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1 RADIO MADE EASY!

Everyone knows what » mdio is, bat many people find it difficult to
understand how & sadio recelver works, Reading tachnical books on the
sbject & not always o help. The linguage of radio, and the
undemstanding of twchinicalities, can prove difficult or even impossible
without some previous background knowledge of the suhject, So we
will start right from scratch—in platn language!

The ‘sending’ of sound ks easy to anderstand. When someone speaks
he (or she) sends out & sorl of pressure wave from the mouth, This
travels through the air at approximately 333 metres per second, or
1,100 feet per second (the speed of sound). When i sound wave reaches
the ear of a listener (anyone who happens to be in the way of i), the
presgire wave will sct parts in the ear wibrating, the ‘signal’ being
transmitted to the besin and “received’ =s an impression of saund—
Fig. 1.1

Fig. 1.1 Speech b wonamitted dimctly through the e by
o -prossirg Waves,

|



2 Aadio Comstroction for Amafeurd

Sound-pressure waves have another charscteriilc: thelr strength
decreases quite rapidly with distance. Doubling the distance between
*ender’ and ‘receiver’ would result in the level of sound received being
reduced by one guarter (not ane half),

The only effective way 10 increase ‘distance of sending” or range 18 to
increase the strength of the original sound, by shouting, for instance.
slthough this will not greatly increase the range. (Remember that the
strength of the sound-pressure waves decrease in proportion (o distince
fimres distance, or (distance)®,) The ather method s o increase the
strength of the original sound by using s megaphone or public-address
gystem. Hoth are devices which boost sound, known ss amplifiers. A
gimple megaphone i & mechanical amplifier, while a public-addres
system i an electronic sound amplifier, based on @ microphoie, wif
amplifier eircwir, and a loudspecker—Fig 1.2,

MICRTAHONE ELECTRICAL
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Fig. 1.3 Tocextend the mnge of sousd transmitied, same form of
pmplilying Sevioe can be used,

Here the microphone scts rather like the human ear, being vibrated
by the sound waves, bul turning this effect into electrical impuilses
mther than nerve pulses. These are fed to the amplifier, which
considerghly magnifies the strenpth of these electrical sipnals. The
stronger signals are then fed 1o a loudspeaker, which works like a
microphone in reverse. It i fed with electrical impulies fo set a
diaphragm vibrating, which in turn generates a soand-wave “outpul’,
Because the incoming signal {into the microphone) has been magnificd
or amplified, the sound wave ksuing from the loodspeaker s very much
stranger than the original “input” sound.

Such n system (2 still limited in mange. Words spoken into a
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public-address system may be heard, under favourable conditions, ay far
awsy s, perhaps, one mile—bul cortainly nol much further. Alio, wind
blowing in opposition to the sound will considerably reduce the ringe.
%o to ncresse range still furthet, some other method of transmitting
the sound must be wsed—Fig. 1.3,
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Fig. 1.3 To trenmml sound over barges distance, wirs ars tsad fo
conmc] (wo micophones. In g smple sysem, the micophoanes cm
aho work ws spedker |n (e snesd telephone aysien, a epamaie
microphone and speakoer (airpiece) sre wad @f sk el

Again the original soand is directed into & microphone, which s
connecied by two wires to another microphone, Each microphone can
act either as & microphone or speaket. Mlcrophone 4 turns sound into
electrical impulses, which are transmitied slong wires lo microphone B
which s vibrated to wrn these impultes inlo the original sound; in
other words; it B working s o spealer, If soand & now Introduced into
microphone 8, clectrical pulies will be transmitied along the wires
thack 1o A, which now acts & a speaker.

The particular sdvantage of o *wire' system is thai onoe the sound is
wrped into glectrical fmpulses, these impuless can be tranamitted over
gquite long distances without greatly diminishing in pover. There will be
a reduction in power with increasing length of wire, becase all wires or
eomduston of eleciricity offer some resistance (o the pastage of electric
cutrents. The greater the wire bongth, the greater the resistance, and
thus the greater the loss of electrical ensrgy, This will show up in the
‘received’ sound, betng eiach weaker than the original.

There wre ways of compensating for this; for example, the Inclusion
of a battery in the ciroult, 1o produce s more “respongive’ microphone
circuit (ie. make the electrical impulses, penerated by the microphone,
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Fig, 1.4 Better spand transmisshon over wines i gvon by added
porwer {via & Battery b An sniplilies can also b introduced inte the
cirgall o boosl the strngth of the ebecinial impules,

stronger). Alo, il pecessary, an mmplifier cn be included in the
circult-Fig. 1.4,

Before leaving this particelar set-up it is worth explaining that,
although twe wires are shown connecting the two microphons/
epoakers; the sysiem will also work with one wire. But, since a
mingle-wire connection cannot complete o Toop® for clectrical curments,
some other ‘common’ connectlon is needed st each end. This can be &
connection to earth, and provides the “retarn path® for the citouit—Fig.
1.5, There are disadvanioges in sch & gystem weed for telephonic com.
munication (which we have been describing), but the use of earth as s
“eomman” conneation B very uselul nomdio work, s will be seen later,
The earth may be ‘real’—ie. a connection 1o g physical earih: o
winual'—ie, ¢onnection to b common line in the radi cirowit with no
externul earth connection.

Telephonic transmission s possible over very lodg distances, bur it
does neod interconmecting wires and one of more *switching centres’ in
prder (b be able 10 connect one “sender™ to more than one *roceiver”, or
altemative ‘receivers”.

s RO e [ MICHOPHOMN
LREALEN SPEARE® 2

EARTH' TEaRTH"
CONNELTIOM COMNEL T i
Flg- 15 Simplke telephons spitems can operate avie a dsinghe wire

with ‘earth renim®,
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Ridio is wire-less trenamission (hence the original name, wireless):
electrical impalses generated Inoa microphone are gent dlrectly through
the air—and eny mumber of receivers can fihe 1o the same signal af
the same time. The “sender” becomes n Aroadeast stetion, each of the
Hsteners using & radio recelver to hear the brosdcast signals.

Bui elecirical mpulses, gemorsted by sound wives resching a
milsTophong, canmot be send directly. In the sbssnce of connecting Wires
in the microphone, nothing will happen. The trick s (o furn the
edectrical impulses generaied in the microphone into & type of electrical
glgnal which will travel through the atmesphers (and even inlo spacel
imvolving turning the efectrical impulses info radio-freqinency wines,

VR LENGTH

y y Uyl |

1 ] : 4 5
FREQUENCY |5 MUMBER OF CORPLE TE WivDh &R SECOND

Fig 1.6 A wevelorm o i defisd By iy wovelengih—s now,
prlerably frigoency —and amplitieds. Amplitude is o maasioge of the
‘power” ot wrengih af ihe wake,

A wove [ simply a way of expressing, in physical form, a
iransmisson involving energy . (Asimple wave is shown in Fig. 1.6.) The
characteristica of the wave sre defined by i3 wovelenedh, or distance
from crest to crest, and by its amplinude or “swing” on either side of the
centrg-line along which the wave is moving.

Instead of wavelength, however, it s more convenient to speak of
Fregireney, the mumber of complele wavelorms prodiced per. secand.
Wavelength, frequency and the speed of the wave are simply refuted 3
Tl s -

W !‘E.Ed

wavelengih = Troquency
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Wavelength (wient used) b normally guoted in metres; frequency i
now quoted in Hertr (abhreviated Hz).

All the sound snd electricsl woves we have comsidered o far have
been st mndio (or *hearing’) frequency (2bbreviation AF). The original
pounsd veaves (wdidch gre on sbdio frequency) pre converted divecily lnto
electrical waves, and back spain info sound waves, wll af the sme
fiequency. The complote range of medio frequencies i from aboul
30 Hz (8 very low, desp note) fo sround 16000 Hz, The ¢ar canmnii
rspond 1o frequencles outside this mnge, so they are not heard.
Meither, an we have noted, are any of these aodio-frequency waves
dieectly transmissihle through the alr over any distance, mainly becane
their amplifude decreases rapidly with increasing distance, Ampdifide is
n-measure of the power or “strength’ of the wave (think of =a waves for
8 aimple comparison ).

Radio-froquency waves travel with the speed of fhe, 300,000
metres per second. Because of their high speed, their emplitude is far
less modificd by distance. Another distingtion i that rade-frequency
waves (abbreviation RF) are séemi out in all diréctions [rom the
woirce=a charscterlstie of all electro-magnetic radintion (unless con-
strained or “heamed” inoa position or direction by Suitable reflecting

devices),
The various radio waves are divided into categories, namely
[—30 kHz Very low frequencies, ar VLF.
303060 kHz Low frequencies, or LF (long wave).
J00-- 3,000 k Hx Medium frequencies, of MF {mediam wave)
330 MHz High frequencies, or HF (short wave).
30300 MHz Very high frequencies, or VHE,
303,000 MHz. Ultri-high frequencies, or UHFE,

1000-30,000 MHz  Super-high frsquency, ar SHF,

The LF mnpge coresponds o the "long wavelength® band; ' the
MF range covers the ‘medium wavelength’; ond the HF covers the ‘shore
wiyveband”,

An immediate problem srises. Radio waves (RF) cannot be heard, so
how cin they be made io transmit sound? The answer |8 surprisingly
simple: the redin-broadcast station transmits an KF signal comesponding
to the particular RF frequency allotted o it—Fig. 1.7, Thia is cafled the
‘carries’, wnd since it will nommally be well above 300,000 Hz 1 cannot
be heard (except podsibly some side-effects in the form of a lintle
nolse’).

Radio Made Esry! 7

AF CARMHER
AFE LINE THIG

N
>~ "W%WW%

THAKNSMITTING
AERAL

Fig 1.7 Form af & steady RE carvien wave which |5 transmitied a1
B specific feegquency.

To transmdt sound—speech or rmislc—a micropbhone 18 used o torn
sovind waves into-audic-frequancy | AF) electrical waves, just as in-the
previous systems describsed. Alternatively, these AF elecirical waves can
be otviained direct from o disc o tape recording, #1c.

This “sound’ pignal 8 siperimpossd on the camler wave bhelng
franamiited. Instead of having & constant waveform (consiomt &mpli-
tugde, as in Fig. 1.7}, the combination of the AF ("sound’ wave) with the
carries resulis (na wave something lke that shown in Fig. 1B The ‘top”

MICROPHDONE  CIHCWT TUSENE SOUND
WAVES INTO AF

ELECTRICAL w1y raansMITTiNG

Fd
= |

SHGM AL
GEMEALTOR

AF Si0MaL

‘ll. |||||||.| |.|..I||i|. (TERI PRI
||”|| |r||'|||| il ||--|I|'I!|||'
BF
CARBIER
BESULTING MODULATED CARRIER" BIGHAL

Flg. 1.8 The effect af supedimposing & sudlo-feguency (AF)
signad wn the BF carrvier ds o socdvlabed cartiei-seee Drasim s on,
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and ‘bottom’ of the carrier wave now assurne the form of the “sound’
wuve, which & thus carried along with the carrier.

This combination & known s a modulsted wave, The ‘sound” or AF
wave has modified the form of the RF carrler wave, or modulaied it. [t
i also ey 10 see that what has sctually been modified o modulated is
the amplitisde of the carrier wave; so this form of radio ransmission is
called genplimdemodulerion or AM.

This is the anly type of mdio tramsmission we shall be dealing with
in this book. There are others, notably frequency modilation or FM,
wied for VHF working (which is outside the scope of moeplion by
simple radio receivers),

Mo problems, therefode, in getting AF signals "on the air'. In fact, the
air is literally full of such signals almest every hour of the doy. radisted
fiom different booad cast-tramsmd 1 g Hations.

The next step is to be sble to pick them out of the air, %o 10 speak;
and, In particular, to pick out or mne B to the one particular statkon
we gre brying to lisien o,

A single length of wire wall “pick up” virtually all AM sgnals present.
This is because esch signal represents varying ambunts of electrical
energy passing actoss the wire when, by » phenomenon known aa

SHRGLE WIRE
'"VVWL/H,, =" OM AERIAL
-
A= | AN
HF el S OF DIFFERENT

FREQUENCY FRESING AERIAL

g

T,
g M
b “lg,,%

,w"'/;! T e e

fF CLURRENTS HODUCE &
i AEHIAL

Fig. 19 A simple wire arrinl is a very weak “fegeives” of radio
signils (by 5 proces kitpes as induction)

Radio Made Eaxy! a

beduction, s part of that verying enery will appear in the wire 5 an
nduced cirrent. This current will vary with the same frequency, and
duplicate the same moduletion, ss the original dpnals—Fig. 1.9,

The single length of wire, or erial s 1t can now be called, & thus
probably being affected by dozens of different RF sgnals, sach
indicing its awn "current image’ in the wire; all these cuments will be
extremely minute—far oo small to meesure. So the serial is only the
starting point for o practical receiver; snother example of ‘elsctronic
trickery’ s sequired, namely o funed cireuit connecied 10 the bottom of
the asrial-Fig. 1,10,

Fig. 110 The sddition of a tueed cirvuil o on aeriad produce
emplilication of sgnsl indueed in the serial §f one frequency oaly
(el resonant frequency of The tuned cirooil,

A tuned circult normally comprises & coff (which & far more
efficlent than a straight wire for picking ep induced currents), and
capaeifor (which scte #s 8 stop or & break in @ circutt for direct current,
bul passes slieensting current).

A capacitor also has the important property, when combined with a
coil, of generating a greatly magnified induced current ot the periiculss
fraquency known o5 reromant fTequency.

This {s a very importeni fector In the behaviour of 8 med circuit.
Radio signals at that frequency, present in the aedal, will be greatly
mapnified or amplified, while other signals st different radio fre-
guencies will not. Thus, spart from picking up snd megnifyng »
particular hroadcast frequency, the tuned girewit virtually rejects all the
other signal currents present in the aerial because they are 5o minute.

Since the resonant frequency of the tuned ciscuil depends an the
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vahse: of the capacitor and. oofl imdiicfunce, 8 suitable’ combination of
viiliees can be cabculaisl to glve makmum response {Le. "esonate”) ol
any particuler broadcast frequency . However, this would targely restrict
the scope of the recsiver; therefore, one of the tuned-cirouit compo-
nenits i mide miminble in valoe, whitch means thot the tuned ciroult can
mow be adjusted to mme i to 8 whale range of separste broadcast
Fredquencles.

One more step B needed 1o complete & basic recetver. The tuned
clrcuit, when adjusted for resonance, is picking up the origlnal carier
plus sound signals, or modulated RF signals. As this signal cannot be fed
directly to o speaker (not being ot sudio frequency ) (1 is fed through a
detector, which need be nothing more than a simple component called
i diode—Fig. 1,11,

MODULATED RF OWIGE
FEoes TUNED D9RCLIT
- H_

Fig. 1.11 A dionde ncts s @ detector.

A diode i another stop-go device, which pasees a.c. or d.¢ in one
dhirection, bul stops cutmmi flow in the other. The effect of pawsing
modulated RF throogh a dieds is o “chop off® the ‘top hall of the
signal, leaving two separale components; one being the “tep half® of the
original cairier, the other & varying d.c. component, followlng exacthy
the wirtations of the otlgingl AF signal used to modulste the
carrigr—Fip 1.1

The autpul from 3 diode detectar can, in fact, be fed direct 10 a
wiitable speaker. which wall respond to the varving d.c. signal, turning
this o audible sand in o similar way s telephonic transmission—
Fig. 1.13. The RF signal “top half® present will not affect the speaker,

W RYENG Dl
aF {FOLLEWING aF)

BOTTOM HALF
CHOFPED OF F

BIGNAL PASSED O
Fig 117 The foms of ibe signal pased by a dicde detector-a
mnicture of ‘chopped’ WF and 8 d.¢. componen | varying in AF
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Flg 147  The basic stapes which makie up'a alimple récehves.

TLUNED DICeE AP FIER
CIRCUIT DE TEC TOR ‘.-"‘
1 r " o
< g e

Fie .14  More sutput power can e obialned fmom o roecemer by
interposing one (or mored stageis) of amplifcation slfer detection

although it may be desirahle to introduce some further components 1o
smooth oul possible interference with the sound signal required.

Such & basic circuit relies only on the amad oircwif for the amaobnt
of wmplification produced—and thus the volume of stund heard in the
speaker. Surprigingly, this can be all that is necessary 10 hear a limited
number of statinns quite cleadly on a simple cryetal sel, using an
carplece #& 8 spesker. To protlsce better volume, however, il & a
wlgtively straightforwnrd matter to introdece one or more stages of
amplification after the detecior—Fig 1.14.




2 THE LANGUAGE OF
RADIO

The Fallowing abbreviations dre normally used 1o designate compo-
merite, pactcularly on dreuit drawings

A Asral; or current valoe in gmps:

E Earth; or potential (e.m.f.).

B Resistor (the different resistors in g clreult bejng numbered B,
B2, R3 tc., for individual identification); or resistance.

VR Variable resistor or potentiometer {although sometimes the V"
ts dropped and just R used).

€ Capacitor (numbered €1, €2, C3 etc,, in a circuit). Variable
capaciton are narmully designated C, mor VO, Also symbol for
chpavitince,

CT  Trdmmer capasitor,

D LChode.

L Cail [or inductance).

RFC  Hadio-frequency choke,

T Transformer.

TR Transistor, although there aie alternatives used, ¢.g. Tr, VT and
T; also sometimes 0. H T b esed for transiston, then TR s ased
for transfomme s,

FET Field-effect transistor.

I Currenf,

IC Inteprated circuil (modulel

PC  Printed circid or prinded-gircuit board {PC board),

SorSW  Switch.

J  Jock.

V. Voltage or g.m.f.

Z Impedince.

12

The Lenguage of Redo 13
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RESrR 108 CAPACTTON (AMERICAN )

o i

e —— = —

ELECTROLYTIC CARACITOR
MARABLE eSS 18 ——/H’_ ._’."_
! [POTENTIOME TER
WAR|ABLE THIMMER
CaiPaCiToR CaPaCITOR

+ :’_h_
BATTERY [PLUS SIBN MAT BE
oI TTIE B

iﬂ__“_.
DIGHE

0 <

L WiTH IRON DWST CORE

N 3

TRANEFORAMEN TRANGISTOR p~n-p TYPE
TRANSISTOR 0 pen THPE
| l O -
AERILL EARTH FIELEEFFECT TRAMEISTOR

Fig. 1 Sandssd symbols vied in civmll disgrems with slierns-
lives in mast casss. These cover fhe sy mbals most Bkely o e found
on Hritiah, European and American circuil dingrams.

Components on circuit dingrems are also designated, and  easdly
identified, by symboly, and here again there e some Yariations 14 be
found —see Fig 2.1.

Basic quantities are measured in units as follows,

Resintance bty etemes {61},
Capacitatice i farads {F}.
Inductance in henrys (H).
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Ffmipedonce in obims,
Porenried differenceorem o volts (W),
Current i amperes {ampa).
Power I watts (W),

Numerical values of these units are often too large or 100 wnall to be
expressed convenlently, when the following prefives are uied (repre-
senting multiples or sub-multiples),

Factod by which unit

Prefia Symbal L rua kil plied Enumphe

mem "] §, 000,00 10 M (10 megahectz )
= ), (00, 000 He

i k 1,01k 10 ks = 10,0400 shims

mill m 1/ £000 ar 0,001 2 mA (1 milliamps)
= {42 apapa

mTe o 14 I, D0, 0 6 2V {8 microveli)

(A0 = [, (08 vl

FasiE n CLODO0n0] ol widedy weed =
& predix o beisiy
electronss

pice r L OOCO00 B00n 200 pF (320 phenfarmada)

= (.O0OB0000HI 30 frwds

%o the aidt nuie i often omited when the iference b obsiui Thas for
i 1000 resistar, the vabee wotld be guoted 53 10 k

As g simple guide; megs (M) and kilo (k) are mott usually foand
describing high waluess of radio frequency and resivton

Milli {m), and to 8 lesser exteni micro (g}, &re mosi commonly
msocinted with very low values of carrent or wltge, and practical
valugs of Frdicfanel

Practical values of copravitors are nvarlably quoted in microfarads
(pF) or picolarads-(pF),

Nore: components ere described m detail in Chapeer 11,

3 CRYSTAL SETS

The shnplest type of radio receiver conslats of an sedsl, s tuned elraull
and a detector—plus headphones to listen (0 the sgnals received by the
tuned clrcuit. It is penerally called a orystal st becausa |0 warks-on the
wame principle s the very carfiest radio sets, using a8 lead-galena crystal
und & ‘cat’s whisker® as 8 detector. The only read difference is that the
crystal and cut's whisker have been replaced by the mmich more efficient
point-contact diode

A simphe fumed circuit can be made by winding 8 coil of wire of
specific diameter and length (number of furns) to match the caps-
cilance range of a virlable capadtor, The combination of coil
(inductance) snd capscitance can then be sdjusted by wening the
variahle capacitodr spindle 1o be resonant, or tupe in Lo various broad-
cast frequencies. The sipnal which is tuned in i then possed 1o the diode
which blocks the RF content, and rectifies and pazses on the AF coptent
toe the headphones, which transform these simals into audible sounds.

The tuieed crcuil can be combined witli the serlal by winding the
coil om i fémite rod. This increases the inductance Gf the el (reducisig
the bength of wire required), whilst the rod itself also scts as an serial o
pick up the radle signals. This is the type of ssnal employed momost
domestic radio recelvers. However, with very dinple sets working with
viry wepk gignaly, an external aerial iy alio be requlred.

The performance of all Mmple, low-powered receivers is, in logt, very
much dependent on the efficiency of the sedal und tuned circuit, which
cun be regarded as the critical part of the sysiem. Performance can
perhops be improved by experimenting with difTersn serisdtuned-
circudl systems, and by the sddition of further circuitry, g8 expluined in
lates chapters.

15
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WRAP LLEEVE FROM
CEARIE D FAPER
A\ .-f’f
FEwTE  ctanr | A e
o W T WINDING
WSO

Fig. 3.1  Asrial waing cofl wound from 3-sw.g wite ona &-n,
lEmeier femiie rod,

Fig. 3.1 details the construction of & suitable ¢oil for u tuned cirouit,
maiched to a ferrite rod of &in. diemeter and about 4 in. long (zee
Chapter 4 for alternative cofl windings on- different rod siees), 17 s rod 1§
purchased longer than 4 i, i1 can be used a3 it &5, or cut- down by
marking sround with & filé and then breaking off the nirphas length.

Cut seven l<in. lengths of gumstrip, Moizien one and wrap around
the rod pummed side up. Now add abowt snother half a domen
wrippings of similar length over the first, this time with gurmned side
dewn to form & remonably rigid tube. Make suze that the paper tabe b
& tliding £t on the ferrite rod and leave to dry thoroughly (prefembly
removed from the rod so that it cannat become stuck tait),

When the paper tube 18 quile dry it should be rigid, when the coll
windings can be applied. The wire to be used s 385w enamelled
copper wire, the number 38 referring to the actusl dinmeter of the wire
according to the standsed wire gauge (s.w.g.).

Starting abouit § k. iy from one end of the paper tube, wind the
wire carefully round the tube, with each tum tight sgainst the one
before it, until dxteen full turns have been completed. Then make a
loop in the wire. as shown, and cany on winding, with saucceeding turns
benschimg, until ffty tums 0 all have been completed, The two loose
ends of the coll (the siart and finish) can be secured with o dab of
sealinig wax whilsl the projecting boop can be twisted together (e.g. by
putting » pencil through the loop and twisting upl Cut off the loop,
leaving about ! in. protniding from the main coll, bare the wire ends
annd solder fogether. This Torms point 2 on the coil; the start s polat 1,
snd the end point J-see Fig 3.0, 1t will be eany to emember these

Crinral Seny 1

without marking dnce the koop or tapping polnt (2) comes much clower
e end (1) than the other {3

Cot & pane] of Povolin sheer to about the sze showm in Fig. 3.2,
using & hscksaw. On this secure 8 g stoip, as shown, and drill a hole o
mount o miniatuse or mall-dee 300 pF warfabde capacitor,

HOLE FOR pa0UsTING
LrAALL TUNING CARACITOE

Fig. 32 Faaolm panel and tag vinp lor orystal sei cioulis

FERRTE ROD

O o R <

TaG STHF

U7 9

M
PRRDLIN PANEL
CARACITOR

Fig 33  Lavoul of components of Paxolin pansl

The aerdal coll is then mounted on the pane] as shown in Fig. 3.3,
Huing the coil on to the Paxalin with two or three dabs of sealing Wi,
of some other suilable sdhesive. Nore the ferrte rod must be free (o
thide in the paper tube for “tuning’ adjustments.

Virtually any ministure germaniom or silicon diode will be suitable
Tor the detector. Recommended types, which are meadily available, ane
OATO, DATS, DARD, DARS, DADD, DAD], ORX34,

Earphones must be of highdmpedance type, which peed not be
expensive to buy, end the higher the impedance the beiter the mecepiion.
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Hils k= MPEDARNCE.
EARFIECE QR
PHONES

LJNI'I'E::"-'IEIH Tex

ENTE AL EAwTe

Fig- 34 Winng conpeciions io compiete the orysial s=t

Alternatively & deaf-aid type carpiece can be used; this will nol give the
samne volume of gquality of eproduction as beadphones, but i o less
expenalve component. This should preferably. be of the figh-trpedanes
wigprenic type, with high sensitivity. Any high-impedance earpiece will
suffice, bt il of crystal type will require a resistor, conmected across il,
to complete the carcuit. This will reduce the amounnt of current Mowing
through the earpioce and lower the strength of signal.

Wiring connections. are shiwn in Figo 3.4, End 3 of the asaal coil
(the end of e S0tum eoll) connects to one terminal of the funing
capacitor, the senal or ot end of the twoed chooit; and the poini to
which an extermal acrinl is connected, The other end of the coil {end 1)
conneets-to the other terminal of the tuning capacitor, (rom which an
didditionil wire i taken fo. the fisd g on the tag strip. This |8 the
‘earthy” end of the tuned drowit, snd the point fo which an exierfal
garili 5 connecied, Leave plenty of siack wire between the coil smd
tuiting cagaciton,

The other eotusections are tien =5 Tallows

() Tapping point of the coil wire bared @nd connected 1o the
second tag.
(ii} The diode also soldered o this same tog, and (o sny other free
(E TR
(uf) Headphone (of earpiece) keads to the ‘earthing’ tag, and to the
foee" tig to which the sbove dinde has been connected, All
conenections ghaulld be made with sldfered joknts.

Cryural Sets 2

The witingup can be checked sgainst the cirouit iagram shown in
Fig. 3.5 (ignoving the components shown with broken lines). The set
ghould now be “wurking’,

in arest of strong signal stength, no extemal senal or earth
connections should be necessary. Performance will, however, be
improved in any areq by attaching an serial wire {wiich can be any thin
wire, &g using the samne wire as for the coll winding), of up 1o 160 feel.
The longer the serkal the better the reception, provided it is Jed wway
from the recetver to os gk o point = possibile.

An esrih connection may furiher improve seral performance; by
{liis we mean & connection 1o some conductor positvely in contact
with the ground (preferably burled), an excellent example being o metal
water-pipe, Thus, if an earth connection i found to be necesmury {or
you want 1o try ore to see how performance i affecied), connect
wire from the ‘enrthing’ tag on the receiver 1o & convenient water-plpe.

This question of obtabiing & gocd serial and earth & & mok
importamt one in mess of poor sgnal strength. Linking up to. 1
ieleviclon aeridl @5 often & pood plin, sice TV aerials are also umally
mounied a5 high a5 possible. If bare wite is wsed, it is also importent
that the uppes (free) end of the serinl is not made fast to something
which could produce an earth connection (¢ g a damp tree), o 8t legst
i sitably insulated from mich o support. String is not an efficlent
i lator; that, 100, can conduct when wet.

(xiite good resalts sre often obtithed by using the springs of 4 bed m
un serial, in which case an carth conmection @ umially not necessary,
Sometimes, too, when other attempts to yield 3 good signal strengtliin

i
\ L TERMATIVE
AERIAL CONMECTION

w

Fig. 3.5 Cirewir & Clronit dageain of busic crystad s,
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the serial have falled, connecting the aeral side of the tuning coil to s
good garth {8 woles-pipe) can produce better results, the nofmal earth
comines thon being kel ofl.

Tuning

The teceiver s adjusiad 2 follows. Tum the tuning capacior to fully
close Use vadves, then opey sbout lulf o tum on e solndle or keob, (IF
Y¥Oou are @sing o trimmer as o Lening capacitor, screw right down and
then open hall 4 tim.)

The tuping ¢oil should now be hid up and down the fermite rod [the
coll leads were lefi a fabrly Jong time 1o give the necessary freedom of
movement ) untll BBC Radio 3 i heard,

It may b necessary to slightly alier the sdjustment of the variable
conderser to-tune in to this programmse, Alao, becasse of the fermife-rod
serial (e sol will be directional, that b the sipnal streingih recedved will
depend fo o extent on the drection in which the perul rod i
palnting, s pasition the set to pick up the maximim walume.

Havisg established the best position of the tunkng cof! on the rod 16
receive BHC Radio 3, fix permanently with a dab of sealing wax. You
should then find it possble 10 tune in o further stations by sltering the
setting of the variable capacitor—ep typically Radio 4 in about the
middle of the cepacitor travel and Redio | towasds the other end.

Any reception you get will almost certadnly be very weak and (uniess
you live close 1o g broadeast stution) you can really feel satisfied if you
get any etation at all at apdible strength, But it i wurprlsing how,
sometimes, evin quile distam stationg can be heand. Also vou can iy
improve the reception and Hstening strength by quite skmple modifk
catbons, Try thess in order:

(1) Connect a | DO0-pF capacitar across the headphone (earplece)
conmections {C2 n Fig. 3.5).

if) Instensd of comneciing the extemal penal directly to the tunsd
clreuit, connect one lead to s 220-pF capacitor, and the other
end of the capacitor circuit to the ‘hot' end of the tunsd
elreudt {C1 in Fig. 3.5).

() Ingtead of connecting the external ool 1o the taned cincuin,
connect 1o U tapping pont of the codl (tag 1o which the
diode i3 aleo conpecied). Try a direct connection, snd also
eomnecting in a 220-pF capacitor,

Cryatal Sei 2

{iv) Try comnécting 1 1.2-k msistor (or higher value) across the
phone connection (R in Fig 3.5), You may be using the
wrong Iype of phones ¢r earplece, which do not provide a
proper load ar complete the clroull.

If there is & complete lsck of respomse, check for faulty winng-up. A
more kel cudse, bowewer, B lack of an external asdal ar earth
connection in an arca where these are strictly necessary for adequate
reception; of an inefMiclkent seral {too short} or poor earth conneclion
(bad ehectrical contact 1o a good earth point, or conmection tod bad
earth paini).

Another posible cause of apparent failure may be {00 much outside
noise entering the ear o that it s impossible 1o detect the very weak
radio signol a8 it 8 being funed in. Headphones are befier than 8 alngle
desf-pid type of garpicos in this respect but, in sny cass; a really quiet
pisoini B virtually essential for indtial setting up and tuning sdpstments,
Abio, if your adyestoent of the taning contiod I8 100 ooarse, Vol may
completely miss the setting fur the station you are looking for, witlout
realizing if.

Reception will alsy tond 10 vary with seather condiflons. Some doys
it may be 3o poor thet what was nopnally o strong station (s hardiy
Igard al gl The simple basic recelver has many lmiltations but, snce. il
comts very Hitke to comstruct and nothing ol &l 1e-operate, this- must be
regarded ns inevitable.

Providing you can hear something—even if too weésk & signal to
distinguish properdy—you con cenainly improve the performance of
vour basic set by further expesimentation with tuned circuits (see
Chapter 4) and/or the addithon of amplification to the cirault, You can
alan try other types of baskc crystsl set, a8 deseribed i the following
Progects,



AF AL

-

Fig. 3.6  Clmwdr 2 Tryetal bl veing transistor insead of 3 dode.

Cireuit 2 (Fig. 3.6) is identical ‘1o Clrosiir 1 cxcept that, instead of a
diode, o transistor is wsed s a detector, Only two of the transistor leads
gre connected—the emitter {¢) connection to the tapping part of the
coil, snd the base (b to the “earthy” end of the citcuit. The collector
fend of the tramsistor s ipnored (bend it out of the way o thal it
cannot oocldentally short out the other leads).

You can try almost any bvpe of low-cost 'AF transistor; recdm.
mended types are OC34, 26370, IN3TI.

dl;ii
EH

S e

Fig. 1.7 Cecwle & Cryatidl sl with amypdifisstian.

With the sddition-of two more componmis; Ciiewin ? gan be modificd
o work the transistor both & 8 detector and an amplifier, to give
stronger sipnals through the boadphones, Using the same transistor type
s abiowe (or near-equivibent) resistor R should be 15 k and capagitor C3
1 4F o higher.

This time a battery is wleo required (o supply power for the
Iransisior to wark a8 an arnplifier. This ési be from 1.5V up w0 9V,
Remember the rules for polarity of conmection: those thown in Fig. 3.7
st for a p-np trassistor; s p-pen tansistor would neod the battery
connected the opposite way round. Buttery podarity also aifects the
conmegtions. of capacitor €3 (H an-clectrolytic of palarized typs).

Experiment further by trying the effect of ueing additionsl
capaciton in the clreult, e.g. €1, 220 pF; €2, Q001 oF (iry other values
& welly 04, 0.000 oF (try other valies 2 well),
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¥y 1B Cireudt 4, Douhle djsde crysial gt

CRYSTAL
CLRFECE

This circuit incorporates “voltage doubling’ to improve the signal
wolume und should give better performance than 2 singbe diode circult.
L and C1 are the ussul tuned circuil, but an unususl feature & that ihe
aeriad B8 connected to the coll mpping point: Any type of EEFMAnIIm
dindes can be used (they should prefesably be the game), making sir
ta comnect them the right way round. A high-tmpedance crystai
edrpicce must be used in this circwit.

Capacitor values are! C2, 220 pF (this capacitor can be omitted—iry
with and withoot in the cirouit); C3 and C4, 1,000 pF.

The optimum tepping point Tor the serial connection 10 the coil L
s best found by trial and ercor (see Clapter 4 on “Tuned Clrouits”}, but
the set should work &t & nominal one-third tapping point from the -
‘eanihy’ end.

This set can also be tried with conventionsl tumé d=circuit coupling—
iz, aerial 1o the top of the coil L, and diode D2 connestion o the
tapping point on the coil.

4 MORE ABOUT TUNED
CIRCUITS

The Basic combination of a eoll of certan fnducmance connected In
parallel with & wariable capavitor |5 the form of tuned clicuit used fn
miast fadio receivers, from simple crystal sets upwards, The funing range
of such a circuit is determined by the mspective values of impedance
end copacitance used. At the same time, the resitfance of the coil cun
have s significant eifect on the selectivity of the chreull, 0 that =
particulur broadcast frequency ls tuned inte gharply, with other nearby
Frequencies ragpoted.

In the sisple tuned cirouit used Tor the crystal st of Chapter 3, the
aerinl i connected 1o the upper o hot’ end of the call, the other end
af the coil being earthed; the diode i connected 10 3 Lapping pomt on
the coil. Performance may well be improved by adjusting both the
seriglconnecting point and the diode-connecting point, = shown in
Fig. 4.1,

mEmAL U/

MNCREALES SIChAL & TRERGTH,
HEDUCES SELEZTIVITT

175 AEFICES SIGMAL
‘.r?. | | WCREASES SELECTIHITY

——
—I-_'_'_
-—'——"-H_ .-_,r' s
“""*'-"'—'—;f = DioDE
>
P i-\"-\._-\-

Eih“"‘ INCREARES §iamiL

AEDUCES SELECTHWETT

Fig 4. The effect of varying the tsppimg o i an thee werinl coil
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Connecting the serial to the *hot” end whould glee the loudest signal,
but the sefechvicy of the circult may be poor because of the coil

resivtamee involved in the sctual circult 16 earth. Conneoting the aerial

toa tapping . point lower down the coil (towards the ‘earthy” end)
should improve slectivity, but reduce signal strength. Experimentation
Wil produce the optinum agrial-conmecling point

There will also be an optimum tapping point for the diode. This
fime, moving ihe diode tapping point towards the “earth’ end will
increase signal strength (because of reduced coll resistance in the diode
circuit), but reduce selectivity, while tapping the diode further up the
coll will improve selectivity al the expense of reduced signal strength.

Findimg optimim  topping  points for  the sedal sl diode

comnections 5 3 bit tcky on a clossswoind coil smge each tapping -

point trigd las 10 be bared by seraping off the enamed insulation, with
the risk of producing shored tims The same ¢ffect can be provided by
removing, or adding, tums u1 each end of the coil, using the original
topping point 'Tor the diodé connection-o.g see Fig. 4.2, Unless the
foded pumber of lums on the codl remain the same, however, the
inductance of the complete coll will be altered, snd thus the - funing
ringe of the tuned cirouit (see later), Then the dinde tapplng point will
be shiffted,

For thin tvpe of expedment m alrcored coil of relatively large
digriveter is easier 1o use, wound on g card or paper tube o which twi

% In* lengths of hardwood or balsa strip hove been cemented. The -

windings can be bared by scraping or sandpspering over this taised
section, and individual wines carefully separated to avoid shorting—Fig.
4.3. Optimum tapping points con be estublished by pushing bared ends
on ihe seral- and disde-commecting wires into the raised section of the
coil, soldering in place very carefully once they have been found. This

REDUCE TURNS
— T WOREASE SELECTIWITY

5;%’,}%%_.7&“ TURNS CAR BE REMOVED
CTREETH IR ADDED AT THIS ERC

a5 WELL

Fig. 42 The elfective tpping point oa & dmpls coll ean adis he
vasied by adding ar emoving bums on esch end of the winding.

SCRAFE OFF ERNAME L
TO TRY DIFFEREMT
TAFPMNG POINTS

OF EMAME L=
LED WiRE

Flg. 4.3 Comireciien of ansircored ss1is) eoil,

sould pot reslt in shorting aul more thas o few tutme 21 these polnts;
which will not greatly modily the ¢oll inductance i Wlbowed for i the
initlal winding (e.p. add five or six turns to the design sumber of

winsdings).

In air-cored cofls, the inductance can be cabeulated with measonable
sccurdy Trom the Hameted mmd mumber of tuma (362 also Fig. 4.4);
R x &7
induciancs, microhonries = 3R + 100

where # = cotl radiug in inches,
L =¢ofl lengih in inches,
A= number of Tume

The mcee wowal Torm of diis Tormuola fa:
(9R + 10L) x £
H=

(A worked-out example using this formuls is given later,) This is based
on the tums of the cofl being closgwwound, in enameiled copper wire.

ANe
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Fig d.8  Airsconed coll disigs peramsicre

The ociual dismeter of the wire |s not sipnificant, provided the coll
dinmeter &= reasonsbly lirge (e greater than | inch). The formmula is
not valid for smaller-dinmeter aircored coils, or for colls wound on a
farrite rod,

The typical tuning capacitor has o midg of (about) 50 pF up o
3B0pF or 300pF, The relstionship bebwesn funing or Fesowml
Sreguericy and inductonce snd capacitonee ks

' SR ut SRR
pewonmt inquency VNS 528 VILO) LT,

where. L = inductance in microhensies (uH),
£ = gapacitance in picofarads (pF),

This {8 more convendenily writlen as 2 solution for the product of
inductanie and capacitance required. ie

Lo = D3 % 1042

I‘!

For the mediom waveband the range of frequencies to be covered is
500 to 1,500 kHe. Thus, to encompasa this ramgé, the products of LC
required are:

at 500 kiz
002s
S W o |
L€ = oo % 10

= 0.001 x 10" {approx.)

More About Tuned Cireudt |

_ 0028 P
{1500y * !

B.tll‘-mm:

= 0.0001 x 10" {approx.)

At one end of the capacitor {uning range where © = 30 pF, inductance
{, required #5:

0.0001 % 10
AR

= 200 uH

At the other end of the capacitor tuning range where © = 500 pF,
inductance L requined is:

0.001 x 10" 1"
=a L

=200 gH

Using & 1-in. coil diarmeter (0.5-n. radivy) and a cofl length of 1.5 in.

(4.5 4 15) » 200
G (R

= +/ 15,600

= 125

In other words, n 125-tum sircored céoll of this die should be about
right for covering the medium waveband, matching & 50500 pF
varinhle capacitor. Tapping point (or diode connection) would nomin-
ally be ope-third of the coll langth from the ‘earthy’ end.

Alr-cored coils can also be designed in this way for longwawe
coverape (more turms); or shoct-wive reception (Jess tums), which isnot
likely to be so good because of the low efficiency of the coils. Alwo, at
higher frequencies the resistance of the capaecitor i also sipnificant, and
&0 sipyple enleulntion of codl size is no longer ealld.

The efficiency of a tuning coll can be expressed in terms of the
magnification of the argnal dimal received, when tuned (o resonance,
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and decteases with incressing coil reséstance. The magnification
produced in @ resomant circudt s referred o os the Q" & high-Q) coil Is
this desirable for maximum performance and selectivity, and s
essentially 8 low-reststance ome, For this reason larger dinmetes
aircosed coils, using thicker wire, are more effective than srmalles
diameter cails wound from thinner wire (since wire resislance Increases
with decrensing dlamneter).

Equally, the inductance of & wound col cun be incressed by winding
it over 8 magheticlron core, such as a ferrite 1od. Much smaller
digmeter colls can be sed, requiting less tumns, to produce the
Inductance required—both reducing the length of wire and Lts Tesidl-
Ao

Recause the actual inductance produced is dependent on the size and
characteristics of the core material, windings for ferriterod werigls
cannot be calculated, and sre bosed on emnpirical resulis, or optimum
windings established by trial and error,

Common sizes of fernite rod available ure:

length 3§ in.
lengths 4,5, Gand B in.
lengihs 4, 5, 6, Band 10 in

g, dinmeter
i fn, dlameier
f-in. diameter

3 70 TulING TOTAL, 28 AW EWIRE
OF 55 TURNS TOTAL, 3 SWG WikE

[x} S50 &4
gin
TURRE TOTAL, 28 08 30 SWE WIRE

Flg 4.5  Muedljum-wave sérial cod vwindiings v iheee slFes ul feribe
roil.

More About Tuned Clrealty n

TAPPING FOINT 1012 TURNE P
'EARTHY END

o |

L]

=70 TURKE TOTAL . 2800 30 50 WIRE
TO WA TOH 800 pF TUIG CAPACITOR

BO00 TURNS TOTaL, 28 OF 30 W5 WiRE
TO MaTCH 380 oF TUNING CAPACITOA

Fip 4.6 Meldlum-wave winding for s fermihe slab.

A long length ensbles maximum sdinstment of coil position (s way
of “tdavning’ the aerial) and, alw, additional coils to be iIncorporated
on the same rod, if the circuit needs them {e.g. for multi-waveband
eoils), But It I the diameter which really determines the winding
specification.

Recommendations for medism-wave coil windings for these three
ptanderd ferriterod diameters ere piven in Fig. 4.5, 8l windirigs being
enamelled copper wire. Normal tapping points s ome-third from the
‘earthy’ end. It is & simple matter to experimient with different
winding—e.g. adding more turns (o extend the wenelength upwards
{le. lower frequencies), o Teducing the number of turns (o extend the
wyvelength coverige downwards {Le. for higher-frequency trans.
||'!|ia.l.|:|.1na}.

Ferritecore material i also avslloble in alab form, which is aften
easier 10 accommodaie in 8 unall receiver case. A typlcal ferrite-slab
tize v 22 in. long by § in. wide, with a thickness af gin. or les. A
i¥pical winding specilication is shown in Fig, 4.6.

Generally, the long waveband should be covered by dowbiifg the
mumber of turns wsed oo the medium wavehand . Reducing the numbes
af turns shifts the coverage out of the medium waveband down nto
the trawler band (BOm) and “top-bond’ (160 m). For short-wave
coverage very Few tums mdeed will be reeded-perhaps bess than kalfl @
dozen —and the optimon number can only be determined by coreful
sxperiment.

Separate colls for 1he varows wavebands (0 be covered ean be
dccommodsied on the same ferrite rod and connected (0 8 commen
luning capacitor via & waveband switch-Fig 4.7. This |s the usual
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Fig. 47 Long- dnd medlum-wase serlal coil conoeclsd 1o wawe-
wlampe pwiich,
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Fig 4.8 Industively-coupled sesisl coll

More About Tuned Circui'tn a3

CO FEN
"LODSE" SO NG

Fig 49 ‘Loose’ inductive coupling with separate cpupling coil.

procedure with an elaborale receiver drcult and domestic radios, but i
wldom satisfactory with the simpler crouits because of the tuned-
circalt charscteristics (1.e, the peed for meticylous sdjustment 1o g
optimum results for any single waveband covesage ).

Al the cofl comtructions so far described wre based on single
windings (covering & specific waveband) with ¢ tapping point for the
output {diode connectlon in the cse of dmple receivers). The
alternative form is to provide indective coupling for the outpat in the
{orm of an overwinding, which ean comprise five or more turmns of the
jame gauge wire used for the main winding—Fig. 4.8. The optimum
number of turns foe the overwinding depends an the degree of coupling
required, which in turn s influenced by the characterdstics of the
fallowing clreuil. The pasttion of the coupling coll can alsa affect the
periormance, although usually it is best positionsd over the "sarthy’ and

Ko GE

FYET TR TN

v

Fig. 410 Tramsfoctists poupling hetween iumed ciscudl and pexd
stige ol reoefver,
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of the main cofl. Both number of tums and coupling-coil paition are
wubjeets for experimentil adjustment 1o ohiain optimam results.

Sometimes & colpling coll s wound on the Territe rod, separaic from
the petial coll, providing & loose” coupling-Fig. 4.9. Regeocmntive
receivers often make wse of this form of eoupling for introducing
'feedhack’ into the front of the circult (see Chapter ¥).

Inductive coupling fs sho called frengformer coupling, zince i
prissciple of passing current generated in ong coil into another coil is the
same. With transfoemer coupling (Fig. 4.10) the aerial coil has no
tapping peint, snd 18 an shernative 1o direct coupling. where the next
stage of the circuit is connected directly Yo a tapping point on the el

There is & third method of coupling which may be used between
stages in & radio chiouli—capeciiy coupling. Here, connection belween
the stages e g to the tapping point on the aerial coil) is made through o

itor, witich isolates the two stages @ Tar as d.c, flow |s concerned
(only a.c. will pass through the capecitor)-Fig. 4.11.

Fig .11 Capacity coupling between funed clecunt and nest stage

of reofmve.

Again the optimum value for the capecitol depents on the
cluracteristics of the circuits being coupled. To couple an werial codl to
tite pext -$lage in @ receiver, optimum values can vary from 200 pF ta
10 &F. In general, though, 8 high value gives best resulis,

Dircct, transformer, and capacity coupling are alternatives for
connecting any two stapes in recelvers—not just the tuned chreuit 1o the
next SLage.

5 AMPLIFIERS

It is u charscteristic of a transistor that iF works & an grriplifier of
signals. In the most wisdely used mide of connection of tranzistar [
wch duties with Input and output circuits both connected to the
emitter {common-emitter mode), the degree of mmplificathon or curmenl
gain i called the ‘beta’ (J) of the tramsistor. This is given m hpg for
static Torward current fitlo) in transistor chanscteristics dala (see alwo
Chapter 7).

A basic tramsistor amplifier cirouit i very simple—and bv identical for
a pa-p ar a4 transistor, except for the battery polarity —see Fig. 5.1,
Virtually any low-power AF trangistor cun be used in this cirailt, The
bias resistor (R) must have a value providing o collector current nol
exceeding the maximum specified rating for the transittor weed, the
actial current flowing in the callectur cireult also being nfluenced by
the voltage of the battery,

&
ouTPLT oY
ET FAS
HERIATEN ) RESISTOR e
[Pt A% mPuY =
™ [+ ta

prfi-p TRANGISTE nep=A TRANSISTOR

Fig. 51 Basc amplifier aurcuiis wirth simpls S fikasing wid 2
sinmgle resision.
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Knowing the tramsistor characterlstics, B miltsble walue for R can be
cileulated & Tollows:

battery voltage
collector current

baitery volta
Ie

B = gudn %

wiere I is equal to, or preferably less than, the specification figure Tor

fp maa.
Assuming that an OCT2 wansistor i being uied, ond the battery

voltage is 9V, specified Tigures sre.

I mis = 250 mA
HFE =30 10N

Teking the maximum gain, and 173 mA ne-a “mfe” worling fgure
for the collecior airment:

R=90X% 4
0,173
= 463000

A suitable (prefarred-value) resistor would thus be £.7 k.

W

o

CRYSTAL SET FROMT IE'

Fig 5.2  Cleolt 5 Crstal sei with snghe stage af amplification.
Any BF mansiiter can be used for TH

Ampiifiery 37

Fig. 5.2 shows the complete cirault for & simple AF amplifier of this
type, coupled to the ‘front end’ of » besic crystal sel. The detectog
{output) is coupled to the nmplifier via capacitor C2, # sultsble value
for which would be 10 pF or higher (eg. 20,25, 30, 40 or 50 uF);
capacitor C1 (0.00] pF) may not be necessary. The output load in the
collector circuil i formed by high-impedange phanes.

Mote that the poleriny of the battery used to power this clroult is
important {as far as the transistor connection iy concerned); also tie
comnections to the diode and C2 {which will normally need 1o be an
electrolytic type to provide the high-capacity value reguired). With an
wegen transisior the battery polarity would be reversed, and slso the
dicebe and electrolytic capaciion connéctions.

Flg 5.9 Circult 8, Crysinl st with ten sapes of amptifleation
Compohen! valees madching OCTI, 0072 pr pear espiaivadent For

TR and TRE:

Wl Gfer 10K 1, ] gF
Wi 4.7k £ R oae 10 pEF
L1k O3 Hoor 10 gF

Taiiery voltape 6 14 Y,

The same type of drcuit can be wed to provide additional
amplification, if required, smply by adding svother amglifiet Btapge
{(Fig. 5.3), The second amplifier stage can be identical to the firsh o
based an & higher-power transksier taking the higher cutput present and
providing even preater gain. The joad in the output (collector) of the
fimt amplifies stage is provided by a resistor {R2) (which should be
shout the sume value as the phone sesistance, 3.3 to 4.7 k), and the twe
sizges coupled by o cupacitor (C3). Value of R3 depends oo the second
transistor used, and may be anything from 130 0 to | kQ}| capaciton
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Fig 54  Creuit 7 Amplifies for loudspeaker outpud

THI, OO i Gk
THI, ADI4D o .
O, far 10 uF

| ondspeakei, 80 0

€2 and C3 can be 10 pF or larger (20 pF up o 50 of 100 uF),
electralytic,

A nr:?me compact two-stage amplifier circull is shown In Fig. 5.4,
This may prove capable of operating & small 80 {2 loudspeaker direct,
although the current drain will be guite high.

Alternatively, three or four stages of amplification using low-puower
trapeistors, follawing a basic ‘fromt end’ crystal ntl._lhqu.lld ptovide
enough power 10 drive 4 amall loudspenker at the final output, through
# suitable step-down transformer, W provide an impedance match (se
Chapter 6),

Simple amplifer ciscuils of this type have the important Wit tion
that performance of the transistor(s) will tend to vary with tempemn-
ture. There bs also the possibility of ‘thermal runaway® developing.
witich can destroy the transistor(s), because as the e xternal temperature
increasss the colléctor current also tends 1o Incresse, which in fum
causes & further increase in junction temperature, so the effect is
cunmulstive and goes from bad to worse, even to the point of ruining the
trupsistor completely, 1i & pessible to evercome ihis troubde by
arvanging for e circudt 10 be self-biasing of do. slabilized so Il1_l'| ]
constan] opersting collector curment fs provided, regardiess of transistor
type or tempersture varigtions, In ather words, the working potnt af
the collegtor circult is stabilized.

Fig 5.5 Stobilised biss drowit for tsmeisior smplifier stage.

Typical vales for low) modinm-power transisiory

Ri, 22k C; 8 aw 10 iF

R, D%

Hi; 1k

A further advantage of a stabilized drouit ia that it makes the

performance of the amplifier less dependent on the characteritics of
individunl transistors, which con differ approciably even for the sume
type. Capacity coupling between stapes should bo used since this makes
each stage independent as regards working, rather than mter-dependent,

i
3

Fig. 38 Creeld & Pructisul twostapge amplEfier using iwa o
medlupi-power AF 1manssion (See Chapier 7 for determination of
maicling component vilees)
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To schiéve this the original biss resistor s split into two scpurale
values RT snd R2 (see Fig. 5.5). A further hias regintor (R3) b applied
directly to the emitler, in parllel with a capaciior (C) 1o act m &
by-pass for AF cumenis (Transistor bias requitements, und data wn
{ransistor charscteristics; are given in Chapier 1)

A recebver destgn Incorpovating two St0ges of amplification with -
stahilized circuits following a cryatal set front end ts shown In Fig. 5.6, -
This, in fact, s about as far a8 il B practical to go with such & baic -
circuit s, although sdditional compiete stages will provide more Ealn -
and greatet final owtpul power, deficienty in the circuit will also be:
aggravated-notahly leck of senstivity mnd sebectivity in the front end.
Such deficiencies are best tackled by modifying the circult design from
the simple ‘crystal set detector’ hasis.

The amplifier stageds) also provides a comvenient point 1o insert
voteme contral into the receiver cirouit. This takes the form of @
potentiometer which can replace one of the biss resistors, af be placed
fn seried with the flow of the curent after the fisl stage of
amplification—Fig 57. This will miroduce minimarm distoriicon over
the volume contred range,

O low-powet receivers which pive satisfactary recepiion without an
exiernal seral, @ volume control can be an unRécesETy refinement.
Sinee the forrite szrial hos directiopal charscteristics, merely tuming (he
set one way and the other will prodice chamnjes in signal strength,

b
&

40

CUTAUT

Fig 5.7  Clreny §. Twostage smplifist with volume contial

Amplifiers 41
™"
™ =
¢ ."
? ol % o
- -
Fig. 58 WBasle prosmplifier ciuiis. The transisior (TR} must be

e RF type; poop tamsiston shown i ihese disgrame IF i-pn
trenskton are used, the haniery polarity musd he neversl

Pre-amplifiers

A pre-amplifier i designed to smplify sgnals briween the tuned clicuit

and detector stages. The main difference b that the transsioeis)

sulected must be un RF type since it is handling RF signals at this stage.

I;?]u;—:in: the basic gircult iz similar to that of o AF amplifier—sece
ig- 5.8,
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A more goonomic way of produding satisfactocy output power is to
employ & single transbitor driver working & complementary pair of
trangistors (an a-p-n aid o po-p sebected with matched characteristics)
In push—pull configuration. The outpul power obtained from = palr of
transistons in pushi—pull is considerably mose than double the power
obtined from & single tramistor of the same type. With ‘Class B
operation the transistors are bissed to nearly cut-off, so thit only &
margingd current flows under “guiet’ condithons. Push-pull outputs

8 THE OQUTPUT STAGE may, however, alio be designed for *Class AR operation, with rather
higdee currein drains,

Basically, distortion is lowest with Class A operation, whilst Class B
operation provides the lowest curenl drain but introduces the

By a suitable choice of transstors, the amplifier stages can be used (o
power & loudspeaker direct, using a minimom of components. A typical
cireait of this type was shown in Flg. 54, using a high-min AF
trensistor for TR1, snd o power transistor for TR2Z. The main
digadrapings of such & set4p is the relatively ldgh cusent deawn by the
EI‘.I'L'H".

Single transistor oulputs work with ‘Cliss A" operation, which means
that the valoes of bizs and signal voltage spplied to the wansiston ensure
that eollector eument alwoys Mows, Figo 6.1 shows o basic Clis A
output circuil incorporating transformer coupling to & loudspeaker.

BYOLTS

] +dC3 11'

Fig. 8.2 Circwti |0 Push-pall cutput. TR b the ibrver, TR,
TR the puch - pull emplEfer,

Bl 68 TR, W08
Ri 1 THI, ACIZH 3
LEN TR, ACL 76 | COmplntmentaty paic
Bd, LR Lotadapadkar, 3 2 ar il i

RS 1k

Fig- 6.1 Dasic Class A cufpul. TR b oatpud amistor working Cl. 5 uf

in amplifies. Lovdepegker imipedaice b imalehed o eatput oad (03, 350 uF

rEpuirtmenn via the fepedown transdooner T. C3, 50 wF

42
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it
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Fig &3  Cieewir 17, Posh-pull cutpp wiily transformer ceiuplirg
TR in the dever; TR, TRY, ADI40 o ADTAW Typlckl catipansni

A1, B2 so adeh TR (depending on type used)
R, 1k C2, 50 uF

Td, 10K C3, 30 wF or B uF

RS 47K . Ti,couphing transinrmss

Ré, 10 T2, ot tramsformet

MR

i

£3

-+

bility of crossover distortion being present, which can be avercome

mppﬂsjig & shight forward hias to gach lransistor. Class AB offers a
omise between the two,
mf?:m types of basic push—pull output chicuits are shown in Figa. 6.2
and 6.3, one with direct coupling snd the other nsing transformer
coupling, both interstage (he tween driver mired putsh —pull input) and o the
Jowdspeaker. The coupling transformer can provide idd].ﬂr:mal mphn-
¢cation: an output trandformer, on the pilier hand, i invariably =
step-down type to adiust the loudspeaker impedance to the feguired
outpat impedange, Both types of circults have thelt advantages and
disadvantapes, although for simpler receivers all-tpansistor clrcuits are
.

M:Lmﬁnmm on ' the requirements of the receiver, Thus o
operate 8 small loudspeaker successfully =n pudio power outpul of 5

Thae Qutput Stage 46

mA or bebter is required (higher still Tor farger speakers; of course), Al
the other extreme, about 10 A repressnts, for most people, the
threshold of sudibility in high-impedance plines; and (L1 mA a normal
minimium fof comforiable listening and ready Identification of sosinds
i hﬂdlﬂ'l.ﬂlﬂ‘:l_. For easy listening with high-mpedance phones, an
pudio owiput power of up o 0.5 mA s desirable. Higher signal ovels
will tend to ‘swamp’ heasdphones butl can, of course, be reduced by
fitting & volume control

Typlcal charactedistics of headphones, earpleces and loudspeakern

are.,

Headphones

High-inpedance type, d.c resistance 2.000-4,000 £ typical imped-
ance 1000053 {at | kM)

Low-impedance type, (i) d.c. resistange 15 {1, typical impedance 80 i
{at | kHz); (I} d.c. resistance BO D, typical impedance 130 £F (mt
I EHz).

Farnierey

High-impedance type, d.c. reistunce 2,000 £1; typical impedance 7500
41 {nt 1 KHz),

Low-impedance type, (I} d.c. resistance 4 {1, typical impedance 15 £1
(ot | kHzY; (H) dc. resistance 14 [F, typical impedance 60 {20 (al
| kHe); (i) de. resistance 60 L1, typical impedance 230 00 (&t
1 ki),

Lowdspeakers
Typical d.c. resisiance 3 13, typleal impedance B—16 L2,

It will be obvious from a study of these figures that low-dmpedance
pheanes, o low-impedances earpiece, or a loudspeaker will be 8 mis-match

E 1 STEP-DCWH TRANSFORMER

LW —|FEANT E
LOUDSFEARER

g,

=

g
HLG -
Hllnﬁi-lll:[

I
i
i
ke LA = IMPE AN E
LOA&D

Fig fid  Load halansing via ouipui trenaformer.
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speaker—Fig. 6.4,
The tums fatio fequired from the sransformer s ensily calcubaied us:

cutpul load impedance required in ohins
phane or speakes impedance b b

Some typical transformer satics anid thelr suitability ot matching

Wnes
Ligtening Eapsleslent outpul

Ratia davie 1mad anipecnes (01}
anil Speaker 20,000
L | A-11 EnyriEce 20,000
g+ Spuaker 1 0, 0eHD
181 14-11 exrpaese 2, CHND
14:1 1515 sarpiece 2,000

wid G-I Erpiede 200, (600

5 5y headplicms 20,000

For othes required output foad impedances, the tumi ratio can be
calculated from the formula.

Tone controls

The output voltage after amplification will only be a faithful
reproduction of the original fnpul I the amplifier produces the same
galni for all signals, whatever their frequency and comphexity . This is
seldom the case with simple cirauliry , 80 that the halance of the originsl
sound of speech 15 upset i distortion regults. |7 the gain is hndequate
al low frequencies, the sound reproduced will 1end to be tinny or harsls;
conversely, If the pain i inadequale at the higher frequencies the o
s subject 10 booming.

The Outpur Stage

[}Jﬁ:ﬁlﬂ [} 1]

Fig. 6.5  Simple tone contmls

Ht:nﬁﬁqmnmufmmnudmhmm by connecting
phaisc ;mmlimur m‘l:}ﬂm'm!e ter) and fixed capacitor in serfes across
ms%ﬁr#mmh Sy outpul transformer; of direcily scross the
if, in-effect, Tormy. anoiher wumed eir
: cilt, the
;.f‘:::;n::‘:' l;lirmd by adjusting the s tiing of mmz:im:]::
e : treble or bass in the output dgnal by, effec
. nal amplification. The toné control on & dmnﬂm. roced iy
| Ht:_r -.'lf_ﬁrh form—the kmok controlling & potentiometer mmm 5
::Im u:u: 'I'dlfh ? fixed capacitor across the outpit transformer, T o
are. potentiomeler, 05 k; fixed capacitor, 0.1 ;JF: L




7 TRANSISTORS, BIAS
AND STABILIZATION

The two conventional biss srangements for tramsistors pee shown in
Figs, 7.1 and 7.2, hotls having sdvantages. and disadvantages. Corrent
bias is the simpler af the two, sinee it requires onby ene msistor which
determines the values of the base curent Jy and the operating of
emitter current fp ViZ!
- VE = Yax

R

- _F-"_;ﬂf-{; + hpg)

Iy
Ig

Wigg, Uhe buse-smilier voltage, is of the orter of 0.1 1o 02 V for
m tomaistors; 0.6 1 0.7 V Tor silieon transistors, fn normal

B .
practice there will be pegligible change In
Vg, but wil be dependent on the spreads of hpg (the §

—,|-+

Fig 7.1 Swmple current bias ercult.
48

current with variatoos of

mall signal

Fug. 1.2 Conventionad voltage bins circuil

forward current ratio of ithe transis
tor ), This &
m::r't ;iubfz_f'n_f trm_:hum witlch huve anly nmh;:rkh::r;“r:r =
tage binsing with emitter feedback yields the follow
relationsliips (see slso Flg. 7.7): o b

_R1. Vs
Rl +R1
R2.Vg

; Rl +m2

The emitter current i therefore:

g

o R2.Vy  Vag
Rp(R1+R2) ~ R

For the effect of spreads to be negligit!
e the vollage ¥,
i \ ge Mg musi be
T e e i e e
£ o verinthoms in the supply voliage ¥,
& BT o

470 TO o8
" b

Fig. 7.3  Swubidiration, with common companent values wsed
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gR A LS

to the shift in operating i
seniti fure. Thus bigs stabitization b normally desi =
with :n;:t:-!ﬁp:::ndﬂm the usial prrangement being a shown In INII0Z INIIOE INIIOA INIMOR - ASYXE  ASYM
Fig. 7.3. Siticon transistors have negligible I::n# W‘fﬁnﬁ’ Al U0 De
't full working temperature tange, and stabilization 15 0% AEEEE 3 o 3 i i 13
:.-h:u::pt in some cases where other charscteristics developed in the ?ﬁ 1?0 :ﬁ m‘-: 1:3 0
tioulsr circuit may make it 3 prudent addition, i ol e T
Fﬂwmmg characteristics of § number of readily avadlable (ransiston 150 1% i i%

are summarized in the folio :
ayaitable from the manuf notuseTs; also in many

amall. Tn practical cirguits 8 voltage drop (Fg) of 1V with
) trimdi?ﬂthﬂ]:m trangistors is almed 4t

The collector-to-hase leakage current i major factar contributing

pobnt of & transistor, since this is highly Semall, medium cusrent swliching, AF amplifiers n-pon

wing tables. Dats on other lypes Bie

suppliers’ cotaliguss. . ADC300 0300 Bk iBsD

] 1] i o i
. * 6 & 3%
3 o 25 5 0
. 032 0.2 02 035

ermanium Transistors
i : oS Im2s 10007 0

10 i5 10

oy bow power

ocd: OCTh 0072 peTs  OCEl  OCHID

e

i 16 2] n i 2 il

‘.'-"’"Et e ATy :: Auilio freuency smphifiers, low powes owtput, nepen
e ] (1]
1 g 10 i}
R 15 aL sp. 350 100 sﬂﬂ :ﬂig NETT?3  ACIZT ACITE  ACIT6K
€ ' 130 M
P, max, W TR Fong mar. 13 R
) 4l s, M40 30-90 §0-130 S0 2540 20 mrin, o WA, L3 n 20 10
h?:mnl I;m Eum s M MR 2 Ven mis. 3 10 5 5
. i 3 % 5 I$ i 16 1] I s mok B} £00 300 00
],,‘.%,_,Fmﬂ - 2 ' 10 TR | L Fy man 150 200 700 1060
Vi oot ¥, gz el 0l Lg's].'izi 3':1[5 b 50330  15-143 52-180 S2-180
3 S8 905 - . A =
@Jnuhﬂ“;: .W.; s%  1typ 11yp feyp Ll 1Liwp &l mA 0 500 o Anl
i i, (TR (fhibi (k) (i) Topy macn. ik 13 11 161 L0
¥ Vep i 0.5 25 15
g Bl max, 10 .6 X

B Ly mA SO0S0  S00/10  SO0/ID
I medn, Mg 15 1.0 10
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_High powes cutput. p-r-p

NET400  NKT404 NETADY ADISD ADIAZ  ADI4S  ADISD

Moo max 80 8 &0 55 80 = 1
Vooomex. 3 32 n 50 30 0
Vi to3. T 0 20 o io 0 ]
Ewin k. 1 10 5 3 10 15 15

EAFOW ShY  Sin’ s J6DT) 005 2 22150)
s0-1%0 S0-1%0 100-200 30100 30-170 30-100 30-100

kg
&, A = 1 1 1 1 1 i
Fapyy mr. ik 150 150 150 o0 00 $8 1000
&V o il W 14 & 14 10
Vi saloman, 041 041 k3 03
@10 4 10 1o 1o 570,25
o4t 03 045

I yp. MHe Q35 03s 035

Teansistors, Bias amt Stabifization 83

Audio frequency amplifiers, low level, low nols, 5-pa

INMB4 INIOZ4 N3O INZ92E INAISE INSORN

1"Lﬂlil' [T ) 25
15 18
|.F~m M. {14 e} 5 13 !ﬁ o
I.',-ﬂ mn-h !n 5 § 5 & Ii-;l
man, M in 100 100 100
P . mW 3850 00 00 200 ;ju-g 3:2
KFE I00-500 150-13
- =3 33547 E
: B A T T HJ o m:;h' T
L Gk . 8. . BE . ok esk
Noise facter dR Inwmn. T4 234y, 1S tvp | 3 I
Frivp MH: B k. 130 120 e 28 3:;

Silicon transstors

Auitlo frequency smplifiers, uvall signal, generl purgose, n-p-i

IMYTOE IMITOR INITIO INATID ARAM R4

Vs MEL a0 30 30 i il k1]
Fapn i, M ifi in 30 Aip 5
Vg mik. b L L] ] 5 5
I -max, mA i} £11] M an 140 00
Py max, mW séa 36 30 B0 Mp 30
bee A5-HA0 45-165 S0-1330 1B =460 1006300 13—360
@[, mA | 1 | i 1 ¥ |
L MK HA ds e Ueds sd o CRLD UGN
Fop WAL AN, I i ! 1 a6
& fTymi Wies s o inn.a L 544
200 M i

Ftyp. MHe




8 TRF RECEIVERS

B ‘double
ad madio frequency (TRF) receiver & based on
E::l:rsl—nm hefore and one mmediately :lf:.‘;ltfil‘:‘: ![uf-lmpiHTm mh'r ::I;I';
nnilifier, @ shown in the block diagram 1. The t
circuits &re Hierally identical anad, In fact, are muﬂ!_y ‘gangnd ?ﬁ?
wing twin variable condenserd and adjusted hy = ginple ':Mt:htui:ﬂ
(alihough the respective gircuits mré wi:d} 1o the separate
Wwii-par —pee Fig. 8.1

“?nu;m mt;#ﬂf{“:ﬁni an:.'Ilma two tuned clroults, the two
separte vasiable condensers are indivadually IIHWE':d with the h!idhn.'.tll'
gmaller ‘trimming’ capacitors mounted in parallel with them. m&lmlnmm{.l
the inductances of the iwo tuning coils completing this mqn;:m tm ot
circuits can be matched for identical performance by winding oty
formes with lron-dbist cores. tn this manner sl differences o
actual wiring up of the two tuned circuity, and i "““"“-‘“"Ii':t"".’l )
salucs, can be halanced out for optEmum performance. This, in : Ihlm
fecessary process bn setting up of aligning the complete rl.'ﬂ:l:l:mm
performance, and can be done quite satisfactorily on & i d-gfror
‘thams.

By F.F ar T_'
T o i g et

Fig .1 Hiodk diagram af 4 jumed radio fraquency (TRF) mecver.
54

TRF Aacelvers 56

- __ s,

W
-r_—n;if "r.'-r
i ﬁ'ca *:u
;4
Fig 82 Doable-tuned circut with RF amplifier- the “fiom end’
of & TRF recejver.

A simple cng-trunsistor TRF receiver cireult is shown in Fig. 8.3,
Algnment difficulties are minimized by employing s proprietary, coil
L1, L2 L3 for TRF working, eliminating the need for ganged tuning

A FHOMES

1 3~EWOLTS

—
=
—

v
o

Fig. 8.3 Crewir 12 Basie TRF receiver ming & milnimum  of

fomponeils. An jalerslleg cocall fo experimeni with sgmin o
crysinl s=f wildl fransisl smpliien|),

L1, L3 L3, propristay TRF ooll [Tebeton ivps HAX)

i, 300 pF variahle oapecior | laoksonr) b
J; 2uF

R 220k

TR, OCT, OCTY, arany AF transisser (vales of B 1o be adjisted to
mateh higher poe'er tramelsiors) L
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capacitors with separale trimmeri It i an interesting citcuit 10

expetiment with and compare the performance against thal obtained:

from a bac crystal set with one stage of smplification added. It should
be superior, but ke tie crystal set will require an efficient extermnal
serial and good earth connactions before satisfactory listening vohune s
obtained in most aress.

Fig 84  Circwir J7 Three-tremsistor TIEF ruosives, Uiing higher
posss AF trensistoss (TR and TRIL, fhis design could opsrale &
louspeskes imstrad of phooes.

), T, priged tuning cisndenses {lackson, 500 pF

C1,. 000 gF Bl lMa
£ 15 pF R, Ak
5, B ul eleciraly be "3, 1 Ml
Ch, 000wt R4, 4.7k
7,4 gF clectmiyis nS5, 1 M2
¥, 0,008 uF TRI, €43
9, 100 4F, 12 voll working  TR2, OCT1
TRY, OCT

L1, L3, #tinilend Terrire serial windings (e Chapder 4)
L1, 50 pugm coll on fagdl e rod wilh centie tapping

L, 10 fiarnd

I, any crpatel dinds

L3, L4 can be wound exsctly a8 L1, L2, excegit hat the 30-tum
winding has 3 centrd Bp A short jength of femite sod should be
usedd fa the ce, L3.Lﬁhlmmnﬂwnhﬂ'lh#ﬂlhllh
rodt can e alid b amd out fof uijustminl purposs.

mportant. Coil L3, L4 will need screening fram LL, LY snd
mctated ot pomenis This san be dane with hin sluminaum
sheei, sidiisbly [ned gound L3, L4,
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mﬂhﬂmm can be improved by using a higher power transistor for
S + andfor adding & further stage or two aof amplificstion.
e Hmuthlmﬂmufﬁlmm&mﬂﬁ
Wl -rhmuu elaborate TRF circuit, bat again ushiip Ju-w-p-d-.ur-
oes, s shown in Flg. B4, This uses & standard ferrite rod serial

with inductive connli
for €I 04, pling (see Chapter 4), and 2 ganged tuning capacitor




9 REGENERATIVE AND
REFLEX RECEIVERS

In the crystal set, and similar smple reccivers, i weak RF gignal in the
aerial is fed directly to the detector, and the extructed AF signal ampli-
fied 1o the required level o Operaic headphones or a lousdspeaker.
However, no amount of AF amplification after detection is effective if
the original RF strength is too el

An obvious method of improving this state of affairs would be 10
amplify the RF signal picked up by the aerial and tuned circuit before
passing to the detector. This is quite 3 practical arrangement, the
immediate advaniages belng an improveent in botly somgizivify and
selecrfuity, and also guality of reproduction. Improved snuitivity
means that weakes (more distant) sationd can paw be received &t

volume; better selectivity meand thatl sharper Tuoing cin be
obtained, o pecessity o eliminate interference from adigcent siations
now maore readily picked up.

Ouzality is improved because there & jeti demand for AF amph-
fication, while the ocutput power can readily be bowsied to operale 8
loudspeaker without patting any particularly high demands on Efther
the efficiency of (e serial system or the AF amplifier stuges.

An elementary citoult of tus type i shown in Fig. 9.1, nsing a single
transistor ot @ pre-implifies, followed by a diode detector. This is easy
bes bl and ghould work quite well in most areas, although still ilmost
certainly requiring a good extemnal aerial and earth connedtions for the
best results, and must be used with an inchactively coupled tunsd
ohroult.

There is, however, 3 method of considerably tmproving the
performance of this st by incorpoing regeneration, This is done by
taking part of the umplificd signal and feeding it back into the tuned

L]

Fig. %1 Clrewis 4 Sirghe-transistor pre-mmplifier
TR, INT926 (ar equivalent). Maiching m':::ﬂwn:lﬁm :
Cl, 0 gF
Ri, 1 MR
RX 22k
LE, L3, imiduetively coupled asvial coils
0, amy ervidal diode
ciroult, where it will be amplified ogatn, resulting in & further

tmprovement in selectivity and semsitivit

¥. Care should
not oo much signal is fed back, causing the cireuft 1o h:: uhmmmﬂm
and escillate or “squeal”. 5

This modification is shown in Fig. 92. One length of insbitad wire

Wi BYSLLATED WiNES
___———TWISTED A

| ||
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fromt rmﬂ of the diode, another to the top end of

i comnecied (o the i e

ircul these two

the tuned circuit, The free ends of
1 length of sbout hall an inch, .
mﬁ'lllh:. :::Tﬂ':f:h :Imﬂd:i- a capacitive coupling for the feedback signal

d by twisting the
whene the sctusl amount of Feedback can b varted by e

sting pail of their
wimmmuu ‘:Il:fzf lﬂuﬂt::;ﬁ‘:m“ﬂ:ﬁnﬂnsdphy axperiment, when the
mui perfﬂmmm should he comslderably h:l.lﬂ_ thian Fh:l of the
origimal cireuit, However, the position af the  twisted du::r:;j:“;ﬂ:;:
slptive to other components b6 critical; any shight il
considerably modify the performince or cadse the IFEJ;:EI:; s
For 8 more stable armagement, & 10-pF or 20 Ed'hmh-:i:lphng,_
can he used inutend of twisted wines 1o proaide the feedbac
timim results,
Idj.llfm:]':de':ti ot work with ‘regeneration”, or 1.1: Efmm:::'ﬁz
thin the ongiisl circuil, then the feedback i probably ‘nega

& b
| PronNES
—
i SO TS
(ol o o
Ao
[:+] E=C3
by 7
Eig. 9.3 Ceowir [, Simplé segenesuiie feeeiver with indugiively
cimapied fordbach

TH, (045 dar -:quinh::_l

{ripl tumimp cxpociiol
g.i?ﬂ pF boikd gl (Find e wilie by exporicnen(l
C3, 2aF to il uF
C, H0pF wariabily cage b
(4, 10 kF e
R, 1M G0 AT M {fimd hest wabue by experi

LAk

flegonarative ant! Reflax Receivers @t
than ‘positive’. Reversal of the coupling-cofl connections should comeet
this.

An even betier arrangement ks 1o use indie e rathier thiin capicitive
coupling for the feedback, wiich can be dine by winding a feedback
coil on the same ferrite rod us the aerial coil. A suitable foedback coll in
miade by winding 8 tums of 38-5.w.6 wire on & similar paper sleeve to
the taning coil, so that the finished coil can be stid up and down the
ferrite 10d, The degree of coupling can then be adjusted by diding this
fredback cail up and down the rod to arrive at s poxition which Eiveés
ki resulis.

The clrcuit is also modificd somewhat, as ghown in Fig, 9.3, to
inchide a variable cspucitor connected (o the transistor eollector to
eantrul the smount of resgtion of regenerative fecdback, IT the sst does
not osciflate with this varlable capaeltor adjusted to minimim cagacity
{i.e, vanes fully closed) then the feedback coil must he reversed o ilie
femite rod (alternatively reverse the coil conngctians 1o te rest of the
cirei b

This particular circuit can also be used s the *front end’ of & receiver
to whicl gne or two further stages of AF amplification can be gdded
(see Chapter 53, and terminating in a push—pull output il desired (see
Chapter 6),

The super-regenerative receivar

The limit 1o which ordinary regenerative smplification cmm be carried i
the puint ot which oscillation starts, so the RF amplification {and this
the sensitivity) of a repenerative recelver is limited by this factor, The
super-regenerative receiver is o development whicli overcomes this
limitatinn by Introducing into the detectar elreuit mn alternating
vollage, of 2 frequency somewhat above the audible mange | typically
between 20 to 100 kHa), in sich o manner s to vary the aperating
point of the detectos. In effect, this inlerruption or quench frequency
switches the detector (orignally adjusted o be near the poaint af
oscillition) in and out of operation. The time taken fur the RF
eacillations to build up to their peak will be propoctionsl 1o the oviginal
mashilated signal {ie. the RF signal picked up by the serial), and by
arranging for these to be quenched before they can reach their peak,
extremely high amplificstion & possible—equivalent 1o 3 gnin of aver
ong million in » engle stage in certain cases.

On this basis, the circubt in jdeal fo fncressing the sensitivity of a
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receiver in & melatively simple manner. Howover, both the design
requirements and adjustment are somewhat critical, but more advanced
and detailed treatment of these is beyond the sope of thin book. The
super-repenertive receiver, 1o, s not particulsdy suited for the
peception of normal broadcast . The circuit requires & ratlo
ufﬂpﬂﬁuqumymmunﬂtﬁwunrufmuﬂataﬂ,maw
greater, which meams that for a broadeast signal of 500 kHz the quench
frequency st be of the order of 5001300 He, or in the sudio band.
A further limitation is that, as they are caontimually oscillating, they will
cause interference on other recelvers in the neighhourhood —lthough
this effect can be minimiced by suitable circuit design,

A further variation, which I8 even less suitable for lower fadio
frequenches bul again is capable of gving excellent results with veny
high frequencies, is the self-quenching sper-repeneralive Teceiver. In
this cuse, a8 the nare implies, the sper-regenerative detector supplies
its own quench frequency. The frequency of thess quench oscillations
depends on the feedbuck and the “time comstant’ of the cirouit, the time
hetween ench burst of oscillation varying as the input signal vuries. The
action of the oscillations is said to be & Blocking of ‘squegging’ effect.

Reflax receivars

A reflex circoll works on s rather different principle, Here the audio
frequency sipnal Tollowing the deisctor is fed back info a pre-amplifier
stage, the complete clrouil shown in blodk diagram form in Fig. 94 also
providing RF and AF amplification. It lovks o more complicated circult
involving a considerable number of compotents but, in fact, » simgle
\ranisistor can be made to perform the work of RF and AF omplifies.

Fig. 9.5 shows 3 basic single-transistos reflex circuit which & fairly
aon-critical and should be easy 1o operte entisfactorily; this 18 actually
g three-glage circull.

&F FEEDBACK
= ] AF

RF

tunen | RF [ wr RF AF :
amPLIFEN] T |"E'rm AMPLIF I ﬂ
S TAGE 1 ETAGE 2 ETAGE 3 STRSE 4

Fig. %4 Dock diagram of § fourstage pfles et

CH

B voLTy

Ko

"'

Flg- 95 Cirewiv 7, Single-tranaistas ihreitape raflex feciver,

L1, standird seviad coll with tappang poin
Cl, $00-pF P o
C}, 005 ,..me -

£3; 10pF o0 20 pF

£4, 1000 pF

R, 1M

TR, INZ91E

A rather more conventional des
i i3 shown in i
:;:;::I; ll'l.limf‘htu:lt comprises e funed el fudmﬁ:.n?,:i’-'ﬁphi‘h'nm“
o Ilnd“Th- type of circuit the tuning coll misst be inductive
pled, :ﬂmpul from the RF amplifier employe what i known E
u!rfuhd mmwdm e coupling, 2 rediodrequency choke coll (REC) bein
s nr'd-: adequute load impedsnes {or RF ouments wl-LhmE
o £ I.i;. tage drop (Le. offering kigh resistsnce to RF but fow
uuhummum Iﬁi:d.:.l.f‘heu!nftlmﬂluh!:dlainmihnuw i o
m=m£| ﬂ; Emﬂ;ﬁm the frequency of the impur, ?ﬂamg:mlh:
aum_r::l:. but is tolerable In':uizlw:iﬂ;f Ef:tlum e Ao
R ﬁm;mqnin;mﬂﬂﬂ RF is fed from this stage into the detector
s e ;ﬂrrmgtd = follows: the AF signal pamed by the
errestidaipi ual RF appearing at this poini, is passed hack
i ) uh—mﬂtmhhpnﬂmnuy,ﬂ::ﬂl’bﬁq]mk
— III:IM capacitor C7. However, any RF is leavily attenuated
ed, Mhﬂdllﬂ'hmsdllupﬂfurmﬂuldﬂtﬂﬂmlﬁmm::
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Fig. 9.6 Coeulfi 14 Gingle trassiviol thiee-siage refles receiver

willi chike gnpucitance coupling.

Cl, IG5 pF K1, ¥ kit

2, 120 pF I 4.7k0

3, 001 aF k3 3% kn

C4, 13 4RI 3 Y B4, 13 kN

C5 47 pF BE, ki

[0S @ I, e
gﬁ 1] .llj"l"a ¥ TIL, D0 [or D43, KA 0T, Kl TL)

L1 amd L3, WEC {chaks o) (e 2l

of an AF ampiifier. By choosing s suitable value _fw['hlu-#mnl.mn
fo RFh-uuF:ﬂ,hul o high reastance 10 AF. For example, o 0.01 uF
capacitor has a eactance of 30 01 wl £00 kHz, inoreasiivg 10 3,000 £3 at
5 kHz. If 5 kMz represents the upper limit of AF |l|:u|_l.| Jikely 1o be
encoantéred, resclance will hecome propurtionately higher o lower
audio frequencies. Conversely, for rmdio frequencies above 500 kHz the
reactance will decrease proportionatety.

Specification for the RFC s | o 1.5 millihenries (mH). A suitnble
coll can be mude by winding on a standard {-in. dinmeicr coil former,
using 386w g enamelied wire, Cut two §-i, dinmeter chesks [vaim thin
Paxolin or smils insulating matesial to fit together on the cail ffrmﬂ.
spacing them § in. apari—Fig. 9.7, The space between the cheela is then
completely filled with 8 winding of 3ha.wg, imulated wire, winding on
one leyer with tums adjaceat. then g sweond layer over lht_inp,ndm
munﬁlugtcdlluhuﬂiupm!hm:ﬂm:uﬂ:ﬂteh.m
coil windings can be held with u wrapping of cellulote tape and the ends

MST EORE
Flg- 9.7 Codl larmer for winding the REC ool

should be secured 1o one of tie cheeks with sealin
B Wiux of somethin
similar, The prowislon of an iron-dust core to fit the cenire of ﬂl:ﬁﬂ;
cort ennbles the inductunce of fhe campleted coil to be varied by
kerewing in and out, thus taking op any differénces introducsi i1 L
:;ﬁ;} wh::Hng: in other words, the dust core forms a trinyming
All the other components wsed are familiar standard
; Iy
High-mpedance headphones, or a highdmpedines  mapnetic t:;ﬁ
earpicce must be ueed with this elreuit, ' :
The same circit can be modified for rogenerutive wrking
as well
(regenerntive-reflex receiver], slenply by connecting 8 10-pF trimumer

AEGEMERATIVE
COUFLING OPTICHAL

o
d:‘mf-ﬂ Lot 9 Single-tramiar mefles receirer Mg two
Cl, 0] mF
€2, 320 pF
€3, 30 pF
H 100k

TH, D0 (or eyuivalenil
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capaeitor between the collector of the trandstor and the "hot” end of
the tuned clreuit. This capacitor is adjusted 1o give oplimum regener-
alive coupling.

In aress where radio reception b5 gengrally good, either circait (reflex
or regenerative-reflex) if assembled corectly should give good listening
strength without the use of an exterinal agrial.

It is possible to simplify the single-transistor (hreeatage reflex
receiver by using two diodes in the circuitl instesd of one. A typical
cireuit of this type is thown in Fig. 9.5. Again the circuil may be
convarled (o regnerstive-reflex working by conpecting & 10-pF o

AERAL
IF RECQRIRED

o2
LY §

g1

4’:::&- iF sl i

reouRed —{___ ——

Fig 9.9  Cieowit 20 Fowr-stage refles mecoiver. This & an exendad
sembon of e design given s Fhe, 96 the same basie cironil with
e ailditkan of an AF smpliller stage. Uning low-power tranafston.
okl poweT b8 maltcied fo high-impedanre phones,

1, 500pF O, any ctystal diode Hi, 21k

C1, 220 pF I.I.,Ll.-l:hn‘l'._l:mli BRI Atk
3, DA uF {ser tEX1) RYL33N
['li.li Mg TR, GDad, DCAS, XAIDY, R4, 3TE
C5, 47 pF of negy egoiveleni R 1k

Cf, 0 uF . TR, OCT RE, 4.7k
Y, 10 eF R7.32%
8, B uF R, 10 %
CF B uF Ry 4.7k

Fig ®00  Coeuir 21, “Maghty Atom® uingle-tramistor
. meever, This
perticalar direnit dedign iy w“mmummﬂmwu

Li, L3, Weyind coil
Cl, 350 pi

ICL, 0,000 uF

IC3, 320 pF

04, 8 uF

C5, 00 aF

I, 4.7k
R, 100w
R 47k
R, ik
VREI. 5k
TR, XAI03, o7 squivalent

20-pF \rimmer capacitor between the transistor collector and e nied

CEreuit,
The autput  from

the reflex stage may be fed directly into

headphones (three-stage cirouit), or m
- 1y be followed by e of
ﬂmw'n Hmwgﬂaﬂm (four-stage circuit—see Fig. 0.9); :ra?uﬁh'r
cation {fiv ciroult},
b[i:iﬁ.Fth bl Estage cirouit), ete, all the additions slages
with the simpler clreults, however there fs o fnd
:mmher of amplification stages which m;;n wﬂm?p:c:dﬂtiwr:.t;ui
: ;
hreestage circuit (with no AF amplifier) should give sudible hegd-

reception of a

number of different stations: the four-siage

circuit should give god headphone reception with
: { local station
teud; or equally be capable of giving pood vohime with ﬂmdlp:;::

depending on choice of ¢

ranslstars for the smplifier stages.




tnmy i frowm the ‘earthy” oo,
o e
C2,008 4% TR, INJ916, av equivalent
CHO08LaF  TRI, INI9IG, or equivalent
Ch. 25 wF TR, ACIZH, 01 equiralent
W I0E.  Loudspeike, 340 8.0
RL2IM
R, 100
R4, 330

"

A R

%- 5 Tmch r**'-:]

PP

—"=_.-:—1-u'-L

Flg %10 Ciecuilt 22 Three-tranilitsl regeneraiive meejver with
Inndspeskes outpul This design of regencrative recaiver emphays
rouistivn fesdback Tathes than cepacity feedbuck, The advaniage i
it the mgenemtion, oncs ad|asied, Mimﬂnm
witing iz all Deoadenst frequemcies funed in With cvpacity
jegeneration, eptkmum sdjusment v uneslly to s spocific freguency
isd needs o be readjusted when the st 8 tunsd to 4 diiTerent
tathon, The eall (L1) i & $um winding of 324.w.4. enamwiled
wire an & |- damaiet ferrite md with the tapping paint § 10 10

10 SUPERHETS

The sipetheterodyne or superher Feceiver works on a mome -:nnrpliuutﬂ
principle than other types und Involves more steges and myore
components. The RF signal from the tuned cirenit is combined with
another HF signal generated by 8 aoal odcitistor in the receiver fiself in
wmmﬁwmﬁ.mm hen bins & output which is 2
i uency, equal to the difference between the twa sigialy, this
T:::nu bdqmtudth:mmhq&hm:rﬂﬂ.
IF output from the mixer i then ampiified (i one or meare
E:-ET; Edn; passdd to the scand detector stoge, where the
canveried to AF and subjected fo fiy tiiged ¢
Emum. The second HF gignal js peiTaiod wﬂh:“ﬂ:nim
i by the HF ar Jocal oscillator, applied o the imixsr. A block

TuED: pixen L IE IF IF

aF -
DETKCTOR AF
AnE LT IR AMPLIFIER
AF sl
-_;*'E*.'..‘:_.J
LOUDSPEARER

L&TCl
Fig. 10 ﬁiwﬂ-m-ma.mh—*ﬂn

PrOstion dgnal after detection b il THCEITY

" ¥ to
reduce Erlm om . sirong algnals. e preweal  dislertion
ovezinnding. This is ke us dutomalc gain conogl (&GO,
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dingram i shown in Fig 101, where it will be noticed that RF
amplification can again be applied after the tuned cireait, if required.

The principal sdvantages offered by the superhel are that the giln

and selectivity obtained from the IF amplifier do not depend on the
frequency of the signal as they do with “straight’ receiven. Also the IF
can be mude lower than the signal frequency, resuliing in higher stage
gain and 8 narrower response curve. Again, too, since the IF amplifier is
dealing with o comgtant frequency If can dispense with variable
capaciiors, reducing the risk of unwanied feedback anid genenlly
making the receiver less critical tn design. The main disadvantuges sre
the higher cost of such a circuit ad the pecessity of achlewing proper
aligmment,

Mot commercial domestic receivers are of the superhet type because
af the wmperior performance offered and, slthough rather ‘more
complex, the type is equally suited to amateur construction.

The usual 1IF empioyed is between 450 and 475 kHz (470 kHz is
sioee ot léss standard in this country) and the IF amplifier iz tuned to
the tpecific IF employed; this IF amplifier thu employvs obe of more
stapes of RF amplification with fixed tuning. A litthe thought will show
that to “feed” the IF amplifier correctly 1 will be necessary to vary the
loce! oscillator in step with the mned circuil. Thus If the recsiver is
designed to tune oves a range of from, say, 800 kHz 1o 1,800 kHz and
the IF s 470 kHa, then the oscillatos Mreguency must range from B00 +
470 = 1,270 kHz to | 800 +470=2,270 kHz. Equally, lo produce the
sme IF résponse the local cacillstor could be set to BOD — 470 =
330 kHz 1o 1,800 — 470 = 1,330 kHe The remlt winddd be the same as
fiur as the IF amplifier was concerned; in practice, howevet, it is more
wsial to estsbbish the local oscillator frequency above the signal
frequency .

The converter thus actually recedves two RFs: the signal frequency
which can be designated Fs and the Jocal oscillator frequency Fo. The
fallowing IF amplifier stage is tuned to 8 fixed frequency of Fo — Fs=
Fl, the IF {or Fs — Fo = Fi, where the local oscillator frequency o
clyosén to be below the signal frequency): and it is the purpose of the
converter 1o supply this partkoular TF as its outpul by a process of
frequency donversion.

In fact, any cscillitor HF will cawse IF response al two signal
frequencies, one equal to Fo — Fs and the other equal 1o Fo + Fr. One
will be the real signal required, c.g the comrect walue of Fx for the
siation selected, whilss the other ks an undesirable image signal,

B ----;.—

To clarify this i
€ by & numerlcal example, sup the: degg
:r:;‘ #Eqrm is 800 kHz and the IF 450 kHr -&mﬁm mﬂﬁj
p ﬁmu—hh?m signal frequency, To produce the néeessary IF outpat
g Iﬁnﬂpﬂﬂﬁhﬁﬂm‘hﬂn }ul;l oscillator will have 1o be set for 00 +
; ¥ mme IF outpur will
however, if 8 1,250 + 450 = 1,700 kHz inprut !J-gttp:,l hrm:iﬁdPﬂ;lmn:i:;
::u of mixing will again be 3 froquency of 1,700 — 450 = 11:5@1&_
Ehﬁlﬂl Wf::s:m E:IL satisfactory werking, thmi‘:n. s pood
i o reduce the rEsponse 10 image gnats to negligible
The sgnaldodmape rutio, or fm i i gilled,
i nge ratio g it is ussall
i:pends on the selectivily of the RF tuned circuits preceding TL mibker
converter. At the same tine the higher the IF the higher the image
ratio, singe radsing the IF incresses the frequency separation between
signal and imuge and places the tier farther away from the peak of the
mnmm: m:p:d of 'cl'un1 signat-lrequency cirouils.
uE & Ehced amateur—and certainly the beginne
;h:u.ul to tackle miperhet construction because uf'l_ltwslur
smiplexities end large number of components involved, pmmmfﬂ
aligrment, ln_ﬂl the cireult working satisfactorily. Probably the best
Ffmprmdnm ml:rlI:LLupm-ﬁ; nee Iy guined with superhiet behaviou r, b b baelld
i, h fwclude pre-abigned IF trangformens. However, It is

) ~EFETe-

SR

Fg 102 Typleal sapechit “front end’ 1

o Peaturnmg poneemniiona
Tiirerd
o Tn_l‘ loosl escillator and mier, and olso ene vupr of [F

NN STR-—
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i i b gl
it 78 Comgilete saperhet cisll op
nF.':Iin; i b followed by amy suiable outped circeil. This design

e Tepn tranEE

THI, 2442593 WVHT, Sk potentismeier

202 iwolEmn controdh

::5::: C1, 53, pamped tuniig capacking
R2, 1.7k or higher l."lﬂn-rﬂ.l.!l'
R, 11K i, 001wl
R&, [0k G5, 3 uF
RS, 39k 6, 0,01 uF
Iﬂi. 1k IFTH and 10T, miniabune

i 1F imarsformers

04 710 o7 equivulest dlods

] d o T irnssioms
uge o working superhet clrouit tase
E?:‘tm;lpﬂcm. with mtitably selected components ot the grithcal

i i
clreuit elements—notably the gmiped tuning capacitors, local pacili
“dﬁlfh::umﬂh;::::fml end” including tuned cirguit, local WT:;:
and IF transformer & shown in Fig. 10.2. Ll iz the mntng;;?ﬂ Tj“u i
the coupling coil (each wound on a ferrite rod); L_ :j *
ui'-niﬂ:m-! .mll.1 inductively coupled to trimsistor TR1 via mmm.lt;-

ant frequencies of these fwo cirouits gre puned simi ik
i Tﬂl':f:m ged variable capacitors €1 and C2. In aprfcl.h:l! Tm.j
x:hm:m-mxpamm would huve its own trimmer capacitor, CT1 an

CT2 respectively, for fine trimming.

b

3

Transistor TR s the mixer or wtodwie frequence changer, the IF
signal being selected by the IF transformer 1FT1,

The following sections, fed from 1ET1, s TRE a8 wn 1F amplifies,
and also provide the AF stage 1o feed the diode deteator vin a second IF
tranuformer 1LFT2. The whole of this cireuit i3 shevam in Fig. 10.3, An
additional stage of IF amplification could be incloded, and also & moge
sophisticated output stage, Comsnon practice s to fallow & single yage
of AF amplification by i push—pull output, with the driver Irangisior
selected for high gain, and the oulput load formed by the primary of &
phasesplitting transformer, However, keeping the mumber of Lon-
partents invalved 1o @ minimum and using onky fwe [F fransforman;
considerbly stmplifies both constraction and allgnmeni.

Comecl tracking of the serial- and mcillmtor-tuned clicnits o
maintsin the constant IF difference can be obtained by using a tuning
capacitor with spectally shaped vanes for the ascillaior clrcuit; or by a
conventional padded capacitor. Sty capecitance between the aerial

unwanted feedbuck between ihe two HCU0AS, 80 & scTeen i umiafly
placed between them 1o prevent this. These effects can wlio arise
between the wires connecting fo the wavechange switch, so e must
be kept s short s possible {on il completely incorporated an 8
printed clrcult, the circuil elements Kept short and well spoced 1o
eliminate capacity effects).

In &l cases, regardiess of the 1ype of sscillater and mixer, the first IF
traniformer rocetves o mixtuse of locyl oscillator frequency, sial
frequency and the sum and difference of the rwo. Iy Is therefore
necessary 10 use 3 capscilor across the primasy to produce an LC cirpiit
o resonate ot the IF. This capacitor is of Rxed value (matched to the
inductance of the coil), when uny adfustment requiced for alignment is
provided by an tron-iest core i the coll enabling the inductance to e
varied over the nocessary range. Once the overnll LT vaiue has boen
adpiited to @ mesonant frequency corresponding 1o the IF the tuning
remais fixed,

Output from this stage i an AF modulsied HF signal @i the [F,
which has also been subject 1o amplificatiog.

Adignment with simple circaits should be quite straightforward and
can be done without the aid of g ugnal generstor. Particulnr CarE,
however, musi be taken not [0 overtighten the tuning shigs in minig ture
coils a8 these sre easdly janimed, resulting in permanent damage 1o 1he
coil ince it will be virtually impessible 1o femive the core without first
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removing the coil from the printed circuit; and equully slmowt
impossible to remove the coll without damage.

To align without 3 signal generator, the set is tuned to the mid-way
point on the long waveband and the core of L4 adjudted to receive BBC
Radio 2. The tuning control sheuld then be adjusted to the highes
wavelength end of the mediwm waveband and the cores of 1FT1 and
IFT2 adjusted Tor maximum output. Further sdjustment of volume can
thon he made by shiding the agrial coll along the femte sish, and once
the begt position iz found the sleewe should be fixed with wax or
eellulose tape. The receiver should then be tuned to 3ID0m approx-
imately ond copecitor C1 or s wimmer CT1 adjusied until an
identifishle station s recelved and them brought up to maximum
valume by sdjustment of capacitor €2 or its trimmer CT2. I necessary,
the alignrent stages should be repeated for the meédium waveband until
all siations sre rocakved ai pood signal strength,

Using a egnal peneratos, alignmien ls even skmplet and mare positive,
The basic procedure should be-

{1} Injected signal, 600 kHz, sdjust tuning to correspond to the

eid of the (medium) wiveband.

{ii} Injected signid, 470 kHz, sdjust 1FT1 amd 1FT12 cores for
A ot

() Injected stgnal, S00 kHe, adpist coll position on ferrite rod Tor

bzt resutis,
(v} Injected signal, 1,450 kHzx, adjust trimmens CT1 and CT2 for

T T

Mullard B-transistor racaiver

Thit design itz for a simple portshle recefver using alloy-junction
transistors and a sinple 9% battery with transformeres push—puoll
autputl, The circull i suitable (o making & s mediimsize portable
receiver with a Ferroxeube rod seral, or in minmiure siee il preferred.
The standard IF of 470 kHz is used with the Jocal oscillator frequency
above ihe signul frequency. One OC44 gnd two OC4S iruneistom are
used im the mixer and IF stages, The detector is-a germanium diode
type QATO, The sudio stages comprise one OCTI transistor delving a
matched pair of OCT2 transistors.

The OC34 operates as a sel-oscillating mixer, with RF signals from
e aenal coupling coil fed into the base of the OC44, keading 1o The

X

desigm for wix-fransistor superhel Tolerznce al resistory marked with an astesiik chould be 5 per cenny

Flu 1008 Oewir 24 Muudlard
wihers 1 per cant,



Superhen n
geneqation of local owcillation feedback from the collector to the
emitter, The IF Is selected st the callector of the OC44 by the first IF
trangformer T3,

The IF amplifier comprises two DC4S5 common-emitier circuity
operating unilateralized, with the choice of bandwidth eompromising
between quality and selectivity. The third IF transformer TS5 s
connecied 1o the OAT0 diode detector, with the d.e. ouiput Fed back
to the firt IF transformer 1o provide sutlomatic daln control,
Double-tuned IF transformerns are recommended for optimim perfor-
mance s regards frequency respome wnd bmage rejection.

The Cluss B transformerless outpul stage requires o foudspeaker with
2 3543 speech coil to provide the correct Toad Tor an olitpuf of 200
mW, with negative feedback applied to the emitter of the OCT1 dever
from the loudspenker terminal,

All compenent vaiues are shown on the circuit dtagram (Fig. 10.4),
The value of the wning capacitance is ot critical, but must be
miTicient to provide the desired frequency coverage. The serinl section
bz o capecitance of 175 pF and the ascillator secthon a capacitance of
125 pF. A screen should be used between the oscillator snd acrial
seations of the tuning capscitor (.. the tuning capacitor s specified)
to be sare of eliminating undesired feedback in the circuit, The
pessibility of feedback will be at maximum whesn the receiver i tuned
o its highest frequency, and will also be incremed when the tuning
cupaciior has & bow value (e.g. as typically the case with a mininture
tusung capacitor),

A ministurized version of the original circuit & shown in Fig- 10.5,
again with all component vahies marked. Here the ouilpul is reduced (o
1080 mW driving a 75-02 miniatare speaker. Current consumption of this
circult is reduced from 9 mA zero signal, 20 mA svemge, to 7 mA and
13 mA, respoctively. This mininiurized cisouit peemidty of  further
mudification by substituting 2 Clum A output with transformer drive 1o
the speaker, reducing the number of transitors required to five, bt

Increasing the batlery consumption.

v

e

Ak}
f 15 %
of 1s

iz aikbera
Fig. 105 Crrenir 25, Mullord design ministure srpurhet, Tolerance of nesiston marked with an asienik should b5 per cen

10 pex cenr,
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1 COMPONENTS

The following descriptions are intended to (amiliaree waden with the
various basic components used in mdio construction, as well & being a
ugeful reference when selecting components for making & particula
grewit,

Resistors

The fist thing to remember about resistors is that their mize s no
indication of their actonl resistance value; rather it is 8 rooph indication
of the power ritie. Transistor cirouits operate with low power ratings
and s small {physical) resiston ste comamonly employed.

Actual #zes of tesdstors manpe from 4 mm long by 1.2 momy diame{er
{with & ¢&-W power rating), up to aboui 50mm long by 6 mm
diameter (with o 7-W power rating); and even larges in the old-fashioned
type of carbon rod resistors, A comparison of modem resistor Sizes is
ghven in Fig. 11.1; thiz diagram s also g useful method of identifyving
thie vurlous frpes of msiatare by thels shape.,

There are Mve main fepes of sesistoss, classified by their con-
struction

(D) Mowldedwcorbon type, literally a rod made from & mixture of
earbon snd binder fired into a rigid Torm, This 10d 2 usually protected
with u liequer coating, or a paper or cerarnic sleeve. These are the
old-Tushloned type which sre still availoble (wsally @ “sarplus’ stock)
and &re sillable for any non-critical circuit. Ratings are wsually W,

§Wand 1 W.
(i) Hiph-stabiliry corbon resistors, much smaller and compest, made

18

: =
——
C

—
- -
. =

1o

Fig. 1L} Modsti resietom

1, ¥ carban-Flm 6. § W metsl-oxide
2, § W carban-fikm T 1 W carbon-im
3, W carbon-dilm B 1 W wirc-woand
4, 5W motalfilm B3 W wire-wound
1, 1 W arbon-flim 10, 7 W wire-wround

from carbon film. These are miniature and sub-miniature in site and ans
!.hl:- pu:;;n;dt}'p? Tor peneral wee because of their good stobility, low
nuise, te low cost. Ra are 3 H

i tings wsually & W, W, i W, I W,

(iis) Mesal-fibm resistors, which are made by depositing a fil
nickel-chromium on a high-gride coramic trn?;' mdml]:: m:t:l“:
helical track through the film 16 produce the requised resistance vahues.
End caps are fitted to carry the leads and the reststor hody |s protected
by @ lacquer conting. These are much more stable than carbon resiston
but st about fotr times a8 much, Ratings are from & W upwards.

(iv) Metel-oxide resistors, made by deposlting a film of tin oxide on
: qm:h] plans rod, the whale heing subsequently covered with a

eal-iesistant costing. Stability is sgain very high and this I
virtually proof against damage thiough overheating (e Whmhl;li-;;m
ing) and is also unaffected by dampness. The usual ratlng is § W,

(¥) Wire-wonind types, generally only requived for special circults
where vory low resistance values pe requined endfor very high currenta
have 1o be carried. Typical ratings may range from 1 to 5 W for 2 0.5
resistor to 25 W or more for higher resistance values,

Regardless of sze, shape and type, the usual method of marking a
registor vale b by coloured bands on the body, read in order 1,2, 3



B0 Radio Construction for Amsteurs

FHD FMULTIFLIER
e TOLENANCE

157

Flg 11,3  Sigmiaed resistor colour coding,

from ihe bond nearest one end—Fig 11.2. The equivalent value b
determined by

grves (s gives secaid gven numkes

figure of Migure of off neughts o

reslsdane FRiEtARDE pud affer fits
Cndoar walue valus two figures
Hlack 1] ] Wine
Hrown 1 1 1]
Bl - | 1 ﬂ
Cirange 3 E]
Yelluw 4 4 ng
Giresii L ] TH
Biue ] i CICHEHA]
Viirlai 1 1 DI
Grey (] i DDOCG00
White i b J CNH R O
Examyry; resitor colour code mrad a3 Rrown. Blue, Cange.

Brown Hlue rampe
vlon read B 1 ] 0an

Lo 16,000 0 op 16 kDY (kilshme)

On some old-type resistors the three coloun are applied in o
different manner—a cotoured body, coloured tip and coloured spof on
the body. The code (8 then read in the order body, tp, spol.

Many resstoss have an sdditionsl (fourth) coloured band, which
expreases the roderaner on the resistor value. The equivalent tolemnces
no indicated ané:

Components B1

Stver bard 10 per cent tolerance
Gold bang 5 per cent [odemnce
Read band 2 per cand tolerance
Brown band | per cent tolersnee

For most clrewits resistors with @ gold band {5 per cent tolérance)
are the recommended choice: slver band (10 per cent toberance) are pod
enough for general use. Finer toderances (red or hrown band) are moi

necemary, except for critical cirewits. No fourth bund implies s
tobermance of 20 per cent.

Cither varations which may be found on colour coding aee:

@ satmion pink band indicating o highstubility type;

n double ring of the first colour band, indicating a wire-wound
resdsteo,

Some types of modern reststons are not colour coded but the values
are marked directly on to them in numbers and letters. Mumbery
indicate numerical values and ferters indicate multipliers, viz:

LS
K=x 1000
M= 1 000,060

Tolemnces are slso given by o weond letter, viz:

M = 20 per cent

K = 10 per cent

J = 5 percent

= 1.5 per cont

G = 3 'per ceni

£ = | per cenl

The fimt etter (‘multiplier”) comes in & position which determines

the dectimal paint. Thus:

rating 3R designates X 1 =50
487 designates 4 x 1,000 and 0.7 or 4.7 k3
BIK designates 82 x 1,000 or K2 k{1

The laolerance letter comes af the end, 2.

AK7J means » 4,7-ki} resistor with a 5 per cent talerance
Actual resistor waliies are also normally based on preferred mumbers
and not simple arithmetical steps. The reason for this is that prefemed
number seps gve approximately constani percendage chonge in
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icaistance from one walue (o the next The wsusd registance values
ohtdtnahle are thus:

i LF1] 1]
o Lo Lo
I 1.2 | 3
15 L3 L3
18 LA I8
22 &2 3
1 21 1.1
33 13 1.3
F iy 348
47 4.7 4.7
56 k¥ ] 56
L b8 6.8
LB B2 2

10

130

150

jk: L

]

20

EF )

ELE

4T

60

L

2L}

“Typical values for wity wound resivtors below 10 0 mer 033, 0LS, L, 1.5, 2,
353, 3.0, 4, 47,5, 5.6 6. 60 and B

Varisble resistors {potentiometars)
Variable resistors, or potentiomerers, are normally constructed from a
resistive element, formed into 2 270" arc, with & wiper arm connected
to it, and turned by o contral spindie, There are thres external terminal
tags, the outer ones connect to the ends of the resistance element and
the centre tag to the wiper—see Fig. 11.3,

The resistance element may be a carbon track or n winding of
resistance wire (wire-wound potentiometers) Carbon-track poten:
tcmeters are cheaper than wire-wound types and are suitshle fos most
penieral crcuit spplications, &t low power levels, eg. L to §W for low

REWIE TANCE
WIPER AFFRON TRACK

Fig, 11,3 Vanable redlsion ar polentinmeter,

resistance values, reducing with higher resistance values. Wireswound
potentiometers have o higher power rating—usually of the order of | to
3W conlinuous for the whole track; they are also made 0 Jower
resistanice values obtainable with carbon-track potentiomerars.

Tho usual resistance values available in each type are:

Corbon-prack: 100,220,470, 1k, 22k, 4.7k 10k, 22k, 47 k, 100k,
20k 470k, I M, 2.2 M anid 4.7 M.

Wireweniea; 10, 22, 47, 100, 220, 470, 1 KXk 47 k10k 22k,
and 47 k.

The penemal appeamance of typical carbon-track and wire-wound
potentiometers is shown in Fig. 11.4; they are also made with a sliding

Fig. 11.4  Polmtametens

A, Typlesl wmall carbot-track, about 20 mm dismeier;

W, Open-type carbon-track limewr poientiometer, sbout 15 non diameisr;
i, Typieal wire-wousnd potentiomster, diameber 15 1o 35 mm,
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Fig 115 Moders slides-type corbop-trick polEniimmeeer.

rather than a rotary movement. The old type consisted of & wire
winding on a suitable cylindrical former, traversed by s sliding contact
asembly, The modern ministure dider-potentiometer is much more
compact &nd fully enclosed, except for the siot in which the slider arm
travels—Fig. 11.5. The resistance track may be carbon, or wire-wound,
Slider-type variable resisions have come into favour for volume controls
o modern radio deaigns.

Potentiometens are also described us linear or pon-iness, this
referring to the manner in which resistance values vary with wiper
movement and mof whether the polentiometer i a alider or oty -
action type. With a limear potentiometer the resistance changs i
direclly proportional to the actual movement, eg 3 50 per cent

1: ] W
. /
g /
fg | : 5[
15 T
o :
: /1 <
1} hﬂ#—fﬂ ¥ 70 80 96 00

FER CENT bdiiiiuii RriaTaan PO/ ‘D RESIS TANCE
Flg. 116 Liness and logerithmi; poisstiome e chanees fstics.

Components BS

movement will correspond to o 50 per cent change in resistange-soe
Fig. 11 6.

Slide-type potentiometers normally sulomatically provide linear
cheracteristics. Rotary types may have linear or logeridomic character-
istics, the latter producing an increasingly greater chiange in resistance
with spindle rotation (s2e Fig 1 1.6 again),

Potentiometers may alio be designed with characteristics bnter
medinste berweer linear and logrithmie, e.g. semilog or Haeas -tapered;
and also with inverse chasscteristics, &g, antifog. Either liness or
logatithmic potentiometers are sultable for most volume contral duties
ek, although logarithmic types are prnerally preferred.

™ CIRCUIT

—

Fig. IL.Y  Potenbometer with os-oll rviching.

Wiring, connections to s potentiometer are simple, remembering that
the two cutside tags connect 1o each end of the reststance track and the
centre fag to the wiper. For & simple volume control, connaction is thux
nermally to one end tay and the centre (g, Some potentiometers are
made with an "off* location st one end of the wiper movement (usually
maximum anti<clockwise movement) when the wiper runs off the
reststance track—Fig. | 1.7, This lype can combine the duties of volume
control and on-ofT switch, in suitsble dreuits. Power supplies are
wually switched on and off by 5 switch mechanically coupled to the
volume control,

Capacitors
Modern capaclions come in o wide variety of different types, slzes and

constructions, many having overlapping values. The older paper tubuler
type. constructed of silver foll interleaved with mica sheets, have largely
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Fig. 118 Lxamples of modesm mintaturs capacitons

A, Ceraniao disc. 1,000 pF to 0,1 @ F lapprox, sctusl el
B, Ceramiy plate, sres from 4 « 28 mm o 13 £ 5 mmy
T, Cemmie plate bibular

BN, Tubaikay' cmarmiic, fypécul nizes;

E, Sivered mica:

besn replaced by minfaturized ones, slthough they continue 1o be wed
in the capacity 0.05 10 2 gF (eg in preference o an electrolyiic
capacitor). Working voltages are of the order of 200 to 1 000V for
paper 1y pes, or up 1o 10,000 V with plasticimpregnated types.
Minlsture capacitors are of ceramic, polystyrene, sflver mica or
mylar construction—see Fig. | L8, Ceramic agpocitons miuy be of 0.1 uF
{but with working voltages generally substuntially reduced above
3000 pF capacity) Tubwler ceromuic copavitors have s similar value

Uy 0 e
range and are usually rated for o mean working voltage of 350V,
Sitvered micr cupacitors with values ranging from 2.2 pF up 1o 10,000
pF (001 uF) are rather lirger and have a higher woltage rating (typically
500 V).

Polyester capoeifors ate produced I two main conflgura tions,
cylindrical with offset end leads, and dah shape with radial leads for PC
board mounisg, Physical sipe Increases with increating capacity rating:
thus a typlcal size for a cylindrical polyesster capacitor of 220 pF or les
s & mm long by 3.5 mm diameter. For the highest valoes with this type
(g 22,000 pF) sire can be up to 32 mm jong by 12 mm diameter,
Polvester capaciton are wsually constructed for high-capacity valies,
eg- 001 to 3.2 uF, with siee again incressing with capacity. Working
voltnge for these bs mormally 125 V for smaller values, or 250 W,

Mylar film copocitors are similwrly comtructed, with radial lepads,
produced specifically for PC bosrd mounting, The range of valies b
miore limited, e . from U001 100,72 uF,

Diher types inclode polyaarbonaie capeeftors, made in' both rect-
angular (*box”) and tubklir configurstions, with working woltages of
230V for values up to 0.1 @F, and 100 V for values up to | uF,
although special constructions for high valves can sccepl higher
working voltapes.

All the above are nonpolrrired copacifors, meaning that it does G
matter which way round they aré connected in o circuit, Other types
are polarized and must slways be commected i o specific manner ("plus
toplug’), otherwise they will be degraded and eventually destroved,

The best known type of polarized capacitor is the eleetrolytic
capdeifor, originally based on &n slominium rod or Tl plute in condned
with & paste electrolyic. The capacitor is then formed by pasing o
direct corrent through it during manufacture, depoditing o thin film of
aluminium oxide on the abuminium sirface by electrochimicl action,
This type of construction allows quite high values of CapuEtance (o be
produced in a relatively compact envelope, e ap to 1,000 1F, Eeched
Sl electralytic capucitors permit even greater dipacitance valuss 1o be
achieved for the same siee, and 20 make it possible to produce
miniature fypes with high capucity values. lo the later case the working
voltage Is generally reduced, :

Modem electrolytic capacitors are usually of etched foil type, o the
more recently developed tantalum construction, wiich are produced in
both conventional cylindrical configuration with s Jeads snd
tarstatum bewd form—see Fig. 11.9. Both types have low voltage ratings,
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TV¥FICAL SITE RANGE

Fig. 119  Elecwolyiic capaciion

A, Metal-comed cylindrical with sxial leads;
T, Tantshiim bead, typicad siee rangs

decreasing with increasing capecity value, e.g. from 35 to 40V for 0.1
uF capscityr to 3V a1 100 uF capaciiy. Tanmshim capscitons are also
meade i non-polarized form,

Fafuen are normally micked directly on the body of the capacitor;
sinne types, however, may be colow coded, the code adopted no
necessanly being wniversal (it can vary from one manufscturer to
another and from countey (o coudiry W the case of alder products)

Folvezter alab-shaped capaciton are normally colow coded Instead
of marked, the colours following (e same code & @ resistors, Up o
five bunds can be used, the sequence being:

Ist-colour glves Mt significant digit in pF

Ind colour ghves second sgnificant digit in pF

Yrd colowr gives the maultiplier

dth colowr ghves the foleramee, eg. white 10 per cent, blue
{sometimes black) 20 per cent

Sith colour gives the voltage, red 250, yellow 400V

The fourth and fifth cofows bands may be missing; if only the fifth is

mistng, this implies 8 working voltage of 30V,

Coloar eoding by rings may also be found on moulded-paper and
same tubplar ceramic capadion. Some disc and slib-type capacitors
miy be colour coded by dots—see Fig. 11,10, '

Variable capacitors

Varighle capacitors are used fof finfmg or iriremiig to enable the
capacitance in 8 critieal ceeult to be adjusted. There are phisicul

BY
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Fig. 1118 Some capaciior coluar-dol codes

A, Dese oeamis;

B, Moulded paper;

C; Meenalic gnd ceramic.
differences between & tuning capacitor and @ trimming capacitor, both
in site and congtruction, bul both work on the same purlmipl: and
could, in fct, be used for either duty.

Tuning capacitors are commonly of the sir-dielectric 1ype, consisting
of two seix of intermeshing metal vanes, one set fixed md the other
rotatable by about 180 degrees by menns of a spindle. When fully
closed (.. the spindle is tumed so that the rotuting vanes e Fully in
mesh with the fixed vanes) capecitsnce is a minimum, and when fully
opened (Le. turned to full movement the opposite wiy) o maximusm.

The maximum cupacity of sir-dielectric varlahle capacitors of ihis
configuration ranges from sbowt 10 pF o 1,000 pF. Physical size may
range from ‘mininture’, e.g. shout 25 mm squsre and 13 mm thick, up
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o 50 % 60 x B0 mm,; or even farger, but i no Wvdicethon of the working
capacity ramge. 1 B largely @ matter of convendence and compaciness 1o
use miniatire tuning capacitors for transEstor cirenits and these may be
of the solid-dizlectric mther than air-dieleciric type. Typical forms are
illustrated in Fig. 11,11, showing single and ganped condenser, the latter
used where two separite crouits ars required (o be tuned simul-
tanceisly from a single contral,

Fig: 1111 Tunimg capasiisorn

Ay Ar-disdectng

B, Sotid-tislortric.

C, Solld-dielectric, minwpure,
D, Two-gaing ale<dielectric.

Trinimiing copucitor sre usbally bassd on o mics-dislectric and
consist of two or more plates separated by very thin shests of mica.
Capacity is reduced by tuming o central screw (o adjust the pressure
beiween plates and mica, They &re designed primarily to be adjusted tn
& required capacity walue and then left set in this posithon but can,
hrwever, be used as 8 tuning capagior where their pmall pluyeical gixe is
pn wdvantage (e.g. in & sub-minfsture eceiver), they are also cheaper
than tuning capicdion.

Fig: 1132  Trimmer capscdion

A, Bechive 1y pe {abr-digkectic);
B, Ale-diehectnic;

I, Mica-ifisfectny:

D, Ceramis,

Some forms of trimming cepiciton. are shown in Fig 11,12, Not all
wich types have & mica-dielectric, some desipns being based on » plastic
diclectric ar even air-spaced. The latter usually provide better respanse
if & trimming capacitor is usod s & fundng contred,

Like potentiometers, varioble capacitors can have different work-
ing characteristics, |.e. lineas, logarithmic etc., depending primarily on
the shape of the plates, Thess characteristics are usially:

(1) Linear capacitonce, where ¢ach degree of spindle rotation
producses un equal change in capacitance.
(i) Even frequency, wheme each degree of spindle rotation
produces an equal change in freguency in a tuned circudt,
(i) Siuore kew, where the change in capaditance is proportional o
the square of the magle of movement.
(v} Legurithmic, where each degree of spindle movement produces
i comstant percentage change in frequency,
Linegr-frequency charscteristics are usually prefered for o mdio
receiver tuning capaciios.
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Transistors

Transistors are classifled generally under two main types depending o
the rmaterisl used in thelr eonstruction, germanium o silicon. Germ-
ankim  tansilom e the earfier dype, bul pesformance has been
considerably improved by sdoptom of alloy-junction or slloy-diffukion
methids of manufacture; silicon-junction transisters are normally made
by the planar process. Where speclal charactenstics s required (e g
RF and IF applications), the manufscturing process s modified dightly
to produce whib is called sn epiiaxlal (sllconplinar) tansistor. There
i abvo m third type known s o Geld<iTect tmansistor (FET) in which
bath the constrsgtion and characieristics  differ spprecinbly  from
permmaniim and silicon-sunction types,

In general, germaniog Gensiston are well sutled to lowvaliuge AF
circults because of thelr jow voltage lofses and also because they can
emlly be mutched In pn-p/ri-pn pairs for push—pull output circoits;
they are also cheaper than silicon-planar tromsitors: Silicon rensiton,
an the other hand, have lower leakage losses and higher voltage mitlngs,
making them mare saitable for higher outpot sadio circuits, and for use

i

Fig. 11,13 Seme transistos pailme ghapes.

“AH R

=5 @ O

Fig. 11.14  Common transistor kad configamijon.

al higher frequencies. They have the further advantage that they can
operate successfully o1 temperatures up to 150°C or more, whitress the
maximum working lemperature for germanhim trandstors §s rormally
below 1007C.

Trangistors are basically thiceclement devices, the comnections to
the ¢lementz being In the form of three wires emerging from the
bottom of the transistor, the whole being encapsulated in o metal or
plastic case. Trangistor outlines and sizes vary enormously (see
Flg. 1113}, but the arrangement of the emergent wires normally
lallows one of the standard patterns to sisdst in identification—ase Fig.
11.14, The three connections involved are 1o the base (B), emirter {e)
and eolleécror (o).

When the transistor buse i circular, the wires may emerge In
triangular form or in line, In l.h:r formes cuse the two bottom polits of
the triangle lie in o dlameter line, and viewsd in this position Trom the
botiom the apex wire bs the base, the emitter is to the left of the base,
and the collector to the right. If the wires emerpe in line, 8 whife o
coloured spot on the can or body marks the end comespondinig 1o the
collector lead. The base is then the middle one, and the emitier the
oibser end Mad

With & rectangular buse the wires again emerge in fine. The collector
lead is ldentified s being more widely spaced from the middle wine
(buse ) than the other end wire, altho ecific irt from
ithis configuratio, ki e e

Some other variations are shown in Flg 11,15. Some may have four
wires emerging from the base m line) the additionnd wise i the middle
one conoected to an imtemnal shield {5). This does not form part of any
tonnoction 1o o cirmuit and is sither ignoved or connecied extemnally to
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the case. Other types are designed specifically 10 plug into PC boards
and have righd tesminal srepss rather than wires—agnin connections can
wary , 50 it is impuortant to verify them for @ particulsr type.

Fower rransistors are of more rugged construction and generally have
different connections sgaln, Some may have three wire connections,
athers just two terminal strips—sce Fig. 11,16, In the latter case the
collecton connection i absent, the collector being connected internatly
to the case. Emitter and base Jeads are normally marked ‘E' and "B’
respectively. The calleetor connection is then normally made to one of
the screws mounting the transistor (or to en external termingl tag
suitably connected to the case).

Power transistors are normally mownted on a heat gik 1o awis in
dissipatinig heat from the case. It i usually necesarty (except in a
prounded callector cirouit) to electrically [nsulate the tansistor From
this hest sink; at the same thne this Ensulatos must be a pood gonductor
of heat. Suitable insulstors are readily ivailsble to make heat sinks,
consisting of 1 simple gasket or washer of mica, snodised aluminium or
fabric. Fabric washers require greasing with silicon gresse to make
them heat-conducting, Some types of power transisiors have tubulsr
bodies when a finned coaling clip may be used 1o dissipate heat, instead
of & heat sink.,

SR

Fig 11.16  Powes tramsisbor

Companents o5

Transistors are furiher clmaified as being either panp of nep-n, the
main significance of which is the difference in polarity of connections,
Most pormanhum iransistors are pn-p types {although n-p-n ones are
made for AF amplifiers and a8 the complement for matched pairs);
most general-purpose slicon transistors are np-n types, although again
po-p ones wre uho produced. If in the slightest doubt, the actual fype
shiuld be checked as connection with reversed polarity can ruin the
Lramemstor.

The general rules to follow as regards polerity of transistor
comneciion e

with a p-N-p transistor the coflector must be Megative;
with & n-P-n transistor the collector must be Positive.
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The general rule for designing a circuit layout is to follow, a5 far 2
possible, the same disposition and relative positioning of the ndividieal
components x5-on the clrewit diagram. This should sliminats overlong
wires atd avold unnecessary crossing over of leads.

Tug sivips form s convenient method of isseribling simple circulis
invelving a relutively emall number of components. Two tEg sinips,
mounted an inch or s apart on & Paxolin panel, emable fndividual
components {0 be soldered betwesn pairs of tags with commen
conmecting leads where necemary—Flg. 12,1, Alternatively, ready-
mounted tag sirips can be purchased us fay bourds A Companent
continuing & cirouit from o ‘common’ point has it second lead soldered
to o spare tag, which can become o ‘common’ connecting point For
another component, spd so on,

Fig 121 Tag boardi can be made by mousting tag strign om a
Paxabin pansi, or bough! resdy-made,

Cirewlt Comstruction B2

TWISTED TDGETHER
PN iN P L ﬂLEFﬂLm
% & Y

X
'TRREDR' COPPER WIRE

Fig. 122 Sutsble method ol circust comstrinstion imvalving small
mgnbir-of components;

This technique was illustrated in the construction of smple crystal
=i in Chapter 3. It iz adapiable 1o more complex clreaiis, particularly
for experimental work, but i genevally untidy and utinecessarily bulky
for general use. The greater the number of components, the more the
circuit assembly tends to expand lengthwise, with lots of wasted fpace.

Direct mssembly can be an sttractive alternitive whers the com-
penents are laid out in order on a Paxolin panel. Connections are made
by twisting sppropriste lesds together, then soldering (cutting off
surplus length of leads where necestary), Larget common connections
can be msde to 3 length of “tinned" copper wire of shout 16 £, laid
flat on the panel. One or two major components, such & aerial cofls
and the toning capacitor, can be scured to the panel, forming an
imchar poind for the test of the clieult, Muin terminal point, e.g. for
battery connectors, can be Tormed by &BA bram bolts fitied through
holes drilled at one end of the panel,

Conetructed correctly, the reslt can be quite meal jind relatively
compact, with Lthe whole drcuit quite rigid—Fig, 12,2,

‘Christmus tree’ layout is for the experimental of tes) ciraull only; it
follows the same principle of connecling components by twisting and
saldering individual leads togaiher, but without uny altempt to lay
them out flat or mount on 8 panel. The resalt invariably looks pretty
messy, but it ls simple end it works—provided lesds do not accidentally
toich one ancother and produce 3 shiort-cireuil.

Breadboand constraction is probably (he best for the more serious
eapermenter, and can also be vsed for permanent circuits whers irverall
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Fig. 123 ‘Bresdtoard’ panel with pee-drilled conticy aidps, In
some eases e copper b lm dimg strips, sectlons belng bolated by
caftimng Ehaosgh, = maguized,

8§z s not impaortant, It is similar 10 tagsinp assembly except that the
tetminal paints are laid out i the form of sirips an o Mlai panel. Each
strip has @ number of holes into which individual component leads can
be inseried for comimon connectbon, the other leadie)} connec ting across
to further separate sitips as required to continue the cireuit—Fig. 12,3,
Some proprietary hreadboards have small spring clips fitted under
individual hodéa both to peovide positive contact and hold the
campunent in position without seldering—Fig. 12.4. In others the strips

Fig. 134 Modem breadbourd wmt with spring Focitom  lar
compasents pushad n pesition

Cireidlt Constriction -G8

ure dmply copper with dellled holes, component leads being soldered in
plition; strip lengths in this case may be in sparate sections, or run
the whole length of the panel, in the latier case the sirip being cut
through to isolate each group of conpection points = required.

Pegboard sssembly is hased on a perforated bascboard of o suitable
insulating materisl with terminal pillans which be inserted into
holes, a8 required, o provide connecting polnts for Compaen s —Fig.
12.5. The pillars may have 3 screw top for solderless sssombly, or be of
plain copper ar brass for soldered connections, A similsr wehnique can
be allied o a breadboard' with prefabricoted conne; Ling strips, the
ierminul pillars being inseried in the pre-drilled holes, and strips lsolated
s AECEiEary.

Propuietary constructional panels of tese two types are designed fox
both amateur and general wse and are widely favoured by many
constructons who find designing their own component leyout a iricky
problem. A feature of meny of these is that they can be used over and
aver sgain. The best sdvice regarding their suitability is 1o Experiment
and find by experience which appesls most 1o the individus| builder, or
I Found easiest to mes,

An altermative homemode’ system, which would be regarded as
crude by maost professionals, is to cul # patiel of ply or even hard balsa
fox the base, draw on the position of the components (as nesr 1o seale
xs passible) and clearly mark the common ¢esinection points required,
A copper nadl is then driven nto the basa 31 each end of hese points,
forming terminal posts (o which component leads can be soldered—Fig.

Fig. 115 '"Peghound” constroction uwsing s perforated basebaard
anal priidi-in sermingd e
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POrSA TIGING FIRe COMPOMENTS
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Fli. 126 “Copper rafl” erhnigue - agin mitable for small clrcuit.

12.6. Longer common leads can agsin be 3 length of tinned copper
wire soldered betwesn fwo ond nails;

A refinement of this i to use a Paxolin panel, and screw of hoft
small individual tags to main and common connecting points; the longer
common connectiond are formed from tinned copper wire soldered
between two tag; individual common connecting potnts are formed by
sepane tags—Fig 12,7,

The best technique, particulardy where miniaturization of the cireuit
W required, s printed-cirmit ssembly - Fip, 12.8. Printed-circuit stock
is invariably  purchased in punelt which can be eut 1o the overall size
required, one face of which i conted with copper foil und the setial
chreslt ‘pattern  produced by etching. Thh involves transferring a
drawing of the clecuit on to the copper, coating l copgi@r ares which
are o rerdn with a suitable resist, and then immersing the panel in an
acid bath 1o etch or dissolve sway the remuining unwanied copper. The

P 04 M
PRCWE |

Fig- 12,1  Home-fabilcated tag- and bio-bar panel
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Fig. 1LB  Printed-circall drawing layout for o push-pidl ammplimer.

resizt is then removed with & solvenl, when the PC ponel can be
prepared for component assembly by drilling, etc.

Al this work s well within the scope of the amatesr enthusisst,
efther working from s PC plan or designing s sultable printed pattein
equivalent to a theoretical ciroudt design, although the laiter can
became quits an Involved business, Alternatively, muny standard radio
designs elc., sre avuilable s kit or in component Torm of home
assembly , inchiding 4 complete PC, resdy drilled as nocessary | this laties
fenture suves a lot of time and effort, being a point of design on which
the lres experienced constructor 18 likely to g0 wiong. One of the base
ewsentisls of PC design, in lact, is compleie famillarity with component
sixes 3 thul mounting holes or holes for lesds properly match the
eompanents fo be accommodoted, all amanged in logical order, both
phiysically and electrically. Unlike ordinary wiring-up. PC conductar
cannot be crossed over each other.

The important thing to remember is that the PC pattern has 1o be
etched i teverse’ on the copper side of the P board. Simply make 2
tracing of the original drawing of the component layout and connestinns
and furn this over to wansfer on o (e copper side of the PC board.

The layout should follow basically the same pliyiical arrangement as
the theoretical circuit. Where this disgram itsell inckides CTasing
conducton it miy well be of considermble advantages to discaver IF il
cun be replanned so that thes: are eliminated. If this proves physically
impossible, mid 2 solution cannot be found by altering the arrsngement
of the components, it may be pecessary 1o termigate certaln oo
nections on the PC Innds and Interconnect to cross other lands with an
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s lated jumper wire. Whilst tha may be comidercd bad design, it is
perfecily suitable for one-off or amateur construction, Beir in ridnd,
toa, thal components themselves can be wsed for beidglg over adiacent
conduciors,

The cumeni-arying capacity of conductors vasies with Tl ehide k-
ness but, since the current values in transistor receiver circulls are
Invarinbly low, conductor #ze s uplikely to be critical, although
recomumended mininuem figures should be adhered 1o,

Minimum recommended conductor width is % in., with 8t beast 4
i, clear spacing between adjacent conductons 1o redice the posihility
of accidentsl shorts or *bridging’ between them when goldering. The
drawing should slso allow for & mindmuem spacing of at least g im,
between the outside comiictor and the cdpe of the PC board,

Where holes have to be drilled 10 take component leads, the
dismeter should closely match the lead dre, €. with a typical resistor
lead of 0.028 in, (22 ww.g.) the corresponding hole diameter shoald be
5t feast fy in. or No. 67 drill, Sufficient area of copper ‘land’ should
be provided around each hole for & minimum widils of adn. (Fig. 12,99
The holes should be correctly fpaced 10 match component beads,
sllowing e a ‘finger bend’ af each end or down e side of e
tomponent, acoording to whether horizonis) or vertical assein by & to
be used (Fig. 12.10). The former i to be preferred excepl where &
mininvim. size pancl is amed =1, when vertical mauntng of resistocs
elc., will decupy minkmum base area. Al no paint, however, shiould
fpacing  between adjscent holes be less than twice the luminate
thickress {i.e. nommally not less than § in, on standard laminste}.

Other points 1o watch sre that where conductors foin af an soute
sigle they should be falred in with a pencrous (illel, incresing the ares
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.FJI. 128  Recommended prepoartions fo cirnducion, spacing &1c.
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Fig 12,10 Moonting of compamnis on & prinsad-cliadi baomeid

Vertical moonting ssves spacy,
bonded at the jolnt and making the copper Tar fess lisble 1o be Jifted.
Aho, do not legve unnecessarily wide or large areas of COPPEr a5
conducion 2 thess may be sibject fo excessive heating and e X pansion,
with 1he resull that the copper tends 1o B from the base. Either
teihiece the oulline of sich areas or relieve the surfsce area with slots 10
be eiched away . This is not so important an low-valtege clrcuin, but on
mainsupmiied onet 0o copper atea of more than shout one vquare
Inch should be left "solad”,

The first step, having peepared a PC drawing, i to cut the laminate
10 the requited overall size using # fine-10oth smw. The copper surface
has probably become greasy and dirty through handiing, end so should
now be thoroughly cleaned by wushing with & detergen) and mubbing
dry with 2 clesn cloth. If the copper is discoloured through corrosion,
st 8 domestic sbrasive cleaner to hring i up bright clean.

A st of cleanlingss is to hold the panel under s tap, copper side up,
and allow wales 10 rin on to it I the water flows amoothly over the
whole area, the surface iz clesn and gresse-free: IF isolated patches of
copper stay dry they are still copted with gease and nesd fusthes
Cleaming:

Once completely clean the PC pattern i drawn or triced o to the
copper. Celluloss paint or rrsist ink should then be wsed 1o puint in ali
Uhe land sreas, using a ruling pen for straight lines and & emall brush 1o
complete the wider ections; the whole of the pattern may be palired
on, if preferred, although the resul may ke somewdal mose mpped.
Avold using 100 much paint or resist, & this may overrun the outhines
but, at the same time, make e that all the land =reas are fully
covered. The painted pattern 'should then be lefi to dry, which may
lake an hour or more with cellulose paint or 10 to |5 minutes with
resist inlks.
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The sdution normally used for etching is ferrde chlords mixed with
& Bithe hydrochlore acd, o straighi dilete nlivks scld. The former 1=
genetally preferred since it does not g’ a8 much m the scid alone, but
gither will be equally effective. This solution is poured into & mitabde
thallew contsiner, and the laminate immesed in i Rate of etching will
depend on the temiperalure of the sohition and also the degree of
agitution. Thus, st a temperatore of 10°C a férmicchlonde bath will
eich the copper ot a rate of aboot | thow in 20 minuies—or neardy an
hour to etch 3 thow. foil; ot 20°C the rite of etching & increased 1o
showt 10 minutes per thou.; snd st 3I5"C is plnosi twice ms fast
-again. The rote can abo be mcreased by gentle agitstion, moving the
tiurd gently backwards and forwards i ihe bath, or gently rocking the
confainer fo swill the etehlng solution from end to end,

Etching should be allowed 10 proceed uniil all traces of copper have
disappeared From Lhe surfsce, The board can then be memoved und
rinsed wnder nunning water to temove any iroees of etchani. The paint
o resist Ink covering the lands Is tien rensoved either with a solvent
le.g. cellulose thinnem, for cellulose paint) or o cleaner (resist inks),
After this, agaln wash and dry ihe board; then it is ready for drilling,

Thiee basic nules must be observed when drilling the PC panels:

fi) Always use a shasp diill (preferably o new one, of one which
has bean re-sharpened prior (o use )
{ii) Always &rill from the copper side (1.e. copper face up).
{iil} Always use @ backing of hard material undemeath so that the
deill point will nol tear oul & section of the laminate when it

breaks thoigh,

Dreilling may be done with o hand or electric drill, the latter being {ar
less tiring to use when there are a large mumber of holes 10 be mmle,
although the small see of ddll required may lead to o high breakape
rafe wiikess dpecial care is taken.

Notes on soldering

ERéctric roms ure invariably used for electronic ssemblies together with
resin-cored solder (i2, ihe sodder is in the Toem of & hollow wine with
the core filled with resin flux). Flame-heated lions are not satisfactony
for they are wsually too large and cumbemsoms, and also do not permii
good temperature control, Equally, one should always use an electrical
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(cored) soider when no separate flux i required; en acid-type Mux
ihould aever be used oo wlectrical wiork as this will inevitably produce
COrroelo.

The hase rules for good soldering are extremely simple, although
they are Mrequenily ignored. They may be minmarized as:

(1) The lron should be of the right size and type.
{ii) The fron should be hot enough 1o melt the solder freely.
{fii) The tip of the iron must be kept *tinned” and clean.
(W) The work wmitfices t0 be soldéred must be clean and
grease-fres,

The correct size of fron is important for if too small it will rapidiy
lose heat when applied to the work, and if too lorge may overheat
pdjacent components of be awkward 1o apply, For PC assemblies a
@-in. bit diameter s about right for general work—not too large, but
large epough (o retuin enowgh heal for mose or bes contimuous work. It
may be awkward to use when soldening up & mintature panel where the
landa are close together, when 8 gyeln. or even o gin. bit may be
prefermed. This smalier size will, however, vsually lose so mvuech heat in
completing a stingle joint that it bas 10 be left 10 hegt up apuin before |t
can be applied to the second joint.

Lron size is also specified by wattoge, but this i2 more of & nominal
rating than anything else, for irons by different mamfacturers but of
the same siated watiage can luve o considersble diffeconce in
performance, ey differencesin hestingup times and in bit temperature
schieved (and varistions in the latter can bo as high & 100°C). To avoid
the possibility of ower-heating, an iron with & rating of more than 50 W
ihould never be used for PC gasemblios,

Ivan voltage must be matched 1o the mains vollage available and it is
unisal fe operale an ebeetric iron on e middle voliage of the mnee, e
for a 20V mabng n TI250V ron would be correct, An (von shiild
never be operated on 8 mains voltige below the lowest Tgate of it
rating = in such 8 case I willl hot develop its cormect bit mperatire;

Typleally, a good electric iron will schicve 1 wturation iempemn ture
of approximately 373"C. The time taken 1o reach this wmperature will
vary with the size und design, bul very roughly shosld be of the order
of wattage divided by Mour {m séconds), eg In the'case of & I0W iron
the bit should reach ity maximum or saturtion tempersture i aboul
30+ 4 = T seconds. It should also take about one-third of this time (e.g
watts divided by 12) 1o resch a satisfectory bit lempemture for
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soldering (250°C), although this can readily be judged by trying the
sofder on the bit to se il it rums freely.

1:I'J:l st bt temperatuse required for satisfaciory soldering ks
#0°C above the melting point of the solder wed, which will vary with
e eomposition of the solder.

Whether the temperature of the bit is satisfactory or not can readily
be judged by the thme it takes to complete 8 joint, This should be not
more than three to four seconds, and the resulting jolnt should be
bright clean, with the solder completely “wetting’ both surfeces. IF the
Joind takes longer to miake andf/or the solder has a pasty or doll
uppearance, the tron i pot kot enowgh. IT the solder i reluctant 1o take
or flow over the joint, or collects in blobs rather than spresding out,
then the surfaces are dirty.

Before attempting msembly on a PC board the panel should always
be cleaned so that the lands are bright all over with no dull spots, and
subsequently should pot be fnger-marked by handling. An ordinany
domestic powder cleaner is & good a3 anything for clesning the PC
bsicls, used wet or dry, the panel then being rfinsed under runmlng wuter
to remiowe any traces of sbrasive, and dried on a clean rag.

Component lesds are normally “tinned’ and therefore in a suitable
state for soldering. Almost certainly, however, the “timed surface will
hive become dirty or partly corroded during handling and storage and
it is penerally recommended to clean leads immedistely prior 1o
ussembly. and soldering in position. A scrap of fine emery paper Is
axcelbent for thik, simply wrapped sround and pulled slong the leéngih
of the lead, taking care mot to impose excess mechanicil strain:
dimilarly with tags et Time taken in cheaning leads etc., is ususlly time
saved, for one can then be sure of a satisfactony soldered joint at the
first atiempt.

Then there is the: question of heat damage 1o consider, Provided the
joint i completed quickly—|e. within three or four seconds of
upplication of the iron—no component is likely to suffer heat damage.
This even spplies to wansistons which are normally rated to withatand
continuous applicativn of & soldeding bit no closer than 2 in. from the
bate for a perod of up 10 ten seconds without damage. Thus i sll goes
well und sobdered joints are completed quickly and neatly, it is seldom
fecestary to worry ahoul heat dumage.

It is still, however, commonly recommended that & ‘heal sink”
should always be used on each lend of a transistor when soldering in
position. A best sink, basically, |s & mass of conducting material which
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will sbsorh leat from the tron rather than ley the full heat fow up the
lend. The jaws of & palr of pliess gripping the wangisior lesd form
auiiable heat gnk; or, I these are not convenben| touse, 8 crocodile clip
can seree the same purpese {especially il the jaws we filed flat to
provide maximum surface contact with the lead)

The most likely csuse of heat damage is re-wrorkdng s joint which has
ot beeti made properly, or Grylng lo unsolder o lead which has been
wiongly positionsad, This may en il leasing the iron in contact with (he
joint far longer than the "safe’ three or four seconds, when demags can
resuit toothe component. Excessive heat applied locally i this manner
will also tend 10 "N the copper land sway from the base matedal on a

Fig. 1211 The safest way fo remove a faulty coamponeni i usaally
to cut it aff

Hemoving & componend which has been mounted on a PC cun, in
Fack, be:s tricky process. If 11 is 3 fsulty companent which e o be
replaced the safest way (o go aboul mich o job bs to cut 1L of [, as shewn
in Fig, 12.11, keaving stub lengths of the original kesd: prodroding from
the pinin side of the PC.panel. The new component can then be
soldered in place #9 these stub leads. Alternatively, having cut off the
compaonent, ¢sch lead can be removed in tum by laving the tp of the
tron on the solder joint (PC side) and withdrawing the lead with pliers
a soon ag the solder has melted. Then, before it has hed time o set
again, blow surphis solder out of the hole (Fig. 12,12}

To remove & component intect usally means warking on ooe lead st
& time, lifting first one énd of the component and then the other. This

CUTOFF  MEMOVE CLEAR  RERLACE
LEADS HOLES — COMPOMENT

Fig. 1212 Remalming leade can thei be peanoved, ready fo [ new
component.
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is not always possible when the component is mounted on rigid leads or
tags, generally demanding working on pairs of tags at a time and
gradually levering the component upwards. This usually entails con-
siderable risk of overheating the component and of ‘lifting’ the PC lands
if too much heat is applied to the tag side.

A trick which often helps in removing a rigidly mounted component,
such as an IF transformer, is to heat the tags and remove the solder
with a suitable stiff-bristled brush. This is repeated on each tag until the
component is sufficiently loosened to be prised free. It is important,
however, to avoid splashing excess solder on to other parts of the PC
board.

Unless obviously faulty, transistors or diodes should not be removed
from a PC board once assembled, as the possibility of permanent
damage resulting is high. If imperative that they should be removed
(e.g. if they have been connected up wrongly), a heat shunt should
always be used (e.g. a pair of thin-nosed pliers gripping the lead
between the transistor body and the PC board).

Where the board itself is damaged—e.g. foil has come unstuck
through excessive local heating—loosened lands can usually be stuck
back again by carefully heating the foil with the soldering iron and then
pressing in place on the board until the adhesive has reset. If not, the
loose land may have to be stuck down with an application of a
general-purpose domestic or epoxy adhesive.

Mechanical damage to PC boards can be repaired by bridging breaks
or cracks in the copper lands with ‘jumper’ wires soldered in place.
These can be plain ‘tinned’ copper wire, but if a longer jumper is
required which passes over adjacent lands, either insulated wire should
be used or the wire length fitted with insulating sleeving. All repaired
areas should then be coated with clear lacquer for protection.

Where a PC board is quite extensively damaged, or needs to have a
number of components changed, it is usually more satisfactory in the
long run to scrap the original board and start again with a new one; and
preferably new components, rather than to try to salvage all the original
ones, as these may be damaged in the process of removal from the ‘old
board.

13 FETs AND ICs

Field-effect transistors (FETs) have a construction, and characteristics,
that differ from conventional junction transistors. Their behaviour, in
fact, is more like that of a triode valve, although retaining the character-
istic low-power requirements of a transistor.

The electrodes of an FET are designated gate, source and drain with
the following approximate equivalents:

FET Transistor | Triode valve
Gate Base : Grid

Source Emitter Cathode
Drain Collector Anode

The standard symbol for an FET differs from that of a conventional
transistor, with the gate carrying an arrow, which points outwards for a
P-channel FET and inwards for an AN-channel FET—Fig. 13.1. The
general rule is that the polarity of the drain supply is negative for a
P-channel FET and positive for an N-channel FET.

A simple regenerative receiver based on two P-channel FETs is
shown in Fig. 13.2. This is adjusted for optimum working by the

e DRAIN Lo DRAIN
@ SOURCE @ SOURCE
P-CHANNEL N=CHANNEL

Fig. 13.1 Symbols for the two basic types of field-effect transis-
tors (FETs).
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o

-
Fig. 132 Cinuir 26, Simple fegenerative receiver uslig Pchannel
FETL, FETZ, IN3819, INS45T, or sliwilar

C1, 500 pF RI,22K
C2.8 00 10 &F W2, 470

350 pF Ry, Ik

C4, 001 uf Ed, 1Dk

C5, B or 10 uF RFC, 10 mE
L, setlal ewil

LE
CRITELT

Fig 13,3 Basc AF ampiifier circult using o P-channel FET, R fs
Biias reslstor; B2 end C stabiilsing lasd; B3 diadn resisior,

FETs and ICs m

trimmier capacitor C3. L and C1 are 3 conventonal seral tuned circuit
with tapping poinL.

Fig. 13.3 shows » typical arrangement for an FET amplifier stage.
Thiz eould be added on to the receiver circuit to provide smplification
which should be sufficient to power a amall loudspeaker.

Integrated circuits

Imtegrated circutts (ICs) are one of the latest products of modem
electronic technology—smal]l integrated circuit modules In which a
counplete circuit duplicates the performence of perhaps o dozen or
mofe active devices (e.g. Iransistors and diodes) and o smilar number of
passive components {&.g. resistors and capecitors) in & silics ‘chip” only a
few millimetres square.,

Depending on their dezign function, ICs may be wsed as 3 complste
stape o logic element in o cirouit; or, mone wsually, ssodated with a
number of conventional extemal components (o complete the clroait.
Fig. 3.4, for example, shows ihe equivalent cirouit disgrom-of one 1C
(Siemens TAA 861), and Fig. 13.5 the incorporation of that particular
IC In n &-W rovpliTier

e [TJ
‘ e

b

B e
\A
=4

a

Fig: 134 Siemsns TAA B&l Intsgrated cirenfl togeiber with
dinpram of equivaleni clrewii=Le embracing wight tmamsiiorn md
s resiriors,
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+
- 30 VOLTS
= 1000 LF
AD
151 1
Appendix 1
— m Broadcast Frequencies (Kilohertz)
%z
P40k
e RADO | (247 m), 1,214
430 ] g —jlji'F— RADIO 2 (1,500 m}, 200
READIO 3 (464 m), 647
Er RADIO 4 {434 m), 692
o= (230 m}, 208
Fig 133  Cirewif 27, Siemens TAA 861 “chip® wed i s complete (285 m), 1,052
cisvwlt wiih exiernal components, Tl circult §s setually thet of &
AW amplifies, workang off 17-20 V. RADIO LUXEMBOURG (208 m), | 456
——— DD A HEC LOCAL RADIO STATIONS {madium wave)
[S— —L Y UTL e Brrmingham (206 m), 1,456
DGO MAX Brighton (202 m), 1,484
! X Bournemouth (202 m), 1 484
14-Mn
[PRCOR v, Bristal (194 m), 1,546
: o o Derby (269 m), 1115
@ 400 l‘ Huniberlde (202 m), 1 485
R——— 1 [ Lelcester (188 m}, 1,596
L Sy Medway (290 m), 1,034
Nottingham (197 m), 1,523
EFENSIONG I MILLIMETRES Creford {202 m), 1,484
Fig 136 Exuomple of oufllnes of bypioal 50, Solent (301 m), 997
Examples of outline appearance of some typlcal ICs are given in (185 m), 1,596
Fig. 13.6. They are best mounted by plugeing into 1C holders, which Swindon (524:m), 1: 344
are normally designed for mounting on PC bogrds. Stoke LK in). 3,500
Integrated circuits are wol necessarily expensive, e from a litde Torgquay (202 m), 1484
over 30p upwards, depending on type and complexity, and they offer Note: Ouly & sbection of bocal mdio stations briedessting on the
an mfeeesting new field of experiment for the amateur constructor, median wave e lsted here, Loak up stetions which v are Hkely
Manufucturers of ICs normally provide suggested applications for theis o meosive i your particis aes is e Redie Thees, wikich lats

Yarows types. Tocal mdia stations for esch of he main aress i whlch i e distribied.
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Appendix 2

Despite the very considerable (and incressing) interest in
amateur fadio comtruction, the days when every Town had
itz local radio shop stocking components seem (o have
passed. For the majordty of amoleur conziructon the best
source of supplies B usually (rom & specialist mall-order finm.
Fortunately there aré s good number of these—and their
service (s normally very good. The bigger firens also produce
quite elaborate catalogues, which in themselves e s wseful
reference, costing from 25p upwords, usaslly refumdabie
mgainst g specific order for componenis, elc,

The best refepence for checking on such firms, their
curreni addresses, price of catalogue, etc., is a curment copy
of ope of the redio or elecironle joumals; each isue pormally
containg 8 doren o more Bdvertisements rom: eomponent
supplier. The @i below & merely an sbridpement, snd guite
incompleie.

Henry's Radio Lid, 303 Edgwase Road, Londan W2 1 BW

Home Radio Components, 240 London Road, Mitdham,
Sumey CR4 JHD

L5T Components, 23 Mew Rosd, Brentwood, Esex

Electrovalue Lid, 28 5t Judes Road, Englefield Green,
Egham, Sumey

Bi-Pre-Pak, 212224 West Road, WestclliT-on-Sea, Essex
580 9DF

Watford Electronics, 35 CardilT Road, Watford, Herts

Telerndio Electronics, 325 Fore Street, London N9
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Suppirers
CT Electronles, 267 Acton Lane, London W4 5DG

Maplin Electrondc Supplies, PO Box 3, Rayleigh, Essex
Lasky’s Radio Lid, Unlt 4, The Hyde Industrial Estate,
The-Hyde, London NWS 611

Make 3 note here of further sddresses you may find:




Abbreviatioms, §2
Abrasive deaner, 103
Acid-type Mux; 105
Activn devices, 111
Aerial, &, 1%

aimansing, 31

taning il 16 ef seg,
AF amplifiar, 37,41
AF transmor, 13
Afr-cured cedls, 37
Als' dbilsctnic, #9
Alipmment, 54, T3
Amperes (amps), 14
Amplifieation, 11,21, 23, 17
Amplifies, 7, 35, &2

FET. i11

| 1
Amplituadi, §

misdulation (AM), A
Anti-log, RS
Audio freguency, &, 62
Audio power gatput, 43
Autodyme frequency changes, 13
Aujermatic gala contml [AGC), 69

Base, 93

Basic ampiifies, 13
Baxic crystal et 19
Resic guastities, |1
Beghive capaciton, 91
Hias clovalie, 48 o 2og,
Mitm roskstor, 35

INDEX

i irmperature, 106
Bincking, 42

Bpegdboand ronstroction, 97
Bresdbiourd mpdts, 98
Broadenit frequencles, 113
irosdcan sation, §

BEws bag, 100
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Campanent mounting. prinied dioels,  Frigeescy, §
LIk modabatbon (FM), &
Companent suppliers, 114
Componeniz T8 ef feg Giaim, &3
Cosductor specing, printed ciccwity, Canged controls, 54
1032 Gate, 109
Connecikans, potendlomeier, 83 Germnandicm diode, 1Y
Conwertor, 6971 Clermaniun transitan, 50, 90 af wg
Coppey “lapd’, 102
Coupling, 14, 33 Headphene eharecieristics. 45
onil, 33 Héal durnpe, [k
Croxanver digartion, 44 Heat sink, 94, 106
Crywtal sets, 15 of woy. Hemries, 13
hasde, 19 Hertz, &
douhle-diode, 14 High-impedante phomes, 17, 45, 65
Clarreny blas, 45 High=ztshidity regdstors, 19

Durmaged FC boapds, 108
Dieal-aid srpioee, 17
Derbectair, 10, 17

Diode, 10, X3, 37

Brleectinnal s=risl. 40
Damesthe receiver, 15, 33, 47,70
Drrain, 105
Dirillitg PC pumeds, 104

Earphenes, 17
Earphi:ce charartertics, 43
Earil, 4, 19

ol 4
Efficierncy, iuning cails, 79
Electyodes (FET), 107
Electmlytic copueitors, B7 -1
Emétter; 9]

gmrreni, 49
Epliaxial fransistom, 92
Exrchuni, 104
Eichod-fofl copackives, #7
Etching, 10

Famaids, 1§

Feedback, 60

Ferriv chioride, |04

Fermite rod, 15, 30

Ferrite siab, 31

Fiald-efeet transivtars (FET), 92, 109

Four<iage mefles, 667

Hodders, e 117

H holders, 112

IV mmpiifier L Ta, 77

IF Frejoencies, Ti

IF teanslagmes, 71

Indaced curront, 5

Inducience, 13, 2%, 30
Industion, ¥

Imhictive coigpling, 33, 57§, &1
Injected dgmal, T4

Iniegrated circails G0, 111 & s
Intermpdiate frequency (1F), 69

Tumgpes; 103

Lipsme freqmency, 91

Limwer pasbenGimeter, B4

Linenr impeced, B5

Load balencng, 45

Lo binpmdlasices, 46

Looscal waclllator, 6571

Logmpithmibe peotintiomeqes, B4

Leng-waye ooil, X3

Liang wawelengih, &

Lusoge compling, 34

Loulspeikery, 3, 43
audpul, 38, 68

Low-tmpedance phanes, 48

Magnetic earphonis, 18
Mediam wavehand, 31

Mediumr-wase coil, 302
Midinim wavelengil, £
Megaphone, 2
Metal-fim redstars, 79
Metabryade pestston, T
Mim diclociric, 30
Microphone, 3, 7

Mirds lure capacitons, B
Mines, 68, 71, 7%=d
Modulion, 7.9
Moulided carbon resisings, 79
Mylnr cupucdions, B§

N-channel, 10§
Mitric amd, 104

Wompalirited apacitons, 87
Mpen irenalsion, 51,95

(dhms, 13

Orscilllation, 59

Chcillator, 73

Cuatline shapes, transisiars, 93, 94
1Cs, 112

Chat puit, 42 21 dog.
gransf ormers, £5 -6

Pchammel, |09

Faper tublar cagaelion, 15
Fasiive componentz, 111
Punolin, |7, 64

PC board, 4, £01 ef seg.
PO putieen, 103

Peg howrd, %9

Flastic dielpcanic, F1
lﬁpmn#nu?, 0,95
Polarity of rangtors, 95
Polarised gapacilo, BT
Polycarbaraie capaciters, 87
Palystyrens copactiore, §6
Poteniiometer, 47, B2
Porwer mting, T4

Power IIHMFQ‘

inelex 18

Prinied gircudts, 100, 102

1, 30

Dusimtities, 13

Chmrich, 61
Ereqlsncy, 62

Radio 1, 113
Hadie 2, 113
Hadls 3, 20 113
Fadiod, 20, 103
Radio-frequendy choks (RFCEH &3
N pdic-lrequency waver 1
Baodio wives, &
Hate of esching, 104
Resctancs, &4
Recejpion, 21
Eeflex recedvers, 3K, 62 or ang,
Repenerution, S8 #)
Regeneritive feceivers, S8 oF fig,
Remuvimg companents, 107
Resin-poyed solder, 104
Resp, 103
Resistance, 3. 13, 25
Resisiors, TY
coloar code, TR0
loleramcis, R0—1
Restmand Fregaency, 9
RF cmrries, 7
RF rmnsistars, 41
RFC ouill, &5

Saturation tempeiutute, §05
Sebectivity, 25, 58, 71
Semidog, BS

Semltivily, 58, 61-2

Shirri wavelband, &

Sipgmal prneentor, T4

Silim “chip’, 111

Sllivom dicde, 17

Bilirnn planaj brannisioes, 1
Silicon trenalston, 51, 92 & iy
Silversd mice capucilars, 45



Transfowmer tatiog, 46
Transforeetiess outpat, 77T
Trmiissibon asaplifie:, 35 of nyg.
Trensstor calcubiions, 346
Trwnststor conpections, 96
Trunststor crysiad set, 12
Transabot lsd conliguration, 23
Tramstifor polarity; 93
Transistors, 17, 48, 921 of seq,
Trawher banid, 51
TRF meceives, 34 of seq.
Trirmneet capacitors, 901
Tubulsy cetanic capechics, BE
Tumed cirouit, ¥, 11, 15
Tunimg, ¥

-capacifars, BY

rage, 15
TV anrial, [V
T-u-d.lpl.-pﬂh.ﬂ‘
Types of msisioes, 7980

Variabde capacitor, 17, 25, 09
Variakle tealiioen, BI

¥HEF, &

Valtape bim, 49

Yaltngh doabling, 24
Valtuge, sbdering jrons, |08
Valtn, 14

Yaobume coniral, 400

Waitags, solduring ko, 103







