly buried), an excellent example being & metal
waterpipe. Thus, If an emth connection s found to be necessary (o
you wasit 10 try ong to sec how performance is affected), connect
wire from (he “earthing’ tag on the receiver to a convenient water-pipe.

This question of obtaining & good serial and earth is & most
imputtant one in arem of poor signal strength. Linking up 1o &
television serial i often o good plan, since TV serials wre also usally
monted g gl ns possibile, I bare wire is used, it |s also fmportant
that the upper (free) end of the serisl is not made fast fo something
whicl could produce an sarth connection (.. a demp tree), oy ot least
ks saitably insulsted from such a support String is not an ¢fficient
brumalator: thit, 100, ean conduot When wet

Quite good results sre often obtained by using the springs of abed
i serial, in which case sn esrth connection i usually not necenary.
Sometimes, too, when other attempts to yield a good signal strength in

W ALTERNATIVE
AERAL COMNECTION

- :
pD -||n£i PHONES
v

Fi 18 Cirpwir I Chrouit dlagram of basic crysisl gx,
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the serial have falled, connecting the aeral side of the tunkng coll fo-a

Food farih (4 water-pipe) can prodiice betisr resdlts, the nirmal earth
connection being left off.

Tuning

The: recelver s adjusted a8 follows, Tam the tuning capacitor (o fully
chisg the vanes, then open abolt half 4 tum on the spindle or knob, (1F
¥OU &Ere Usng 8 UEnmET @ 4 funing capacitor, screw righi down and
thes open hall & tum.)

The tuning coil should now be slid up and down the femite rod (the
coll lends were left o fairly long tme 1o give the necessary froedom of
movement) until BBC Radio 3 i heard®

It may be necessary 1o slightly alter the adjustment of the variable
condenaer to tune in to this programme., Also, because of the ferrite-rod
peral the st will be directional, that is, the signal strength recelved will
depend to some extent on the direction in which the sedsd 1od Is
polriting, 8o position the set to pick up the maxkmum volume.

Having established the best position of the tuning coil on the rad 10
oceive BBC Radio 3, Mx permanently with & dab of sealing wax. You
should then find it possible 1o twae in 1o fanher sations by aiering the
siting of the variable capacitor—eg typically Radio 4 o abot the
middle of the capsciior travel snd Radio 1 towards the other end,

Any reception v gt will almoat éertainly be very weak and (unless
you Hve clote 10 & broadcast station) you cen really fee] aatisfied If you
pet amy station st &l ai sudible strength, But it Is surprsing how,
sormetimes, gven quite ditant stations can be heard. Ao yow can olien

tmprove the reception and listening strength by quite simple modife
catioa. Try thess in order:

(1) Connect 'a 1,000-pF capacitor acrogs the headphone (earpléce)
conmections (C2 In Fig. 3.5},

(i) Instead of connacting the-external semal direcily to the tined
circult, contiect one lgad to 8 220:pF capacitor, and the athar
end of the capaciior circuit to e *hot” end of the tuned
clreuit (C1 in Fig. 3.5).

(i) Instead of connecting the extemal serial 40 the tuned circuit,
connect 1o the tipping point of the coil {lag fo which the
diode- i3 shio connecied). Try @ direct conhection, and: also
connecting tn a 220-pF capacitar,

* Turee to an AM brosdrast sfntion remr (e iwer end of The - dinl—rcivse o 550 @iz
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{iv) Try comnecting a 1.2k sesistor {or higher value) scross the
phone connection (R in Fig 3.5} You may be wmipp the
wrong type of phones or earpiece, which do nol provide &
proper load of compiete the cirull.

If there is 5 complete lack of response, check Tor faulty wirmgep. A
more lidely cuuse, bowewer, is lack of an exiernal semal or eirth
connection in an sres where these ate striotly necessary for adequate
reception; of an inefficient serial {foe shert) o poor exrth cofinection
(had electricsl contact to a good earth point, or connection to & bad
earth paint}.

Another possible couse of apparent failure may be too much outilde
nulss enterng the ear o that it is impossible to detect the very weak
rudio sigral s it s being tuned in. Headphones arg betier than & slngle
deafaid type of eurpiece in this respest but, in any case, a mally quist
ponm is virtuslly essential for initial setting up and tuning adjusimenis.
Also, if your adjustment of the tuning contred is too coafse, you miay
completely miss the seiting for (re station you are looking for, withoul
realizing it

Reception will alsa tend to vary with weather conditions. Some days
it may be so poor that what was normally a strong station is hardly
hedrd at all. The simple basic teceiver has many limitations but, gnce it
costs very little to construct and nothing at a1l to cperate, this must be
regarded as fievitahle.

Providing you com heas something—even If too weik & sgnsl to
distiriguish properly—you can cerizinly improve the pedomance af
your hatic set by further experimentation with tuned glrouiis [s=g
Chapter 4) sndjor the addition of amplification to the citoil; You can
also try other types of basic crystal sat, as described in the following
profects
Circuft 2 (Fig: 3.6) it sdentical 1o Ciruit | except thal, insiead of a
diode, @ teansiston is used a8 & detector, Only two of tae tranststor feads
are comnecled-1he emitier (£} connection 1o the tapping part of the
eodl, aid the base () to the ‘easthy’ end of the circuit. The collector
lead of the tramistor is kgnored (bend it out of the way s that il
cannot sccidentally short out the other lends).

You can fry slmost sny type of low-coil AF LranskElor; recon-
mended types are DC42 2NIT0, 2N2925. INIOEE.

With the sddition of two more components, Cirauit 2 can be modificd
to work the tramistor both a6 a detector and an amplifier, to give
stronper signals through the headphones. Uiging the san's tranaintor type
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TRANSILATOR

£ MO CORMECTID

¥

Fig 36 Circuir 2 Crystel st waing pranaistor nitesd of & diode.

i5 sbove (or nearequivalent) resistor B should be 15 k and capacitor C3
| 4F o1 higher.

This time a batiery is alto required to supply power for the
trangsior to work as an amplifier. This cen be from LSV up o 9 V.
Remember the ruls for polarity of connection: these shown in Fig, 3.7
ate for 3 pai-p transistor; an np-n transistor would need the battery
connecied the opposite way round. Battery polarity akso affects the
connections of capacitor O3 (If an electrolytic or polarized type).

Experiment further by trying the effect of wsing sdditional
capacitor in the cirouit, e.g C1, 220 pF; C2, 0001 pF (try otier values
a3 well); C4, 0.001 uF (ury other values as well)

5 T B VOLT
BATTERY

i (A
I |

Fie. 1.7 Creuir 3. Crypstad sof wish amplilicatin

CRVLTAL
| CARMECE

Fig. 3.8 Cireuir 4 Double dioibe orysts] set.
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This clreuit fcorporstes ‘voltsge doubling' to improve the signal
volume and should give better performance than s dngle diode ciccuit.
Land Cl e the usual tuned circult, but sn aness] feature is that the
aerigl {s connected to the coil tapping point, Any type of germanium
diodes can be used {they should preferably be the zame), making sume
to comnect them the mght way round. A high-impedance crvital
carpiece must be used in this cirouit.

Copacitor values are: €2, 220 pF (this capaciior can be omitred—-try
with and without in the eircuit); C3 and C4, 1,000 pF.

The optimum tapping point for the aerisl connection o the cail L
s best found by trial and eror {ses Chapter 4 on "Tuned Circuits’), but
the set should work at @ nominal one-third tapping paint from the
"earthy” end.

This set can slso be tried with conventional tuned-circuit coepling—
Le. aerial to the top of the coil L, md diode D2 connection to the
tapping paint o the coil.

4 MORE ABOUT TUNED
CIRCUITS

The basic combinstion of 5 col of certaln Fducrance connected in
parsllel with s wariable copaciior iy the Torm of tuped clroult weed in
most madlo receivers, Trom simple cristal set upwarde The haoning e
of such & gircuit is determined by the respective values of inductance
and copacitanoe used. At the same time, the replviaree of the coil can
limve & sipnificont effect on the sefecrivity of the crcull, so that a
particular broadeast frequency is tuned into sharply, with other nearby
frequencles reected.

Ini-Oie gimple tuned circuil used Tor the ervtal s2t of Chapler 3, the
perial i3 conmected to fhe upper or "hot' end of the coll, the other end
of the goll baing earthed; the dinde is connected 10 8 lapping point on
the eoll. Performmnce may well be improved by adjusting both the
petinl-connecting point and the diode-connecting point, s shown in
Fig- 4.1,

AFRIAL "-.;.»‘
1 A FALES EiGhAL STRESMGT,
‘ 'iEE}'LI-.'.'Ei. CELECTIFITY

INCREASEE Si3Mctl,
-"! _._ﬂ_._._:7 REDWCES SELECTIVITY
o

3 —[/Fﬂ‘ :-ﬁn_r

e
| l“L“'.“'-'lEUEE'E Slﬂ“ﬁ-'.k

BCREASES SELECTIWVITY

Fig. 4.1 Tha effect of varylig ihe tapping polits oo the serial ool

a7
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Connecting the aerial to the *hot’ end should give the loudest xignal,
but the sefectivity of the circuil may be poor because of the coil
resiitance involved In the sctual circuit 1o earth. Conneeting the serial
10 a tapping point lower down the coil (towards the ‘earthy” end)
should improve selectivity, but reduce signal strength. Experimentstion
will produce the optimum serial-connecting pomt. There will alwo be
&n optimum tapping point for the diode.

Finding optimum tapping points for the serial and  diods
connections iy a bit tricky on s clos-wound coll since each tapping
paint tried bas to be bared by scraping off the enamel nselation, with
the risk of producing shoried tums. The same effect can be provided by
removing: or sdding. tums & each end of the coll, using the orignal
tapping poini for the diode connection-e.g. see Fig 4.2, Unless the
romel number of turns on the cofl remain the same, however, the
tnductince of the complete coll will be altered, and thus the tuning
range of the tencd circull (see later), Then the diode tapping point will
b shifted,

For this type of experiment mn aircored coil of relathely large
diameter i eaxier to use, wound on & card or paper tube 1o which two
& in.? lengths of hardwood or balsa strip have been cemented. The
windings can be bared by seraping or sandpapering over this ralsed
section, md individual wires cazefully separated fo avold shorting—Fig.
4.3. Optimum tapping points can be established by pushing bared ends
on the perial- and diode-connecting wires into the ralsed section of the
coll, soldering in place very carefully once they have been found. This
should not resull in shorting out more than o fow tumms ot thess paints;
wiiich will not greatly modify the coll inductance if allowed for in the
initial winding (e.g. add five or sin tums to the design nomber of
windings).

REDUCE TURNG
— | T MCHEASE SELECTIVITY

T | I
T P s e o
"Wl
il i
K TR
"1 Taph Tumws 0 TLSHE CAY BE BEROVED

Pl AEALE SaGRaL -
E O ADUED AT THis EuD
ETHENGTH AL WELL

Fig. 4.2 The gifeciive iapping pont on & slmple colf cn alo be
varied by adding or removing iurns on each end of the winding.

More About Tunod Circufls

© SCRAPE OFF EMaMEL

TOTEY DIFFERLNT
ERIAL T4 FFKG POINTS

HABEWOOD GR
BALSA STRIFS

COIL WINDING
OF EMAMEL =
LED welE

Fg. 4.3 Comsbruction al zn pirzored serial coil.

In mircored cuils, the inductince can be cnleulated with reasonable
accuraey from the diamejer and number of s (see also Fig. 4.4):

R a N

L. induciance, microbenties =m

where [ = éoi] mding in inches,
I = coll length in inches,
N = pambet of tura.

The maore usual form of this formols is:

R+ 100 %L
""r'\/( R )

(A worked-out example wsing this formula is given lager.) This 1s bmd
on the tums of the coil being close-wosind, [ enamelled copper wite,
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WUMBER OF TURNS

CARDUBE
FORMER

Fig 44 Am-cored codl dedpn peram o

The actual diameter of the wire s not significant, provided the coil
dinmeter i remonably large ez greater than | inch), The formula is
not valid for smalles-dinmeter grcored coils, or for colls wound on a
Ferrite rod.

The tymieal hining capacitor hes s rating of (about) 50 pF up to
50pF or 500pF. The relationship betwesn tuning or resomanr
Freqiency end indugtance and capacitance is:

resanant frequency (f) = ﬁ_ﬁ.:.-ﬂ.—-w X 10t = 1.-’?:;' x 10®

where L = inductance in microhenries (uH),
€ = capacitance in picofarads (pF).

This 18 miore conveniently written a8 & solutlon for the produck of
mductanee snd capacitance required, ie.

0.025
L w == gt
i

For the medium wiveband the range of frequencies to be covered s
SO0 ter | 500 kHe™ Thiss, to encompass this range, the producis of LT
reaguired s

L5
at 500 kix e SR
(500"

= 0.00] % 10® {approx.)
* Inthe U5 A the AM broadees hand |4 from 530 {0 1600 kHe

More About Tuned Circuits
{L0EES

" @0y X 107

at 1,500 kHz LC

= 00001 % 10* (appron.)

At ane end of the capacltor tuning range where C= 50 pF, inductance
L required is

0001 x 107
e -

= M0 kH

At the other end of the capaciior tunkng range where C' = 500 pF,
inductance L required i

0.0001 x 10*

L

= 200 uH

Uslisg a 1-in. call diameter (0,540, radius) and o coll length of 1.5 in.

(4.5+ 15) x 200
-I'lI - D‘sl

= + 15,600
= |25

Lt othes words, 8 125-urnair-cored coll of this sizs should be sbowt
tight for covering the mediom waveband, matching u $0-500 pF
variahle capacitor. Tapping poini {or diode connection) would pomin-
ally be one-third of the coil length fiom the "earthy” end.

Air<cored coflls can also be designed in this way for long-wave
coverape {more turns); of short-wave recoption (less turns), which iy not
likely to be so good becanss of the low #fficiency of the coils. Also, at
higher frequencies the tesistance of the eipacitor ls also significant,, and
s aimiple calculation of coif slze is no longe valid,

Ihe efficiency of & tuning coil can be expressed in terma of the
magnification of the original signal received, when tuned to resonance,
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and decreases with incieasing cofl reststance. The magnification
produced in 8 resonant elreuit Is referred (o m the "Q"; a high-Q ool Is
thuy desirable for madmom performance snd dedoctivity, snd i
epentially a3 low-sesistance one. For this resson larger diameter
glr-cored coile, usimg thicker wire, are more effective than smalls
dameter codils wound from thikner wire (sinoe wire resistance Increases
with decreming dismweter],

Equally, the inductznce of 3 wound eofl can be incressed by winding
it over a magneticiron core, such = 8 ferrite rod. Much smaller
dizmeter coils can be used, requiring lest tums, lo produce the
inductance required—both reducing the length of wire and its cestit-
Ence.

Because the actual inductanze produced i3 dependent on the size and
characteristics: of the core material, windings for ferviterod nerisls
cannct be caleulated, and are besed on empirical result, of aptimum
windings established by tris] znd error.

Commaon sizes of ferrite rod available are:

Hin. dismeter length 3§ in,
A, dizmeter lengths 4, 5,6 and B in.
f-in. dismeter bengths 4, 5, 6,8 and 10 in,

e

37O TUSNG TOTAL, 28 5w 0. WiRE
Of B8 TURMS TOTAL, 38 SW.G. WIRE

TURKNS TOTAL, 28 OF 30 89 0 WIRE

Flig. 4.5 Mediim-wave srial ol windings on thess sees of Territe
tod.

Maore About Tuned Circulls 43

TARPEG PONT 1017 TuRNS FROM
‘LABTHY" END

&0-T0 TLFRS TOTAL, 2000 30 SWih, WIRE
TO MATOH SO0 EF TUNNG CARCITOR

300 TURNS. TOTAL, BEOR 30 SWE WIRE
T BAATCH 3590 pF TuMME CAPACITON

Fig 4.6 Medium-save winding fors ferrite alate

A long length enables maximum adjustment of coll position {a way
of "trimming' the serial} and, also, sdditional colli vo be incorporated
an the same rod, [T the cireult needs them (e.g- for multi-waveband
colls), But it is the diameter which really determines the winding
ipecificatitn.

Recommendations for medium-wave coil windings for these three
stundird ferritecod diameters are given in Flg. 4.5, all windings being
epamelled copper wire. Normal tapping points we one-third from the
‘earthy’ end. It is a simple matier to eaperiment with different
winding-e.g adding more tums 1o extend the wavelergth upwards
(2. lower Trequencees), or reducing the number of turns to extend the
waoelength covernge downwards (i€, for higher-frequency Trans-
mkisions ).

Feirite-core rmaterial & =lso aveilable in slab form, which i often
eusier to sccommodste in & small receiver case. A typical festiteslsb
size is 22 in. long by £ in. wide, with & thickness of jin. o7 less A
typlcal winding specification is shown in Fig. 4.5,

Generally, the Jong waveband should be coversd by doubling the
number of mrns wsed for the medium waveband. Reducing the numnbet
af turns shifts the coversge out of the medium wavsband down info
the trawler band (BOm) and ‘top-bapd’ (160 m). For short-wave
coverage very few furns indesd will be peeded—perhaps less than hall o
dozen~and the optimum number can only be determaned by eareful
cxperiment.

Sepurste coils for the varows wevebands to be coversd can be
secommodited on the same ferrile rod and connected fo 8 common
tuming capacitor via & waveband switch—Fig. 4.7. This i the mal
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Fig- 4.7 Loeg- and medien-wave derlal coll conseoied 1 wabe-
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Fig d. 8 [Inductively-couwpled serial ool
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T,
'LOOSE COUPLING

Fig 29 ‘Loose’ inductive coupling with sspirate conpllng coil.

procedure with en elaborate receiver ereuit and domestic radios, bat i
seldom satlifectory with the simpler clrcuits becauss of the tuned-
circuit characiersties (iec. the need for meticulows adjustment o get
optimum results for wny single waveband coverage).

Al the cofl constructions so far described are based on single
winiings (covering & specific waveband) with 3 tapping point [or the
output {diode cormection in the case of simple recejvers). The
alternative form is 1o provide inductive coupling for the cutpul in the
form of an overwinding; which can compeise five or more tums of the
tame pwupe wire used for the main winding-Fig. 4.8. The optimom
number of tumns for the overwinding depends on the degree of coupling
required, which in turn s influenced by (he chamcteristics of the
following cifcuit. The position of the coupling coll can alwo affect the
performanes, alihough usually it is best positioned over the “eartlyy’ end

T

"'"

Fig. .10 Tomforme coipling beiwesn umsd caivult ane nex
sage of recsiver.
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of the main coil. Both pumber of fums-and coupling-coil position are
mibjecty for experimental adjustment 1o oblain optmuam reslt,

Sometimes a coupling coil is wosnd on the ferrite rod, separate from
the merial coil, providing o ‘looss” coupling—Fig. 4.9, Regenerative
receivers often mnke use of this form of coupling for introduding
feedbick’ nto the front of the aroilt (e Chapter 9.

Inductive coupling is alio called rangformer coupling, since the
prinsiple of passing coment genenited in one coil into another ool i the
fame. With tramsformer. coupling (Fig. 4.10) the senal coll has no
tapping point, and {5 an altemative 1o direct coupling, where the pexi
stage of the crcuil is comnected directly to a tapping point on the ¢ofl.

There I6 0 third method of coupling which may be used belwsen
itages in @ radie circult=capactiy coupiing. Here, connection Setween
the stiges (e.g. to the tapping point on the serial codl) is made through a
capacitor, which isolater the two stages as Tar a5 d.c. Nlow1s concerned
(only p.c. will pass throwgh the capacitor)—Fig. 4.11.

s

Fig 411 Cypacity coupling between tiuned claouls snd nest slage
ol meosiver.

Agsin the optimum wvalue for the capacitor depends on the
characteriitics of the circuits being coupled. To couple an serial call 1o
the nexi sage I 4 recéiver, optimum valies can vary from 200 pF o
10 iF. In general, though, 8 high value gives best results,

Direct, tramsformer, and cageclly coupling are alternafives for
connecting any. two sluges in recelvers=not just the fumed circuit to the
next-stage,

5 AMPLIFIERS

It is a charscleristic of o tramdstor thar It works s &n amipliffer of
signals, In the most widely used mode of connection of trandistors far
such duties with input and output clrcolts both connected (o the
emitier (common-emitter mode), the depree of ampllication of aurreit
gain is called the *beta’ (§) of the transistor. This is given m hpg (or
stafic forward current ratio) In toanslitor chamacterntios data (see abio
Chapler 7)

A bsic transistor amplifier crcuit is very simple—and is identical for
@ p-o-p Of np-n tmmistor, except for the hattery polarity —see Fig. 3.0,
Virtoalty any low-power AF transistor can be used |n this cireuit, The
Bigs resisfor {R) it have & valug providing § collector cureént
exceeding the maximum specificd rating for the tramsistor wsed, the
actugl current flowlng in the collector cirouit also being Infloeniced by
the voltage of the battery.

8 &
ORI QUL
A% HIAS Dk
EEGISTOR Lons BESISTOR ¥
H R
(L 1l i iUt -
™ T TR

e TRARSISTOR fA=g-n T RANSEETOR

Fig 5.0 Basle smplifier cdrowdts with sliypfs cument trdnxing wid 4
sngle eeslaim.
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Knowing the transistor charsctesistics, @ suitable value Tor R'can be
calculated us follows

battery voltags
= :—l-l-l—rr-—-n-
" H=a ciolléchor curment
battery voliase
Ie

= “IFE X

where I 15 equal 1o, or preferably less than, the speafication Mgre o
T .

Assumning that an OCT2 tronsistor is being used, and the bastery
voltags i 9 V, specified figures are:

1 mix = 250 mA
heg = 30 to D

Taking the maximum gain, ind 2.5 mA as 2 ‘mfe’ working figure
fu the collector cumenl:

R=90x
00925

= 324k}

A sultable (preferred-value) resistor would thus be 330k

W

CounLmG
CAPRACITON

| t
| £ =

CETSTAL SET WRONT END

Fig 5.2 Chooutt 5 Crystal set with siegle sage ol amplilication.
Aniy BE wanibior can be med o TI

Air

Amplifiers 49

Fig. 5.2 shows the complete circudt for 8 simple AF amplifier of this
type, coupled to the ‘front end' of s basic crystal set. The detector
{output) i3 coupled to the amplifier vie capaclor €2, o suitable vilug
for which would be 10uF or higher (eg. 20, 25, 30, 40 ot 50 pF)
cagacitor C1 (0,001 pF) may not be necessary. The output load in the
colléctor cireuit Is formed by high-impedance phones.

Note that the polariny of the battery used to power this crcuil |s
impartant (s fat as the transistor connection s concemed), also the
conpections to the diode and C2 (which will normally need to be an
electrolytic type to provide the high-capacity value required). With an
g {ransigior the battery polarity would be reversed, and also the
dicde and ¢lectrolytic capscitor contiections.

LB LY
RESIS TR
FHOMES

Fig. 5.3 Cirowir 6, Trystal set with two stages of amplification.
Component values matching OCT1, OCT2 or mear equivalent for

TE] aiad THZ:

RI 470 Kk CL 0,001 uF
R2L4.7k O30 o0 10 uF
RI4THE 3, B ar10 gF
Battery voltage & 10 3 V.

The sime type of cicuit can be used to provide additionsl
ampiification, if required, simply by adding another amplifier stage
(Fig. 5.3). The second ampliller stage can be identical to the [y or
based on & higher-power transistor taking the higher output present and
providing even greatér gain. The load in the output {collectur) of the
first amplifier stage is provided by # resistor (R2) (which should be
about the same valus a1 the phane resistance, 3.3 10 4.7 k), and the two
stages coupled by 8 capacitor (C3). Value of B3 depends on the second
transistor used, sud may be anyihing from 4752 o470 kil capacitors
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—

Flg. 5.4  Circuir 7. Ampllier fos Joudapeaker cutpul
TR, OC12 i, 68k

TRZ, ADLAD

C, 8o 10 uF
Losdspeaker, B0 0

C2 end C3 can be 10 gF or lasger (20 pF up to 50 or 100 uF),
electralytie.

A mote compact two-stage amplifier cireuit is shown i Fig. 54,
This may prove capsble of operating & small 80 2 Toudspeaksr direct,
glthougl the corrent drain will be quite high.

Alternatively, thise or four sagdy of amplification using |ow-powey
transistons; Following &' bazic “front end" crvstal sed, shoold provide
enough powel 1o diive a senall loudspesker at the final outpist, through
i miftable step-down trapsformer, to provide an jmpedince maich {s2e
Chapter 6).

Stmple amplifier cireuits of this type have the imporiant limitation
that performance of the tunskioris) iwdll fend to wiry with teppein
ture: There fs slo the posghility of “thermal ninaway’ developing
which can destroy the transiston(s), becaose as the extomal lemperatuse
incregses the collector currépt slio tends to incresse, which in tim
€augsy & furiher ipcresse iy junction temperature, so the effect i
curnulstive and goes from bad to worse, even 1o the point of nifning the
irspsistor  chmpletely. |t B posidble o overcome this trouble by
srringing for the circuft 1o be self-bisging or d.c. stabilized so that 3
comstint operating collecior cumment ks provided, yepardleis of tmnaksiog
t¥pe. or temperatiee Yarintions. In other words, the working point of
the enllector citeult b sabilized.

i, 73k

Flg 55 GSisbdized bhins croudl [or tonssbor amplifier dape
Typical values for low/moddum-powes fransstomn

R1, 22k C, 8 ar 10 uF
K 10k
RY, Ik
A further sdvantage of a stabilived circult @8 that | makes the
patformance of the amplifier less dependent on the characieristics of
individunl transistors, which can differ appréciably even fog tee same
type. Capacity coupling between stages should be nsed since thin makes
each stage independemt as regards working, rather than imter-dependent.

T 1 Y

! LOAD
MH i ™ L

"

=y TR

[

Fig- 58 Ciracli & Prcticel twositige amplifier wang twe ow/
medlicm=power AF trensisiors, (See Clapier 7 ot determaiwtion off
malching ceinponent valses)
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To achieve this the originad bag residor is split inlo teno separate
valnes B1 ahd B2 (e Fig 5.5). A further blas resistor [R3) s applied
direetdy to the emitter, in paralle] with & capacitor (C) to act a5 2
by-pass for AF currents. (Transistor biss requirements, and difa on
tronafstor charscteristics, are given tn Chapler 7.)

A peceiver desipn incorpositing two stages of smplification with
stabilized circaits following a crystal 2t front end is shown in Fig 5.6
Thix, In fact, bs shout ss far 88 it is practical 1o go with such & basie
creuit as, although additiennl complete stages will provide more gain
wiid greater (il output power, deficiency in the cirouit will also be
aggravited-notably lack of sensitivity and selectivity In the Tront end.
Such deficiencies are best tackied by modifving the circult design from
the simplé "ervatal sef detector’ hasis.

The smplifier stuge(s) also provides s convenient point ta insert o
volume control into the receiver circuit, This tikes the form of =
potentiometer which can replace oné of the biss resistors, of b placed
in seres with the Mow of the cupreni after the [t sage of
smplification-Fig. 5.7, This will introduce minimum disiotion oves
ihe volume conirol rangs,

On low-power receiveds which give safisfactory reception without an
extermal aetial; novolume control can be an unnecessary refinement.
Since the Territe asrial has directional charncteristics, merely tuming the
st one sy and the other will produce changes in sigmal strength.

Crrawly 9. Two-stapn simpllis with valume conal,

1]
|

b »w

Fig. 58 Baskc pre-amplifiet circabis. The trantistar (TR} noust be
n BF lype; pi-p tramsistors hown i ihess dugiami. I orprni
transabom are useid, e Battery polaricy moust bo reverand

Pre-amplifiers

A pre-amplifier is desigried Lo amplify signals between the juned cleguit
and defector stages. The maln difference b that the transiitorix)
selectzd must be an RF type since it is handling RF signals at this stage.
Diharwise the hasic circuit B similar to that of s AF pmplifier—see
Fie. 5.3,




6 THE OUTPUT STAGE

By & sultable cholce of transistory, the smplifier stages can be used io
power &' loudipeaker direct; using a minimum of components. A typleal
circuift of this type was shown In Flg 54, using o high-pin AF
trapsisior for TRI, and & power iransistor for TRZ. The mein
disadwaninpe of such g set-up is the relativaly high qurrent drawn by -the
glrouir

Single translstor outputy work with 'Clam A’ operation, which mzans
that the valwes of bisa snd stgnal voltage applied to the wansstor ensire
that collector current alwiys Nows, Fig. 6.0 shows a basle Clas A
ouiput clreuit incorporating transformes coupling 10 a loedspeaker.

v
Figi &.1 " Baze Chise & owipiel TR & oopljiul tranpsitos sorking =

un ampllier |.-I'l||-.115'ﬂ'-"-i]'.!1 Impedence it maiched I ouipel bl
gequisemeniy via the sejdown tranalopmer T

1]
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A more economic way of producing sstisfactory. outpul power iy 1o
employ i single transistor driver working o complementary paii of
trunsisiors (an n-pn and & p-n-p sclected with matched characieristics)
tn push—pull conflguration, The output power oblabied from & pair of
Iranzigtors in push—pull is consderably moze than double the power
obtained from b single transisior of the same type. With ‘Clas B
operation the trensistors are biased o nearly cut-off, so that only a
mirginal currenl (lows under ‘guiet’ conditions, Posh—pull mutputs
miay, however, also be designed for ‘Class AR operation, with rather
higher current draling.

Biglcally, distortion {8 lowest with Class A operstion, whilsi Clas B
operation provides the fowest cument drain but introduces the

i
| Pl
—
TRy
A3
o]
-
L Ri | 3voLTS
-
+lc3
LT o TEz L] |:| =
! TR1
i

=

Fig 62 Cheulr /0. Pash-pull output. TRL |8 the drives, TR,
TH3 the push—pull smpiifier;

Rl &8 TRI, OCT

R1,1 TR, DCHI

R3, 1 TRI, ACITT | complementasy pait
R4, 1k Lovudspeskier, 30 st A 0

RS, 56 k

Cl,. 5 uF

CL, 280 uF

3, 50 uF

The Output Stage 57

a =
Sl
SRS
™ T
_l--- THY
1 ke
wpyr E1
=1
Az H3 Ch D hs BE =)
+
1 ) i
-

Fig 63 Cireudr 1), Push—jsill awipui with transformes eoupling
TR i the drver; TR, TR, ADL#} or ADI4S, Typlod component
¥uluadn

R1. R1{a match TR (depending on type mud]
Ri 1k Cly C2, 50 uF

LR el C3, 50 gF or B0 gF

RS £7k T, conpling transfoemer

Re, 10 T2, suipat tremdormes

possibility of crossover distortion being present, which can be overcome
by spplying 4 slight forward biss to esch transister. Clum AB offen &
compramiie between the two,

Two types of bisic push—pull output eircuits are shown in Figs. 6.2
and 6.3, one with direct coupling and the other using transformer
cotpling, both interstage (between driver and push —pull input) and to the
ioudspesker. The coupling transformer can: provide sdditional amplif-
cation] an output teamformer, on the other hand, is invariably a
ttep-down type to adjust the loudspeaker impedance 1o the required
outpit impedanice. Both types of circulty have their sdvantages and
disadvantages, although for simpler recetvers all-translstor circuits are
ugetlly preferred.

Much also depends on the requirements of the receiver, Thus 1o
operate & smll loudspeaker svecessfully an sudio power ourpur of §
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mW or better i required (higher still for lerger speaken, of coumz). Al
the other extrems, sbout 104W eepresents, for most people, the
threshald of sudibility in high-kmpedarice phones; snd 0.) mW s normal
minkmusm for comloctable listening and ready ldentification of sounds
In hesdphones. For essy listening with high-impedsnée phonei, =
sudio oulpul power of up to 05 mW i desirzble. Higher signal levels
will tend to “swamp’ headphones but can, of course, be reduced by
fitting & ¥olume control.

Typicld charscterfstics of hesdphopes, earpleces and louwdspeaken
1

Headplones

High-mpedance 1ype, dc resistanoe 20004000 £; typical imped-
ance 10,000 I3 (ot | kHr)

Low-impedance type, (i) d.c. resistance 15 0, typical impedance 80 11
(at I kH): (i) d.e. resistance B0 L), typicad impedance 120 11 (at
1 kHz).

Earpleces
Highsmpedance type, d.c. resistance 2,000 01, typical impedance 7 500
11 (=i I kHz)
Low-impedance type. (1) d-c resdstance 4 {1, typical impedance 15 2
(ot 1| kHz); (i) dc. regdstance 14 0 typcal impedance 60 11 {at
1I ::II-I:]: (ki) dc. resistance 60 I3, typical impedince 250 1 {at
Iz},

Lowdspedkers
Typical d.c. resistance 3 1 tpical impedance B-16 £,

It will be abvious from & study of these figures that lowdmpedance
phones, 4 low-anpedance earpiece, of & loudspeaker will be 3 mis-match

"E" ETEF-DOWHN TRANSFORMER
) O
DUTPUT i i LowW -miPEDANEE
| é‘ a LOUCISFEAKER
| li § f
L&MW - IHPEDANCE
LOAD

Fig. 54 Lusd halumcing vis ootgut trensformer:

Tha Output Stage 58

far coupling to an outpul requiring a kigh-fmpedance Joad {as in the
case of most of the simple all-transistor outpui circuits),

To employ low-impedance phones, earpiece or 8 Joudspraker with an
output tequiring a high-impedance losd, 3 matching step-down trans-
formet (outpat transformer) must be wed. The primary of the
tramaformer then provides the required outpat load, indirectly coupled
to the secandary 1o which is connected the lowdmpedance phones or
apeaker—Fig. 6.4.

The turns matio required from the transformer is easily calculated us:

autput load impedance required in ohma
phone or speakes finpedance in ohins

Some typical transformer mtice and their suitabdlity for mutching
are.

Lisbening Equivalent outpui

Rato device boad impedance (0L)
il B-61 Speaker 15,000
351 d-N eapiece 4,004
301 B-01 Speaker 7,000
1E:1 144k eayphece 5000
141 1501 earpieae 2,000

| 051 eanpiere 5,00

L | B[ hesdphones 2,000

For other required output foad impedances, the tums ratio can be
calculated from the formula.

Tone controls

The output voltage after amplification will only be a falthiul
reproduction of the orginal input if the amplifier produces the same
gain for all signals, whatever their frequency and complexity. This is
seldom the cze with skmple circultry, so that the balance of the original
sound or speech is upset and distortion results. If the gain ls inadequate
at low frequencies, the sound reproduced will tend 1o be tinoy or harsh;
conversely, if the pain is inadequete at the higher frequencies the sound
i slibject 1o booming
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:F'Eﬂ - ﬂ

L 0

Fig. 6.5 Swiple toie coniruli

An ndequute measure of tone control can be realtzed by connecting
& varlable resistance (potentiometer) ond fixed capadtor in seties seroa
the primary' ferminals of the outpat transformer; or direcily across the
ipeaker, & shaown in Fig. &.5.

This, in ¢ffect, forms another tuned circuit, the resonant frequency
of wliich can be altered by adjusting the sstting of the potentiometer to
favour or raise the treble or bass in the output signal by, effectively,
pddiiona amplification. The tone contred on 4 domestic ecelver i
usuially of this focm=the knob controlling B potenniomeisr connecied
in serier with o fixed capacitor across the outpit trassformes. Typical
vadues used are: potentiometer, D—5 k; fixed capagitor, 0.1 F.

7 TRANSISTORS, BIAS
AND STABILIZATION

The two conventional blas arratgements for tronsElors ae shawn in
Fige. 7.1 and 7.2, both having sdvantapes and dimdvintages. Corrent
bias 18 the dmpler of the two, since 1L requires only oue resistor which
determines the values of the bme current Jg and the opeiating of
emiiter carrent .II_L'I'H'E'

Vs - Vae
Iy ¥ iR

Fg - Var

fg = — ——11 % figr)
i

Fig. the base-emitter voltage, ts of the order of 01 10 02 ¥ foy
germanmm trnnsistoss, 06 1o 07 Y fog silicon frnastops. i powenal
practice- ifere. will be pegligible change in curtent with variasons of
Far, bul will be dependent on the spreads of g (the small shgnal

*

| T ]

Fig. 1.1 Spmple correnr blEs circul

61
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.

-

Fig. 7.2  Conventionsd voltge biss dreusl

forward current ratio of the transistor). Thus smple current binsing is
most saitable For transiston which have only nammow pe spreads

Voltage biming with emitter feedback yields the following voltigs
relationships (see akso Fig. 7.2):

E1.V
'F"'ﬂ=—'g

Rl +R2

R .¥Fg
AL (T
TS T

The emitter current I5 therefore;

R: F.F FBE
Rg(iRI+ R~ Rg

™=

For the effect of spreods to be negligibie the voltage ¥ rmust be
latge cormpared with changes in VFge. Also, Ry must be large if changm
i gmitier current' g, dug {0 variations in the supply voliage ¥y, sre fo

470 T o ™o
ik TE!-L.'

Fig 7.3  Siabilkranon, with common composent valuss used.

Transistors, Bias And Stabiflization 63

be kopt small. In practical circuits a voltage drop (Vg) af 1V with
germanium transistors and 3 Vowith sificon trensistors is aimed at.

The collector-to-base leakage cument is & major factor contributing
to the shift in operating point of o transistor, since this is highly
sensitive to temperatute. Thus bias stabilization is normally desirable
with germanium transistors, the usual arrangement being & shown in
Fig 7. Silicon trantistors hive negligible leakage curent, cven over
their full working temperature range, and stabilization s not necessary,
except In some cases whem other chascteristics developed in the
particular circuit may make it & pradent addition.

Working churscleristics of o number of readily available trensistors
are summarized in ihe following tables. Data on other fypes are
aviilable from the mantfactirer; ol in many suppliers’ catalogue.

Germanium Transiston

p-n-p oW power

orcal OO OO0 OO OC1y OCal OCHID

Fepo (mX, 6 16 I i 30 il a2
Fepa mam. 15 15 ki ¥ 1] n 18
F,'u. mak, I1 1-: JI'.'I ll:l (11 10 G
I mus. mA, E1¢] 125 & 150 toa 00 150
Py mW 4 B3 e | 125 ¥80 40 00
M hes) 3050 40 min. 2040 ¥0-5 6= 120 30-250 30 mia.
fE?I, 'rrr:ﬁ. L] ] 0.4 1] | - 1] |
g TR A M H 5 5 1] 10 1a
# Fep 15 13 15 10 a5 10 1]
Fgp 521, AN 1 g3 o3l e 02
W rals mA 3 L0f1% /0% 125125 R0
Jp i, Mz 3 5% 1wp toyp luyp Gwyp BEyp
{fnft=) {ihie) (MmO (i)
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'! Small, mediem current switching, AF ampiifiers m-p-n High pomes cotpul, po-p
o
'. NET401 NET404 NKT403 ALI40 ADIAX  ADI4S  ADISD
| IN1302 INISO4 INII06 INIDDE ABYIN ASYH NKTTS
: Fepommn. B0 ) L] L1} B0 50 12
Fegpm. 25 L1 i 3 30 2 30 Fromom 31 1 31 50 30 L1}
. Vream. 35 0 15 15 15 15 30 ¥y mux. 40 0 Pl in 10 n 10
b mmx . P2 ] 5 15 20 0 15 I max. A ¥ o 5 3 0 1% 13
I; mux. mA, 200 200 20 00 200 200 500 FIFOW I 5003% 035 3ET)  MSS)  QNS0) 20D
! [ppmimA 300 300 300 30 3 300
Fyme mW 150 L 150 i50 140 150 AFE $0-780 $0-150 100300 30-100 30-170 30-100 30-100
@l A | 1 1 | 1 1 |
LTy Wmn 40-200 60-300 B0mem. 30-80 S0-190 40190 :,H,’-.n_ gA 150 150 150 100 00D 350 1000
B, mA 14 1] [ o 0 20 L7i] & Fep 1 o L1 14 B0 14 i
Ljo man.ph & # & & 35 15 15 Ve sal man. 041 042 0.a2 03
# Fob 25 F 3 s 30 5 10 8L A ol 1.l 48] 50
Fepsatman. 0.2 03 02 61 035 0325 048 froyp. MHa 033 035 038 GEL I L Q.45
®l0 mA HHOS  j002S 10T SO ST SONLDS NS
| Iriyp-MHz 10 15 an k] 14 20 I (Defe)
|
!
it Silicon transistors
|
i Audip frequency smiplifiery, low power outpal, nopn
: Amdes Miequency smplifieee, imall sgnal, generl porpose, n=p=n
|
RETIT]  ACI2Y. AQIM  ACITEK  ACIETE
il INITOR  INITO INITIO INITIL INIS0L IN4IH
|' Vepg mas, 13 ki ) ¥ a5 -
1 Vo mun, 13 3 0 0 15 Vg M L1 30 0 0 & 0
J Vg man. s 10 5 5 10 ¥ g PIRE 30 11 10 30 40 15
Jp max. mA 300 0 300 3041 1000 Fiep trun [ b £ & L §
Fy e 150 0 T8 1000 1060 AR T 3 n 10 i 100 200
P man. mW 250 30 130 150 i1a L]
hee $0-250 $4-143 52-180 53-180  100-500
H @ mA 50 204 200 500 00 kg 44-g60 45168 90-130 URO-EEO 100-300 130380
fopg ME ik 15 16 1ia 1on 15 & ma 1 | | | ] F |
& Ve i 0 15 4 14 Tapo 0% g A o] 01 0. .l [ .04
| Viog AT, AN, 1.0 06 0.5 ¥op it ik, | L | i 03 03
B mA 0030 S00/10 500110 &l ymA ({155 S [Ty S 1. V1T R LT 1071 5003

I min, Miiz L3 L0 10 LD Frtvp. MHz bl i1 300 min
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Andio frequency amplifiers, low livel, low nolsg, n-pn

TR INITI INIFDS INI)6 INAZEE INI0ER

Fopg ML &0 23 25 1k 50 L]
¥ o IEAY, L] 34 15 . L id
Fag . fi L 5 | & 3
I max. mA 0 180 106 il 104 51}

il Ha m MM 150 no

{O0—800 1 50-200 235470 35470 100 min. 300-500
@1, mA oo 2 2 2 nof 6

Ly maN. ks .01 05 0s 05 (L T
Poaise fictordB  Iman  150vp 23 Bp X51Fp 3 mix,
Sfpivp MHz 60 min. 120 |20 120 4] 50 mikn,

8 TRF RECEIVERS

The tuned iadio frequency (TRF) receiver B bamd on *double
tuning' —one before and one immedistely after the pre-amplifier of RF
amplifier, as shown in the block diagram of Fig 8.1. The two tined
circuits are Hierally identical and, in fact, e usually ‘ganged’ together,
using twin variable condémers and adjusted by a singie control Imob
(although the reipective circui are wired 1o the separple electriaal
parts of the two-part condenser—see Fig. B.2).

To provide compiete matching of these two tuned circulls, the twao
separaic variable condensers are individually adjusted with the aid of
amaller "trimming’ capacitors mounted in parallel with them. Similarly,
the Inductinces of tse two tuning coils completing thie respective toned
cireults can be matehed for identical performance by winding on cail
formers with iron-dust cores. In this manner small differences in the
actual wiring up of the two tuned circults, and in effective component
vitlues, cun be balanced oul for optimum performance. This, in fact, isa
necessary process n s (ting up or aligning the complete receivar [or Best
performance, and can be done quite patisfactorily on a trisl-and-ésrog
basis.

¥ r
runen | BF | F BE [runep | BF AF | aF
CIaELAT .-u-l..rm;u!— UETEL AMPLIFE

Fig. 5.1 Block disgrum of & tunsd radio Erequency {TRF ) ecsiver.
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10 BIGOK
DETECTOR
i _
cTig (=] i _
| ) CE T‘E‘I’i
| .

Fig: .2 Dooble-firned cioait with BF amplifier— the “froal snd”
af a THF receiver.

A simpls one-trapsisiod TRF receiver circuit i3 shown in Fig. 83,

Alignment difTiculties are minimized by employing & proprietary ¢oll
L1, 13, 3 for TRF working, eliminating the need for ganged tuning

¥

A FreOMES

b

"
1A
LE =
-:i‘_.é’ | ve-EwOLTS

fits A T

-

Fig. 831 Clrowil |2 Raste TRF pécelver using 8 minleem of
tompaneits An inféresting chituit o spedmend with agaimi a
exylal wi with {ransktor s pliflerin,

L1, L3 L3, peapristiry TRF coll [ Teletran type HAX)

1, 500 pF varishle capeciiop |1adioon)

€2 2ufF

R 200%

TR, OCT0, OCTL, or ey AT trensisior (valise of R to be sdiusted o
muaich higher power tramsinion)

LY

S —— —

e L e

THF Receivers 69

capaditors with separale trimmers. [t b8 an interesiimg clrcuil to
experiment with and compare the performance agatmt that obiskied
from o basic cryvstal set with one stape of smplification added. 1t should
be superior, but like the erystal set will mequire mn efficient external
perial and good earth connections before satmfactory listening volume ks
abtained in most areas.
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Fig: 84  Cireufy J1 Threestransisio TRF jecelver. Uring Bighes
power AF irmnsston. (TREZ und TRIK, il design could opeois 3

hud:-ptlLH Ieateqd of phooes

C1, Cd, pnped baning condensey (lackson, 500 pF)

= C1, Bkl gF Ri, 1 MR
CL A% pF R, 10k
05, R uF clectmlytic B3, 1 sR
LH, 001 gF K4, 8,7 i
CT, B uF elestiulytle L
R, 0,0l uF TR, DC4%
OF, 100 P, 12 volt workdig TR, DCTI
TR OCT]

L1, LY, siandnn] ferrite serial windiog |see Chapies4)
LY, 8540 tarn coill an Fecrise fosd wilh cenige apping

L, DO s

I3, any cryecal diede

L3, L4 cam be waisd easedy s L1, L1 exdegit thad the $0-um
wisding hey & cenice ap. & shon kength of feerkie sod ahould be
wsed Tor the coe, LY, L4 being wold on & paper skeeve 5o that the
posd exin be pfid m oand ot fod adjisimest saepase.

Imporrent. Tofl L3, L& will reed sreening From L1, L3 and
gmocaied component. This can be dpor with thin alommaum
gheet, sulably Gued asound LY, L4




70 21 Simple Transistor Radios You Can Bulld

Performmnce can be improved by uaing o higher power mansistor {or
pmplification, ad/or adding a further stage or two of amphification
This follows along the same lines as Tor other receiveni—yee Chapier 5

A tather mote elsborate TRF dircuit, but again using low-piwet
trarsistars; is shown in Fig. §4. This uses a standard feqrite tod serial
with inductive coupling fsec Chapter 4), and a ganged wuning capacitol
for Cl; G4,

9 REGENERATIVE AND
REFLEX RECEIVERS

In the crystal sst, and stmilar sbmple recoivers, § weak RF signal in the
perial js fed directly to the detector, and the éxtracted AF signal amphi-
fied 1o the required level o operate headphones or & loudspeaker.
However, no pmount of AF amplification afrer: detectlon i efTective if
the origlng] RF sirength i3 too small,

An obvious method of improving thii etate of affsin would be to
amplify the RF signal picked up by the seial and tuned clrouit before
pasiing to the defector. This i quite a practicsl srrangement, the
immediate advantagss befig an mprovenent (o both sémmiviy and
.I'E'.I'I.'Ci'll'!l'_l'. mnd  #lso |'|'|.|.;r|'r'|'_|' il rEF|r41|'.|.|.|.'1||.'||| |t‘|:||_:|rl.'.l'|'|!|i !I!'li.lﬂ't‘”}'
medns thal weaker (mome distant) stations can now be meceived at
ERCAter 'HlJl'.j_Fl{; beiter selectivity meups ihat Mugiper funmg can be
obizined. 8 neoessity Lo elindnabe interferenee from adiscent ststicong
now more readily picked up.

Quility i improved. becavie there |8 less demand for AF ampli-
fication, whilé the outpul power cap readily be hoosted Lo operate a
| dipeuker without phiting sny particulstly high- demands on elther
ihe Efﬂi;'ipn-l::p' ol the s=rial svElem of ihe AF :m|:|l|'_h|.‘|: Liages

An elementary ciroult of thid type s shown ln Fig. %1, using = singla
IransEior a4 @ 'FIT'II:ITIP'-'||IE1. followed h]- o disde dotector. This 1§ easy
to beiild and Erould work quite well b most asess, although still afmost
ut'q'r;inl:-' requring 4 good extemal setial and earth conpections for the
best pesulis, and must e oussd with an inductively conpléd tuped
ceremit,

There is, however, ‘a8 method of considersbly improving the
performance of this s27 by incorporating regenernifon. This is done by
{aking part of the amplified signal snd feeding i1 back into the tunsd

™
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Fir. 9.0 Cirenivr 14 -Single-transstor recolver with preamplifiei

TH, I T026 (or equivalent). Maiching componem values

iC1,0.0] pf

BRI, 1 M0

R, 13%

i, L2, mductively caupled sl coils

Duny cepsisl digde
circwit, whete it will be amplified sgain, remulting in 2 furiher
improvement In selectivity and semsitivily. Cate should be iaken thai
fitt too much signal is fed back, causing the cireuit to become unstuble
and oscillate or ‘squeal’ [

This modification is shown in Fig: 9.2, One length of insulated wire

T RSULET LB WIRES
___~TWISTED TOGETHER

) [

i

Fig. 9.3 Cirruit |5 The design of Fig. 3.1 canverted 1o regentea
{ive woiking. The twitted wires can be moplnced by 4 L0-pF of 20-pF
trimmEl Capeciirn.
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it conpected to the front end of the diode, another Lo the top end of
the tuned cireuit, The (e andy af these two wires ae (len twisisd
topether over a longth of shout half an inch

This, @ effect, provides 8 capactive couptng for the fecdback signal
whicee ihe sctual amount of feodback can be varied by twisting the
wines more tightly 1ogether, or untwisting part of thetr length. The
pptimum siouint of ‘twist” can be delermined by experiment, when the
fimnl performance should be' comsiderably  beter than that of the
original ehivull, Hiowever, the posifion ol the twisted wire coupliig
refntive 1o oiler components i critical; anv slight disturbancs can
conslderably modifly e performance or cause the recriver to oicillate,

For o more stable armngement, 8 10-pF oy 20-pF trimmer capaciton
can be waed bivitensd of iwisted wired (o provide the leodback coupling,
addputed Tor optimum results,

If the st does nol work with “regeneration”, or the remilts are poorer
ilvan the original circwit; then the feedback & probably *nesative’ rather

Lz m
R
C1 _;u" Lt % ™ { BYOLTS
=os -
Cal
R a0

Fig. L T Simple regeoerative received with induciively
coupded feedtinck

TR, DC4Z oy equivaieni)

1, S00-pl vaning capaciiog

2, 300 pF 1ol ufF {lind e valoe by exgiedimenl)
) 2 uF 1o A ¥

CA, S0li-pF wurinhle capuciior

L5, 10 uF

M1 T M 04,7 M {Gnd best valug By experiment)
A1 33K
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than *positive’. Reversal of the coupling<cofl connections should correct
this.

An even bettor arrapgement i3 to use dueime mier than capacitive
coupling for the Meedback, which can be done by winding a feedback
geil on tie same fertite rod us the seriad coil. A sultable feedback coll is
made by winding & turns of 385w wire on 2 similar paper tegve 10
the tuning coil. so that the finithed coil can be slid up and down the
ferrite rod. The degree of coupling can then be adjusied by sliding this
feedback coil up and down the 1od to srive st & position which gives
optimmm résilis.

The circuit iz also modified somewhat, s thown in Fig. 9.3, o
mchide a wariable capaciter comnected to the tramsistor collector to
contral thie amount of resction or regenetutive feadback. 1T the se1 dops
not oscillate with this varishle capacitor adjusted to min/mim capacity
(¢ vanes fully closed) then the fetcdback coil mus be jeversed on the
ferrite rod (altemstively reverse the coil connéctions 1o the rest of the
cireufth

This particular eiroult can alw be wsed i the “front end’ of & receiver
to which cne of two furtlier stapes of AF smplificition can be pdded
(see Chapter 5); and terminsting in a push—pull output if desired (see
Chapier &)

The super-regenerative receiver

The limit to which ordinary regenemtive smplilication can be cormed &
ithe point at whichi oscillation starts, so tie BF amplification (end thus
the sensitivity) of & regenerative receiver is limited by this factor. The
super-repenerative meceiver B o development whicli overcomées tlis
limitation by introducing into e detegtor oircuit an dtemating
voltape, of & frequency somewhat above the sudible ronge (typlesliy
between 20 to 100 kHz), in such 3 manner a8 (o vary e operating
point of the detecior. In effect, this intermuplion or gueich frequency
switches the detector {originally adjusied 1o be near e poimi of
cecillation) in and oul of operstion. The time aken for the RF
necillations to build up to their peak will be proportional (o the origina
modulpizd signal {Le. the RF signal picked up by the aeral), and by
arranging fior these 10 be quenched before they can reach their peal,
extremely high amplification & posible-equivalent to & galn o over
one million in o single slage I certain cass.

On this bass, the circyit {3 jdeal for nereasng the sensltivity of a
receiver in & relatively abmple manner. However, both  the desgn
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requirements and adjustment are somewhat crition], but more advanc -d
mnd detailed trestment of these Is beyond the scope of this book, The
superrepenerative  receiver, too, s not particuladly sulted for the
teception of normal broadesst frequencies. The clreudl requires a ratio
of signal frequency to quench freguency of the order of 1,000:1 o
greater, which means that for o broadeas dgnal of 300 kHz the quench
frequency must be of the order of 500—1,500 Hz, or in the sudio ban.
A Turther Hmitation fs that, &1 they are continually oscillating, they will
cuuse interference on other receivers in the neighbourhood —althougs
this effect can be minimised by suitable circuit design.

A Further variation, which & even less muitable for Jower madic
frequencies but again lg capebie of giving excellent pesilts with wer
high frequencles, is the selfquencldng supersrépenemitive recelver. In
this case, es the name tmplies, the super-tegenertive detector supplies
its own guench frequency. The frequency of these quench oscillations
depends on the feedhack and the “time constant’ of the clrouil, the time
between each burst of oscillation varving us the mplt signal varies. The
action af the oscillations is said to be a blocking or ‘squegging’ effect.

Reflex receivers

A reflex cirouit works on & rather different princtple. Here the awdio
frequency signal following the detector Is fed back into o pre-amplifier
tlage, the complete cirault shiown n Wock dingrmm form- i Fig 9.4 also
providing RF and AF wmplification. [t leoks 8 more complicated clrauit
involving & considerable number of compments bot, in fect, & wingle
tranzistor can be made to petform the wotk of RF and AF amyilifier,

Fig- 9.5 shows a baakc single<transbstor reflex eircuit whick fa fairly
non-critheal @nd should be emy to operate satisfactorily; this ls scrually
& three-stage circui].

AF FEEDEAEN
= [ i !
TUMED | AF RF RF AF
EHCuT uqul:Il"* HE e mPLuFlJ;@
BTaSE 1 ETaGE 3 ETABE 3 ETaiL 4

Fig. 4  Blodk dingam of & four-siage reflax oz,
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Fig. 8.5  Qbrcuiy [0 Sioghe-transisdor (hree-tlage cellex roosine .

L1, stamilard iesial coll wih Gagpiag potat
Cl, $0pF vasisbls capacticic

2, 0,05 gF

C3, 10 pF oc 20 pF

4, 1, pF

E.1M

TR, INI924

*
TI- volTE
=

F A

A rathep miore eoiventional design i shown @0 Fig 9.6; the *front
end’ of this circuit comprites the tuned circuit feeding an BF amplifier
stape, In this fype of cirouil the tuning coil must be inductively
coupled. The output from the RF amplifier empboys what i3 known as
choke cepacitanpe coupling, a mdio-frequency ¢hoke coll [RFC) belng
ustd fo ensure gn adequate load impedance for RF currents withoot
having a d.c. voliage drop (ie. affering high resistance to RF but low
reglstance to de. ) The use of this choke coll also means that the gain of
the amplifies varies with the frequency of the inpal, because the
resctance of the choke waties with [requency. This effect is not
declrable, but is folerable in this type of clrauiit.

The cutpot of amplified RF ks fed from this #tage into the detector
stage, A feedback B8 arranped ss follows: the AF gpnal passed by the
dtlector, plus a little residus] RF sppearing at this point, is paseed hack
to the base of the transitor in the previous stage, the AF being litile
affected by thie capacitor C7. Howewer, any RF s heavily sttenusted or
redisced, thiis the trandstor is mads to perform the sdditional funiction

Regenerative And Reflex Receivers T

[ e
———
‘
Ei CF
L F] RS
o
IF REQUIED

Fig 34 Ciroolt MY Single transstor theee-siage relles mecelver
with chole capszilancs coupdlng.

Tl 0500 pF Ri, 21 kit
C2, 120 pF R2, 4.7 k0
€3, 004 wF N3, 13kn
Cé, 12 uFLSN R4, 2280
5,47 pF RS, | kn

b, 0,005 uF 1, dade

C I0WFV TH, DCe2

L1 and L2, RFC {choke colli) (e texi)

of an AF amiplifier, By chivoging a sultable walise: for C7 a low reactance
te RF is assured, but a high reactance to AF. For example, o 0.01 4F
capilgitor has a reactance of 30 £ at 500 kHz, increasing to 3,000 L1 at
5 kHz. If 5 kHz represonts the upper limit of AF signals likely 1o be
encountered, rosctance will become proportionately. higher ot lower
audio frequencies. Convenely, for radio frequencies above SO0 kiiz the
reactance will decrease proportionately,

apecification for the RFC s 1 or 1.5 milllhenries {mH]), A suitsble
coll ezn be made by winding on o standard d-in. diameter coil former,
using 38-sw.d. enfmelled wire, Cut two J«n. dinmeier chesks from thin
Paxolin or similar insulsting material to Gt topsther on the coil former,
spacing them § in. apait-Flg. 9.7, The space between the cheeba is then
completely filled with & winding of 384w g insulnied wire, winding on
one layer with tuma adiscent, then a scond layer over the top, and so
on wntil the coll bas bullt up to the sume diameter a8 the cheeks. The
coll windings can be held with a wrapping of cellulose tape and the ends
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3<"° )
rA 3 DIAMETER
FORMER
2'0ia

DUST CORE

Fig. 9.7 Coil former for winding the RFC coils,

should be secured to one of the cheeks with sealing wax or something
similar. The provision of an iron-dust core to fit the centre of the coil
core enables the inductance of the completed coil to be varied by
screwing in and out, thus taking up any differences introduced in the
actual winding; in other words, the dust core forms a trimming
adjustment.

All the other components used are familiar, standard types.
High-impedance headphones, or a high-impedance magnetic type
earpiece must be used with this circuit.

The same circuit can be modified for regenerative working as well
(regenerative-reflex receiver), simply by connecting a 10-pF trimmer

REGENERATIVE
COUPLING OPTIONAL

4§

o=
i 4570
i 9VOLTS
F
+
+
D2
v
Fig. 9.8 Circuit 19. Single-transistor reflex receiver using two
diodes.
Cl1, 0.01 »F TR, OC44 (o1 equivalent)
C2, 220 pF
C3, 20 pF

R, 100k

Regenerative And Reflex Receivers 79

capacitor between the collector of the transistor and the ‘hot’ end of
the tuned circuit. This capacitor is adjusted to give optimum regener-
ative coupling.

In areas where radio reception is generally good, either circuit (reflex
or regenerative-reflex) if assembled correctly should give good listening
strength without the use of an external aerial.

It is possible to simplify the single-transistor three-stage reflex
receiver by using two diodes in the circuit instead of one. A typical
circuit of this type is shown in Fig. 9.8. Again the circuit may be
converted to regenerative-reflex working by connecting a 10-pF or

AERIAL
IF REQUIRED

c2 R1
24
|
C1 i
[l
144
R2
i
> EARTH IF RS c7

REQUIRED — }—rif}—r

Fig. 9.9 Circuit 20. Four-stage reflex receiver. This is an extended
version of the design given in Fig. 9.6—the same basic circuit with
the addition of an AF amplifier stage. Using low-power transistors,
output power is matched to high-impedance phones.

C1, 500 pF D, any crystal diode R1,22k
C2, 220 pF L1, L2, choke coils R2,4.7k
C3,0.01 uF (see text) R3,3.3k
C4,32 uF TR1, 0C44, OC45, XA102, R4,22k
C5,47 pF or near equivalent R5, 1k

-C6,0.005 uF TR2, 0C71 R6,4.7k
C7,10 uF R7,22k
C8, 8 uF R8,10k
C9,8 uF R9,4.7k
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Fip 9.10 Coeogir 25 “Mighty Atom” wngle-ransision reosiver. This
puribcaler ot desgs i by Weyrad, matching and-aof their apeciil
teptn mriml codla 11 5 & Fegemmitive meomeee which wtes 8 mistmum
al compiments end & capabie of exonllent performance for sach 8
sEmpile cirpaid. Masching phomes gre 50 104 £

L2, Weynmd ool (R14T7K

1, 350 pF M3, 100k

3, 0001 wF R3.47k

3, 120 ¥ R4, 100k

OF, § uF VR 5k

C5,; b0 wF TH. XA4&103, o1 equisaient

20-pF trimmer capacitor between the irnsisior collector md the tuned
cifcuit,

The output from the reflex stage may be fed direcily Into
headphones (thmeestage circuil); or may. b2 foliowed by o stage of
nirminl AF amplification (four-stage cirauli-see Fig. 9.9) or further
stages of amplification (five-stape circuit), ete, ol the additional stages
being AF smplifier singes.

As with the simples circuits, however, there i 8 practical limif to the
number of. gmplification stages which can usefully be sdded. The basic
three-atage circilt (with no AF ampiifier) should give sudible hesd-
phone reception op. & aumber of different stations; the Tous-stage
gircidt should give good headphone reception with jocal stations veny
lowd; or equally be capgble of giving good vohime with 3 loodspeaker,
depending om choice of transistor for the amplifier stoges.

Regeneérative And Reflex Recelvers

Fig 11 Ciecindr 22 Three-transistor mpsnsrative seisiver with
kudspeaker oatpul. Ths dewgn ol meenimalive ociver enipiays
resistive feedhack muther than cepacity feedback. The sdvenings i@
that the mgenerstion, onco adjusted, should emain st o optamem
witing for all brosdcast frequencies tuned i With oxpacity
epneration, optimun adpstment s useally o @ specific freqoency
and needs 1o be pesdjusied when The i is tunsd to 5 different
station. The ;Ell.l (LAY i 2 90-4um winding of 334w g enamelled
wire on g gein. diamneter ferrite rod with the pping point 8 da 10
ferns in froim the "earthy” ehd

1, 350 pF YR, 3k

01, 0.05 uF TR, INI936, or equlvalent
¥, 0,085 gF TR, IN29I6, ar eguivaleni

Cd, 15 uF THI; ACT 2R, af equlvalent
R, 390k Leudspeaker, 3 in 8 01

KL L1 M

K3, 100

H4, 330

1)

| avolTs




10 SUPERHETS

The superheterodyne of superict recelver works o & more complicated
principle than other types and involves more stoges and more
components: The RF signal from the funed circult ls comblmed with
another HF signal genernted by o boca! cscillator in the recelver fisell in
a mixer of eonverfor stage. This stage then has an output which is o
‘beat’ frecuency, squal to the difference between the two signals, this
“difference’ requency bebng called the insermediate frequency (IF).
The IF output from the mixer is then ampiified (in one or more
stiges) before being pamsed to the second detector Mape, where the
mciduluted IF is converted to AF and subjected 1o fursher stages of
amplification. The second HF signal ts generated within the meceiver
iseélf by the HF ot local osdllator, spplied to the mixer. A block

Y

RF

FUHEU 5L} "_I HE i
IR Y | ] MU I,IPFLlr Lﬂ| - "—”:CT"JF ' - Abify mrnP:[
EFHF A -I_

LIS PE AR R
|, Ca |
Eu l...t'r-:;J

Fig. 100 Mk digram of & siperhet ciiciit Feedink of &
propariion of the signal sfier deteciion & usmElly necessary to
rEcuce - gaih an dmang sgnah and prewenl dietoctboi thioegh
overisailing. Thas i Emown s suicmatic gaim cumitol (4G

83
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diagrim i shown in Flg 10.1, where it will be noticed that RF
amplification can again be xpplied after the tuned clrcuit, IF requined.

The principal ndvantages offared by the superhiet are that the gain
and selectivity obtained fram the 1F amplifier do not depend on the
frequency of the signal 45 they do with *straight’ receivers. Also the IF
can be made lower than the signal frequency, resilting in higher sage
galn and 8 narower response cuive, Again, too, since the IF amplifier is
dealing with o comstant frequéncy it can dispense with variable
capiacitors, reducing the risk of unwanted feedback and penemily
making the receiver less critical in design. The main dissdventages are
the higher cost of such a circuit and the necessity of achieving proper
alignment.

Mot commerial domestlc eeeivers are of the supethe! type becanss
of the superor performance offered snd, although mther mose
complex, the type is equally suited to amatenr construction.

The usual TF employed is between 450 and 475 kHz (455 kHz is
more of leas stsndard in this country) and the TF smplifier is tuned to
the specific IF employed; this IF amplifier thus employs one or more
stages of RF smplificstion with fixed tuning. A lirtle thought will show
thal to ‘feed” the IF amplifier correctly it will be necessary to vary the
locil eseilintor in step with the tuned citeuit. Thin If the receiver is
designed to tune over & range of from, say, 800 kHz to 1,800 kHz and
the IF s 470 kHz, then the oscillator frequency maist range from BD0 +
470 = 1,770 kHz to 1,800 + 470 = 2,270 kHz. Equally, 1o produce the
same IF response the local oscillator could be set to 800 470 =
330 kHz to 1,800 — 470 = 1,330 kHz. The result would be the same
{ar m the IF amplifier was concemed; in practice, however, it & more
useal 1o establish the local oscillstor frequency above the dgmal
lregiency.

The converter thus actually recetves two RFs: the signal frequency
which can be designated Fs and the locaf oacillutor frequency Fo. The
following IF amplifier stage is wned to & fixed frequency of Fo — Fs=
Fi, the IF {or Fs = Fo = Fi, where the locsl oscillator frequency is
chostn to be below the signal frequency); and it is the purpose of the
copvertzy to mipply thin partbculis IF s its cutput by & process of
frequency conversion

In fact, sy cacillstor HF will cause IF response st two signal
frequencies, one equal 1o Fo — Fa and the other equal to Fo + Fs. One
will be the reuil signal required, e.p the correct value of Fs for the
station selegted, whilst the other Is an ondesirable fmape signal.

Superhets B5

To clarlfy this by & numerical example, soppose the deslred signal
frequency s B00 kHz and the [F 450 kHz with the local oscillator set
above the input signal freqiency. To produce the necesiary IF outpat
st BO0 kHz signal input the Jocal cicillator will have Lo be set Tor BOO +
450 = 1250 kHz. Exactly the same |F ootput will be produced,
owewer, iFa 1,250+ 450 = 1,700 kHz input shgnal is received, since the
remilt of mixing will again be & frequency of 1,700 — 450 = 1,250 kHz.
An esseritlal festure of satisfactory working, therefore, b pood
selectivity in order (o reduce the response to image dgnals to negligible
elfects.

The signal-todmage mtio, or image rallo #s It i5 umially called,
depends on the selectivity of the RF tuned gircults preceding the mixer
o converter, At the same timve the higher the IF the higher the imuge
ratio, since raising the IF incresses the frequency separation betwesn
vignal ond image and places the latter farther away from the peak of the
resonance curves of the signal-frequency circuita,

The less experienced smatear—and certainly the beginner—is ireunlly
reluctant Lo tackle superhetl comstruction becouse of the many
complexities and large number of components involved, particuladly in
alignment, to get the circuit working satisfactorily. Probably the best
approach, until experience ks gained with wperhet behaviowr, s ta bulld
fiom idts, which include pre-aligned IF transfosmers. Howsver, it is

ki

Fig. 102 Typical superbet “front end”, festuring comventional
puned o, ol oselllaior anil mives, uad sho om Maps ol 1IF
amplificetian.
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Fig. 103 Cirewir 27 Complede prperled chooli op fo cetpul
stage— . bbb followed by amy saitable natpat circuil. Thod desgn
S PP I:n.lmq-m'.l
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TR, I3 VRI, M priemtameter
TR, N5t | il condtsal)
Bl 5k C 1, CF; pungndl tuming capociiog
i3, 3.7k or higher C3, Sor BuF
2k C4, Ll aF
4, 100 k& 8, 5uF
05 19k O, 000wl
b .33k IFTI md IFT1, minigtuee
IF fraenafoamers
OATOof egquembient dinds

possbie to produce 8 working sperhat cifcuit baid on two tranziston
and & diode detector, with sultably selecied componenis Tor the critical
cireult clmenis—notably the ganged tuning capacitons, local osciltator
pnd |F tramsformeds.

A basic superhet “front end” Including tuned circuit, local oscillator
and LF transfarmier i shown i Fig. 102 L1 8 mhe tuning coil and L2 s
the coupling coll (each wound om @ ferrite rod); LS is the focal
ascillntor coil, nductively coupled o transistor TRE wia LY und L4
The resonant freguencies of these two circalts g fuped simidltaneously
by the twin-ganged varnbie cipacitons C1 and CL In a practscal clrouit
ench varable capagitor woild have its owm trimmer capacitor, CT1 and
CT2 respecuvely, for finé trimming,

Superhets ar

Trapgistor TR ks the mixer or auicdyne frequency ohanger. the IF
ggnal being selected by the IF transformer LFTL.

The following sections, fed from 1FT1, use TR = an IF amplifier,
und alse provide the AF stage (o feed the diode dotector v a second |F
iranaformer 1FT2. The whole of this circuit ia shown in Fig. 10.3. An
adiditional stage of IF amplification could be incleded, and also o mose
sophisticated outpot ftape. Common practice is to follow o single sixge
af AF amplification by o push—pull output, with the driver transisior
selected for high gun;, 2nd the outpat load formed by the primary of a
phase-splitting  tranaformer. However, keeping the mumber of com-
ponents involved to & minimum snd using only two IF transforimers,
condidesably siniplifies both copstruction and slignment.

Cosrect tracking of the sertal- and osclllstor-funed clrcults 10
maintain the constant IF difference can be obtained by wsing o luniig
capacitor with specially shaped vanes for the oscillior circuit; or by a
conventionsl pedded capacitor. Stray capacitance between the snrial
prd esciilator secthons of the tuning capacitor can Torm & path for
unvanted feedhack between the two sections, s0 1 wreeh i upuakly
placed between them to prevent this, These effocts can also are
between the wires cofnecting 1o the wavechange swatch, s these iy
be kept @ sghort s posiible (or if completely incorpocaisd on 3
printed cirouit, the ciroudt elements kepl short snd well spaced (o
eliminate capacity effects).

In all cases, regardiess of the type of oscillator and mixer, the Gt IF
transfommer receives -a mixiure of oo oscillator frequency, signal
requency and the sum and difference of the two. It |5 thetelore
nECesiary to e o capaciton geross the primiry. w0 prodoce 20 LC eireain
lo resonaie at the [F. This capacitor ks of fed value (mptched 1o the
inductance of the coll);, when any sdpstment required for alipnmeni s
provided by an iron-dust core in the coll enabling the induotinice (o be
varied -over the necessry rangs. Once the overall LC value has been
adjusted lo a mwonant frequency conesponding (o the 1F the tuning
retiaiis fioed.

Output from this stage is an AF modulated HF signat m the IF,
which hag alse been mbject o amplification.

Alignment with simple circuits should be quite straight{orward and
cn be done without -the sid of & signal penerator. Particulsr care,
however, must be taken nol (o overtighten the tuning shugs in miniature
coils us these are easily jammed, resulting in permanent damage 1o the
coil since it will be virtuslly impeoasible to remove the core without first
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removing the coll fom the printed circult; and equally almest
impossthle ta remove the coil without demage,

To align without s signal genertor, the sci s tuned Lo the mid-way
paint on the long waveband and the core of L4 adjusied 1o receive BRC
Radio 2. The tuning contral should then be adjusted to the higher
wivelength end of the medium wavebsnd and the cores of IFT] and
1FT2 adjasted for maximum output. Further adjustment of volume can
then be made by sliding the serial coil along the ferrite slab, and once
the best position s found the sleeve should be fixed with wax or
cellulose tape. The receiver should then be wped to 300m approxs
tmutely. and capacitor €1 or i timmer CT1 adijusted wntil an
|dentifiable station is received and then browghi up to maximum
valume by adjustment of capacitor C2 or its triminer CT2, If necemary,
the alipnment stages should be repeated for the medium waveband until
all statbors are received at good signal sirenpth.

Lising a signal generatos, alignment is even simpker and mooe posifive,
The baslc procedure should be:

(i) Injected stgral, 600 kHe, adjust tuning to caormespand to the

end of the (medion) waveband.

(il) Injected signal, 470 kHz. sdjust 1FT] and 1FT2 cares for
maximum outpul

(i} Injected sipral, 600 kHe, adjust coil position on ferdite rod for
bt resulis

(iv) Injected signal, | 450 kHzx, adjust trimmers CT1 and CT2 for

A e ot b

Mullard B-transistor receiver

This design B for a simple portable receiver using allov-junction
tramistors and @ wingle 9V battery with transformerless push—puill
output. The circuit i suitable for making a5 8 medium-lze poriahle
receiver with & Ferroxcube rod aeral, or in miniature size if prefemd.
The standard IF of 470 kHz s used with e bocal oscillator frequency
above the signal frequency. One OC44 and two D45 transistors aee
ased in the mixer and IF stages. The detector is a permanium diode
type DATD, The sidio stages eompiise. ané OCT] transistor deiving
mistihed pair of OCT2 tranafatorn.

The OC44 operates o 2 self-oacillsting mixer, with RF signali from
the aersl coupling coil fed into the base of the OC44, leading to the
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generstion of lecal oacillafion feedback from the collector to the
emitter. The IF i selecied at the collector of the OC24 by the finst [F
transformer T3,

The 1F amplifier comprises pwo OC45 common-emitter  circuils
opersting wnilateralized, with the choice of bandwidth eompromising
between quality and selectivity. The third [F transformer T5 s
copnected to'the OATD diods detector, with the de. oulput fed back
to the first IF transformer to provide sutomatic grin control.
Doubletunsd IF transfommers are recommended for optimum perfor-
mance: o5 regardy freguency response and imags refection,

The Class B transformerdess output stage requimes 3 loudspeaksr with
& 3501 speech coil to provide the correct load for an outpot of 200
mW, with negative feedback applied to the emitter of the OCTI driver
from the lowdspeaker 12rminal.

All component values are shown on the dreuit diagram (Fig. 104).
The value of the tuning capacitance is not critical, but must be
sufficlent to provide the destred frequency coveiage. The aerisl section
his & capacitance of 175 pF and the csclllator section o capacitance of
125 pF. A screen should be used between the oscillator and aerial
sactions of the tuning capacitor (Le. the tuning capacitor o specifled)
to be sure of eliminating undesired feedback in the ciocuit, The
possibility of feedback will be at maximum when the receiver is tuned
o ity highesi frequency, and will aio be incressed when the. tuning
capacitor has a low value (e.g. as typicaily the cae with a miniature
funing capacitor).

A minjaturized version of the orginel cireult is shown in Fig 1005,
again with all component values marked. Hese the output is reduced to
100 mW driving a 75-f1 ministure speaker. Current consumption of this
circuit is reduced from 9 maA zero signal, 20 mA avergs, 10 7 mA and
13mA, mapeotively. Thi mimioturnzed ciroeit permits of furher
modification by sabstituting 8 Class A-outpul with transformer drive to
the speaker, reducing the number of tronsistors required to five, bat
increazing the bettery consmption.




T COMPONENTS

The following descriptions ade intended to famdliarize resden with the
varjous baslé components sied in mdio construction, & well & being a
useful reference when selecling components for making o particular
cireuits

Resistors

The fint thing to remember about resistons i that their sie s no
indication of thelr actual resistance value; rathey it & o rough Indication
of the power rating. Transstor circuits operate with low power ratings
and wo small (physical) resiators are commonty employed.

Actusl sizer of resistors range from € mm long by 1.2 mm diameter
(with 2 ¢s-W power mating), up to sbout 50mm long by &imm
diameter (with 8 7“W power rating); and even larger in the ofd-fashioned
type of carbon rod resistors. A comparisan of modern resistor sires is
given in Fig. 11.1; this diagram b= also a useful method of identifying
thee various fypes of resisiors-by thelr shape.

Thers sre five: main Drper of sesstorns, cmsified by thelr con-
strucilon.,

(i} Moulfed~varkon fype, lierslly & rod made from b mixfure of
carbon and binder fired into & rigid form, This rod is usally protected
with a lscquer costing, or & paper or ceramiic sleeve. These are the
old-fashioned type which are still svaflable (usially a5 “surplus’ stock)
and are guitahie for any non-critical circuit. Ratings are usually § W,
i Wand 1 W.

(i) High-sability corbon resiviors, much umaller end compact, made
from carbon film. These are minksture and sub-miniature [y size and are
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Fig 111 Modem msishan
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I, $5 W casbon-film &, 4 W mets-coulde
2, §W carbonflim 7, | W carban-film
3, l"'"ﬂﬂﬂll-ﬁlﬂ B, | W wire-wound
4, o W misdnl-film 4, 3 W wirewound

5, § W carbon-film 10, 7 W wire-wound

the preferred type for general use because of their good stability, Jow
nbise, and quite Jow cosl. Ratings are usually & W, aW. i W, i W,
¢ Wand | W.

(it} MetalfEm resivtors, which are made by depodting a film of
nickel-chromium on 8 highgraide ceramic body and then cufting: a
Belical track through the film to produce fhe requited resistance vajues.
End caps are flited to carry the leads and the resistar body is protected
by @ lacquer coating. These re much more stable than carbos resisions
but cost about four times a5 much. Ratings are from § W upwards

{iv) Metal-axide resisiors, made by depositing a film of tin oxide on
8 specinl glams rod, the whaole being subsequently covered with a
healresistant coating. Stability 8 sgain very high and this type is
virtually prool sgainst damage tooigh overbeating (.5, when solder-
ing) and s also unaffected by dsmpness, The usual rating is § W,

(v) Wirewound types, genenlly only required for special circults
Where very low resistance values are pequined andor very high currents
have 1o be carried. Typical ratings may range from 1 to 5W for s 0.5-0
resistor to 35 W ormore for higher resistance valoes,

Regardless of size, shape and type, the useal method of marking a
resistor vahue is by coloured bands an the body, read In order 1,2, 3

Componegnis a5

1= ] MULTIPLIER
T |
e TELEMAKCE

el

Fig 11,2 Standard resiztor coloar coding

from {lie band pesrest obe end—Fig 11.2. The eguivalent valie js
determined boy:

1 2 3

pes Sl Eives secand Ve nlmber

figure of {igare ol al noeughis to

isslalance ieslsEice praf after firwd
Calowr walut wal ity v figneres
sk [t} u famnge
o | 1 Q
Red F | | 1)
(hrangs 3 3 000
Yellow 4 d G
{itean 3 i 00
Elus [ ] 000
Vinket 7 7 OO0
Gy ] B COHHICHI
Whiin ] g DOR00I00a
Exampile resistor colour coxle mead & Brown, Hue, Crange

Brisen Blus Cangs
valuz yesd = 1 & ETE]

b VB.000 i or 18 ki (kilghima)

On some oldtype resstons the three colours e applied in a
different manner—a coloured bedy, coloured tip and coloured gpot on
the body, The code |8 thed read in the order body , tip, spol.

Many reststors Bave an sdditional (fourth) colouned hand, which
expresses the rolenmor an the reststor value. The equivalent tolénnces
50 indicated are:
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Slver band 10 per cent toberance
Lrold Band 3 per cent [odorance
Red Band 2 prer cent tolomance
Brown band | per cent tolerumoe

For most circuits resistors with & gold band (5 per cent toletance)

e the recommended chokce ; silver band (10 per cent tolerance) are i
enough for geneml use. Finer tolersnces (red or brown band) are mot
fiecemary, excepl for critical cirouits, No fourth band implies #
toderance of 20 per cept.

Orther variations which may be found on colour coding are:

a sulmiov pink band indicating s ligh-stability type:

0 double mng of the fint colour band, indicating & wie-awound
Feslstor.

Some types of modem resiston are pot coloer coded but the vilues
are marked direcely on to fiem In numbes and letter. Nupbers
indicate numerical values und l=tters indicate meltipliens, viz:

A=X|
K=x],000
M=x 1,000,000

Tolerances are also given by a second Ietier, wiz:

M = ) per cent

A& = |0 per cent

J = 5 percem

i = 1.5 percemy

& = 2 percent

F = | percent

The Ot letter ("multiplier’) comes in a position which determines

the decimal point. This:

mating 5K designates S % | =50
AAT deslgnates 4 x 1,000 and 0.7 or 4.7 k02
B2X designates 82 x 1,000 or 52 ki

The tolerance b tter comes at the end, B

4K means £ 4,7-k8) reiator with 5 § per cenl folersncs
Actuad resintor rafues are also normally based on preferred numberr
and not simple arithmetical stepe. The resson for this I8 that prefemed
number sicps pve ipproximately constant percentoge chsiige in

Companents &7

resistance from one value (o the pext The usual resistance values
obtninable are thioa:

n kn e
1o 1.0 1.0
12 12 1d
15 .5 L5
18 138 IR
17 5.7 EH
13 53 33
in 19 14
41 4.7 i
58 L6 =T
68 iE 0.8
i2 &3 51

ind

120 1

150

180

I

10

150

390

aTh

151

GE ]

L)

*Typleal vakues for wite-wound riststors: below 10 6 oare: 003, 008, 0, 1.5, 3,
33 184, 4.7, 5, 56, 6, 6.8 und &

Variable resistors (potentiometers)

Varable tesistors, or pofentiomeiers, are normally constructed from a
resistive element, formed into & 270° arc, with a wiper Brm connectad
to it, end turmed by a central spindle. There are three external terminal
tags; the owter ongs comnect to the ends of the resistandcs eloment and
the contre tag to the wiper—see Fig. 11.3.

The reslstance element may be & carbon track or a winding of
malstance wire (wirewound potentiometers). Carbon-track poten-
tiometers ore cheaper than wire-wound types and dce suituble for most
peneral circultl applications, al low power levels, e.8. & 10 { W for low
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RESSTANCE
WIS F AP, ALH
Abrd #

Fig. 11.3 - Yartuble restitor or potentiometer,

resistance values, reducing with higher resistance salues. Wie-waind
potentiometers have a higher power rating—osially of the arder of | to
IW cantinwous for the whole track: they ate slso. made in lowes
teslstance values obtalnable with carbon-track potenthmeters.

The usisal resistance values avaitable in each Iy'pe are:

Corbow-rrack: 100,220,470, 1%, 22 %, 4.7k 10 k, 22k 47k, 100k,
220k, 470k, | M, 22 Mand 4.7 M,

Wire-wonnd: 10,22, 47, 100,:220, 470, 1 k.22 k. 4.7 k 10k 22k,
and 47 k.

The peneral appearance of typleal carhon-track snd wire-wound
potentiometers is shown in Fig. 11.4; they wre also made with a sliding

Fig- 114  Fotentiometers

A, Typiewl wniall cashoe-track; about 30 mm digmeiet
B, Operetype corbon-rack lintar potentimmeter, shoist 15 i digmeiey;
C, Typicsl wite-wund potentiometer, dismeser 15 1o 35 mm.

Components 85

Flg. 118  Sodemn ﬂwu“mhﬁ-lm polentimmeter.,

ther than a rotary movement, The old type consisted of 8 wire
Il:mdlng o & :ul.l;ihEi:rIind'-rH:ﬂ former, traversed by & stiding contact
gssembly, The modern misdatare slider-potentiometer s much more
compact and fully enclused, except for the slot in which 1.I||e.s.l.ld:r rm
travels~Fig. 11.5. The resistance track may be carbon, or wire-wound.
Slider-type variable resistors have come mio livour for volume controls
on modern radlio designs.

Poteritiometers we slso described a3 linear of mu-lh:._::r. {his
referring to the manner in which resistance values vary with wiper
movement and mo? whether the potentiometer ls & slider or rotary-
actlon type. With & Hnewr potentiometer the resistance change is
directly proportional to the actuil movement, e a 50 pef cent

FEH CENT basiiagns eSS TANCE
1 Tt
-. %
4

ATH
{
30 'r/
0 =
T — e
_—
15 %0 S0 B0 70 BO B8O 00

PES CENT Sl aLe RO TN St Wl TGS TAsCE"

Fig 11.6  Linesr and logarithmic potentiomeie charscteristics
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movement will correspond to & 50 per et change in resistance—ses
Fig. 11.6.

Slide-type potentiometers mormally automotically provide lincar
charecteristics. Rotary types may have lnear or logarithmic chiaracter-
istics, the lstter producing an incremsingly greater change in resistance
with spindle rotstion [pde Fig. 11.6 again)

Pojentlomefers may aleo bo dezsigned with charneteristics inter-
medisle between linear and logarithmic, e.g semi-log or lineur-tepered;
and sl with invermse charecteristics, e antilog. Either lnear or
logasithmiz polentiometers are suitable for most volume control duthes
elc., although logarithmic types are generlly prefered.

Yo" sosrToN
{ A porivd

RESISTAMCE 1M
S T CoRCUIT

i

QFFT POSTiIoN

Fig 1LY Potentiometer with os-ofl neltching.

Wiring connections 1o & potentiometer are simple, remembering that
the two outside tags connect-to each end of the resistance track and the
centre iag to the wiper, For a simple volumie control, connection is thus
fiormally to one end tag and the centre 1ag. Same potentiometers are
made with an ‘off" location at one end of the wiper movement (usaatly
moxbmun anti<lockwise movement) when the wiper runs off the
resistance track=Fig. 11.7. This type can cormbing the doties of volume
controd and on-off switch, in seitable droults. Power supplies are

usually awitched on mnd off by a switch mechanically coupied to the
volume control,

Capacitors
Modern capacitors come in 8 wide vadety of different types, sizes and

comstructione, many having overlapping values, The alder paper rabular
type, constructed of silver foll interlesved with mica sheets, have largely

Components 10
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Fig 118 Exampies of modermn minisbie cxpaci it

A, Ceismic dise 1,000 pF i 0.1 uF {ap i sciusl sise;
. Ceramie plate, skres from 4« 25 pmin g9 12 = 3 mai;
C, Ceram ke plate tubular

D, Tubulis cersmic, fypical sres

E, Sdverid mica;

F, Palyestes;

G, Mylar,

H; Palystymeoe

been replaced by miniaturized ones, although they continue 1o be used
in the eapacity 0.05 1o 2pF (g In preference io an electrolytic
capacitor). Working voltsges are of the order of 200 to 000V for
piper types, of Gp to 10,000 V with plaaticdmpregnated types.
Ministure capacitors are of ceramic, polystyrene, silver mica ot
mylar constructisn—ses Fig. | 1.6. Ceramic arpacitors may be of 0.1 uF
(but with working voltages generally substantially reduced above
5,000 pF capacity). Thbuler ceramic oupacitors have o stmilar valug
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renge wnd are isually rated for & mean working woltags of 350V,
Sitvered mica capecitors with values tunging from 22 pFE-:p to 10,000
;:ﬂ{ﬂﬂ.ﬂl M) are rather larger and have 3 highes voltags r ting (typically

Folyester capacitors are produced In two main confipus
cylindrical with offiet end lesds, and ssb shape with radial I:I::h fimP:'_l'
bodrd mounting. Physical size increases with increasing cupacity rating!
.thu: o fypical size for a cylindrical polyester capacitor of 120 pF or less
is B mm long by 3.5 mm dismeter. For the highest values with this Ty pe
(e§. 32,000 pF) size can be up to 32 mm long by 12 mm dismeter.
Folyester cepacitors are usually constructed for high-capacity values,
ef 001 to 2.2 uF, with size ngain merensing with eapacity. Working
voltage for these is normally 125 V far smalier walues, or 250V,

Mylar film copacitors are similarly constrycted, with radial leads,
produced specifically for PC board mounting, The raiipe of values is
mare Hmited, e.g. from 0L001 10 0.2 uF,

Other types include polycarbonare erpaction, made i bath tect-
argular (*box") snd tubular configurations, with worldng voltages of
230V for values up to 0.1 aF, and 100°V for valocs up' to 1 uF,
although special comstructions foe high values ein sceepl  higher
working valtages.

All the shove are non-palarizrd capacirers, meaning that it does not
matter which way round they are coanected in o circuil, Other ivpes
are polaized and must slways be connected in a specific munmner (*plus
10 plus'), otherwise they will be degraded and eventually destroyed.

The best known type of polatired eapacitor is the elecirolyric
eapacitor, otiginally bused on an uminiam rod a fafl plate i contset
with o paste eloctrolyte. The cipacilar is thel formed by passing o
direct curren through it during manifacture, depusiting & thin filw of
aluminium oxide on the aluminium surface by electrochemical actios,
This type of construction allows quite high values of capacitance to be
produced in a relatively compact envelope, ¢ # tp o 1,000 uF. Erched
Joll electrolytic capucitors petmit even preater capacitunce valies 1o be
Il:;hl_umd for the same size, and 3o moke ji pigsthle to produce
mminiutire types with high eapacity valoes. In the latter case the working
¥oltage i generally reduced.

Maodemn eleetrolytic capacitons sre usually of criched foil type, ot the
mare recently developed tantalum construction, which are prodiced in
both conventional cylindrieal configuration with xdal lesds and
fantalum bead Torm-see Fig. 11.9. Bath types have low vol tage matings,

Companeants
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Fig 119 Electrolytic capacitons

A, Meigl=cmed cylindricd with aaiil lesds;
B, Tinmbum bead, 1y pical nige rengs,

decromang with increasing capacity value, el from 35 to &0V for 0.1
uF capacity; to 3V at 100 pF cupscity. Tanfalern capaciton ae alswo
mads in non-polarized form.

Vahies are normally marked directly on the body of the capacitor;
some types, however, miy be colour coded, the code adopeed not
necessarily belng universal (it can vary from one manufactioer to
another and ffom country to country in the caie of alder products).

Polverter slabshaped cupacitors sre posmally colour coded instrad
of ‘marked, the solowrs Following the samg code a8 fdv resistors. Lip-to

five bands can be used, the sequence being:

I st cofour gives frst slgnificant &gt i pF

2nd colour gives second significant digit in pF

3¢d coloar gives the multiplier

dth colour giver the rolerence, eg. white 10 per ceni, Hlue
(sometimes black) 20 per cent

Sth colour gives the voltage, red 250, yellow 400 Y

The fourth and filth colow: bands may be missing; |f only the fifth s
misging, this implies 8 working voluage of 30 'Y,

Colour coding by rings may also be found on moulded-paper and
same tubolar ceramic capaciion: Some disc and slab-type capaciiors
may be politis coded by dote-sec Fig. 1110,

Variable capacitors
Varlahle capacitors are wed for faning o irimming (0 enable the
capacltanoe in @ critical circuit to be adjusted. There are physical
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Fig- 1110 Some capaciior cobowr-doy codes

A, Diac peramle,
B, Moulded paper:
C, Midnpk: gnd cémmic,

differences between a tuning capacitor and a trimming capaeitor, botl
i size and construction, but both work on the same principle and
could, in fact, be used for either duty.

Tuning capacitors are commonly of the air-dislectric type, contisting
of two sis of intermeshing metal vanes, one set fived and the other
rodatable by aboot 1BD degrees by means of a spindle. When fully
closed (3. the spindle is tumed 5o that the roisting vanes are Tully &
mesh with the fined vanes) capacitance is a minimum, and when fally
opened (Le. tuned to Mull movement the opposite way) & maximm.

The makimum cipacity of air-dielectric varinble capacitors of this
configuration ranges from about 10 pF (o 1,000 pF. Physical size may
rarige from "méniatire’, e g, sbout 25 mm square and 13 mm thick, up

Componants 105
to 50 % 60 3 80 mm, or even larger, but is no indication of the working
capacity range. 11 1s largely & matist of convenisnce and compactnes to
e ministise tuning capacitors for transistor circults and thee may be
af the solid-dielectric rather than sir-diejectric type. Typlcal forms are
ilustrated in Fig. 11,11, ihowing singhe and panged condensers, the latter
used where two separate circults are required G0 be tuned slmul
taneously from a single control.

Fig. L L1 Tanimg cupac|tory

A, Alrdislecine;

B, Solid-dieloctric;

C, Solld-distesini, mEnEIETE,
0, Twh-gang pir-dbeleciric.

Trimmiing coparirors are wsually based on.o & mica-diekectric and
consist of fwo or mare plates separated by very thin sheets of mica.
Copacity & reduced by tuming o centril screw 10 adjust the pressure
between plates and mica. They are designed primarily o be adjusted to
& required capacity value and then feft w2t in this pm:]nu_ but can,
however, be umd a8 o tuning eapacitor whete their srmall physical sice is
an adventape (e in 8 sub-miniatire recelver); they are also cheaper
than tuning capadtors,
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Fig 1112 Tommer capaciion

i, Bechive type (uir-dislacinicl;
B, Adrdielectnic;

O, Mici-lieleceric;

D, Ceremie.

Some forms of trimming capadiomn are shown in Fig 11.12, Not all
such types have » mica-dielectric, some designs being based on & plastic
dizlectric or even airspaced, The latter uwually provide betier respoiise
if B tomming capacitor is used a8 & MAPg control.

Like potentiometers, varishle capucitors can have differeni work-
ifig characteristics, j.e, linear, bogarithmic ete., depending primaridy on
the shape of the plates. These characteristics are uaually:

(i) Linear capocitancs, whore esch deges of spindle rotation

produces an equal change in capac lance.

(H) Fven frequency, where each degree of spindle rotation
produces an equal chanpe i fréguency i a tuned cinnale.

(i) Square how, where the change in capacitance is propartional to
the square of the angle of movement.

(v} Logarithmic, where each degree of spindle movement produces
0 constant percenfape change in frequency.

Linear-frequency charscteristics are usually preforred for a adio
receiver tuning capacitor.
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Transistors

Transistors ure classified generally. under two main types depending on
e miterial used in their construction, germanium or silivon. Germ-
anium tramsistors are the earlier type, but’ performance has been
considerably tmproved by adoption of alloy-junction ar alley-diffwion
methods of manufecture; silicon-junction transistors are normally minde
by the planar process. Where special characteristics are requined (o-g:
RF and IF applications), the marmfaciuring process is modified slightly
1o produce what is called an epitaxial (sificon-planar} transistor. Thepe
i also a third type known = a fieldeffect transistor (FET) in which
both the construction and characterstics differ apprecizbly from
germanium and sificon{unction types-

In genersl, germanium transistors are well suited o [owroltage AF
citcuits becamse of their Jow voltage losses and also because they can
easily be muiched in p-o-plopn pabrs for pash—pull output gircuits;
they are also cheaper than silican-planar transiston. Silicon transistors,
on the other hand, have lower Jeakige losses and higher voltage mtings,
making them maore suitsble for higher output sudio crouits, pind fior s

T

Fig. 11.13 ‘Some fransistor awtline shapes.
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Fig. 1 1.14 Common transistor kesil configumtions

at higher frequencies. They have the Turther advantage that they can
npur;: nlcueu;':]liy at temperntures up 1o 150°C or more, wheseas the
maximum working temperature for germanium transision
i [ Is pormally
Trankistors are basicafly three-clement devices, the connections to
the elements being in the form of three wires emerging from the
bottom of the transigtor, the whole being encapilated in 3 motal ar
plastic cmse. Transistor outlines and sites wary enormously (see
Fig. 11.13), but the arrangement of the emerpent wires normally
t;cflr:!#: of the standard patterns 1o assist in identification—see Fig.
BLE connections invalved are fo the hase [b),
g meihmm (&), emiirer ()
When the transister base i3 crcular, the wires i
b Y EmeTEE
trisngular form or in line. In the formes case the two battom p':ri.ﬁ:i of
the triangle lie in o diameter line, and viewed in this position from the
_ bottom the spex wire is the base, the emitter s to the left of the bass,
and the collector to the sight. If the wites emetge in line, & white ot
ﬁumﬂl ‘i]:::: on the can or body marks the end comesponding to the
gcior i The bogz ks then the middle ape,
oy ané, and the enitier the
I With & rectangular base thie wites igain emerge in line. The collector
{ﬂilﬁnﬂiﬁjﬁﬂ being more widely spaced from the middle wire
] er end wire, bthough specific ¥
o web types may depart from
Some other variations are shown n Fig. 11,15, Some may have fowr
wires emerging from the base m line; the additionsl wire is the middle
one connecied to sn internal shield (s). This doed tol form part of any
connection fo 8 eircult and is either ignored of conmected éxemally 16

1
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Fig. §1.15 Eome ather typer of tamesior shapts amld 1wd
canfigretion.

the case, Other types are designed specifically Lo plug into PC boards
and have rigid terminal strips rather than wires—apain connections can
vary, s it is important to verify them for & particular type.

Power trarsiztors are of mote rugged construction and generally have
different connections again. Sorie may hive three wire connections,
others just two terminal strips-see Fig. 11.16. In the latter case the
collector connection is absent, the callector being connected internally
io the cie. Emitier and base leads are normally marked "E’ and '8’
respectively, The collector connection |s then normally made to one of
the screws mounting the tramsistor {or to an external fenninal tag
suitably connected (o the case).

Power transistors ate noemally mounted on & Bewr sink 10 psist in
ditsipating heat from the case, It i usually necessary (except in a
grounded collector circuit) to electrically insulate the Lranaisior from
litis heat sink; at the same time this inselator must be & good conductor
of heal. Sultable insulators are readily svailable 10 make heat sinks,
congsting of a simple gasket or washar of mdca, unodised aluminium o
fabric. Fabric washers require gressing with silicon grease to make
them hent-conducting. Some types of power transistors have tubular
bodies when & finned codling clip may be used o dissipate heat, nstead
of n heat sink-

=x=F "

Fig 11.16  Powes tranalstor.

MARRED
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Tramsistors are further clssified m being either pop o nepen, the
main significance of which i3 the difference in polanty :ri’:uq:f::tllum.
Mot germaniem translstors are pip type (although ni-p-n obes @i
made for AF wmplifiers and @ the complemeni for matched pain);
mast general-purpose silicon transistors are np-n types, although sguin
p-n-p ones are abso produced. If in the alightest douby, the actual type
.hmm be checked s connection with reversed polarity can nuin the

InEEior.

The _pnam] rules to follow &8 reguds poladty of transistor
conmeciions are:

with a p-Np transistor the collector must be Negative;
with a n-P-n transistor the colfector must be Poritive.

|
|

12 CIRCUIT CONSTRUCTION

The general rule for designing o clicuit layout is 10 follow, a5 far m
possible, the same dispeosition and relative positioning of the mdividual
components as on the circuit dingram. Thiz should ellminate over-long
wires and ivold unnecéssaty croising over of lealds

Tag stripe form @ convenient method of asssmbling umple arcults
fnvolving @ relatively small number of components. Two tag strig,
mounted a0 ineh of so apart on 3 Pacolin panel, enable individual
components to he soldered between paim of ing with eommon
connecting leads where necemury—Fig 12.1. Altematively, roady-
mounted tag strips can be purchased m fag boerds. A component
continuing o clreuit from a "conuion’ pont bas it second lead saldered
to.a spare 12g, which con become i ‘common’ coinecting podnt for
snother compponent,, end 5o o,

Fig 131 Tog boads can be maile by manniing iag sops o @
Paiclin pased, o bought resdy-aike

T
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LEADS TWISTED TOGETHER
PETLIN PamMEL AND SOLCERED
., Vi S

o

: N\

X
“TINHED' CDFPER WIRE

Flg: 143 Sultabée nsethod of cooall conmructon mvoiving small
nuam ber of com pongnts.

This technique was fllustrated In the construction of simple crystal
se3 in Chapter 3. It is-adapiable to more complex circuits, particulary
for expetimental work, but is generally untidy and unnecessarily bulky
for general use. The greater the number of components, the more the
circuit suembly tends to expand lengthwise, with lots of wisted space.

Direcr pssemibly can be sn stiractive alternotive where the com-
potienis are lakd out in order on e Pexolin panel. Connections are made
by twisting appropriste leads together, then soldering {cutting off
wirplis lenpth of leads where necessary). Lurger common connections
can be made to a length of “tinned” copper wire of sbout 16 sve.g. laid
fiat on the panel. Ope or two major componenis, such us aerial colls
and the tuning capacitos, can be secured 10 the pancl, forming an
snchar point for the rest of the cimilt. Main terminal paint, e.g. for
battery connectors; can be formesl by & BA brass bolts fitted through
boles drilled at ope end of the pangl.

Construgted correctly, the resull ‘can’ be guite neat and relatively
compapt, with the whole circult quite dgid—-Fig. 12.2.

‘Chriztmum free’ layout is for the experimental or test cireuit only: it
follows the same princlple of connecting components by twisting and
soldening individual leads together, bul without any at=mpt (o lay
them out flat or moust on & pancl. The resilt invarinbly looks pretty
messy, Dut it iz sim ple and 10 works—provided lesds do not accidenizlly
teich one another and produoe a short-clrcuit.

Breadboend construction b5 probably the best for' the more seritus
expermenter, and can ubo be used for permanent circuits where overall

!
|
\

3 ; In
Fig 123 ‘Heeadbeard’ panel with pre-deilied conbace i
-:Tummﬂuppnhlnhulmmhmhnhmthf
cibthing through, & peguired.

i t imoortant. It i skmilsr to g-strip msembly except rJ:m_th:
ﬁﬂpmﬁ-ﬂe tsid out fn the form of strips on a flat panel, Esch
strip has a mumber of holes into which individusl component leads can
be ingeried for common connection, the other lead{s) mm_; o
to further separate strips & required to contime the cltl;'ulI‘—Fl;g. Izél
Some proprietary breadbourds have small speing clipa fitted undes
individunl holes both to provide positive contact pnd hold the
companent in position without soldering— Fig. 12.4, In others the sirips

Fipr 1314 Modem Bresdbauiil unmit  with opring Jocatian for
compehens paihed is potition
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are #Emply copper with drilled holes, component leads being soldered in
position; strip lengths in this cise may be in separute sections, or run
the: whele length of the panel; In the laiter caie the strip being cut
through 1o lsolate each group of canpection paints as required.

Pegbourd assembly is based on & pérforated baseboard of a suitable
insulpting material with terminal pillams which can be Inseried [nto
holes, & required, lo provide connecting points for components—Flg.
125, The pillats may huve ascrew top for solderless smssembly, or be of
platn copper or brass for soldered connections. A similar technigue can
be allied 1o & “breadboard” with prefabricated connecting strips, the
terminal pillars being inserted in the pre-drilled holes, snd strips isolated
4 Dedesary .

Propretary constructional panels-of these two types are desipned Tor
both mmadewr and geneml use and are widely favoured by many
construcions who find designing their own component layoul 4 trcky
problem. A festure of muny of these 15 that they can be wsed over angd
ower again. The best advice wgarding thelr saitability s 10 experdment
and find by experience which appeals mast to the individual builder, or
iz found pasiest 16 nas.

An alternative ‘homemade” system, which would be regarded a
crude by most professionaly, i 1o cut 2 panel of ply or even hurd balsa
for the base, deaw on the position of the components (as near to scale
s possible) and cleatly mirck the common connection pobits mguiced.
A copper mall i then driven into the base at each end of these points,
Torming terminal posis towhich component leads can be soldered—Fig.

e
TPERFCSATED
DASERGARD

Fig. 123 ‘Peghoard' construction using a pesforated basehogd
and pushe-tn 1erminal jilia.
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COMPOMNENTS
SOLGERED itk PO TIGN

POEITIDMS FOR
COPFER ’I-l-llu.i..._\
= h

|
“TINNED' COPRER WiIRE

Fig. 136  Copper nall’ jechnigis - igaim mmlinble for wmall cnaalte

MARMED DU T CIRGLET

12,6, Longer common leads can again be a Jength of tinned copper
wire soldered between two end nails,

A refinement of this & to wse 3 Paxolin panel, and screw o balt
srnall individual tags to main and common connecting pokn t; thie lonjes
common connections sre formed from tinned copper wire sofdersd
between two tags; Individual common connecting points are formed by
separate tags—Fig. 12-7,

F‘rh:- hest technigque, particularly where minidturizaron of the circult
is required, is printed-ciroudt smsembly—Flg. 12.8. Printed-ciroult stock
is tivariably pucchased in panels which can be cul to the overall 1ze
required, one fuoe of which is coated with copper foil snd the sciual
clreull pattern produced by etching, This invalves trafnisfeming 2
deawing of the clrcuit on to the copper, coating all copper areas which
afe 1o romain wiih & suitable reslst, and then immersing the panel in an
acid bath to etch or dissolve away the remnining onwanted copper. The

Fig 127  Home-fibmisated tag- end bar-bzr panel




21 Simple Transistor Radios You Can Build

Flg- 12.8  Printed-cireui diwwing biyoot fof & pushi—pal| ampiifier.

retiit s then removed with g dolvent, when the P panel can be
prepared foe compaient msembly by drilling, etc.

All this work is well within the scope of the Gmuteur enthusias,
either working from a PC plan or designing a suitable printed patiern
equivalent to 8 theotetical circult design, slthough the latter can
become quite an {ivolved busines. Altemnatively, many standard radio

designs etc, are available = kits or in component form for home
agemnidy, including u complete PC, ready drilled as necessary; this latter
feature saves & lot of time and effort, being a point of design on which
the less experienced constructor is filkely 1o go wrang. One of the basic
c_lﬂmlah of PC design, in fact, fs complete familiarity with component
sizes 50 that mounting holes or holes for leads properly maich the
companents to be sccommodated, all arranged in logieal order, bath
physically and electrically. Unlilke ardinary wiringup, PC conductors
cannot be cromsed aver each other,

The lmportant thing to remember bs that the PC pattemn has to be
etched 'i.l‘ll reverse’ on the copper side of the PC board. Simply make o
tracing af the ariginal drawing of the component layout and connections
and furn this over 1o transfer on to the copper sids of the PC board.

Ihe leyout should follow basically the same physical arrangement s
the  theoretical circuif, Where this dingram fesell inchides crossing
conductors it muy well be of conslderible advaniage to discover IF 1
can be replanned so that these are eliminated. IT this proves physically
ik possible, and & solutlon cannot be found by altering the nJIq:Lrgeml-‘ﬂr
of the components, it may be necéssary to perminate certain con
nections on the P'C lands and Interconnect (o cross other lunds with an
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insulated jumper wire, Whilst this may be consldered bad dewgn, i1 8
perfectly suitable for one-ofT of amatewr construction. Hear o mind,
ton, that componenib themselves gan be used for bridgng over adjacent
Coj it s

The cunent-castying capacity of conductors yaries with fodl thick-
peds bul, dnce the comenl values In trEnsisior receiwel cizculls are
mvarakly low, conductor size i unlikely to be critical, although
recommenided mininum lgures thould be adbered fo,

Mintmum recommended conductior width s § in., with ot least 5
in. lear spacing between adjacent pooductors to reduce the possibEiy
of accidentnl shons or *bridgng’ between them when soldedng. The
drawing should alse allow for & minimum spacing of at lesst f in,
between the outklde conductor and the edge of the PC boara.

Where holes have to be drilled to take componenl leads, the
diameter should chosely mateh the lead sre, eg. with a typical reststor
lead of 0.028 in. (22 s.w.g.) the coresponding hole dameter shiould be
ut Jeast gy in. or No. 67 deill. Sufficient aren of copper ‘land’ should
be provided around each hale for & minimam width of  in. (Fig. | 291
The holes should be comectly spaced (o match component leads,
allowing for 8 “finger bend' it each end or down the side of the
component, according 1o whether horirontal or wertical ssembly B 1o
be used (Fig. 12.00) The former 15 1o be prefered excepl whom a
mininum size panel is aimed af, when vertical mounting of reaistors
e1c., will oocupy minimum base aea Al no point, however, should
spacing botween adjscent boles be less than twice the [aminste
thickness (|2, normally nof Jess than § in. on standard laminate ).

Other points to watch are that where conductons join 81 an acule
ungle they should be faired in with & generous fillel, Hicressing the ares

i 3 J; in s, GPACTNG

BARILIS
THARP

e - - Ln WIN,

I:ll'r" ol 8

FlLLE
ALLOW LSE T
SENERDUS

EXCESS
Fig. 119  Reconmehded propostiond for comjecian, saong &
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Fig. 1210 Mounting of composents on & printed-cigeull boaid,

WVertical maunting wess spaie,
bonded al the joint and making the copper Tar less lishle to be lifted.
Also, do not lesve unnecessarily wide or large areas of copper as
conductors as these may be subject to excessive heating and expansion,
with the result that the copper tends to lift from the bass. Either
redyuce the outling of micly arees or-relisve the sarface aren with Hols 1o
be etched away. This s not so important on Jowvoltege ciroults, bul on
maineoperaled opes no copper srez of more than aboul one square
inch should be fefl “solid”,

The fimt step, having prepared & PC drawing, |3 to cot the laminsie
to the required overzll size using a fine-tooth aw. The copper murface
has probably becotme gressy and dirty through handling, and so should
now be thoroughly cleatned by washing with & detergent and mibbing
dry with & clean chath, If the copper i discoloured through corroion,
use 8 damestic sbrasive cleaner 1o bring it up beight clean.

A test of ¢leanliness is to hold the panel under & tap, copper wde up,
pnd albiwe witer fo fun on to it 1 the water flows smoothly over the
whole area, the surface is clean and grease-five, if isolated patches of
copper stay dry they are still costed with prease and need further
clesping.

Once completely clean the PC pattem is drawn or traced on to the
copper. Cellulose paint or resist ink should then be used to paint in all
the lend sreas, uslng 8 maling pen for straight lines and a small brush to
complete the wider ss¢tions] the whole of the pattern may be painted
on, if preferred, althoisgh the result may be somewlhal more mgged.
Avojd uzing Yoo much paint or cesist, & this may overrun the outlines
buif, al fhe same time, mibake stire ihal all the land sress wee fully
covered, The painted pattern should then be lefl to dry, which may
tnke an hour of more with cellulose paint of 10 to 15 miouies wiih
resist inks.
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The solution normally ussd for etching is ferric chlonide mixed with
2 little hydrochlore azid, of straight dilule pltric scdd. The fosmeer 1s
penerally preferred since it does not *ms’ a8 much as the acid slane, bt
cither witl be equally effective. This solution is poured into & sitable
shallow contziner, and the laminate mmersed in it Rate of etching wall
depend on the temperature of the solution and o the degree of
agitation. Thus, at o temperature of 10°C & ferric-chlogide bath will
eich the copper at & rate of about | thasl, in 20 minutes—or nearly an
hour 1o eich 3 thou. foil; ot 20°C the rate of etching is increased 1o
ahout 10 minutes per thou; and 2t 35°C i wlmost twice as fast
sgain. The rate can also be increased by gentle agitation, moving the
batrd genily backwards and forwards in the bath, or gently rocking the
container to swill the etching selution from end 1o end,

Etching should be allowed to proceed until all tmees of copper have
disappeared from the surface. The boasd can then be removed snd
tinsed under mnning water (o remove any traces of etchant. The paint
of tesist Ink covering the lands is then removed either with a solvent
{eg. cellulose thinners, for cellolose paint) or @ cleaner (resist inks),
After this, sgain wash and dry the board; then it is réady for drilling.

Three baslc niles must be observed when drilling the PC panels:

(1) Always use a sharp drill (preferably a new one, or one which
has been reghaspened prior touse),
() Always drill from the copper side (i.e. copper face up).
() Always use & bcking of hard material undemeath s i the
drill point will not tear pat & seetion of the laminate when |
Breaks through

Brilking may be done with & hand or slectric drill, the latter being far
less tiring 10 jese when there are & large numiber of holes to be made,
although the small size of drill required may lesd to = high breakage
rite unless special care i faken.

Notes on soldering

Elacteic irons are invariably wed for electronic assemblies together with
resincored solder (i, the solder is in the form of 2 hollow wire with
the core filled with resin flox). Flameheated irons are not satisfactony
Far they are usially too large and combersomne, and also do nol permit
good temperature control. Equally, coe should elways use an electrival
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(cueed) solder when no separste flux is required; an scid-typs fux
should sever be tied on electnical work s this will inevitably produce
Corrosn.

The basc rules for good soldering are extremely simple, afthough
they are [requently ignored, They may be summarnized s;

(i} The iron should be of the dght sixe and type.
(ii} The iron should be hot enough 16 melt the solder frezly.
{iii) The tip of the iron must be kept “tnned" and clean.

(v} The work wmirfscés fo be sbldered misit be clean =nd
grese-free.

The carrect siee of fron is important for if too small it will rapldly
lose heat when applicd to the work, and If too large may overheal
ddjacent components or be awkward to apply. For PC assembiles &
d-in. bit dismeter is about right for genera! work—not too lasge, bot
largs enough 1o retadn enough heat for more or less continuous work, It
mgy be awlowand to uss when soldering up o miniature pansl where the
fands are close fopether, whel o fy<in. or even & g-in. bit may be
preferred. This smaller size will, however, usually jose s0 much hest in
eompleting # single fofnt that it has to be lefi to heut up agsin before it
can be apgilied to the second joint.

Iron size I8 nlso specified by wattage, but this is more of & nominal
roting than efyildng e, for fons by different manufscturen but of
the mame Mated watlage cn have = confidermble dfference in
porformance; e.g. differences in heating-up times end in bit temperanrs
achieved (and variations in the latier can be a3 high = 100°C): To avoid
the posaibdlity of ovesrheating, =n iron with o muting of more than 50 W
ehould never be used for PC assemblies,

lron voltage must be matched to the maing voltage available and it is
usdal to opemte an electric ifon on the middle voltage of the range, e.g
for o 240-V mains & 230/250-V iron would be correst. An fron should
never be operated on & mains voltage below the lowest flgure of Its
rating as by such & case it will not devefop itz correct bit temperstore;

Typically, a good electric iron will achieve a sturation temperature
of approximately 375°C, The time taken to reach this tempemmturs will
vary with the sies and design, bt very roughly should be of the ordes
of wattege divided by lour (in secomds), ez in the cas of & 30-W iron
the bit should reach ity maximum or saturation temperature in sbout
30=4 = Tiseconds. [t should also take sbout one-thind of this ttme {e.g.
watts divided by 12) to reach s stisfactory bit tempemiure for
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soldering (250°C), slthough this ean readily be judged by trying the
solder am the bit to see if it runs freely.

The mdrimum bit temperature required for satisfactory soldering is
40°C above the melting poitt of the solder used, which will vary with
the composition of the solder.

Whether the temperature of the bit is satisfactory of nol can resdly
be judged by the time it takes to complets a joint. This should be not
mote than three to four seconds, and the remilting joint should be
bright clean, with the solder completely *wetting’ bolh surfaces. If the
joint takes bonger to make andfor the solder has & pasty of il
sppearance, the lron is not hot enough. If the solder is seluctant to take
or flow over the joint, or collects in blobs rather than spreading out,
then the surfsces are dindy.

Befare sttempting assembly an a PC board the panel should always
be cleasied 5o that the lands sre bright ull over with no dull spots, and
subsequently should not be finger-marked by handling. An ordinary
domestle powder cleanier bz good as anything for cleaming the PC
lands, used wet or dry, the panel then being rinsed nnder nunning wates
lo remove any traces of abrasive, and dried on a chean rag.

Component leads are pormally *tinned’ and therefore in a sitable
stade for soldering, Almost certainly, howewer, the “linned’ surface will
have hecome dirty or partly cotroded during handling and storage and
it i generslly recommended to clean leads immedistely prict 10
asserbly and soldering in pesition. A scrap of fine emery paper i
excellent for this, simply wrapped around and pulled slong the length
of the lead, taking care nol to bnpose excess mechanicsl stroing
gimilatly with tags etc. Time taken (n cleaning leads etc., 1§ usually time
saved, for one can then be sure of o sstivfactory saldered jolnt at the
first abtemmipl.

Then there is the question of heat damage to contider. Provided the
joint is completed quickly-Le. within three or four ssconds of
application of the iron—no component i likely to suffer heat dumage.
This even applies to transistors which are normally rated to withstand
continuous application of a solderng bit no closer than ¢ in. from the
base for & period of up to ten seconds without dumage. Thus if all goes
well and soldered jaints are completed quickly snd neatly, it is seldom
pecessary o worry sbout heat domags.

It is wiill, however, commonly recommended that a “heat sink
ghould slways be used on each lead of a transistor when sodderng m
position. A heat sink, basically, is & mass of conducting material which
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will absoch hest fom the {ron mther than let the full heat Mow up the
lead. The jaws of a pair of plEn gripping the maniston lead form e
mitshie heat sink; or, if these wre not convenbent Lo uss, & crocodile clip
can serve the same purpose (especiully i the jaws are flled flat to
provide macmim surfice contect with the lead L

The most likely cause of heat damage is re-working a joint which has
not been made propery, or trying to umoider s bead which has heen
wrongly positibned. This may entail leaving the iron in contact with the
joint far longer than the ‘sale’ three or four seconds, when domage can
resilt 1o the component. Excessive heat applied locally in this manner
will dlvo tend to fift the copper land mway [rom the base materiol on e

Flg 1211  The safest wa¥ 1o remine & fislty component b usuglly
to ewl It aff,

Removing & component which has been mounted on a PC can, in
fact, be & tricky process. I it is & fmilty component which ia 10 be
replaced the saferr wiy to go about such o job is to cut it off, as shown
in Fig- 12.11, leaving stub langths of the orging kad protruding from
the plain side of the PC .panel. The new component can then be
soldered in place ro these stub leads. Alternatively, having cut ofl the
companent, each kead can be reméoved In tumn by leying the tip of the
iron on the solder joint (PC side) and withdrawing the lead with plien
s soon = the solder had melied. Then, before |t s had time to set
gpain;, blow surplus solder out of the hole (Fig. 12.12),

To remove a companent intact wsuplly means working on one lead st
a time; lifting first one end of the component and then the other, This

e

CUTOFF HﬁHﬂ"lE CLEAR BEPLACE
HOLES ' COMPONENT

Fig 1212 Remaising leads can then be removed, ready to Tt new
campareEni.
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is not always possible when the component s mounted on rgid lesds or
tig, penerally demanding working on pairts of tapgs &t & time and
graduilly levering the component opwards. This usially entails con-
siderable risk of overheating the component snd of lifting’ the PC lands
if too much heat is applied to the tag sde,

A trck which often helps in removing a rigidly moanted companerit,
such as an IF tmnsformer, & (o heat the s and emove the solder
with o suitable stiff-bristhed brush. This is repeated on each tag until the
component is sufficiently loosened o be prised Dree. 1t s impotiant,
however, to avoid splishing excess solder on to other parts of the PC
board,

Unless obviously faulty, transistors of diodes should not be removed
from s PC bowrd once assembled, ps the possihility of permanent
dumage resulting i Mgh. 1f imperative that they should be remoyed
{(e.g. i they have been connected up wronglyd, a hest shunt should
always be used (e a pair of thin-nosed plies gripping the kead
between the trungstor bodyand the PC boand).

Whese the board itself js damuged-—e.g foll has come unsiuck
through excessive locnl hesting-loosened lands can wsually be stuck
hack agsin by carefully heating the foil with the saldering iron and then
pressing in place vn the board until the adhesve has reset. I not, the
lose= land mey have to be stuck down with an spplication of =
general-purpose domestic or epoxy adhesive.

Mechanical damase to PC boards can be fepaired by bridging breaks
of cracks in the copper lands with ‘jumper” wires soldered |n place.
These ean be plain ‘tnned” copper wire, bul Il 8 longer jumper B
required which pases over sdjacent lands, efther inmilated wire should
be used or the wire length fitted with insulating sleeving. All repairad
areas should then be caated with clear lacguer fot protection.

Where & PC baard is quite ¢xtensively damaged, or needs to have a
nismber of components chunged, it is wsually more satishactory in Lhe
lorig run 1o scrap the origina board and starf again with 2 new one; and
prefersbly mew components, ruthier than to try to sslvage all the osiginal
ones, &5 these may be damaged in the process of removal from the'old
board
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13 FETs AND ICs

Field-effect trunsistors (FETs) have a constroction, and charscierisite,
that, differ from conventional |unction iransistors. Thelr beladiiour, in
fact, ks more like that of & triode valve, although retaining the character-
istic low-power réquiremenis of 3 frasidgyior

The electiodes of wi FET dre desipnated pate, source and drain with
the Following spproximate equivalents:

FET Trapsistoy Triode valve
CFate Das= Grid

Souifce Emitier Cathode
Dirzin Collecto Anode

The standard symbol for sn FET &Ters from that of a conventional

transistor, with the gate carrying an arrow, which points cutwards for a
Fehanne]l FET mod mwwds for sn Nchannel FET-Fig 131 The

general rule is that the polarity of the dndn supply & negative for a
Pehannel FET and positive [or in A~<hannel FET.

A simple repenergtive receiver bmsed on two' Pchanpel FETs i
shown in Flg. 132, This b adjusted for optimum working by the

GATE g DA i GATE @ DA
SOUSCE LOURCE
PF-CrHANNEL - CHANN L

Fig. 131  Symbals for the two haile types of feld-effect transis-
tors (FET:),
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Fig 133 Cleruir 26, Simpis Tegenaralig Morver wing P<tunns|
FETL

FETI, FETY, INIE1Y, INS44T, ar dmilar

C1, 0—300 pF Rl,d1k
3, W o 1O uF R3, 870

C3, 50 pF Hi, 11k
C4, 0,01 gF R4, 10k
CE B o 10 aF RFC, 10 mH

L, serisl cosl

g
K3
LT ouUTELT
Lk A2 *ﬂ

&

-

Fig. 111 Basic AF smiplifier circwit wsing 8 Pchansel FET. R1 s
biss rosiitor i1 and C sahilising losd; B3 drein resisior.

e — . Ty
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irimmer capacitor C3. L and C1 ase & conventonal ssmal tuned circudl
with tapping puint.

Fig. 13.3 shows = typical arrangement for an FET smplilier stzge.
This could be added on to the receiver creuit to provide smplification
which should be sufTiclent to power o smeall lovdspeaker.

Integrated circuits

Integrated circaits (IC¥) are one of the latest products of modem
electronic technology—small integrated circuit modules in which @
comnphete ciroult duplicates the performance of perhaps & doren oF
mire Metive devices (e.g transistors and diodes) and o similer rumber of
passive componants (e.g. resistors and capacitons) in a silica ‘chip only a
few millimetres square.

Depending an their design function, ICs may be used 2 1 complels
stage or logic element In 2 circuit] or, mare wmally, smoclaied with =
number of conventional external components to complels the cirouit.
Fig. 13.4, for example, shows the equivalent cirouit dingram of one IC
{Siemens TAA 861), and Fig 13.5 the incorporation of that particular
IC in o 4-W amplifier.

g2 j | i
ﬂ =
. . | 1%

Fig 134 | Skemens. TAA 881 jmtegated cheuil fogeiher witlk
diagram of equivalent cifcuit—ie. embcmp sigh! twnsstorns snd
K pEdEhare
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G-JEWIH | Low Freguency TRF Heceiver
Berause the LMIT2 i8 4 broadbend functional module, i@ may be
used to armplily dnd detéct signals below 2 MHz directly, withoul the
B 1000 I | miore camiilex frequeney conversion of superheterodyne receivers, In
the AM Broadrast Band (550-1850 kHel. the sirip has sufficient
sensitivity Lo operate alane in urban reception arvag, gince AGC actlon
s useful down to shout 50 microvelts &t Pin 2. With additional gain
=3 Al either preceding the module, or inserted between Pins 1 and 3, it may
i alin be useful in montloring Loran (1.8-20 Miz), or the numerous
P s directional and nfermational channels below 550 kHz.
T While the eoimglete TRF (Tuned Hadio Frequency) broadeast re-
A30h [] 75k it | ceiver of Fig, 137 has relatively poor selectivity, because anly & single.
i low “@ tused eireull is used in the enlire receiver, I serves to il
Py lustrate the straightforward design possible in TRF. construction.
o Mare sophisticated designs might use multisection tuning. ahead of the
Fig 138 Cirewit 27 Siamens TAA 851 “chip” wsed in a complets THP s mm.t!':!x wis conetricied (ing ¥aty inexpeniive imparied
eirciidl with external components, Thiz clroult i sctually thet of o transistor-radio” components.
#-W aenplifier, working ol 12-20 ¥, A lecrite joopatick antenna, L1, resomates with a small.
| polyethyiene dielectric Luming capacilor within the broadeast band,
G T MR 'The LMI72 performs its gain function just as it would in an IF applica:

e O3 AR , tion. budl in this case. directly drives o ¢lass A power amplifier. Since
G0 MAX ] the DC outpul voltage at Pin § is relatively constant {from 2.1 1o about
;m IeAN l =¥ BNTTERY

DM ENSIEHE s MILLIMETHES
Fig. 136  Exgmple of outlines of typical 1Cs. FERRITE 1

Examples of cutline sppearance of same typlcal 1Cs are glver: in
Fig 13.6. They are best mounted by plagging nto 1C holdem, which
are normally designed for mounting on PC hoards.

Integrated circuits &re not necessarily expendive, e.g. from: = little

over S0p upwards, depending on type and complexity, and they offer | Ll = bomte Lo - P P11 il i o 3 s
an interesting new field of experiment for the smateur constructos, e o i T g

Maapn
Manufacturers of 1Cs normally provide supgesicd spplications for thelr | PN - T P i, R ) e - P TE2E
variows fypes. Fig. 1.7 THI. Hrosdens Restlver
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24 volts ps-a functlon of AGEY, it 18 used to bios the class A stage
directly. eliminating o mmber of compenents. C3-and T8 are needed o
prevenl regenerutive audio oscillations with woik batterios. Total re-
ceiver-drain from the S-voli supply 15 10 mA; of which only 1.9 mA s
bsed i thie LMATE; the rest is meeded for the audio armplifier.

A volitme contral wias not provided in the prototvpe, as volie i
eucellent with the small (27 dameters speaker used, wnd AGE was 50
effective that no perceptible difference in stations was heard. Yoluime
caflrol is possible by irserting & palentiometer between the emalter of
the audio outpal transister and H.

MIErofhans & IBa=lTipedancs, A EDD ahee, 108 wakl, 1%

300 1 800 ohris, RGA HK-29 RS - 6 gho, 172 watt, 10%

Ry - B0 chms, LS wild, 100 Ry 5330 ohms, L wart, 10

Ry : IN0L000 ghong, 172 warl], L0M R = 6500 ghea, 172 weth, 10%

H] - T2.000 shmy 13 w105 E] D pwileh, Engleepals ginghe-thrge
Py 1200 obms, 172 watt, 10% Abide tupk

Ry = 10,000 ghrna, 41 immes pibent] ome ey

Ardmnea = 3706 inéBediametnr rod, 2+1.7 nches ooy
Eadtery - § volma: ROA VEXZ3
& 25 migvpfarads, & volts, sidch plytic
¢ 800 macrgtarads, € walth, elecirolylic
1 0 miciafarads, IO yolis electrolytic
=15 picofdrade. siver mica
;3000 plcafacads, 2% walls & peated, ceinmig
@1 mwicrofacad, 285 vadls o geaier, cevdijc
131030 picodmads, Tnmmes [ypa,
1 tegrabed chealt; ACA KD2114
B tumes Mg, 12 wivw; goll LB 418 inch, lemmah 34 inch

e ilvils] ﬂ‘iflﬁl:'l

NN e el

1
4

Flg 110 Wireleas micracione
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Wireless Microphone

This wireless microptone (Fig: 138) transmits on any desired FM
broadeast-hand frequency from 88 to 108 MHZ (tuning cordrolled by
C.1, The range of the wireless microphone is 50 to 150 feet depending on
the Jocation of e receiver and s aotenna. Circuit features inclusde
smoll zize, high quility. snd low cureest deain, the antennn kengih has
been limited to keep radiation within FCC wireless-mberophone reguln.
tiona. The low-impedance microphone Lo be used with Usta cirewit (s te
RUCA HR-49,

Marine-Bind Converter

This marine-band converter iFig. 1300 converts any standard AM
broadcas! receiver (o oni eapable of receiving transmission ip the 2o
#+MHz marine Wind The output s connected ia the AM recelver an
terma terminala, 1 the reeciver does not have antenss lerminals the
i it 15 conmecied 1o 10 furns af Mo 32 wire wound over the loopstick
artennm inthe recriver

&
L ; £ -L:"' i I gy ¥
- | ! ] £ »
lf I—i—L- I
il pat = ¥ - i AT
ut B I Mol i K} ch & N
NECOE -I |--\' J .1_:__ -
W e Pigg. LL% M- trard
bk L WO e i e
F oA | I
Il e L Vo { g [C]
g g - | | ] - i
B ] 8| [
] _LiF | {H]
—— g o | A
& P
| = 1--“-1--- -::-' - a
LU LR e =1 S & TR

Batlery-: % voits; ROA:VEIZY

C; { kD picofmadsy, 2% volts o gieader, silver mica

C3 L BAO pleafeads, 34 volly b grastee, 4\lvi msta

ﬂ;] 1470 picofarads, 25 volts g preater, cevAmin

G4 €5 g 1 .01 micetarag, 25 voils e gheater, ce1amic

E‘ L B0 pleofe sy, v iable: Hamea) Hered HFS0 or ediivalend

Gy s 5 picotwads, 15 vilts o7 gredtel, s5wer mca

bg g TR.06 scyetiied, 29 volts of greabar, cerdmic

I etegated circull: POA KDP118

Ly @ 00 turhs Mp, AF snamebed wilp snuid mn the Same W
a L; imd chosa to L:
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Lg's Wlier Ma, 4206 ar equivaient
iLy © H choka, 2.5 millihanries Bliflar Mo, TOF2SIAL of
LEETHE ]
Ly = 45 tums gf B and W colf Mo, 3012 of wulvakent, see
MNate
0 haenid ol B oand W codl Mo, 3012 coil steth (or Bgaiiae
jent| spaced 1 twin bom positive wnd of Ly, sen Note

Ry ¢ 61000 avms, 172 watt, 10%

Fiz 7 4700 cbms, L/ walt, I0%

fly 5 150,000 ohme, |72 wati, 10%

Ry : 47,000 ghos, 172 want, 10%

A : 43 pod ohmra, 172 watl, 10%

Ry ¢ 2206 shms, 172 watt, (0%

Ry o 1000 otwin, 172 wat, Hig

HE - 104 00 ol §/2 wait, I0%

Ry | AT0 ohimes, 1/2 watt, 10%

§1 - wwjich, singlo-pole Single-theoy |

Wole | Ly 30 Ly are made Fiom toll fyge B and W ho, 3032
for suivaeni) coil sibek cut 1o 50 tuns, Allow
enough sefia whie 50 {he octaide endi 1o Tuim. IRasL.
The S-tarit gokl mcul ol turn 401,72 this fores @
§0-1/2-han coil {Lya, e @ S L72-um okl [ Ly,
Tee enits 102 purn on asch codl & ) ¥ied tge unialled]
e yaed s @ dpad. Ly i impped at tum 33,
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