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with the minimum of knowledpe of
technical principles.  He then gives
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ch=e pumierods olear  iHustrations
make e blt'ih-l.‘?-'.h'i’l insbruetieis
L"l.tn'nn'll.' viasy L |!||||1:m_
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|.1Eg'=nm'r antl the book s so planned
that & knowledpe of radio’ principles
will develop as he proceads,

In the Second Editlon the LvERge
ol receivier  constructlen has bisen
extended and printed clecdits have
bheen included, A chapter on sub-
miniature  recebvers hay  also  been

added.
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PREFACE

Wit the preparation of this new edition the opportunity has
been taken to extend the coverage of simple recetver construc-
tion. The orginal serics of cirount designs have been left un-
altered since these are well proven in performance. In fine with
modern techmigques, however, it has been thought desirable
to extend descriptions to cover printed circuit as well as
conventional "wired up" assembly. Thus additional material
has been included covering both the design and making of
printed circuit panels, and also presenting component Iayout
dingrams and printed circoit details for a range of the original
seried of sets.

Since transistor cirenitry also lends jtsell 1o miniaturization
—and a particular modern trend hias been the development
of very small all-transistor receivers—a new chapter has also
been added on mib-miniature receivers, Virtually any of the
standard cirouit designs given can be produced in sub-miniature
size by erowding of the components on a minimume-size printed
circuit panel, this offering an interesting exercis in ingenuity
w the individual builder. However, an addidonal receiver
design has been added whichwurizﬂaﬂfmhedunmh-
minjature type and i unique in its conception. This is a
commercial design, produced in kit form, and T am grateful
to the originaters, Sinclair Radionics Lid., for permision to
include complete details of this ovtstanding receiver,

Logical further additiens would have been an extension of
coverage of transistor receiver design and construction to
superhets. However, a companion volume is available dealing
specifically with this subject—The Design and Construction of
Transistir Superhety (Museum Press) which b recommended
&5 a “follow-on" book, The only other addition to this present
volume, therefore, is o further Appendix on receiver Fults—
thelr causes and cures, tackled in an elementary manner, Moat
fanlis on timple receiver cireuits are of an elementary nature
aned do not need elaborate test equipment to locate and rectify,

3




4 PREFACE

Larpely it is & matter of knowing what to look for in fanlt
Ent'ling}—lnd this is the sort of information included in the
new A ix X.

I I‘mwith these various additions the treatment of
transistor receiver design and construction up to superhet (ypes
has been brought right up to date and comsiderably extends
the yeope of the practical work described.
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LIST OF DESIGNS

Ton following designs are folly described as constructional
projeces with schematic and theoretical diagrams, ete.:

Diesign no. 1, A hasic recelver: Fig, 13—p, 29
Design no. 2. Triode amplifier circuit: Fig. 18t p. 41
Deesign no. 4. Basic receiver with tramistor amplifier: Fig. 28
= 55
Design no. 4 Improved transistor circait! Fig. go—p. 58
Design no, 5 Improved tramnsistor cireutt for weak signals:
Fig. ge—p. 6o
Design no. ta. Design no. 4 with additional amplification:
Fig. 42—p. 61
Design no. Gh. Design no. § with additional amplification:
Figs. 33 and 34—p. 6a
Design no. 7. Transistor receiver with loudspeaker output;
Fig. 85—p. 6y
Design no. £, Transistor three-stage reflex receiver: Flg, 46—
P- 74
Design no, g. Transistor four-stage reflex receiver: Fig, 47—
P75
Besign no. ro. Sinclair Micro-6 sub-miniature reflex receiver
Printed circuit paniel designe fort
Design no, 5. Figs. 65 and 67—pp. 99 and 101
Design no. 4, Figs. 50 and 71—p, 106
Desigin no, 5. Figs. 72 and 73—p. 107
Derign no. 6. Figs, 74 and 75—p. 108
Design no, 8. Figs, 96 and 77—p. 109
_ The following additional designs arc described together with
arcuit diagrams, component values, etc. :
Triode amplifier with no bias battery: Fig, ao—p. 49
Power amplifier with wiode valve: Fig, 21—p. 43
y




LIST OF DESIGNS
Trinde detector/amplifier: Fig. 23—p. 46
Anode bend detector: Fig. 24—p- 47
Mazins receiver: Fig. a5—p. 49
Three transistor T.R.F. receiver: Fig. 53—p. fi2
Simple regenerative receiver: Fig. 55—p. 85
Mains power pack: Fig. G6—p. 110

OHAPTER 1

INTRODUCTORY

Rapio is far from being the highly complicated, technical
subject most people imagine it to be—unless you make it so,
The basic principles of radio are quite simple and straight-
forward and the construction and setting up of elementary
receivers is well within the capabilities of anvone interested in
e subject. It is no more difficult than model-making and, in
fact, follows a similar process of working from o plan [either a
schematic drawing or a cirenil drawing, or both), although the
materials and technigues are a litle different.

OF course, like any other technieal subject, there are rules
to learn ond principles 1o master, While it is quite possble,
for instance, to build a simple radio receiver and get it to work
swccessfully simply by following printed instroctions and with
nnlnmﬂ:d,pnfmdhprindplnatnll.knmingmmtﬁng
about radic principles themselves will enable you to get the
best out of every set. Also a kmowledge of “how it works” will
be invaluable in looking for, and finding, fanlts which may
have
Itﬁhﬁmdﬂmﬂpﬁﬂfﬁhhuklutmnmmphhm
in radio principle and design. However, we can tackle the
ﬂtﬁmuhﬁnph:in:duinlmmpmhmdvEmnm,lhmﬁg
hwth:rmnhedeveinprdandimpmmdﬁ-nmlh:ﬂmplm
Eﬂihhmm[m:irmil,pmﬁdinghﬂhlnmﬂprwﬁ:d
.hﬁﬂimhhnﬁ:ﬁﬁuugimﬁngmdmmdmﬁnﬂing
ufﬂuwmlin;pﬂmﬂplumdduignrminvﬂmﬂrpt&
m!lhtdhlhhmmr“iﬂhlhebﬁtpunihiehm;tmd
ﬁ#ﬁmhﬂum&y,lhmldﬂl:mnd:rwiihmpuumth:mbjcn
The thearetical side is only touched upon briefly and simply,
where necesary, in nrdermf:rl?crpﬂm w'?p.ineiplu 1mmﬂr
Mﬁ:mtﬁﬂcmipdmnflhewﬁgd’them
Wﬁsﬂumdtypuu[rmﬁhmuugiwniuﬂupm?ulm
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complete pur “backgrounid study™, It i not intended that the
circuits given in this chapter be used as a basis for practical
work (although the complete circuits given are, in fact, truc
working circuits) unless the reader has acquired a Fiir measure
af experience in amateur radio construction. An excellent way
of pursuing this more advanced type of work, incidentally, is
by building from kits of parts and instruction manuals put out
by various firms, some of whom also offer alignment fucilities
with regarid to the completed receiver.

Az we have stressed, we are concerned with simple radio
receivers and we are drowing on the latest in modern techniques
in employing feensistors in place of valves, There are a number
af reasons in faveur of this—apart from being right op o date.
Transistors make for simpler circuits, and a much more com-
pact arrangement of components, A complete recoiver with &
performance comparable with & three- or four-valve set can be
built into a space not much larger than o cigarette packet and
operate for long periods on a single, small and inexpensive
battery. Transistors cut both complication and cost in receiver
construction and operation—and their very small gize is
another attractive property—to a degree quite impossible with
valve receivers,

However, to gain a proper understanding of basic principles
it is also necessary to study simple valve circuits, particulurly
showing how the valve is used as an amplifier. For this reason
Chapter IV deals entirely with valve circuits, building up

of amplification around a basie diode detector and also
explaining the working principles of the miode valve, Whether
this chapter i wed merely for study, or &8 a basis for additional
practical work is up to the reader. T he is more concerned with
getting “results™ with & minimum of wiring troubles and
avoiding the difficulties of drilling a metal chassis (a standurd
feature of nearly all valve receivers) o take the various com-
ponents in o vilve set, be can skip this chapter as far ns practical
work Is concerned and go on to Chapter V.

In fact, from all the circuits described, 4 number have been
picked out both as typical of what can be done and how a basic
circuit cin be developed with the minimum of expense and
trouble in construction, ctc. These are designated decign mo, 1,
design mo. #, erc., and if followed through form a complete
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practcal course in basic radio, up w the uction of &
minlature battery roceiver which shonld be readily capable of
loudspesker output in arcas of reasonable signal s

These recommended circuits. deseribed in the following
chapters (a tolal of nine in all are fully detailed), follow two
distinct lines of approach. Starting with the elementary diode
receiver, or “crystal set™ &z it i popularly kntwn, this is deve-
loped by modification of cireultry and the addition of transistor
stages, to the ultimate performance which can be expected
frn-m.l receiver af this type. The basic simplicity of the “erystal
pet™ is :n:l.a.h:l.td throughout, bowever, and so following through
-r{_mﬂnnm development sages described is an ideal introdoe-
tion to the subject of radio receivers, all of which can be covered
at i very moderate cost.

For further improvement in performance we must turn to a
ﬂmt:ﬂﬁ:ﬂmmﬁﬁchh the domestic receiver
range usually means a i i uency (T.R.F.) circuit
or & “superhet™ (superheterodyne mi:[-:::lur_rL Bn{d'l are ﬂ];n:u:'[:r-
ably more complicated circuits, the superhet very much =o,

With transistors, however, a performance very much the
zame &3 that of a T.R.F. receiver can be obtained by unsing
what i known us a “reflex" circnit and this principle we have
adupr_.cd ns the basis of the second series of receivers deseribed
Inlhu_hmlhnmminmnmnwimﬂmﬁmphutypanr
reflex circuit o give reasonable results and go on to develop
the performance stage by stage.

With ﬁit!u:r seried of sets, therefore, the constructor ean start
with the simplest pessible layout—which also impiies a mini-
mum cutlay for materials and components—and add further
slages progresively a: he wants, or can afford. Further details
regarding specific design ﬂ:l.'u{ll?ll'lling details are given in the

nearly all the circuits. Data included here ma
: : y be used as &
E’E f;;r possihle improvements of a given circuit, or open up
ki ¢ lurther experimentation. Either will add more 1 the
*:Il'knnrﬂtdgc already gleaned of radio principles and the
mﬂ‘!m#ﬂ Ee tries and proves (or disproves) the merits of an addi-
Ature not incloded on an original plan, the more the

Hiystery™ of radio drops awsy and the more Familiar and

realistic the mubject becomes, As far as pomible components are
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mndardlmdthuughnutlh:dni;mmdmp‘mlaminimm
number of different types and values readily obtainable from
any local radio supplies shop.

Apart from basic materials and components, no special
equipment or special facilities are required 1o construct even
the most elaborate of the receivers described, and all the work
cah be done on the kitchen table. A few tools are ersentiol—such
a5 an electric soldering iron, pliers and a dell—buat again
represent only & minimum outlay, il not already available.

This, in fact is inexpensive radio engineering, right up-to-date
in that we aré dealing with transistor receivers and dre con-
fined to the development of mmple circuits, capable of giving
satisfactory loudspeiker reception at a fraction of the cost of a
commercial domestic receiver. If, as a result, you find that you
hiﬁhtmm:lnmthﬁﬂllt,thtnlhm'uplmtfufiufm‘mﬂﬁm
on more advanced types of receivers as a basis for further
practical work.

If the reader is in doubt about the meaning of any technical
term used in the text, there is a glossary at the end of the book
starting on page 141.

CHAPTER IT

ABOUT RADIO AND RADIO RECEIVERS

Rapto waves travel with the speed of light— 186,000 miles

second—and may have freguencer ranging from about I&,ﬁ
cycles per second up to 1,000,000,000 cycles per second or
more, The fregumey is simply the number of complete waves
generated by the source in one second. Fig. 1, for example,

F———-WM——_..|
n ol =
o g
|
s} | | §
b
i

A R d K F 8 F D
Fer. b Daseas or & Smives ‘Wave Fomustms.

shows a wave of 1o cycles per second generated in a &
ﬂmnlh:md‘andhwnnmnhqmqhﬂ:ﬁr
much higher; also the waves are sent out in all directions from
the source, a characteristic of all electro-magnetic radiation
{'Ilﬂﬂil- “beamed” or constrained in a positive direction by
ﬂn;::l:dmﬂmﬁngdwlm]h

ni waves are peeonee waves, travelling throogh sir or
any other medium. The velocity of sound waves in air is aboat
1,100 feet per second (approximately 1o+5 miles per minute).
The frequency of a sound wave is determined by the pitch of
the il note (or “sound”) and varies from about 30 cycles
Per second (a very low, deep note), to around 16,000 cycles
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per second, which i3 about the apper limit for andible notes
put out by a mdio loudspeaker,
There i thus & considerable difference in the frequency of
radio waves compared with audible sound waves and also in
the characfenistics of the two types of waves, which means that
we cannot receive and hear a radio wave directly. For example,
& radio wave transmitted at a freguency within the andible
frequency range would still not be heard by the homan ear,
which responds only to prepiure waves.
Hence the job of a radio receiver v, bamically:
(i) To respond to a particular frequency of transmitted
ﬁ:lﬁgm-ﬂ (i.e. to tene dn dpecifically w this particular
Jo

(i) To turn the radio freguency signal detected into a corre-
sponding signal at a much lower mdio frepeeney (ic. in
i frequency range which can be heard),

(i} To boost sificiently the power of the audio
signal extracted for it to operate the diaphragm of an
earphone or the cone of & loudspeaker and so produce
audible sound waves.

In point of fact, the audic-frequency signal (speech or music)

L

originating at the microphone at the broadeast studio i made
to vary the amplitude, or magnimude of the radio freguency
power produced at the transmitier, giving what in ealled a
eidulattd radie frequengy “earmier™—Fig. 2. These modulated
cirriers e still at radlo frequency and when they reach @
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receiving avrial set up smaller voltages or currents of exactly
the same pattern, but with a very much smaller amplitude, in
the aerial. The power to set up this modulated radio frequency
carrent in the aerial is extracted from the transmitted radio
wave itsell through the procem of induction (the property
whereby & current Bowing in & wire introduces—or “induces™
—a similar current flow in another coil next to it), It is possible
to work the whole receiver from these induced currents—
which is the principle of operation of any basic “erystal set"—
but the power available is usually very, very weak, except in
r:nﬁnuﬂ:ﬁﬂ‘mw strength (e.g. near a (ransmitiing
g "

Such a basic receiver consists of no more then an serial, a
tuned circuit, a detector and a pair of headphones—see Fig, 3.

PHONES

TUNED
anti, prprecenl )

Fm, 3 Lavouy o a Bresenriay Ruosives.

The function of the aerial is obvious, from what we have just
kaid. The purpose of the luned drwit i to provide 3 means of
ldjumllg_uwchmiﬂ]ﬂmmhiud'ﬂunﬂiﬂchnﬁt-ﬁ
ﬂwﬂnlqm—mhm;nithtﬂ:hﬂmﬂymmm-
with the frequency of the incoming signal we wish to pick up.

ﬂtunﬂdnimuitmiﬂa,ﬁmpl'ﬁurlnﬂ and variable
condenser connected iogether. By altering the effective elec-
trical value of the condender {ic. by its adjustment] the
resomant or “in turice” frequency of the tune circult is alicred.
Hence by adjusting the condenser (i.c. operating the tuning
rontrol) we tune in by adjusting the resanant frequency of the
tuned circuit to equal that of the broadcast signal we wish to
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There are two possible ways of connecting the coil and con-
densers, either in series {end-to-end) or in parallel (side-by-side),
giving rise to two types of tuned circuits, With the coil and con-
denser connected in series, it is known as an aceepior ar series
resonant circuit; and with the coil and condenser connected
in parallel {as in Fig. 3) a rgecter or parallel resonant circuit,
The latter type of tuned circuit is by far the most widely used.

At resonance, both dreuits have exactly the same
for the same component values of coil inductance (L) and
capacity (C) where

1

rumut&:qu:n:.-y:m
We can best explain the difference between the two circuit

by examining their behaviour when a radio frequency signal
is fed into them, as in Fig. 4, and measure the output voltage

c ik
E 1 i
& E & & é [ &
BN BELOAN T Pl LT REECRET
mﬂm&m E TR ST RN

Fi. 4 Two Doerssestr vores oF Tiosen Ciemorme aso Tumm Besecose
The parallel Facmmnl clruii in normally emploged.

by some suitable device (¢.g. a radio frequency valve volimeter).

In the case of the series resonant or acceptor circuit the
voliage acrom LO will full 10 a minimum value as the tuned
circuit is adjusted to the same frequency es the input signal
(i.e. adjusted to resonant frequency). In the paralle]l resonant
or rejector circuil, however, the voltage across LC will rise o
a maximum when tuned to resonant frequency, In other words,
the aceepior circuit selects by giving out minimum voltage at
resonance and the rojector circoit selecs by giving  out
maximum voltage al resonance.

Applied to a radio dreuit this means a i voltage is

AROIT HADIGO AND RADIO REQEIVERS Iy

developed scroas the parallel resonant tuned drewit at the
rezonant frequency to be transmitted to the subsequent stages
aof the receiver. Other madio frequency signals, of a different
frequency (Le. not ar the resonant frequency of the tuned
circuil 4t that particular adjustment) arc rejected in the sense
ﬂi:ﬂ&lﬂwpmﬁndﬂpummlhqhawm:ﬂﬁfﬂmth:mtput
valtage COurse, arc actually present in the
uﬂalThkﬂmmduﬁnulhmttﬁmimmﬁmhﬁm
efficient timed circuit coupled to the aerial, so that the receiver
signal may be boosted (by tuning to resonunce) to & level
where use can be made ol it in the next stage of the receiver,

The next stage is the detector, which is basically a rectifier
{a rectifier 18 & device which only paswes current in one direc-
tio ; it cutz off one hall of cach cycle of alternating current, for
example]. The detector simply chops off one half of the
modulated radio frequency current fed ineo it (le. like the
wave form shown in Fig. 2] and puts out a signal current with
a varying averagé value. This varying average value of current
represents an audi freguemey component which s an evact ooty
of the ariginal specch or music used at the broadcast station
to modulate the radio frequency wave,

The basic action of any diode detector {a diode i a ger-
manium ecrystal which allows current to flow in only one
:irnuliunh}:hthaiufa.mﬂr. That is, 28 we have just said, &
evice which allows current ta through it in one direction,
hulwiﬂmﬂhvhmmtmﬁinthenlhuﬂimﬁﬂn,lu
techmical terms, the resistance to current flow in one direction
is very low, whilst in the opposite direction it i very high; for
igjfr;:&dpmmnﬁghthuunmmdh—mﬁnn current

Used a8 & detector the purpose of the diode i to abstract the
audio frequency moduldtion from the radio Frequency carmer
before passing on to the rest of the cireuit, e, either direct to
the headphones or to stages of amplification.

Suppose we consider first the case where an wmodulated radio
frequency voltage (equivalent to a radio “carrier” wave) is
applied to the diode (which can be cither a diode valve or a
germanium erystal diode—the action i3 the same), A resistor
i included in the circuit—Fig, 5—to represent the fsad, .. the
component 0 which the result of “detection" is to be applied,
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which would be the headphones in the case of a simple. chiroait.
The current passing through the diode now consists of uni-

directional flow, the bottom half of each cycle of applied R.F.

{radio frequency) voltage beéing chopped off sinee the diode

affers very high resistamce to current flowing in this direction.

;:,%* Al

EEEADY DT COMPONENT

|
I
e

T ouTRYT
Fi, 5. Dereorom o 4 Stoary BT, Bnaial,

This chopped-off flow can be considered aa having two com-
ponents—an alternating corrent about o new nverage centre
line (although not a true A.C. sine wave since the bottom
peaks are chopped off square); and a steady direct current

component, :
Now consider the effect of modulating the R.F, input, Le, by
varying its amplitude as in Fig. 6. Again one half of the signal

£

Fis 6 Dhemotms o & SMovcsrsy B.F. S,

is chopped off by the diode but the instantaneous nverage or
D.C. component value now varies with the belght or amplitude
of the modulated halfl waves. Hence the D.CL component is no
longer steady but itself given a wave form which duplicates
the pattern of the ariginal modulation applied to the carrier,
This forms the audio frequency ent of the recrified

{detected) signal, mixed with the chopped-off radio frequency
signal. Strictly speaking, the final output through the diode,
and thus fowing through the Inad resistance, now consisis of
three components:

(i) a radio frequency component
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(i) o direct current
{iii] an aundio frequency component, “modulating”  this

direct current in’ an identical pattern o that of the
modulation applied to the radio frequency carrier
rignal &t the transmittng staton.

By feeding this audio frequency current directly into head-
phones we can use it to reprodoce the original sounds, althoogh
the actual volume achieved must inevitably be guite low. 1f we
want more volume we must amplify the pudio frequency signal
taken fram the detector by one, or more, stages of amplification,
as in Fig. 7. Depending on the degree of amplification achieved

SRR
AF | rpemn | AF AF AF
CROUT. [T = _ 'ﬂzﬁ

Fare oy Tarnoviss mie Amoo Fregoocy Ovrrer s Adrotrdanine.

{and any limitations of the preceding circuitry), the final
atdio frequency power is suitable for producing sound waves
through phones, s balanced armature reproducer, or even a
londspexker,

The performance of a imple receiver uting a ervtad dinde for
the detector is imited by the characteristics of the diode, which
is worth explaining to understand why a crystal diode does not
perform very satisfactorily on very small signals. I we draw a
graph of the current passed by a eryatal dinde agninst voltage
applicd to the diode we get a eurve like that shown in Fig. 8.
On the ponitive [voltage) side the diode resistance decreases
with increasing voltage so that the enrve sweeps npwards, On
the negative side the diode does setually still act a2 a conductor,
but one with high resistanes, Thug it will pam a little negative
current, which means, in effect, that the alternating voltage is
chopped off & little on the negative side below the zero line.

For a reasonably strong applied signal (i.e. reasonahly
voltage applied to the diode) the diode is operated in the steeper
part of i curve on the positive gide, =0 that the mean valoe of




pan INETRUOTIONE TO RADIO DONATRUGCTORA

current low, or D.C. average component asmumes a réasonable
positive valte. If, on the other hand, the applied signal voltage
is weak, the diode is ting on a relatively inefficient part
of the positive side curve and the equivalent current
value pased on the other half of the cyele may be almost as

Fio. . Lamrarioss or Tim Owvsrat Thoon ar Liw Ssosal. Steamte.

large. Hence the value of the DG, average component s very
small. In other words, the rectified oatput of the crystal diode i=
lmnlfﬂttlppﬁrdm}m,g: is low, which i8 why a crystal dicde
does not work satisfactorily at very low signal levels, Tt means
that every effort must be mude to boost the signal level with a
long aerial in areas remote from a transmitier in order to "work™
the diode on & more favourable part of its characteristic curve,

In drawing and deseribing radio circuits, standard symbols
are used to designate individual components—both for sim-
plicity and convenience, and also becanse some componenis
(e.g. resistors and capacitors) are aften similar in owtward
appearance. Capital letters are wsed to specify individual
companents, for instance:

R for resisiors (resistances)

€ for capaciton (condensen)
L for coils {inductances)

D for diodes

T for transformers

TR for transistors

F for valves
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Standard symbols used in drawing circuits are shown in
Fig_g,lqcﬂlﬂhihhthﬂuhulhnwingthﬂﬂminiphﬂmal
appearance of these components {although sciual shape and
size may ﬂan
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configurtion
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the earoem of o tri The collector & ther marked with s 'white o coleuged
spl eemr i it with L= the nesresi of the other two losds 1o the oalbectar,

Cladlv—plain eoils are devignnded am 4, or with an bron core {or shmilar) s 8,
Basic units employed are:
Current—measured in Amps (1)
Polential difference [voliage)—measured in Volts {For E)
Resistance—mensured in Ohms (02}
Caparifance (capacity)—measured in Farads (IF)
Inductance—menaured in Henrier (H)
{b:iud}m,iundinwk,thmbmmﬂminnn-
veniently small, or large, and the prefixed Kilo=, Mega-,
Milli-, Micro-, and Pico- are used in mn:h with the
following meanings (appropriate symbols shown in brackets):
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Mega (M} = one million = 1,000,000 {e.g, 1 megohm
== | OO0, KO D]]II'.I.H}

Kilo- {£) = one thousand = 1,000 (e.g, 54 kilacycles
= 5,400 cycles)

Milli- {m) = one thousandih ....#D (e.g. 8 milllamps

2
-1 = “00f Amps.)

Micro- (g} = one millionth =

I
1,000, 000 S ¥ lero:

L |
volts = —
1, 00,000

Pico- {#) = one million-millionth = ——
1,000, 000,000, 000

= 000002 voliz)

4
(o 4 plootieads = 4 T ™
000000000004, frads)

Capacitor (condenser) values are usually marked on the body
of the component (except variable capacitors, which are seldom
marked with values), Fixed capacitors may be of the mica type
(Hat in shape, constructed of silver foil interleaved with thin
mica shects, the whole covered with a moulded andfor waxed
mﬂng]:_bnﬁnmh[::m:ﬁ:ﬁngd‘inmhwdllnmlnhmfnﬂmd
waxed paper rolled into a tight cylinder, the whole then covered
wuhpmﬂinwnmn]lgnlmmm&mm}:mmgpptwhm
& small ceramic tube is used as a diclectric and the inside and
outside of the twbe are coated to act as the plates of the con-
demser, the whole being lacquered to seal). Ceramic types are
ru;rlinlf::; small values of capacitors.

or valucs, elecirolytic capaciiors are used. This uses
an aluminium rod or foll plate in contact with I]l:lut!l!!putc
or liquid form, housed in a suitable container, The dielectric
i formed by pasing a direct current through the capacitor,
after masembly, and takes the form of & very thin film of
aluminium oxide deposited on the aluminium plate by elertre-
chemical action. Because the dielectric formed in this fashion
is 30 thin, very high values of capacitance are possible. The
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type of construction does, however, limit the maximum working
voltage and clectrolytic capacitors can anly be nsed where the
mugl be connected up the bght way round (negative and
positive connections are marked on the case, or the postive
end iz painted red). .
Resstory are umally more simple in construction, consisting
of a short rod made from o mixture of carbon and a binder fired
in an pven. To the ends of this rod are fixed metal caps o which
the two leads are connected,
Resistor values are almost invariably marked by a eolour
eode, either with colour bands (when the colours are read
from end towards the middle); or a coloured body, tip and

Exrwmy lslie arnmE
valne pomd an i i a5
e Pt giboens or 36 KO




24 INFTRUOTIONS TO RADIO CONRTRUGTORS

Two other colours may alio be found on resistors—ailver or
gold. These are not read as part of the colour code but merely
show that the component is made to clase tolerances. Normal
manufacturing tolerance on resistors & plus or mines 20 per
cent of its nominal value. A silver band specifics a closer
tolerance of plus or minus 10 per cent; and a gold band a
tolerance of plus or minus § per cent.

In practice, resistors are not made to what appear logical
wluu,e.g.ﬁnuhm,lmnhm.nmulmjmuhm.mum.,
but to what are known as preferred values. These provide
reasonably small intervals between adjacent valoes snd are
actually planned on a logarithmic scale, That is, the nest
value above or below a particular size represents an approxi-
mately constant pereentage change in resistance. The preferred
value range i quoted in its entirety below for populir makes of
gmall carbon resistors.

Values bn ales o
oo es il e =7 =5 47 fifl U2 106 oo 350 880 men-zp
470 ghu 80 Byn-nl..mnhhﬂuln.} i

F.ll.nnll-‘l-lhi'—nfﬁ.ﬂj it g
A Eh TR e 2T 5% 80 47 A & g0 iang ol ==
56 68 Ha boor 1o 150 mﬂ'."n:::nmﬂnﬁmtliu -mﬁﬁ!}n&ﬁ

Values la imegohms (M
By il s 2 83 8 47 50 68 B i im a5 ol e

Armed with this information it is then a straightforward
matter to translate circuit deawings and component specifica-
tions, As far na pomible, too, all the working circuits described
in the chapters which follow are laid out in the actusl construe-
tion in a similar sense to the cirouit drawings, although separate
schematic drawings are given as a further guide. Whilst it is
possible to work entirely from schematc drawings—and
definitely ensier for anyone with no previow experience of
practical radio work—it &= recommended that the habit be
encouraged both of relating a schematic drawing to the appro-
priate circuit drawing, and eventually working mainly off a
circuit drawing. Onee familiar with the reading of a circuit
drawing, for example, it is far easier to work from this 1o check
a circuit than endeavouting to trace posible wrong connections
from a schematic drawing,

As & typical example to flustrate the difference between
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these two types of drawings, take the tuned circuit previomly
discussed. Fig. 11 depices a tuned circnic both ay & schematic
drawing {right] and a circuit deawing (the latter using standard
symbaols). On a complete drawing, values (or specifications)
for L, Gr and Co would be given. Other stages added to the

Fri tr Tim MimeD CImGLTT BRAWN 18 TWO DIFFERERT WiV

tuned circuit (e, asin Fig. 12) are generally more easy to
follow on the circuit drawing, particularly for checking the
overall cirouit.

The purpose of a schematic drawing, or a lavout drawing,
is o translate the ecircuit drawing in terms of physical layout
of the various components, Tt can be dispensed with where the
circuit is smple and the constructor has enough experience o
appreciate how to lay out the various components in an
erderly, efficient manner, On very much more complex ciruits,
the position of certain components may be quite critical and
mhymmyhvlmhplmdﬁruﬁnimmmmth.
ete., which is rather another matier. With the sets we are con-
cerned with here we can way that once the builder has learnt
to work from a gircuit drawing only he has established himself
uhml-na,rlg-nudprucliuulhmwl-w&nmt‘ha:ir:ndinenvginn:rin,g,r+

The ather basic skill required is a cerwmin dexterity in the
use of & soldering iron and the ability to make strong, perfect
soldered joints neatly and efficiently. Whilst an untidy receiver
may work as well a5 one neatly constructed, untidy workman-
ship is often bad werkmanship—and a poorly soldered connec-
linnmnrb:;hndjniutwhhhuﬂlgiwtmuhhhmrnn.ur
even prevent the set from working from the stare.

Only an electric soldering iron i really suited 10 radio
construction, preferably one of the smallest size with a pencil
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bit; The two most important things about making a good
stibdered joint are a hot iron and a “toned” andfor clean
surfaces to be jointed.

Firt & word about the working temperature of the fron,
Nearly all electric soldering irons are designed ﬁ:rl operation
or 240-250 volts maing, 1f the actual supply voltage is less than
200 volts, then the iron will never get hot enough for sams-
factory soldering. Your mains voluge will be marked on your
electricity meter, or your local electricity authority can give
you this information. You muet have an electric ivon to suit this
voltage—or in an extreme case use & transformer to boost the
supply voltagn 1o the specified voliage of the electric iron.

All wiring s normally done with copper wire, or preferably
tinned copper wire, A tinned surface solders more readily
than bare copper. In the case of insulated wire, the bare copper
end expased by sripping off the insulation can be tinned by
laying on the point of & bot iron and then touching with solder.
(e, hare copper will always tin readily by this method. Tf
the surface is greasy or dirty, the solder will not *run’" properly,
nor stick 1o the wire. Enamel insulation on wires must, ol course,
be scraped off before atiempting to solder.

Even a tinned surfice will not solder properly if it is dirty
or preasy; vou should particulady watch tags on condensers,
leads on resistors or capacitors which have become dirty ar
greasy through handling. Cleaning of these surfaces can casily
be done by scraping Hghily, or mbbing with fine emery paper.

Unider nn circumesdanses should an acid-type flux be wsed for elvetrical
soldering, Tn fct, no fux at all should be required other than
that already contained in standard resin-cored solder supplicd
as n standard material for radio work. A clean iron, hot encugh
to imelt the solder at & touch, clean surfaces t0 be joined, and
resin-cored solder should cope with all requirements,

It will usoally pay anyone not experienced in soldering o
practise joining spare pieces of wire and odds and ends until
proficient at making a neat, strong joint efficiently end guicky,
Components may be damaged by long application of heat near
them when completing a joint. The correct techniqoe i to
apply the tip of the iron under the parts to be joined, anmd the
solder to the opposite side. In a matter of a second or so the
joint area should have heated up enough for the solder to mun,
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when the irom can be removed to allow the solder 1o cool off
immediately and complete a good joint.

In certmin cuses it may be necessary 1o use one hend to hold
a component or wire in position whilst soldering when a blob
of solder may have o be run on to the tp of the iron and
carried to the joint—leaving the iron in place just long enough
for the solder o run over the joint properly. Both technigues
are worth practsing—and practising again—until you arve
thoroughly proficlent at them. An old terminal strip, which
vou can purchase for 2 few pence, makes a good practice piece
ing wires to ench tag, in turn, and then texting exch
ith a really good joint you should never be able to pull
off the tag—the wire itself should break off if you work
it up down, rather than the solder joint fail.

Your basic ool kit should also include a small pair of side-
cutting pliers (used for cutting wire and alo for stripping
insulation); a small pair of pointed pose pliers; & small screw-
driver; and & small hand drill with 8 selection of twist drills
(sed for drilling chassis plates, etc.]. For caotting Paxolin
sheet to size for chasia plates, a Junior-size hacksaw will also
be most useful.

Components required for the constroction of the individual
sets are fully listed in the captions with each design. A certain
amoiunt of stock material will scoumulate, sech 85 tinned
copper wire for wiring up, sleeving for inmlation purposes,
small screws, nuts and bolts, solder tags, ete.; or yon can boy
rather more of these than originally required as they will
always come in useful for future work, Most of the other
materials which may be required from time 0 time can usually
be found abont the house.




CHAPTER TH
THE SIMPLEST TYFE OF RECEIVER

Tun simplest type of receiver consists only of a tuned circait
and detector, feeding audio frequency power into a pair of
headphones as explained in Chapter I It operates entirely
on the power of the transmitted radio signals packed up by the
aerial, o requires no battery to operate it.

Since the acrial signal strength, even when the tuned circuit
is in resomance, is probably only of the order of & few millivolis
(one millivolt = one thousandth of a volt), there is obviously
very little power to play with and so the performance of an
elementary receiver of this type ia seldom very good, Neverthe-
less, by employing an efficient tuned circuit and & proper
selection of components it can give quite satisiactory headphone
reception and pick vp guite & number of different stations.
Much will depend upon locality, l.e. how far the receiver i
from a particular transmitter, The nearer the better, obviously,
for maxitmum signal strength.

In some areas reception may be very poor indeed, to the
point of being inaudible tuned to any broadeast station. In fagt
there are many areas in the British Tsles where no basic sct of
this simple nature will pick up any station at good lstening
strength, There is nothing that can be done about this; it is
just unfortunate. However the cost involved in the construction
of a basic receiver is relatively small and so the loss involved in
such cases s not very great in terms of cash, It should be
emphasised, however, that the fact that a simple basic receiver
does not appear to work does not necessarily mean that the
area concermed 8 dead as far as signal strength is concerned,
It may smply mean that more attention is necessary (o getting
a pood aerial and exrth rigged up, The limitations of the diode
5 a detector at low voltages has already been explained in
Chapter 1. Further, stations which would not otherwise be
picked up even with a good acrial sysier may become audible

uil
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with a slight modification of the circuit (see design no. 5
described later).

The circuit dingram for the basic receiver (denign me. 1) 8

shown in Fig. 12. L and Cr comprise the tuned circnit. The

aerial is connected to & tapping point (2} on the coil through the

; AR W RECLARER

Fea. sz Demesl s i—A HAFGS HECEIVER.
I:Iv—jlll'pftlﬂ.utw.' primmier; or
Cr—aan pF

) ity cxyetad diodie {or HTH CC 10F)
L—rn purn coil on Perremeabe Be aerial rinl (s Fig, o3 and texi)
Mute: high redviance phonms s be wmel

capncitor €z, To the same point is connected a dinde (D) to act
as a detector, passing audio frequency current on to the phones,
The return circuit connects back to the tuned circuit, this being
the earthed gide of the receiver (physically connected to a
suitable earthing point, il necessary, to improve the acrial
officiency).

Two other components are also included in the complete
circuit—a capacitor (C2) in the aeral, and another capacitor
(C4) mcross phones. The fimection of the capacitor acros
the photics I to act as a flter or “by-pass™ circuit for the high
(radio) frequency current which passes through the diode.
The capacitor thus integrates or averages the half cycle pulses
of radio frequency energy. A small capacitor represents a
comdntive path for high frequencies, but blocks lower frequencies,
Thus all the lower {audio) frequency current iz directed through
the pliones.

The function of the capacitor in the aerial is less obyious—
in fact it (or even the whole aerial) may not be necessary at all.
It in often found, however, that capacitor-coupling of an
external serial in this manner improves reception on certain
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stations by giving better selectivity or station separation,
particularly in the medium wave band for which mange the
tuning circuit 18 usually designed (see Appendix I}, The values
of €z pnd C3 arc determiined from experience and are,
typically,

e = gzo pF

€3 = +o01 pF

Disregarding the cffects of the locality in which the set is
operated, the performance of o receiver of this type depends
on the cifectiveness of it aerial and the efficiency of its tuned
circuit, A majority of designs, purely on the score of keeping
cost down o an absolute minimum, use simple wonnd coils and
a tuning condenzer inherently subject to high losses, For a
matter of only another two ar three shillings high-performance
components can be used for both these vital compaonents in the
tuned circuit, with a consequent benefit to *

All this means, [n fact, is avoiding the use of a variable
condenser with a Paxolin or similar dielectric material and
instead wing a mica compression trimmer (or an air-spaced
or ceramic type vardable condenser of the required capacity):
and the purchase of a ferrite rod on which the tuning eoil is
wiiandd,

Winomio var Toawa Cor {see also Appendix T11)
The stages in making the tuning coils are detailed in Fig. 13

Fia. 1% Wintaiio b Tuismg Goui.,

The first thing to do i make a paper sigeve trom gumstrip to
fit closely over the ferrite rod. Cut a one-inch length of gum-
strip, mofsten and wrap round the rod, az shown, with the
gummed side sppermest. Now add about another half a dozen
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wrappings of similar length of gumstrip over the first, this time
with gummed side diwn (o form s ressonably rgid tube, Make
sure that the paper tube is a tliding fit on the ferrite rod and
leave to dry thoroughly (preferably removed from the rod so
that it cannot become stuck to it).

When the paper tube i quite dry it should be rigid, when
the coil windings can be applied. The wire to be nsed is g8
n.w.g. enamelled copper wire, or preferably 48 nw.g. double
gilk covered wire—the number g8 referring to the actual
diameter size of the wire according to the standard wire gauge
AW
{ Etfrﬁngnbnntii:uthinﬂmm:mdﬂfih:plpﬂrmb:,
wind the wire carefully round the tube with each turn tight
against the one before it until 16 full tume have been com-
pleted. Then make a loop in the wire, as shown, and carry on
winding, with succeeding turns touching, until 50 turns in all
have been completed. The two loose ends of the coil {the start
and finiah} can be secured with a dab of scaling wax whilst the
projecting loop can be twisted together [e.g. by putting a pencil
through the loop and twisting up). Cut off the loop, leaving
about § inch protruding from the main coil, bare the wire ends
and together. This forms point 2 on the eoil, The gtart s
paint 1, and the end point 3—the numbers referring o the
circuit diagram, It will be cary to remember thes without
marking gince the tapping point (2] comes much nesrer one
end (1) than the other (3).

This is the only component to be made, The remiining
items are purchased to the specification given in the shopping
hist, leaving enly the chassis unit to be amembled reasdy to take
the components,

Tue Cuasms srr

Paxolin sheet s recommended for the chassls materdal, this
being a rigid, tough material with good insulating properties.
A number of other materials with insulating properties could
be wied, such as Perspex (more beittle and less easy to cut and
drill than Paxolin), sheet plastic (usually subject to warping
and not always with good ing properties), of even ply,
balsa or bardboard, But since our aim is to become competent
radio engineers; let us stick to radio engineering materialy,
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The sheet Paxolin should be cut to the size given in Fig. 14
This is appreciably larger than that necessary to accommodate
the compaonents for the sinple receiver, but is designed (o take

the further stages which may be added to improve performance
{as-described in later chapters).

PR AR CHATSE

Fin, 1§ Ammusey Sracm s Cossmaurrmne toe Tans Roieivii.
The asiiee chassls unlt is préainod for Lisr desigm.

Now mirk the position of the holes detailed and drill these
oot wiing & 1/16 inch dinmeter diill. The basic chassis unit is
then completed by bending and ftting the three 16 sw.g.
tinned copper wircs which act as bus bars as shown in stages
t and 2, and also the two spring clips 1w take the acrial rod
(stage 1), The ends of the wires are simply bent at right angles

fep: This s o rrpical kin meedel anprorhivt, 4 ilenkle Ml Ao ot s
altlicagh allgnmens of ibe Hiished roovivie mby fer liffendi. Moosie the sz il 1o
liselspsrabier wiil plastic ealise

Tt %k, fith preniplag of companents i gossthle witls monsispe teansistor
recEvLETE, ot o sni apmeinig aaid siire Inupils ate s as pmigortnnd with
sinple devigns, Typical componeme are e 1Freel  Bay |'_|!-.||r|- i. Electroddtn
cHparibor; 0 YVarinkile modensers 4 Seewinl-ranld {4y [ ransiningrs; 5. Soeeened oodli
{inial oy wypeewbrd cdnnaie] ) o Hesiswrs 5. werl rappciteray I Ferme tind;
o el < R
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hene from the soldering rim daimsging ibe troestlor. B0 b odvisaile 40 iengl o

Hve maldermyg iron froin the maim whien actiually sslderbg trammisnoe.

THE SIMPLEST TYFE OF RECEIVER 51

at each end, pushed through the holes in d:.": bz and then
mrned over to lock in plice, The spring clips are anchored
with sell-tapping screws or small nuts and bolts,

Movwmng THE COMPONENTS

Enlarge the hole for Cr, as necessary (g by twisting a knife
blade or the tang of a file around in the drilled hole) antl
the variable condenser (Cr) will fit snugly, then pecure by
tightening up the nut on the top of the Paxolin panal.

The diode (D) can then be soldered across the gap between
the short and long lengths of bus bars on one zide of the base,
making sure that the end of the diode coloured red (or tarked
+) is joined 1o the long bus bar, It is important that the diode
be connected the right way round in some later circats.

Capacitor €7 is soldered across the two main bus bars, as
shown in the diagram (stage 4). Cut the leads fairly short so
that this component can be mounted neatly flat against the
base plate, torning the ends at right angles to solder to the
buas bars.

The wire lead on one end of capacitor C2 is bent down at
right angles, pushed through the hole in the base near the end
of the plate and turned over underneath 1o hold the component
down firmly, The lead which comes out by the short bz Tanr
i soldered o it The other is cut off and bent around the edge
of the chasais, as shown,

The acrial rod with s coil mounted on it can now be
mounted by inserting in the spring clips, Coil lead 1 1 taken
ucrom to solder 1o the long (negative) bus bar. Lesd o i
soldered to one side of the variable condenser (Gr). Neither
of these leads must be cut short. The other terminal of Cr i
connected o the negative bus bar with a suitable length of
tinned copper wire, Finally use a 2 inch length of the same
wire as wsed for winding the acrial coil to connect paint 2 on
the coil to the ghaort bus bar,

Other connecting points are then as indicated. The phones
connect to the two bus bar ends on the right—marked Pr and
P, An external aerial, i necessary, connects to point A, An
external carth connection (again if mecesary) connects fo
point E. Finally, fit the knob to the yariable condenser epindle
so0 that the condenser can be adjusted lor tuning.
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In areas of sirong signal strength, no external arrial or earth
connections should be pecessary. In other words, the set should
work as it is, aller adjusting. Performance wi.'ll,, however, be
improved in any area by anaching an sedal wire, which can
be ony thin wire (e.g. wsing the same wire a5 for the enil
winding again). An werind length of ap to 160 feet may prove
advantageous—ihe longer the aedal {up to this figure) the
better, provided it is led away from the receiver o as high a
point as possible,

An earth connection may further improve aerial perform-
ance, By nn earth connection we menn s connection o some
conductor positively in oontact with the ground [and preferably
buried in the ground), A water pipe is an excellent earthed
conductor, Thus if an earth connection i found to be necesary
{or you wani to try one o see how performance is affected),
connect & wire from point E on the receiver to o convenient
water i

This question of getting a goed aerial and exrth is 3 most im-
portant one in areas of poor signal strengih. As & generul
rule, increasing the serial lngth improves its efficiency, but
only i this length is used in the vertical direction—ie. the
aerial must be taken up o as high o point as posible, Linking
up o a television aerial Is often a good plan, since TV acrials
are wually mounted a8 high as possible. If bare wire & uzed,
it is abo important that the upper (free) end of the serial is aot
made fast to something which could produce an earth connec-
ton (e.g. luu,wh:hmuldhm:mhmnﬂﬂm,ﬂdmpj,
or at least is suitably insulated from such a suppert, String is
nol an ¢fficient insulator. That, too, ean eonduct when wet,

Quiite good results are often obtained by connecting o the
springs ol a bed ns an nedal, in which cuse un earth connection
in umally necessary. Sometimes, too, where aother attempts
have failed 1o yield 4 good signal strength in the aerial, con-
necting the gerial side of the tuning coil to & geed sarth (3 water
pipe) can produce better results, the normal earth connection
being left off.

Serrve vr THE RECEIVER

Serew down the tuning condenser Cr {or turn to fully close
the vanes, as appropriste) and then back off about half a wrn.

THE MHPLEST TYFE OF RECEIVER a5

The tuning cofl should now be alid up and down the ferrite rod
(which is why the coil leads were left Innglngiwthnmnr
ﬁu:dum of movement) until the BB.C. Third Programme is
heard. {Check with the Radis Timer or a dally paper that this
mme is broadcasting at the time you are trying to tune
into it, il you get no results!)

It may be necessary slightly to alter the adjusiment of the
m;i;hhg:;ﬂumrmminln&d:pmmmm:.ﬂ]mhnmm
of the ferrite rod aerial the set will be directional. That is, the
signal strength veceived will depend 10 some extent on the
dmﬂmmwm:hﬂuamaimdupmnm;.mtumu:nmm
pick up maximom volume.

Having established the best position of the tuning coil on the
rod to reeeive the Third Programme, fix the coil permanently
to the rod with & dab of sealing wax. You should then find it
possible to e in to further stations by altering the setting
of the varfable conderser—e g. typically the Home Service in
about the middie of the condenser travel and the Light Pro-
gramme fowsrds the other eid—see Appendix L

If there i & complete lack of response, check for faulty winng
up. A mare likely cuuse, however, is lack of an external aerial
or earth connection in an area where these are strictly
for adequate reception ; or an inefficient aerial (oo short, or not
high encugh} or poor earth connection (had electrical contact
to a good earth paint, or connection 1o a bad earth point).

Another possible canse of apparent failure may be (o much
ontside noise entering the ear so that it s imposible to detect
the very weak radio signal as it is being tuned in. Headphones
are possibly better than a single dealaid type of earpiece in
this respect, but in any case n really quiei room is virtually
essential for initial setting up and tuning adjustments. Also
il your adjustment of the taning control is 100 coarse, you may
misa the setting for the station you are looking lor completely
without realizing it.

Reception will also tend to vary with weather conditions.
Some days it may be goodl, at other times 20 poor that what was
normally a ptrong station is hurdly heard at all, The simple basic
receiver hag many Hmitations, but since it costs very littde to
comatruct and nothing at all (o operate, these must be regarded
as inevitable, You have succecded, in fact, in mastering one of
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the basic principles of radio in receiving any one sintion at all
at a #trength which is audible. You have leamt, in fact, o
extrapt electro-magnetic (radio) energy out of the ether and
turn it back into audible sound under a potential picked up in
your d@erizl of the order of only a few thousandihs of & voli.
Having learnt how to capture that radio energy there are ways
and means open to boost or amplify it to improve the perform-
ance of the receiver.

Meantime there are further experiments you can’ try even
with this simple set, such s designing and winding different
colli (see Appendix 111); experimenting with different aerial
lengths and positions (try attaching the acrial direetly to point
2 on the tuning coil—ie. to the short bus bar—instead of
putting through the capacitor Cz}; disconnecting Cg to see if
there is any detectable difference in reception; and o an.

CHAPTER 1V
IMPROVING ON THE BASIC RECEIVER

15 the simple diode receiver described in Chapter 11 the volt-
ages involved are very small indeed, so that it is possible only to
receive the strongest local stations. To obtain a reasonable

amount of audio frequency power it is necessary 6 incroase
the emplitude of the signals pasing through the receiver, Le,
by adding an audio frequency amplifier stage. Actually there
are two types of amplifier stages which may be involved—an
audio frequency amplifier to increase the Bmpiirnd: of the A.F,
voltage; and an audio fequency power mnplifier or mlju? stage.
These differ slightly in design, so we will discuss them hurh:
The basic amplifier used in radio cireuits is the friody which
consists, essentially, of throe elements enclosed in an evacuated
glass "bortle™, The central electrode is 8 mesh-like structure
called the comirod grid, or just the grid, interposed between the
eathads and the anade, By applying voltages to the grid (actuplly
a potential difference between the control grid and cathode),
the flow of anode current (between anode and cathode, when
the valve is acting as a conductor in the circuit) can be con-
trolled or varied over & wide range. A comparatively small
change in grid voltage can cause a big change in anode current.
Two types of triode are shown in Fig. 15. Both are the same

Fig: 15 Two Trrm e Theoma vALVE {alm see Appendis V fir details of etber
wvalyes cperabed ws iriodes),

a7
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in function but in one case the cathode is directly heated
(connected to the Jow tension battery or voltage supply); and
in the other it is indfirectly heated by a separate element called
the heater, Most muins-operated valves of modern type are
indirectly heated, the chief advantage being that with the heater
isolated from the rest of the circait, alternating current can be
applied for heating without causing hum which would other-
wise be present if the cathode were directly heated by ALC.
Directly heated valves are mostly wsed in battery receivers,
where the voltage supply is D.C. and no question of mains
hum arises. This also accounts for the fact that a battery receiver
will operate almost immediately It i switchéd on whereas a
maing receiver, with indirectly heated valve cathodes, requires
a warming up period for the cathode to be raised o its operating
temperatiire by the heat of the separate heater coil,

The sction of a triode ean be explained quite simply. In the
case of a simple two-element valve (or diode) the valve becomes
a one-way conducting clement as far as electricity is concerned
by the fact that the filament or cathode is heated up to give an
emision of electrodes, These freed electrodes (being negatively
charged) are attracted to the anode element, the flow of ¢loca
troms in this direction being equivalent to o flow of electrie
eurrent from anode to cathode (positive to negative) through
the valve—(this is shown as dotted lines in Fig. 16). Thus,

Fin, 76 Toummesarso Ton Brrecr of Gem Bas,

depending on the size, shape, and construction of the valve,
for a given high tension voltage there will be a corresponding
anddé ewrrend Bowing through this circuit,

The triode valve, connected in this manner, will have a
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similar performance. The current Bow will not be quite as high
as for nn otherwise identical valve constrocton, for the grid will
alfer a certain physical barrier to the fiow of electrons and thus,
effectively, give the valve a slightly higher internal resistance
to current Now.,

Now consider what happens when a megatine potential is
applied to the control grid. The grid being negative with res-
pect to the cathode will repel electrons back towards the cathode,
and the higher the grid {negative) potential, the greater this
effect will be, IT the grid [negative) voltage is small, most of the
electrons will contlnue to pasa throeugh it to the eathode. Buat
the mare the grid {aegative) potential i increased, the greater
the number of electrons whach will hehrldh-:l.r'l.

Thus the gnede correnl will vary directly with the amount
of grid (negative) voliage—a small value of grid [negative)
voltage giving a small reduchon in anode current, and an
increading grid (negative] voltage a cormespondingly decreasing
ancde current. If the grid (negative) voltage s increased up to
a certnin point all the electrons will be repelled and the anode
current will drop o zero. The value of grid potential at which
thin o¢curs i known us the mul-af point for the valve,

This reduction in anode current with INCPeasing gﬂﬂ {nega-
tive) voltage is shown in the graph, which iv called a chame-
teristie curve for the valve, It will, of course, vary for tnodes of
different desgn and construction, bot is always a straight line
{or very nearly so) over what i3 normally the working range af
the valve. The effectivenss of the grid in controlling the annde
current can be expressed by the sipe of this straight line—e.g.
in terms of milliamps anode current change per volt (grid
negative potential), This value, with the standard unt of
millinmps per volt, is called the mutial conductanee of the valve,

A further important figure extracted from the characteristic
curve is the emplification facfer of the valve, or a measure of how
many fimes the grid i better than the anode in changing the
anode current, '[his is found by plotting o point or points at &
different anade voltage (high tension voltage) and comparnng
the difference in anode current produced by this voltage
change with the amount of grid voltage change required to
give the sam¢ anode current change on the orginal curve, A
Bgure of around 20 or 4o is quite common, ie. the grd is




40 INETRUGTIONS TO RADIDO CONSTEUCTORS IMPFROVING ON THE BASI0 RECEIVER 41

that number of times maore effective than the anode in changing change in anode voltage (or outpat voltage) will be a very
the anode current. \ ) much amplified vemsion of the original alternating voltage

Tm?nn?hn;hhnrnfmgniﬁnmulh:wmﬁmw applied to the grid. The actual degree of amplification achieved,
anode circwit verivbance of the walve—which &= sat the anode Le. the ratio of the output voltage amplitude to the input valtage
voltage divided by the anode current. It is compiited as the amplitude is called the gein of the amplifier circuit. It will
mq:mmndtvﬁlmag:dhﬂ::!b}' the change in anode corrent always be lesa than the amplification factor of the valve itsell,
which it produces. Internal resistance, amplification factor and but may approach this fgure if the anode load resistance is high.
mutual conductance are all related: Fig. 18 shows a pructical triode amplifier circuit (derign no, 2)

Amplification factor = mutusl conduciance % internal
resistance
Knowing any two of thest factors, the other can easily be
caleulated.

New to put the triode valve to work as an amplifier. First
it is necemary to apply a negative diar voltage to the grid to
ensure that whatever the variation in input voltage also fed to
the grid the grid voltage always remains within the “straight
line’ operating part of the characteristic carve. Also it is
essential to ensure that the grid voltage can never become
En:h.whi:hnﬁghtdamquﬂumht:hmnghmundiﬂy
igh anode current being developed. The grid bias voltage, in
rﬂ-ﬂt,j'ﬂlf-dﬁﬁﬁl Whﬂ-tlhﬂlﬂﬂﬂllmh—gﬂ:_:‘u the wilow 4o Fr oll, Dhesres s, 80 & Pascrmss, Tooos Awetoms Cmoorr,
remain within jes ﬂl!l'l"llll] aperating limits at all times. using a DLgt (or equivalent) valve connected as a triode (see

h\flqmgtuputnﬂnﬂmaﬂﬂmpm:dnuﬂﬂ:hlnvﬂuge Appendix V), applied to the basic erysal diode receiver
will mow cause a corresponding varintion in the actoal grid described in Chapter 1L The resistor £r takes the place of the
voltage—see Fig. 17, This, in turn, will cause variations in the an the original receiver o act as a suitable load for
e the detector stage, o-2 megohms being a suitahle valoe.

/’\ /\Im Negative bias is connected to the grid of the triode from a
.ﬁ =73 separate battery (the grid bias battery), connected up as

v \m shown. An interesting point here is that with the valve correctly
binsed the grid will never become positive with respect to the

S owecqeor cathode and therefore no power is taken from the grid bias

' battery, hence it should have a very long life. The resistor Kb,

=0 alen connecied to the grid of the valve, is terted the grid leak,

Hr- The capacitor Oy provides the conpling between the detector

Fm. 17. Tuw Tusood a6 an Aurtimee, ootput and the valve grid whilst the headphones are tow used

to form the anode load for the amplifier valve, That completes

anode current flowing through the valve. This latter change the cireuit apart from the connections to the appropriate high

also means that the anode roltage must vary sccordingly and tension grid bias and low tension batteries. {See Appendiz V
because of the amplification effect described above, the ultimate for appropriate battery voltages with types of valve nsed.)
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_All of these additional components can, in fact, be connected
directly to the valve base, as shown in Fig. 19 {design no. 2}, on
the anderside of the base plate, When the valve s mounted in
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the base it can then be strapped to the base with a rubber
band-—unless yoo prefer to mount it permanently. In this case
the base should be cut out to take the valve base and the base
mounted on the plage.

A somewhat simpler circuit can be used with certain types
of valves (e.g. W.17 or equivalent—see Appendiz V). These
valves have a very low anode current and may be
satisfactorily witheut & separate grid bias voliage, thus dispensing
with the need for an additional grid bias battery, The circuit
then becomes as drawn in Fig. 20, the grid leak R¥ being
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retained, as before. Tt s instroctive 1 try different values for
Rz [say, ranging between 1,000 chms snd 1 megohm) to see
which gives the greatest volome, The wolume is, in fact,
markedly affected by the value of B2 in a particular circuit
and will generally tend to increase with an increasing value
of Rz

Yet another alternative method of applying negative bins
to the grid of the valve in small battery receivers s to utilise
the low tension battery {see Appendix IV,

Power AMPLIFICATION

It is readily possible 1o add a Rarther stage of proer amplifica-
tion to improve the performance yet again and boost the
receiver signal strength o sulficient volume o operate & Joud-
speaker. In this case an anode load resistance i put in place
of the headphones and output taken from the snode
vilk a capacitor to feed into the grid of a second triode. The
second power amplifier direuit is o littde different, ss will be
seen from Fig. vr, for this time we insert a frongformer a3 the
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anode load and operate the loudspeaker through this trans-
former. Thus the loudspeaker is not direcily connected to the
output circuit, buot indwtively coupled to it Otherwise the
amplifier circuit is the same a8 before, and the same possibie
variatipns apply {see Appendix IV),

The reason for using a transformer in the outpit stage of the



4 IHETRUCTIONS TO RADIO CONSTRUCTORS

power amplifier is to provide the necesmary high resisiance
load to achieve the maximum power gain, The _
used in previous circuits have, necessarily, been of the high
impedance (high resistance to alternating currents) type. Low
impedance headphones, or a low impedance deaf-aid earpiece
in these circaits, would have to be coupled in with a transformer
to get any results at all (see Appendiz I1).

All modern loudspeakers of the moving coil type are Jow
impedance, their actual effective resistance being of the ovder
of enly a few ohms {whereas the impedance of the headphones
specified is usnally abont 10,000 ohms). Thus it is pot posible
to connect o loudspeaker divectly in anode circuits since such
a small impedance would give negligible output power—quite
insufficient to drive the speaker to convert electrical energy
into sound waves,

The use of a transformer sorts this out by matching the
impedance of the speaker to the reguired ancde lond resstance
for maximam performance. An important point arises here in
that there is an optimum valoe for the anode load (depending
upon the type of valve used), which will give medmum power
output. Any greater resistance, or any smaller resistance, will
result in a reduoction in power output,

This aptimmm [oad is quoted os part of the valie's charac-
teristics and in proctice generally lies between 9,000 and
1o,000 ohms, Very approximately, in the case of a trinde, the
optimum load can be taken as twice the internal resistance of
the valve. In case of doubt, or where performance is ot as
goodl as expected, trying different values for anode load
resiitance may be a solution. In the case of opimum anode
lead resistance for sclecting an output transformer, however,
it is necessary to know this figure in order 10 select o transformer
which gives the correct match with the loudspeaker,

If, for example, the optimum snode load resistance for the
valve used was specified as 5,000 ohms and the impedance of
the loadspeaker was 3 chmas, the required transformer ratio
can be calculated as the square raat of the ratio of the resistances,
i

Tmm:.ﬂ%:maﬂ“
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In other words, in this cose, the correct matching is provided
by & transformer with a 41:7 step-down ratio,

Use or Diooe Varve 8 rrace oF Diopn Crystan
All of the circnit designa above apply equally to the use of a
diode rafey as a detector in the base circuit, hm%niﬁ
anium crystal dinde specified in Chapter 1L
ﬂ is connected into the circuit in exactly the snme manner,

=

BV o, B

-
o B, Pam Recervan Desow, w4 Toeasmcses Do VaLrs—an
%Mhm Courasen vwrre mar Crvseas Diope, Sivee 4 Lowe
rosmoN BaTTERY 1 NERLER,

as shown in Fig. 2. This cannot, however, be regarded as a
practical cireuit,

Ustvg & Tmope Vaive as a Derecror
The trinde valve can also be used in the defeclor stage of &
receiver, with certnin advantages over a dindr detector. The
trivde detector, for example, as well az detecting or rectifying
the aerial signal received through the tuned circuit, emplifies the
audio frequency output. Thus it may be of considerable
advantage where the andio output of a diode is very small,
ps too marginal for headphones to work at all satis-
factorily. The triode detector, however, does tend 1o introduce
distortion and the preater the input signal the greater the
distortion produced. Indeed the triode cumnat handle a very
large signal input whereas the diode detector can accept
signaly of almost unlimited amplitude without distortion of the
audio frequency signal passed by it




b INSTRUGTIONS TO RADIO QONSTRUCTORS

There are two basic ways in which the triode can be used
as a detector. In the circuit shown in Fig, 2q the triode is
effectively conpled to act both as a dinde detector and a triode
amplificr—i.e, the single valve performs both fiunctions. No
standing bias is provided so that in the absence of a signal grid

\V% sz

P @5 T Tooe covrasmn Yo sor as B Derocrmom ABD . AMPLirER.

and cathode are at the same potential. The grid and cathode
behave ar a dinde in the detector circuit, the grid acting like a
diode anode.

When a signnl current flows through this detector circuit
the D.C. component Howing through the resister £ tends 1o
bias the grid negatively, technically known as “self-bias™ since
the signal itsell s responsible for the production of bing. The
audio frequency (ALF.) and radio frequency (R.F,) components
of the signal are applied between the grid and eathode, thus
working the valve as a triade. Both the A.F. and R.F. compon-
ents would be amplified and passed on to the output stage but
for the presence of the capacitor ©5. This is chosen of & suitable
value to provide a low resctance to R.F,, but a bigh reactance
to A.F. Hence it acts as & short-citcuiting path across the output
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of the rinde a8 far as unwanted BLF, signals are rf:lm!m'ﬂl.
but a high resistance path to wanted A.F. signal, which is thus
passed on to the next stage. Cg is a coupling condenser for
connection to a further stage, Alternatively phones may be
inserted in place of K.

The other type of triode detector circuit—Fig, e4—cmploys

Fin 34 Tor Toooe Ascsn Bess Devsomns Cimon,

a fixed bias which is selected to be of just the right valoe to cw
off the anode current when no input signal is present. When
the input signal is applied, pasitive half cycles cause an anode
current to fow but sepatize half cycles are cut off, since the
application of further negative to the grid drives the triode
evens further below the cut-off point. Thus the output AF. is
exientiolly similar to that pased by a diode, bot with greater
amplitude due to the amplification characteristic of the triode.
Ax with the first circuit, howewver, it iz again necessary o osc
a by-pam condenser C5 to shortcircuit the unwanted audio
frequency signal so that it cannot pass into dm:lum stage.
Performance in slightly better than the first circuit, ulr%vmrgh
distortion may be quite pronounced with very weak signals,
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Thiz second circuit is technically known as an asode band detecior,

The discerning reader will have spotied thut this circait i
identical with the circuit for o triode valve used as an audio
amplifier. The only difference, in fct, v in the value of the hias
used which pulls the triode down 1o operate about its cot-off
point (above and below) when wsed as a detector, instead of
around the mid-point of the characteristic curve in the case of
an amplifier. This will also give a chic as 1o why the anode
bend detector is subject 1o distortion, Near the cut-off point of
the valve the characterdstic curve departs from a straight line
and becomes guite curved so that anode current no longer
varies in direct proportion with grid voltage (check against the
typical form of a triode curve shown in Fig, 16).

Diptimum working with the anode bend detector 15 obitatned
by adjusting the grid hiaz voltage on a trial-and-error basis
{e-g. start with g volts grid hias and reduce progressively).

Manpn BEcErveRs

A simple mains receiver may be designed on similar lines,
using, of course, mains valves with indirectly heated filaments,
The basic circuitry i3 otherwise identical apart from the method
of applying grid bias,

To all intents and purposes the high tension and low tension
voltage supplicd can be considered as coming from separate
points (equivalent to the battery terminals on a batiery
receiver), The power supply circuit; in other words, is quite
independent of the remainder of the drcuit, apart [rom
connection o these output points, although it in itsell s usually
a valve circuit, wsing a diode as a rectificr {actually two diodes,
or in practice a “double-diode™ In a single envelope, to achieve
full wave rectification of A.C.) Details of typical power circuit
design are given in Appendix VI

The most common method of applying bias 1o the valves i
by what is termed the eatheds biar miethod, which can be fol-
lowed from the cireuit shown in Fig. a5. Esch of the triodes
has a resistor (Ry and R6) inserted between the cathode lead
and earth (high tension negative side). This resisior carries
the BLC. anode current fewing through the valve and thus
will have & dircct potential difference developed across it. The
polarity of this D.C, potential will be such ms to make the
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cahode & few volts pasitise with respect 1o earth, The grid of
each wvilve, on the other hand, i returned directly o earth
vin the grid leak (Rg, RE), thus making the grid mgetive with
respect to the cathode (by the amount the cathode is positive
with rexpect to carth).

s

Fir, 25 Arriyies Bew vy rom Camsoc Dans Mzrmsin,

The required value of this resistor (R, Rz) is very simply
calcalated by Ohm's kaw, which states that pesistance = volts]
amps: Knowing the DL anode current and the bias voltage
required we can simply say:

p bias voltage required
Resistance required = T . T,

Thus, if the D.C. anode current is 1 milliamp and the bias

voltage required § volts!
-

Resistance roquired = =_ = 5,000 ohms
(1 nj

To be sure that only the D.C, component of the anode
current is wed to produce the poteatial difference ncross the
resistor, a by-pas crcuit must be provided to provide an alter-
native path for any A.C. component. This takes the fuorm of &
condenser (C5, C6), connected oy shown. This byy-piss com-
denser is invariably of the electrolytic type, the yalue chosen
s that (he reactance {or resistance to A.C.) is very much lower
than the resistance Rz, A at the lowest irequency o be

[ 1]
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amplificd, Since reactance decreases with increasing frequescy,
it will then provide increasing smaller resistance to the path of
higher frequencies. A saitable value for €5 and ©F would be
2 micrafarads which is, in fact, & common value for electrolytic
condensers used ns & by-pass in cathode bias circuits,

Cmourr CoMFreucTion

No specific details are given for the construction of the
majority of circuits detailed in this chapter. Rather they are
described ms typical of the manner in which a simple valve
receiver may be developed so that the reader can follow and
appreciate the design principles involved, Each circuit could,
equally, be constructed as a working unit, which would give
invaluable practical instruction in the science of radio engineer-
ing, wsing the component values specified (see Appendix V
for appropriate valve selection and wiring up).

However, for the amateur constructor it i very much sim-
pler, and in the long run wually chesper, to pursue a similar
line af development using tremsistfors in place of valves. This
method allows a complete receiver w0 be built down o guite
diminutive proportions with a minimum of prefabrication of
chasis components, ete. Il not worked through as practical
examples, however, the circuits in this chapter should be
studied and their operation appreciated as a basis of under-
standing how a simiple valve receiver works and the design
considerations involved,

CHAPTER ¥V

DEVELOPING A TRANSISTOR RECEIVER

THe transistor i an American invention, developed by the
Bell Telephone Laboratories and first anmounced in rgell.
Since that date it has been further developed and improved
and has continoed to find ever-increasing application both as a
direct replacement for ordinary valves, and to supplement
vilve circuitz, ete., in all types of radio and electronic work.
In emence, the wransistor is a device capable of working like
a tricde valve, but with numerooe sdvantages over o conyen-
tional valve. It is extremely small in size, ruggedly constructed,
requires little power and no warming-up time and, f not
abused, shoold have an indefinitely long Lfe. With this, of
course, come some disadvantages, such as lmitations on
performance in certain circoits, a tendency to vary its operating
characteristics with temperature, and the fact that manufae-
ture to a consistent performance is not always ensy, Thes
“any" transistor used in & particular circuit designed for tran-
sisor operation may nol necessarily give the required results
and it is important to bear in mind that there are different
typer of transistors as well as different gradey (see Appendix V1),
It is mot practical to discuss the theory of transistors here
to any great length, since to understand their operation fully
a knowledge of pemi-conductor physies iz necessary, As &
eeneralisation, however, it can be stated that transistos are
made from P-type or N-type germanium, or a combination of
both and different methods of construction produce poirt-contar!
trunsistors, jnetion transistors snd djfeed baw ransistors, to
name three typical forms. For the purpose of application to
simple radio receiver circuits finetion will meet our requirements,
The P- and Neeype of differ in the manner in
which I:hq' conduoct electricity, With Ftype germaniuom con-
duction is effected by pestior charges, and with Netype ger-
manium by mepative charges—hence the P and V designationa,

11
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Netype germaniom s also known as a dener because it is n a
state of readily giving out free clectrons, Patype germanium is
an aocepler becanse its atomic structure virtually containg a
“hole™ which is ready and willing to accept free clectrons.
These different charncteristics of the same (crystal) material
—germanium—are the result of deliberately introdoced im-
purities, Pure germanium, for example, is almost a non-
conductor, The additdon of Impurity atoms in very minute
quantities turng germanium into a semi<conductor, The addi-
tion of one impure atom for every too million germanium
atoms increases the conductivity by 16 times. Germanium
ceases to have sémi-conductor properties and becomes more
like an ordinary conductor if the impurity ratio is increased 1o
one imparity atom per 1o million germanium atoms. Hence
the degree of impurity must be carefully controlled for transistor
ap '
ince different impurities introduce different semi-conductor
characteristics {e.g. N~ and Ptypes) it is obviously also impor-
tant that the original purity of the germanium should be high
—actually of the order of less than one pant of any impurity in

to0 million. Were this not so the deliberate introduction of

impurity to give cermin desired properties might be cancelled
by impurity of an opposite nature already present; or magnified
out of the weful range by a similar impurity already present.
Hence the production of the basic materdal for transistor
construction i a most exacting process. Add to that the fact
that the construetion of the complete transistor is equally exacting
and the reasons behind the relatively high price of such & tiny
compaonent, and the pomibility of varying characteristics, are
readily appreciated.

Ins the peini condact transistor (Fig, o) the pellet of germanium
used i normally of the N-type, only about 1 /2o inch thick and
1/50 inch long. The pellet is soldered to o suitable base, and
in contact with the pellet are two tiny electrodes or “cat's
whiskers” about 5/1,000 inch in diameter, presing on the
germanium with their points spaced about 1500 inch apart.
These clectrodes comprise the omitler and collector; the third
connection being made to the base, The whole is then enclosed
in & suitable rugged case with three wires emerging from the
bottom, always in the same charscieristic positions. The wire
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remote from the other two (ie, with the higgest gap between
i+ und the nearest wire} is always connecied o the base. The
wire at the opposite end connects to the collectos and the inside
wimuﬁmmth:mﬂmmmrhchuﬂmﬂnﬁum@u
emitter. This configuration of wires is retained on all point
contact transistors,
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In the case of jumclien transistors the two basic types of
permanium are combined in a sandwich comstruction. The
combination of N-type and Ptype germanium o form a PN
jutiction produces a germanium. diode (the basis, in fact, of
the comstruction of the germanium crystal diode uscd as a
detector in the basic dreuits of Chapter ITT). The combination
of fwe such erystul dindes in a single unit, where obvioasly one
half of each pair can be common o both, produces cither a
N ar P-N-F junction transistor, The middle Layer of the
gandwich in each case is very thin, this being necessary for
proper transistor operation.

The three leads are now led out in o different fshion—ses
Fig. 27. The ismlated wire on one gide now becomes the collestor
with the wire farthest away at the other end the smitter, The
remaining wire (ncarest the emitter) is connected 1o the base.
This configuration applics to all junction type transston.

It is also important to appreciate that although conduction
i similar in the P-N-P and N-P-N junction transistors, the
polarity of these two different l}rpuiuﬂm'uﬂ'lhcjrmu.ll!?:
connecied up the right way round, otherwise the transistor will
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be ruined, Hence a P-¥-F transistor cannot be plogged into a
circuit wired to take a N-P-)¥ transistor, or vice versa. In the
circuits described later in this chapter o P NP junction transistor
is specified throughout. The chicl advantage of the junction

over the point-contact tramsistor is a very much

COLLECTOR

Feo. z7,. Tum Juscron Tasssron, Moe culerly ke of the
;ldl.ﬁmﬁlﬂtnrmuthmmdup dgtlmrlmmuwlﬂ

greater voltage and power gain, which is the principal reason
for the selection of this type, In fact, point contact transistors are
not nsed at all in any modern circuits,

Aurrrrvivg THE Bassc Diopr-parecron

Using the basic receiver (derign mo. 1, described in Chagpter
I} with a crystal dinde detector, the addition of a single stage
of amplification with a P-¥-P type junction transistor is very
simple and straightforward. The circuit is shown in Fig. 28
f-liﬂl,FH mo. 3} the amplification stage is simply added to basic
TecEIver stajre,

The P-NoF transistor acts &8 & gervent amplifier and this degree
of amplification or current gain is referred 0 a8 the § of the
transistor, which for an OCy1 transistor has an aversge value
of aboat 50, The biar resistance Ry is chosen accordingly 1o
iﬂh&dﬂh‘ﬂdru%wmrﬂumﬂbﬁtmmlt:gumﬂ.ﬂmt
any valoe between 15 and 20 volts could be used for the Intter,
a convendent battery size for optimum overall performance
being g volts. A desired collector corrent of about -5 milliamps
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o operate the headphones is about right, s0 by simple
galculntion::

battery voltage o
Ri =B * Ciiector current — 0 * Tooog
= 00,060 olims

The nearest preferred value® for Rr is thes 3 megohm
{1,000,00082).

Fisi, oft. Denow wo, 3—=Tnammmon Awrcems Staoe Avoen th tae Raos
[IESE {0

Flig wuh ic capachior (T, Dobilier or Flesey re-
{:.p—[hmu edectrulytic

::::-:E n:u:mu be connecied in pasallel with Oy for better rosbn, 1ike &y

m—;dm%p
Fiores S Sapedance fype flec s Appendia 1T)
:Bu:w—gl—-w.hmh hatiery

Whilat theoretically any P-N-P junction transistor will work
in this circuit {adjusting the valoe of Rr,rH‘ necestary), it is
strongly recommended that ooly the specified types be em-
ployed In order to be sure of getting the best results possible.
Surplus transistors, although cheaper, are a relatively unknown
itém as regards performance. They may be perfectly satisfac-
tory; satisfactory to a degree ouly; or umthﬂumﬁ: and ﬂm-:
is mo way of telling into which category they fall without hmmq;
first bought and tried them, Generally they have been rejected

* Bep caplanation of peelerred valioes in Chuprer I, p. 2g.
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by the manufacturers due to lack of performance in one respect
ar another.

The schematic diagram of the circult just described is given
in Fig. 24, with step-by-step asembly instructions appended.
It is strongly recommended that the transistor connections be
made to a transistor socket, into which the transistor can be
plugged when all the wiring has been completed. Transistors

WS CHICLOTAE PR

Fro. a5, Sommiarmn Ansasomanny o T . g,
Mazie ereust b8 comstriete] o hefnge, Then procersd o @ik
(i [himm crd 0 clsais plate mnl muist ben webder ey with sl s
i
i) Balder trasmistos secket leads b tag [collictor] agel bevtiom b= e (eaibine).
fi1) Dfomin e Tend i porp v Paser,
Mo Hr, sslibergngg vere b io secoml inkder .
w) Juin fron beade of Gy amd S el comseai e pransbseee soeket liese lesd. (B2, 00

el je rmoimiad between (he commi sompecton of B and Cgand tbes
kop tuis busr |

i i b solider ag,
{heck mircweit corolially,
§ii} Fit trmnsistor in seeckel hidder,
Avtach lmitery and align =62, i neccsary.

can eisily be ruined by excess heat applied to them, as may well
be doni in soldering leads dirocily (o the transistor leads,

It fs considered good practice if soldering i= done directly to
transstor lesds to hold the lead between the joint and tranststor
body with a pair of round nose pliers so that the pliers help to
draw off excess heat which would otherwise be conducted op
the leads into the transistor jtsell’ (although this ix pot always
done by the experienced constroctor). Also it 18 recommended
that with direct saldering the iron should be unplugged from
the mains when actually completing the jpint to avaoid pessible

1o the transistor through maing “hum" {A.C. corrent)
present in the bit when the iron i3 connected.
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If, an the other hand, & transistor socket is used to complete
the wiring up, all these possible troubles are avoicled, so the
extra cmt i usually well worthwhile. The use of a transistor
scicket in the circuit also ¢nables other types of tranistors w0 be
tricd as an experiment.

Cirourr wrni Turzoven Teuresarune Staswrry (dedgn no. o)

One basic limitation with transistors s that they tend to be
femperature sensitive. That is, their characteristics and thus
their performance tends to vary with temperature, so that the
performance of the eircult is not consistent. This is because as
the external temperature increases the collector current also
tends to increase, which in turn causes a further increase in
junction temperature, so the effect is cumulative and goes
from bad to wone, even to the point of ruining the transistor
completely, 1t is possible (o overcome this trouble by arranging
for the circuit to be selisblasing or D.C. stabilised 20 that a
constant operating collector current is provided, regurdless of
transistor type or temperature vanations, In other words, the
warking point of the collector clreuit is stabilised. :

To do this we apply a bias resistor (£3) directly 1o the emitter
connecting to earth, with an electrolytic condenser (€3] 1o act
as a by-pass for altemating currents (ie. the audio-frequency
currents), The original bias resistor is alse split into two
separate resistors Rr and R of different values (see Fig. 50).
The values given should be suitable for working with any
P-N-P junction transistor tried, IT a more theoretical approach
is preferred, the individual values may be calculated as
follows,

Taking 4,000 ohms as a typicel resistance value for ﬂh:
headphones and o5 milliamps s a satisfictory operating
current for the transistor:

4000 %3 oy 2 volis

cemEr—— .

1,000

Since the supply voltage is g volts, this leaves g —2=7 volt to
be shared by Rr and the tronsistor. 5

The impedance of the phones will be approximately to,000
ohms, Therefore for optimum matching to the transistor the
voltage across the latter should be:

Voltage across phones ==
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Vol (optimum) = m.-:n::m:-; e 5 volts

In practice the transistor “knee™ voltage should be added o
this. Thia i about 05 volts and represents, roughly, the
minimum vollage below which no useful amplification exists.

aETECTER f
Ao ”T| Py
|

B bt el i el

Fuz, g [leape mi, 4. A Darpoven Cocorr wieen Tie Woanmss Poier oe
TiE Tarsrnon Coteecrm o Sranmien, Consirnetion |s escusdally similar to
sbesige ve, 8, b ‘witls two adiditiossl resisiors sl ane addiisanal cnpeciior i

T pramne
Cy and Cy—8 pF {15 wnli dértrolyibe rundimcrs
r—2h KD
Rp—g7 K
%:--rgﬂn KO (rfra walt, or gresier)
T

For cur purpose we can just adopt this value of o5 volts as
necessary to ensure working the transistor onder the best
We have now:
Valtnge across Rr = 7 — (5 4 0°5) = 15 vols
Since the collector qurrent, and thus also (approximately) the
emitter current, is o5 milllamps:
145 X 1,000
05

In practice, nearest preferred values are 2:7 X0 and 3-3 K0,
cither of which should be quite suitnble.

To calculate the values of the two additional resistances fs
and Ry, the combined parallel resistance of these two should,

Rir = = 4,000 ohms
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thenretically, be less than Rr. However, this would result in a
considerable loas of input signal, Hence, in practice, it is nsual
to make this value about four times the impedance of the
trangistor, i.e.
4 * 1,000 ohma (typically} = 4,000 ohms

A muitable practical value for f2 i therefore 4,700 ohma. We
have ther:

Volinge poross By — emitter voliage plus voltage between

emitter and base
= 1-§ + o-05 (for an emitter current ol 05 mA)
= 1+55 volis

Thuns:

1755 3
Current through Kz = 7 % 1,000 ™ o-33 milliamps
Finally:
supply volts — voltage acros e
Kg= chrremt through K2 + hase current
_ g =185
o33 + oot

Thus n suitnble practical value for Ry would be 22,000 ohms.
Both of these dircuits described (Fig. 28 and Fig: 3o} provide
amplification at pudio frequency of signals which can be heard
on the busic crealt of Chapter I In other words, if the basic
erystal diode recelver previously described gives a "listening
strength” in the earphones (with or without an added acrial, as
necessary, according to distance from the transmitting station)),
either of these cireuits will give an appreciable improvement in
volume, However, because of the r dificiency of a diode
detector st low signal levels, the gircuit should show
an overall improvement. It will, for example, enable signals
to be heard which are not detectable on the ariginal basic
circuit {and consequently incapable of being amplified].

o100 = 21000 olms

[vrroven Basc RECKIVER WITH SINGLE STAGE AMPLIFICATION
(desige m. 5}

The main difference lies simply in rearranging the connec-

tions to the tuning coil (see Fig. 31), The tuned circuit other-

wige remains exactly the same. Rearrangement of wiring on
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the tuned circuit (Fig. o8 ar Fig. 2y) consists of unsoldering one
side of the diode (the lead connécted to the shoet bus bar) and
reconnecting to Jead g on the tuning coil.

The amplifier circuit s identifical with that described in
Fig. 28, with the same component values, except that the head-
phones are now connected in the emitter circuit of the transistor,

HI
o
cl
ol
+HE- fp | I
"
= - N2 . L
% o)

b

Fr, gt Dt v, 8. AN DIPROVED CIRCITT Wi WILL RNARLE vERN WEAK
WiEaLE T EE AEARD.

REI_"'E EE J-ll:'l ather values as befire

Becamse of the simplicity of these circuits, and the ease with
which they can be construcied and modified, it is strongly
recommended that each circuit should be tried, in turm, and
results compared—rather than selecting one of the improved
circuits a8 a single project. In this way it is possible to get
practical experience of just how effective these improvements
are.

SierLe Recovess Ernasative tae Dwooe

Some radio construction maneals, particularly those dealing
with transister circuit designs, suggest elementary circuits
eliminating the diode complectely and using the transistor. both
as a detector and amplifier (mther in the manner of triode
valve application). This, however, can only be done satis-
factorily by using n far more expensive type of transistor
designed for radio frequency work (i.e. specifically designed fior
handling high frequencies), The results obtained are hardly
likely to be worth the extra cost and so this type of circuil i

BEVELOPING A TRAMSISTOR RECEIVER B

pot normally recommended. Circuits using an acdio frequency
uup;hmrbuﬂiuadctactmmdmpﬁﬁrrmnntwﬂuﬂc.

ApmTIONAL AMPLIFICATION (dengn mo, i) I

Additional amplification can be applied to circuit designa
a, 9 and 4 1o provide further gain, These virtually repeat the
iame amplifier stage, replacing the headphones in the first
stage with a atable load (e.g. a 4,7o0-ohm r:a[um}. The
superior consistency of the temperature-stabilised circuit {and
ihe fact that it makes the circuit “|dmd1:::n Iudi?idunl
transistor rmance] makes it a Iogical choice, an s0 ity
nppﬂﬁﬁnnpﬁ:‘: d:tuiu]3 and 4 only will be considered. The
components are identical in each case, oaly the position of the
Ioad resistor being diflferent.

1
|
|
]

Fh BTALE F i B ——
Fra, g2. Tiesies #0 Eu..ﬂ.n.-mrmml..ﬂ.m.lmnﬁrm ANDETE, EEFLACEND TR
Pnhnﬂmmﬂm&nmmmm[ﬁunpmy}mhd,mm
n K2
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Fig. g2 shows the application of a further stage of amplifica-
tion to circuit ¢ (design ae. 6], and Fig. 33 the application of a
similar stage to circuit § {derign m. fib). A schemnatic arrange-
ment of cOMPpONENts 1 ATt 48 A Wiring up guide for design Ba i
detailed in Fig. 94. Component values have been particularly
selected to keep down the number of different values of
components 10 4 minimum.
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Note €8 connected across the headphones in Fig, 32 may
improve performance by acting as a by-pass for any stray
R.F. remaining. A suitable value for C8 is 005 mi |
A similar condenser may be connected across the headphones
in the other circuits described.

AstrLtnioamion For Lotpsreaxen Oureor (denm me. 7)
Even with a second stage of amplification added, audio

PEVELOPING A TRANKISTON RECEIVER i

output is only sufficient for operating phones. One
{urther IEE;:'. of audip amplification can provide sufficient
output to drive an 8o ohm balanced armature sound powered
ineert—a simple form of loudspeaker unit. : s
This further stage follows, again, the same n;nphﬁu eirenit,
replacing the phones in either design Ga o b with a 4,700 ohm
resistor and feeding into a final output stage as shown in Fig.
ys, Wiring up of this stage should be quite straightforward,

Deiss v HTHIR ST, ASFLIREATION ADIED WILL BT
Fmﬂ'um}'n-u'r El;r:.l.::lu:: “ﬂ*{l’;“n A eyt Amsiong Teaesy (Seminan].
L8 gF iy wnll
Gy—uni o |6 vl
Cig=—-a1
-2

Hine—gq4 B}
=470 clore
T or O

flalznced sreaiure unit B0 chus RO resistanes.

with the experience of the previous circuits as a guide. The
basic chassis wnit originally described s large enough to carry
all the components up to circuit 7, with the exception of the
balanced armature speaker. If the complete chasss unit =
mounted in n simpie cabinet, as in Fig. 36, the speaker unit itsell
can be mounted on the cabinet, connected to- the respective
cireuit points by fexible leads. The same cabinet will, of course,
house all the other circuits described, although it 1s larger than
the minimmm possible size into which the simpler circuits could be
fitted.

This stage 7 circuit is about the logical limit to which the
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g
simple diode receiver with audio amplification can be deve-

loped. Theoretically, at least, andio amplification stages can
be added ed infinitums, but there are inherent Hmitations in the
original circuit used to detect the signal in the first place Le,
lack of sensitivity and selectivity. The tuning, for example, is

Fafg6 A Siarass CaprsT To TARE
AR Fas Babss SAEny, a smicws, Fooe with thin ply ca te froat smd reund
of the salenet afl by :
7] Erom the reoeiver chasiy nad mount an the et fice of eakinet
in exfernal aede] and earily commection B theough hiles in oor el of
the ense, The Latiery shoald be fined imide the enhinet.

very broad, which means that in areas of strong signal strength
two or more stations may be picked up simuliancously. In
areas of only moderate gignal strength a good serial is still an
essential feature for good reception, whilst amplification of the
sudio signal will abo amplify unwanted background noises as
well, The basic fact remains that no number of audio amplifica-
tion stages can improve the eificiency of the detector circnit.

CHAFTER Vi1

FURTHER EXPERIMENTS AND CIRCUIT
MODIFICATIONS

Tk circuits discused in the prévious chapter although simple
have been specifically designed to give as high a performance
as ble, There are a number of different features which
could be introduced, and in fact are commonly specilied for
similar types of cireuits, It does not follow, however, that such
different features will produce an improvemend in performance.
Quite probably they will have exactly the opposite effect. But
it will be well worth-while for the reader to try modifications
of this nature as an iHustration of different basic methods of
doing a similar job. The fact that one method may be superior
to another can only be underlined by practical experience with
all the alternatives, One can read that such-snd-such a system
is better than another, but it is much more realistic to try the
different effects and form one's own conclusions as to their
respective merits. Electronics is not u subject which can be
fully appreciated visually, or by study—but practical results
£,

Workng ox 7ue Tonen Cmovrr

Although the design and construction of the tuning coil
deseribed in Chapter ITT and vsed for all the subsequent circuits
npptauvmdmpl:anﬂrlﬂnmmv,hia.iufmt. an extremely
efficient coil. Wound on a ferrite rod, as specified, ity perform-
ance for mediom wave reception should be equivalent m the
best of commercial coils, in the particolur cireuits to which it
in applied, By taking out a tapping point on the coil for con-
section to the remainder of the cireutt the coil is, in fact, being
wsed 8% an auto-trangformer. Capacity coupling of the external
aerial, where called for, to the particular point speaficd il
represents an optimum design feature.

As an experiment the acrial may be connected directly to

® fiy
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the end of the tuned circuit, as in Fig. 49, with or without the -
coupling capacitor [compare both results). This may wel]
prove an effective way of working in areas of reasonably
strong signal strength,

s

.
Fi: g3 Exrpamimntal. Coorimo or Asaial, Dinsorit vo o Toses Cmeeim,

The construction of another type of tuning coil with an “air
core” {i.e. the coil is wound oo an open former, with no
ferrite rod of similar core) is detailed in Appendix 11, The
theoretical higher efficiency of a larger diameter ool is more
than offset by the absence of a high-permeability core, 5o that
the results ghould be by no means as good as with the
original coil design. For one thing, it will have to be uied with
a good external aerdal, even in areas of high signal strength
(where the Ferrite rod acrial may give results without an external
acrial).

About the only advantage with a large diameter air coré
coil of this type is that it should be possible to extend the tuning
range into the long wave band by increastng the mumber -of
turni {as detuiled in Appendix IT1), The only practical limita-
tion iz that for good reception a very long serial is essentisl.

ET \[::;rirrr:mwamﬂ.,\
+ L4 “g=s
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other hand, with simple cofl winding technique it is not
e ta wind a long-wave coll en the original design of
ferrite rod aerial, The only really satiefictory solution in such
cases is to purchase a ready-wound -;ummrti.nll ciail dnnpui
for long wave reception (sometimes such a coil may include
Jeads fior both medium wave and long wave connections).
Typically theso leads are wired to a menechenge switch, as o
Fig. 38, so that the position of the awitch determines whether

Fro %l Tyrma Aniasanaer or & Wavsomanm Swrron o s Dossern
REaavan.

the tuned cirenit is nable cither over the medium wave band
or the long wave band.

An alternative form of tuning coll for medinm wave recep-
tion which uses fdietioe ar tranfirmer coupling can be made as
shown in Fig, go. A fifty turn coil in 38 s.w.g. wire is wound on
a paper sleeve over the ferrite rod, s in the original design, but
with no tappi puiﬂLAuﬂpphzgiﬂ'papui:ﬂlmmd
round the Em.nm {earth) end of this coil and on this is wound
about thirty turms of (he sme wire. A

Connection of this coil into any of the reociver circuits is
then as shown in Fig, 0. Actually the number of turns specified
for the sccond winding have been deliberately specified in
cxcens of those required. Pedormance will be improved by
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unwinding this coil, a turn or so at a time, antil optimum
['l:lrml.uc:_ IlrtlchnELThhﬂillpmbnuﬂ;Tht wl;.il:]u l‘.hd:n:ﬁ
i about sixtecn to twenty turns remaining on the second coil,
H?vmgu.rrimi:tthuupﬂnmmm:mﬁgurr,th:mduhh:
mdunhnﬂmdu:ithﬂaﬁugammmwﬁ::ulaﬁ'mdn
prrmanent connection made to the rest of the cirenit.

s

Fio. ap. Commuicnon or an Iesoorvecy Couvesn Towoss Coi, wisomn
Fron 3 Lweat, Ieraren Wik, This el miay be med bn sy of the recsiver
designs describiod mnd wusy b wsed with (e cireubts ol Chapler VI
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eHictively connected between grid and carth, With the diode
detector one way round the grid hing would prevent the diode
working by imposing a reverse bias to the diode.

The standard form of reditene-capacity {or R.C.) coupling
comprises a resistor which ia the “load™ of the previous stage
across which the output voltage of that stage is developed.
Usually, in addition to the desired voltage (radio frequency or
andio frequency) there is also a DG, component which must
not be passed o the next stage. The tranumission of the alter-
nating current component and the blocking of the D.C. com-

ponent is done by the coupling capacitor—see Fig. 41.

i
g o A

ANCE

Fis. g1, Cermonox Messrasce-carammagos Courrimo,

As noted in Chapter V, which described how stages of amphi-
Bcation are added to the basc detector circudt, in each case the
preceding circuit is “broken™ across the load resistor, or effec-
tively the next stage is connected to where this load resistor (or
phones) would have been without the addition of a further stage.

On this basis we can use transformer coupling as an alter-
native method of connecting the different stages; one winding
of the tranaformer replaces the load resistance in the st sage
and the other connects to the secand stage, as in Fig. 4a. This

b
Fra. 4o, Coomporis or vs. Exresniaserad Con o vix Derecros sy,
| Exrenmesms wrmn Courning

| The basic circuit of Fig. 12 with the original design of tuni
: i aning
coil represents iireet roupling of the tuned cireuit to the detector
stage, i.c. a lead is taken directly from the coil (and hence the
tuned circuit} to the diode. With the type of cail just described
above, the mned circuit employs fransformer coupling between
the tuned circuit and the detector stage.
I Both direct and transformer coupling eould be employed
between other stapes, However, direct coupling of the diode
to the amplifier stage by eliminating the capacitor would mean
that the bias on the amplifier stage would be updet, with un-
dﬂ&ﬂc:ml&ﬁhhﬂnudhyﬂtuﬁndumhumhﬁng

Fio, . Trassapene Cooroams exn aé  AMPLIFHIATION NTAGE APFLIED 70
w0 4 (OTEELWAR A8 BEcmimEsn s FE, a0l
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particular diagram is drawn for epplyving transformer coupling
to desizn no, 4 (Fig. go0). Beference to the original cireuit
dingram will show exactly the difference involved. Suitable
types of transformers for coupling between stages of the circnits
detailed in Chapter IV inclode the Fortiphone Nes, Ardent
Daiy, or similar transormers—ihese being sub-miniature
transformers of very compact size and designed specifically for
operation in transistor circuits.

Tt will be appreciated that transformer coupling can alo be
nsed to add a measure of amplification in a thermionic valve
circuit if the turns ratio of the transformer windings apply a
step-up so that the input to the next stage i increased by a

innate amount, In this the transformer is being
uacd 23 an amplifier as well 25 a coupling device. Hence on this
basis transformer coupling does represent a practical advantage
insuch n circuit in providing an additionn] degree of amplifica-
tifr, In & transistor amphfier this is not possible. However, a
tratufprmer does provide the means of “impedence matching™
which is the way of obtaining maximum transfer of power from
one gthge to another,

OraEx Cmomr MomrroaTioss

For convenience of reference other circuit modifications,
gach as the addition of volume and tone controls, are dealt with
separately in the Appendices. Similarly, more advanced types
of eirenits designed to produce better results are detniled in the
remaining two chapters.

OHAPTLR V11
IMPROVED TRANSISTOR RECEIVER DESIGNS

mmercial recrivers—other than elementary crystal ses—

1:-: ;?-ndm:d o the linies of the simple circuits so far discussed,
simply because of their inherent limitations hﬂm

comparison the ondinary domestic veceiver
EL:: it i at Jeast of the T.R.F. type and wually a superhet
(see Chapter VIII), Neither of these is suitable for amateur
construction except at a fairly advanced level of knowledge and
practical experience, unless of course a complete kit of parts is
purchased and & set made to a well-tried design.

i\'lthn-nuhmrmndnmhmwtrulumua:pmﬂqpunf
circuit which is espable of giving excellent results without
becoming too complex, nor does it muudumxn}rpn.mmln
mﬂ:mumgarﬂlaﬁgnmtmumgup.@m n
headphane or earpicce reception can psually be obtained m:.h
three stages whilst additional amplification can be added, if
required, to boost audio power dutput to  sufficient level for
loudspeaker o ' ﬁumnpl:w:ﬁ_gmi:d?hutfpcnnh:
made extremely compact and will work in areas of reasonable
signal strength with just a ferrite rod serial. 1n less favour-
abe ﬁmumﬂurnllﬂcﬂ-ﬂmnyhtftqu[md. In general,
hiswever, this type of receiver makes an ideal pocket set for it
can be built into & case scarccly larger than a packet of
cigarettes and operates aff & small, J.fn::p:nuw battery with
low cutrent consumption so that running cosis are an
m’ln':u;tnsdgm incorporate what is known as a reflex -:T:-u_:uit.
sa called because the audio frequency output from the diode
detector stuge B fed back or ml'!ﬂ:d into the inpat. The
incorming signail from the tuned circuit is also amplified as a
radio frequency signal before being fed (o the detector stage,
lhu:uwmuminguu:nfth:baﬂt:llnﬂuunufnfm“plt
tuned-circuit-detecior designs previouly described.

™
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The pellex eircuit is shown in block diagram form in Fig. 43.
The tuned circuit feeds into & radio frequence amplifier stage and
thenee to the detector stage. All of the AF. component in the
detector is fed back into the R.F. amplifier stage input for
amplification at AF, The output from the reflex stage may

A FEROAST K
[_“ P T
| i 1
ar| R | A
| MWD s - — T P
b'| oEaT AL T e MZD
FRass ) S Erasd STHEES

Fui. 45 Beocx Thanmas of THE RErpen Recmvem.

be fedd directly into headphones (three-stage circuit) ; or may be
follewed by a stage of normal A.F. amplification (four-stage
cireuit) ; or further stages of amplification (five-stage circuit,
elc., all the additional stages being A.F. amplifier stages).

As with the simpler cireuits, however, there is & practical
limit to the number of amplification stages which can sefully
be added. The basic three-atage circuit {with no AF. amplifier
stage) should give audible headphone reception on a number
of different stations, The four-stage circuit should give good
headphone reecption with local stations very loud. A five-stage
circuit should be satisfactory for working a balanced armature
speaker or even a miniature loudspeaker, via a suitable
matching transformer, It may even prove posible to work a
balanced armature speaker direct in a four-stage circuit.

The “front end" of the circuit comprises the tuned circuit
feeding an R.F. amplifier stage {Fig. g44), the latter employing
an OC45 or similur transistor. In this type of circuit the tuning
coil must be inductively coupled, Le. a double wound coil to
the specification described fn Chapter V, Fig. o The sotput
from the RLF. amplifier employs what is known as chabe
capacitance coupling, Ly being an R.F. choke coil used o ensure
an adequate load impedance for radio frequency currents
without having a I.C. voltzge drop (Le, offering high resistance
to R.F. but low resistance to D.C.). The use of this choke coil

IMPROVED TRANSIATOR RECEIVER DREIONE 7
ik memns that the gain of the amplifier varies with the
frequenecy of the input, because the reactance of the rhnhe
vartes with Frequency. This effect is not desirable, but it s
wlerable in thiz type of cincuit. : :

The ootput of amplified R.F. ia fed from this stage into the

a
Fu. 44, Fowy awo Twmi Stases op tve Remas Coou

detector stage (Fig. 44b), which comprises 3 more or less con-
ventional cireuit with another R.F. choke ceil, the purpase of
which again is to ensure an adequate R.F. load impedance with
low D,C. resistance. If both Ly and Ly are made adjustable
(i,e. by adjustment of an iron-dust core), optimun performance
can be arrived at by using this measure of adjutment a3 a
means of setting up the finithed recever.

The required “feedback™ is arranged s shown in Fig. 45
The audio frequency signal passed by the detector, plus a hitte

£

—
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residual BLF. appearing at point 1, is pamed back to the base of
the transistor in the previous stage, the ALF. being little affected
by the capacitor €, However, any K.F. is heavily attenuated
or reduced. Thus the transistor is made to perform the addi-
tional funotion of an sudio frequency amplifier, By chooaing
a suitable value for C a low reactance to K. F, is pssured, but o
high reactance to A.F. For example, a o1 gF capacitor has
a reactance of 30 ochms at 500 kilocycles/second, increasing to
3,000 ohms at 5 kilocyclessecond. If 5 Kofsec represents the
upper limit of andio frequency signals likely to be encountered,
reactance will become proportionately higher at lower audio
frequencies. Conversely, for radio frequencies above goo Kofsee,
the reactance will decrease proportionately.
Putting the stage together in a single, eomplete circuit and
filling in suitable component values, we have Fig. 46, This
ts a folly practical design with high impedance hesd-
phones or a high impedance deafl aid earpiece inserted where
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sdicated—a complete three-stage reflex receiver, in fact.
If additonal amplification is required—and this is recom-
mended for good performance—this follows the standard
methed used with the previous receivers in Chapter V. The
phunﬂmr:plmduﬁhimihhlzluqdmmurmdﬂm
amplification stage added at this point. The complete four-
stage circuit then becomes as shown in Fig. 47, Alternatively,
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o
of eourse, transformer coupling could be wsed for the fourth
AF. amplification) stage, as in Fig. 42,

The remainder of the chapter will now be deveted to a
practical description of the construction and setting up of a
three-stage and a four-stage reflex receiver appropriate to the
circuit diagrams of Figs, 46 and 47, respectively,

Desiax No. § (Three-stage reflex receiver)

Dictails of the size and marking out of the 1/16 in. Paxolin
thauhpllttﬂtgiminﬂgixm.mhﬂulhmﬂdmhﬂ
drilled 1/16 in. diameter. The hole to fix condenser Cr can be
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opened up, a8 required, with o larger drill, wsing the ariginal
hole as a guide. It is not advissble w deill the large hole
directly, as this may split the chasis plate.

Standard components are used throughout, except that the
two choke colls Ly and Ly will probably have to be wound,

Fd,

A s
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) Ly poke
Fro. 4, Paspanom mon Con. Fomies pos womino siee s .

(The valoe of inductance specified may not be readily availahle
from the local radio shop.) These coils can be wound on a
former made up as shown in Fig. 48, Use a standard § in.
djamnn:.':r mlmrj cut two 5/8 in. diameter cheeks from thin
ply or similar insulating material (not card) w fil tightly on the
core. Space /16 in. apart, as shown, and cement in place on
the core. The space between the cheels is then completely
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filled with a winding of 38 s.w.g. insulated wire, winding on
oie layer with tums adjacent, then a second layer over the
top, and so on until the coil has built up to the same diameter
as the cheeks. The coil windings can be held with & wrapping
af ecllulose tape and the ends should be secure to one of the
cheeks with sealing wax or something of the sort. The provision
of an iron dust core to fit the centre of the coil core enables
the inductance of the completed coil to be varied by screwing
in and out, thus taking up any differences introduoced in the
actual winding.

‘The first stage in assembly is then to mount the basic chassis
components. These consist of two bus bars, filted as before,
and three solder tags mounted on the chamis with small brass
nuts and bolts {sce Fig. 50). The aerial rod clips are Gieed with
sclf-tappeng screws or nois and balt. The tuning condenser C1
iz also mounted at this stage, this time on the wp of the chasais,
The tuning knob is thus fitted on the underside of the chassis,
when the receiver is complete,

A schematic drawing of the complete assembly is shown
in the second diagram of Fig. 5o, This ¢an be used as an aid in
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wiring up, in conjunction with the circuit diagram of Fig. 46.
It is better to use the schematic drawing only s & guide 1o the
approximate posiioning of the components and check all
comnections ai they are made against the creuil or theoretical
dingram. In this way, there i less likelihood of wrongly
connecting up any individual component.

Start by fitting 2, bending one lead down throogh the bole
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in the chassis and turning over the edge. Solder the other lead
to one of the tage of Cr after cutting to correct length with O2
resting stugly on the base. Next solder the transistor socket hase
conneition to the first solder tag and fit Ry and Cp Follow
with Rr, Re and C3, all mounted on the second solder tag.
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Then mount the diode on the last solder tag and connect up
Ry, 5 and Cy. The two choke coils Ly and Ly can then be
conveniently positioned and connected up, and C5 can then
be fitted. Finally connect up the coil leads 1, 2, 4, and 4 to the
appropriste parts of the circuit—1 to the earth connected tag
of Cr] 2 1o the other tag of €r; g to the middle solder tag: and
4 1o the firt solder tug (the one on which the transistor socket
is mounted), The g-volt battery connects to the two bus bars,
making sure that the polarity is correct—positive to the lower
or earth bus bar, The phones are connected to the top bus bar
and the side of coil Ly apposite the connection to the transistor.
Check over the circuit completely and thoroughly before
plugging in the transistor,

Adjust na for the basic receiver described in Chapter 11, Le.
by screwing down the tuning condenser Cr and then backing
off half & turn, Then slide the coil along the rod untit the Third
Programme is audible, when the tuning coil can be fixed 1o the
rod. Further improvement in performance will then probably
ru-:-:.dlt from mdjusting the dust cores of Ly and Ly for optimum
resules,

This receiver should work at reasonable Hstening volume in
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of good signal strength but performance will undonbied]y
;:E:nprmdhy the fitting of & good external aerial.

Destow No. g (Figs. 47 and 51] .
This utilises exactly the same circuit as before but with a
mgedmdhfnqmwmpﬂ&nlim:ddnﬂ.vhlmnd
transistor. The chassis is identical. o )
The receiver can be wired up exactly as before, An additional
mﬁnmrﬁ!ﬁ'i::mmtaib:mmth:tupcndqf&:ﬂmhﬂ
ijﬂfhﬂmphulhr,thtmmnfr&ngadﬂluml_@mb&ng
simply a complete transistor amplifier stage consisting of By,
RS, Ry, Cg und TRz, The final stage is coupled to the previous
stage via an clectrolytic condenser G, connecting to the top
side of Ly (same side as R5) and joining to the base terminal of
the second transistor. : )
The free collector kead of this second transistor can convem-
ently be taken through a haote drilled in the chassis and then up
again through a second hole, as shown in Fig. 51. The phone
leads then connect to this end, and 10 the top bus bar, Battery
connections are as before. The schematic drawing of Fig. 51
shows a shight rearrangement of compenents which will be
an advantage to scoommodate the components for the final
nngnuﬁthiﬁﬂnm;i;nf:afﬂ:nchmil.k ) “ 2
This particular ver should work quite well in any
of rensonahle signal strength without any external aerial or
mﬂmmdm.ltﬂhmr.hgmlﬁrﬂm}lmd
maxtmum signal can hufnunﬂhfmunngth:ﬂmnhgnth
acrial in its optimum posdtiono, B-::lul:ﬂ[':tlm?ph:tfin,:{.ﬂd
the fact that it muull:lnutumdan::mrm!i aerial, this design
makes an ideal pocket recefver, fitted in a suitable case (Fig. 38).
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CHAPTER VIII
MORE ADVANCED CIRCUITS

In all of the simple cirouits the weak radio frequency signal in
the acrial is fed directly to the detector, amplification then
being applied to the audio frequency signal extracted from the
detector to bring the A.F. signal up to the required level to
operate headphones or a loudspeaker, As it has been pointed
out, no amount of audio frequency amplification affer detection
ia effective if the original radio frequency strength is too small
in the first place.

An obviouws method of improving this state of affairs would
be to amplify the radio frequency signal picked up by the
merial and tuned circuit before passing to the detector, This is
fuite a practical arrangement, and wos ased in the reflex
designs of Chopter V11, the immediate advantages being an
improvernent in both sensitisity and welectizity, and also guality of
reproduction since the signal applied to the detector it greater.
Improved sensitivity means that the weaker (more distant)
putions can now be received al greater volume. Better selee-
tivity means that sharper tuning can be obtained. (Sharper
tuming iz probably & necessity in any case, to eliminate inter-
ference from adjacent stations now more readily picked up.)
Cuality i improved because there is les demand for sudio
frequency amplification to- get the required final volume,
whilst the output power can readily be boosted o the lovel
required to operate a loudspeaker without putting any parti-
cularly high demands on either the efficiency of the aerial
system or the audio frequency amplifier stoges.

This type of set, using valves, is a popular chaice for more
advanced amateur constructors since it is not particalarly
complicated to build, nor i it difficult to set ap initial adjust-
ments. It is generally known as a tmed radie frequency ( T.RF.)
set, the basic stages being as shown in Fig. 52. The main difference
from the simpler circuits described previously is in the provision
s
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of a radio frequency amplifier stage before the detector stage.
The two tuned circaits are literally identical and, in fact, are
waually “ganged™ together, uiing twin variable condensers (a
twin gang condenser) mounted as a single unit and adjusted
by a single contral knob {although the respective circuoits are
wired to the separate electrical parts of the two-part condenser).

To provide mmplete matching of these two tuned circuits,
individua! adjustment of the two separate variable con-
densers is done with the wid of amaller *trimming™ condensers
mounted in parallel with them, Similarly, the inductances of
the two tuning coils completing the respective tune circuits are

[ /1
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P 5. T.F. Rocgnes Beoos Thanhas.

matched for identical performance by means of adjustable
iron-dust cores. Screwing the cores in increases the inductance
of the cotls; and screwing them out decreases the inductance.
In this snanner small differences in the actual wiring up of the
two tuned circuits, and amall differences in effective component
values, can be balanced out for optimom performance. This,
in fact, i & necessary process in setting up or afigning the com-
plete recefver for best performance, and it can be done quite
satisfactorily on a trial-and-error basis,

The T.R.F. recciver, using valves, is a good receiver for the
advanced amateur constructor in almost all respects, It ia
ustally made a4 8 mains recciver, using a separate power pack
for the supply (see Appendix VII). There are many excellent
kits produced to T.R.F. sets suitable for the home builder
which, simply by following instroctions and the circuit disgram
correctly, can be expected to give first class results. The prrice
of such kits is generally comparable with the cost of individual
companents built separately for a particular circuit design.

It is not proposed to give constructional details for a typical
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T.R.F. st in this present book since it does represent a rather
more advanced stage of experience than the type of drouits
with which we have been working.

Unfortunately, T.R.F. circuits do not lead themselves readily
to the adoption of transistor stages (instead of valve stiges).
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This is largely becanse transistor amplifier stages generally
have less gain than comparable valve stages, so more trangistor
stages are required for the same degree of amplification, possibly
requiring more variable tuned stages and complicating both
construction and alignment. That is not 1o say that the tran-
sistorised T R.F. set carmot be made successfolly, It can, and
again there are varous kits put out for such recedvers which

MORE ADVANOED QIROUITS A3

opcrate successfully at loudspeaker volume. A t-grpim]
rhm:mtinnl circuit s shown in Fig. 53, again with suitable
component values, This could be laid out in the manner af
the simple transistor receivers described in Chapter ¥ in very
much the same space, It will not be a particularly cheap

Fith 54 "Carsorramcs Covrupa™ oovnes Frenaacs wim 4 Trions,

set to construct, however, and its performance is probahly only
comparable with the best of reflex circuit designs unr.‘l_r_rrh'n.ﬂn.r
operating conditions, The circait can, however, be improved
by the addition of D.C. stabilisation.

An inherent limitation with T.R.F. scts is a tmd:nczlihrx
radic BERCY ifier to become unsta
Dﬂc“lltﬂﬂdﬂdl‘i;:.ﬂu& hnl:ﬁlt whistle in the loudspeaker,
If we look at the trinde valve in a basic amplifier circult agmin
—repeated in Fig. 54 for convenience—there may well be an
effective “capacitance coupling” between the anode and grid
of the valve, cither due to the mnﬂru;uun_ufumw_lmimﬂ‘
(interelectrode capacitance), or the eapacity of wiring con-
nected to these two parts, or both, This :upnf@dm wﬁllh
very small, probably only of the order of a fiew pm-arrmd:,whch
in the case of sudio frequencics represents & very high reactance
{resistance) path—remembering that the o the value of the
capacitance the greater its reactance oF resistance 1o the How
of low frequenties, and vice versa, At the much higher radio
frequencies being applied to the valve grid, however, this
external capacitance-coupling or feedback path, as it is ealled,
muy represent a relative low resisiance path o the input
signal, Hence part of the amplified sufput from the anode is fed
back through the feedback path 1o the grid again, exciting
instability or selfoscillation. This principle of applying feed-
back in this manner is, in fact, the basis of operating a valve
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as an ascillater, which la used in some other types of circuiis;
or in fegemeratine receiver (see below).

This means that the R.F, amplifier stage in a T.R.F.
receiver may be quite critical as regards layout of components
to minimise all coupling efiects between components (e.g.
coils) connected to the grid and anode of the amplifying valve
respectively, keeping wiring Iéngths 1o a4 minimum on this
circuit, and even uging electro-magnetic and  electrostatic
sereening, il necessary, Additionally, the anode circuit may
reduire decaispling from the other circuits, pardeularly the detec-
towt, calling for a speciul decoupling circuit to be added after
the R.F, amplification stage—ec.g. & resistor in series with the

high tension lead and a condenser also connected between the
anode circiit and earth.

Recenerarrve Brocervess

Considering this question of fecdback a little more carcfully,
it will be appreciated that a certain amount of feedback from the
amplified {anode] signal into the grid again will result in sl
greater amplification, thus increasing the effective gain many
times. The only limit i the point at which the feedback is too
great for the valve to cope with properly and it goes unstable
and oscillates. With controlled or resiricted feedback, however,
it should be posible to hold the valve within its stable operating
limits and 8o take advantage of this addidonal gain produced,

Agaln it s possible 0 produce practical circuits using this
principle, provision being made for adequate control of the
amount of feedback so that the gecillation point is never reached.

It is abo necessary to arrange that the feedback from anode
to grid (or collector to base, in the case of & transistor) i in
the right sense or "phase” to add to the input signal. The
voltage appearing at the collector of the transstor, for example,
would be 180 degrees out of phase with the input to the base,
The collector voltage must therelore be reversed in sense or
phase before it can be applied as positive feedbock or re-
generation to the input base of the tensistor, This phase
reversal B accomplished by the coil in the colleotor circuit which
is inductively coupled to the base circuit, If the coil is copnecied
the wrong way round the feedback will be negative insiead of
positive, resolting in a decrease in senyitivity,

MOUN ADVANCED CIROUITHE By

(beoretical design of tramsistor regencentive circuit,
;_ini:[.'llirltd as [ar as posdble, #s shown in Fig. 55 A single
ransistor only is used, and this must be an OCy4 or U{E{.&
[or equivalent). The acrial tuning coil is the standard design
evolved for the basic receivers but an additional feedback coil
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is monnted on the ferrite rod to produce the necessary coupling,

This feedback enil is made by winding 8 twrms of g8 s.w.g.
wire on a similar paper seeve to the tuning coil, so that the
fimished coil can be slid up and down the ferrite rod. The degree
of coupling can then be adjusted for optimum results by sliding
this feedback coil up and down the rod to arrive at 4 position
which gives optimum results. The amount uf reaction or
r:gmerltiml'm&hatkilcnﬂmﬂnﬂh}' the sctiing of the 500

i condenser connected to the transistor collector, I
the set does not oscillate with this condenser adjusted to mnmum
capacity {i.e. vanes fully closed) then the feedback cotl must
be reversed on the ferrite rod, ie. slid off and replaced the
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other way round (alternatively reverse the coil connections to
the rest of the circuit).

Provided the basic cireuit can be got working satisfactorily,

additional andio frequency amplification can, of course, be

added as described in Chapter V. The headphones shown in
the basic circmt are simply replaced by a g, 7o0-ohm resistor
and the AF. amplifier stage added from there, followed by a
second stage of AF. amplification i required, In general,
however, regenerative receivers of this type are not particulacly
suited to amateur comstruction without somie considerable
previous expétionce of dircuit design and cireuit behaviour,

THe Surer-gEorNERATIVE BEiceven

The limit to which erdinary regenerative amplification can
be earried is the point at which cscillation starts, so the radio
ffc-quc:nt amplification (and thus the sensitivity) of a regenera-
uve receiver is imited by this factor. The super regenerative
receiver i a development which overcames this Imitation by
introducing into the detector circuit an alternating voltage of a
[fequency sumewhat above the aodible range (eg. typically
between 20 to 100 kilocycles per second) in such a manner
#k (o vary the operating point of the detector, In effect this
interruption or gueneh frequency switches the detector in and
out of operation, with the detector originally adjusted o be
near the point of escillation. The time taken for the R.F.
oscillations fo' build up to their peak will be proportional 1o
the original modulated signal (i.c. the R.F. signal picked up
by the serial) and by arranging for these to be quenched before
they can veach their peak, cxtremely high smplification is
possible—equivalent to o gain of over one million in & single
stage in certain cases,

O this basis, the circuit is ideal for increasing the sensitivity
of a receiver in o relatively simple manner, However, both the
design  requirements and adjustment are somewhat eritical,
and it can only be considered as an advanced type of receiver
beyond the scope of this present book for more detailed treat-
ment, The super-regenerative receiver, too, i not partoularly
circuit requires a ratio of signal frequency to quench frequency
of the order of 1,000!1, or greéater, which means that for a

MORE ADVANORD CIROUITS 87

broadcast signal of 500 kilocycles/second the quench frequency
mmtbeufﬂumd:rnfﬁml,anuqdupn‘mﬂ,mh the
audio band. A further limitation is that they will cause inter-
jerence on other receivers in the neighbourhood because
they are oscillating all the time—although this effiect can be

further variation, which is even less suited for lower radio
&;{lﬁﬂ'ﬁﬂiﬂ but again is capable uﬂ;iﬁng excellent results wquh
very high frequencics, i the self-quenching super regenerative
receiver. In this case, as the name T{Eﬂm' the .If.[?l‘: ;:p:nmu-
ive detector supplies its own quench [requency. FEQUETICY
Erﬂmm quench oscillations depends on the feedback and the
“yime constant” of the grid Jeak and condenser, the time
between each burst of oacillation varying as the input signal
varies, The action of the oscillations i= said to be a blocking or
“squegging” effect where the grid of the valve sccumulates
a strong negative charge which does noi leak off fast enough
through the grid leak to prevent & relatively stow variation of

the operating point,

Tir SvrerazrerooyNE Recevin (SureanrT) :

This type of circuit twes an entirely different prineiple of
operation from those previously described, We have understood
from the ‘behaviour of 8 T.R.F. receiver and a regenerutive
receiver that amplification of a radio frequency ﬂg{ﬂ! has
Tlimitations as to what can be achieved without special circuitry
1o prevent the detector valve bursting into cacillntion. From the
simpler circuits we have also learnt that the am]:lHi:l:udm_ul'
lower frequency (AF.) signals present: no such difficalties.
The underlying principle of mperiet operation is o take the
tadio frequency signal, convert It into a lirteer_frequency, still
within the mdio froquency range but one which can readily
be wmplified without troutile, and then fred this amplified
signal into the detector—and subsequently out of the detectar
into any further stages of audio amplification rc_:an:mﬁ.

This lower frequency it known a4 the ffermediale frepiency
mﬂmnrhnnyvﬂmnithinamug:ufnlmtlm Kefs to
1600 Kcjs, In practice, common values are 255 Kefs and
465 Kcfn, it being of practical importance o standardise on
fixed values for the intermediate frequency so that suitable




B INSTRUCTIONS TO RADID CONSTRUCTORR

companenta can be made readily avaflable for superhet con-
struction; also so that broadcast stations do not radiate an these
chosen intermediate frequencies,

The majority of domestic receivers are designed on the
superhet principle because of the many advantages—high
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eelectivity, high sensitivity, high pgain and good stability.
Again, however, the superhet s a relatively complex design

e |

for amateur construction and a type which is almost impassible
to align carreetly for proper warking efficiency without the aid
of & signal generater. We will therefore restrict further description
of this type of circuit to an explanation of the block diagram

The basic stages are a tuned circuit coupled to a miser feeding

into one or more mbermedics amplifier stages and thence
o the secomd detecior stagre, by one or more asudio
frequency amplifier stages, as necessary, In additdon, a focsl
nscillator is coupled into the mixer stage to provide the necessary
intermediate frequency for LF. amplification, On some
superhets, e.g. some car radios, & stage of B.F, amplification may
procede the mirer, but no normal domestic receiver uses this
additional staje.

The local oscillator 1 abo provided with a tuned circuit
which s mechanically interconmected or ganged to the tuned
circuit at the front end of the miser, Whatever the intermediate
frequency selected for the design, this arrangement ensures
that the frequency of the local oscillator fed into the mixer

MORE ADVANOED CIROUITS Bg

M;diﬂ-‘uaﬁ‘nm the incoming R.F, signal by the intermediate
uency value.
ﬁﬂ;"ll'n quate specific valoes. Suppose the incoming R.F. signal
is 1,000 Kcjs and the intermediate frequency is 465 Kefs. The
hmcddmtﬁtinmfmmdthrmitarhmntdm:,?mﬁnﬂ
whilst the ganged tuned cirouit on the local oscillator is
lilewise jmmdnthntlh:huu[udﬂnmrﬁtq:;mqrndts
the mixer is 5,000 plus 465 = 1,465 Kejs. This “difference
frequency is extracted from the mixer for amplification in the
intermediate amplifier stagefs); and whatever the
nr]ﬁi:ml (ie. the original B.F. signal fequency to
which the st is tuned), this “difference” frequency will remain
the sam# and equal to the fixed intermediate
fis Kofa in this case.

JHI%‘h.:l.l".a,m]:llﬁcrmagﬂa.h-,th:rd:u-nn»:u:n:rnedmlu’:*_w
with amplifying this intermediate frequency modulaled by the
original R.F. signal and the second detector stage (wuslly &
diode) in rectifying this signal mel.:r.hnr:Huu'tdpn‘i'l
frequency output as with all the simpler circuits discussed.




CHAPTER: IX

SUB-MINIATURE RECEIVERS

Wanst the circuits deseribed in the previous chapters can be
described as “mindature” in that the complete receiver, with
its batteries, can be accommodated in quite & small case,
transistor circuits also lend themsclves to further compacting
and space reduction resulting in the sub-miniature recefver,
which is smaller in size than a box of matches. The use of a
loudspeaker is precluded in such a small volume, so receiven
of this type invariably utilize a deaf-aid type earpiece for listen-
ing, plugging into a matching jack on the side of the receiver
cuse, Also, again to save space and reduce the number of
companents to & minimum, fairly smple drcuits are useally
employed and the smallest sizes of Mallory-mercury batteries.

The main Emitation with such circuits is the mather low
aerial efficiency which can be realized in a necessarily small
gire of aerial cofl and ferrite rod or slab, Nevertheles, well-
designed sub-miniature receivers are capable of providing
satisfactory listening in areas of good rveception and good
sensitivity over a wide range of broadeast frequencies. In less
favourable areas reception may be marginal and variahle with
conditinns. In particular the final signal volume may be quite
low with a suitable level for Tistening dependent on fairly
precise alignment of the aerial relative 1o the source of signal,
Such circuits, however, are readily adaptable to a further stage
of af amplication for working a speaker, although the com-
hined volume of basic receiver, amplifier and speaker no
longer conforms to the coneeption of & sub-miniature receiver,

In order to achieve minimum spacing of components
together with a practical method of mounting and wiring up,
sub-miniature recetvers are invariably built on a printed crcuit
bosrd. The original design of such a circnit is tricky and
demanids some experience to tackle successfully, For this reason
the sub-miniature receivers are normally best built from ki

0o

SUB-MINIATURE RECRIVERS i
which include a printed circuit board ready propared and
drilled for the mounting of components. Building the receiver
ihen hecomes o matter of simple asembly, locating each
component in its correct position on the printed board and
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soldering the leads in place w the copper lands, Since the
positioning of components can be quite critical—one component
assemmbled in the wrong order may interfere with the moanting
of & sibseguent component—a definite sequence i wsually
specified for building. Certain jons may also have to be
observed, specific to the desgn, Thus, building from kits, the
main point 1o remember is to follow the instructions fur that kit
specifically and not attempt what may appear to be “'shert
cuts,"

An outstanding example of o sub-miniature receiver of this

¥, s

type is the Sinclair Micro-6. This is designed to fit into a case
measuring only 18 % 144 % o5 inches and weighs lem than
one ounce, complete with batteries, The circuit i= ingeniouw
in that although enly three transistors are employed the
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is generally comparable to that of a six-transistar
superhet. This is achieved by reflexing both the first and second
transistors o that cach amplifies successively at both a.f, and
r.f, in the block diagram Fig. 57.

A circait diagram of the Sinclair Micro-6 s shown in Fig.
58. The incoming ©.f, signal is picked up by the aerial coil L1
and selected by L and TC1, then amplified by Tr1 and Tra
prior to detection, A semi-variable capacitor CW is introduced

which considerably increases both the gain of Tr1 and the
selectivity of the receiver by providing positive feedback or
regeneration from the output of Trr to the toned circuit. The
level of regencration is antomatically controlled by the ag.c.
circuit. In practice, CH is simply two pieces of single stranded
insulated wire twisted together, adjusted for best performance
mercly by twisting or untwisting the “coupling™ until best
is achieved.

The r.f. output from Tre is coupled directly to the double

EUH-MINIATURE RECEIVERE a3

diode deteetor D1 and Dz by capacitor Cg. The output from
the detector stage consists of three parta: .

(i} a D.C. voltage which is proportional to the signal strength
and which controls the collector current and thus the gain of
Tr1.

(i) an a.L signal which is fed to the base of Tr1. This a.f,

iz then amplified in turn by Tri, Tr2 and Tra.

(iii} an unwanted residual r.f signal which & removed by
capacitor Cl.

The three transistors nsed are of micro-alloy type, enahbling
aaﬂliﬂﬁﬂﬂj"?ﬂ‘[ﬂfﬂﬂﬂﬂ:lﬂhﬂfﬂh{tﬂuﬂ!hﬂhﬂtﬂ!‘f
voltage with very low current consumption. The batteries are
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Mallory ZMg12 or RM3are mercury eells of 1-2 voles each. In
areas of strong sgnals a tngle cell (143 volts) may be satis-
factory but for most areas two batteries (2-6 volte) are required
fiar working.

Companent ssembly is shown in Fig. 59. All components are
mounted on the opposite side of the board to the copper lunds
and are assembled in the following order:

TC1, G, Rs, O3, Ra, Ry, Ry, Ry, RB, Rshﬂ?- Tn, L6,
Tra, e, C5, Tr3, RG, D2, D1, Gy, bartery clips, earphone
mcket, CW, L1.

Itis important that all the components used to huild
this set :Trrmunlcd as close 1o the board as possible. The leads
must be clipped towithin about Jyinch from the board and then
soldered, The solder must not protrude from the board more
than abselutely . To ensure a good joint the solder
shauld be held against the wire and the copper and the joint
made quickly with the iron at full heat. The transistors can biee
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damaged by excess heat and it is wise to grip the transistor -

lead being soldered with tweeters or pliers 1o act a8 & heat
sink. Tt & not essential to hold the solder to the joint in the caswe
of the transiators as the leads are gold plated.

Remove any insulation from the leads of €1, O and Cy as
shown in Fig. 61.

The aszombly of L11, Da, and Cy is shown in Fig. 62. Take

ETAGE | ETACE 3 STREE 9
e
[T PR AT R
ATHIH
o

Fm. .

care to - ensure that the diodes are mzerted the correct way
round. The positive end is that which looks like a tiny front
arrow inside the glass body of the diode. C4 (250 pF) is mounted
flush to bring the top to the level of D1 and D2, The top lead
of Cy is wound round the top leads of D1 and D2 a: shown in
Stage 3. Solder €4 1o D1 aml D2 as quickly as possible to aveid
damaging the diodes and then clip ofl the rest of the diode leads
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a4 close to the diodes as possible, Unless the leads are clipped
close tn the diodes the final assembly might not fit into the case.

Bend the transistor leads so that they can be asembled
ot o the board as shown in Fig. 63. Clip off the leads after
molnting and keep them, o1 two are required to make the

AUR-MINIATURE RECEIVERS o5

paitery clips. Remember to make the solder joint quickly
and tousea heatsink if possible toavoid damaging the transistors,

7T, the tuning capacitor, must lie fat on the board as shown
in Fig.59. Theeyeletand lh:bnﬁhpmﬂtl“lﬁﬂj’iﬂ.lﬂhﬂtriprﬂ-
vided on the board. It may be necessary to bend the leadsslightly
so that they coincide with the copper on the board to which they
must besoldered. The leads, when clipped, must not extend mare
than 4 inch from the board and should be soldered as in Fig, b4

T h

Mount L1 an to the board as shown in Fig. 59 and then fix
it ta the board carefully with clear cellotape =0 that it cannot
move. If wikhed, the aerial may further be glued to the board
for extra securily. »

For CH use two pleces of the single stranded, plastic insulated
wire just over 1 ineh in length, Barc one end of each and solder
into position s shown in Fig. 59. It @t not necessary to twist
these wires together at this stage, The single stranded wire is
only required for CH.

';'rhn amembly of the battery clips iz shown in Fig. 59. These
mhmtfrmnﬂmtﬂmiiwluﬂlmwﬂ!h‘nwnwﬂ.m
positive clip (numbered 4 an the diagrams) requires about §inch
of lead. The negative lead (mumbered §) extends under the
board, up through the hole numbered 2, acros and down again
through hole 1, The section between 1 and nnguﬂhmntﬂ
with § inch of plastic sleeving taken from the 4 inches length of
singlestrand wire. Thisinsulated wirc link helps to keepthebatter-
ies in position. The elips must be soldered very firmly under the
board toensure sufficient rigidity, They must beclean atall times,
Clorrosion or dirt must be removed by gently filing or scraping.

Solder the earpicce socket to the board using three § inch
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lengtha of the multi-stranded, plastic insulated wire as shown in
Fig. sg. Be carcful to join the tags to the correct holes,

Removethe nut and washer from the earpiece socket and fit the
entire assembly into the case passing the threaded neck through
the holeon the side, Now replace the washer and nut of the socket
ontheoutsideof the caseand tighten the screw firmly but carefully.

Remaove the screw and two washers from 701 and screw in
the dial from the front of the case until the spindle projects
through TC1. Replace the paxolin washer and fit the specially
shaped locking washer provided opver this and screw the nut
provided tightly on to the end of the threaded spindle. The
whiole assembly should now be as in Fig, 64
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The Micro-6 uses two Mallory ZMaro (or RMg1z) mercury
cells. These may be obtained from Boots the Chemiats, or from
mtat radio shops. Fit the cells between the battery clips, being
very careful to insert them the correct way round as shown
in Fig. 50. You will probably need to bend the batiery clips
inwards to ensure that they grip the cells tightly enough. Make
sure the clips are always clean.

Flug the earpiece into the socket, This sutomatically switches
the set on and you shoitld now be able © tune in a station or
two, Tune to the high frequency end of the band, that |s with
the dial turned clockwise as far as it will go, and twist the wirea
of I tightly together until you hear a rushing or whistling
nobe. Now untwist them slightly so that the noise just stops.
CW may be adjusted elightly for best performance and then
bent over s that the Hd can be fitted. Two lids are provided
one in white plastic and one in clear to give you a choice. The
lidd slides into place from the end of the box.

The kit for the construction of the Sinclair Micro-6 is pro-
duced by Sinclalr Radionica Lud, Comberton, Cambridge.
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CHAFPTER X
FRINTED CIRCUITS

Mosr modern radio circuits, and virtually all LrAnMIStOT CIreails,
are assernbled on printed circuit boards mther than wired up
in the "old-Tashioned" manner. In the series of dosigns described
in Chepterz 111 to. VIIL, “ydred-up” circnlts have  been
employed snce the design and construction of printed cireuit
panels is a rather specialized job, needing dkills which are only
developed by practical jence. However, the coustruction
of printed circait panels is well within the scope of the amaleur
enthusiast and this chiapter will be devoted to describing the
techniques involved.

A printed circuit, as the name suggests, incorporates all—ar
x5 much as practicable—of the wiring " printed” in copper on &
sheet of fal material with insulating properties, In fact, the
circuit drawing, specially designed to acoommdlate all the
components, is reproduced in copper foil bonded 10 a sheet of
laminated plastic. “Printing,” a1 such, is imited 1o reproducing
a drawing of the circuit on the copper, The final production
of the printed circuit panel involves a process of etching awwy
unwanted copper areas, leaving just the copper wiring design,
normally referred to ns copper lands. Afier “printing"—uor,
rather, printing and eching—the panel is then drilled with
hiles to take the component leads, Components are monnted
to. the panel by inserting their leads through the appropriate
holes and then soldered in place to the copper lands, The
laminated plastic panel thus carries the cireoit {in the form of
copper lands) and also actz @s a ‘ehassis™ or mounting panel
for all the components.

Printed circuit base material consists of copper foil, o, g or g
thousandths of an inch thick, bonded 1w a sheet of laminated
plastic, typically about fy inch thick. The fwo main types of
plastic sheet employed are phenolic laminate (&g Paxolin),
distinguished by its brown colour; and glas filre laminate. The

o -
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latter is whitish in colour and translucent, with the advantage
that you can see through the panel from the “plain" side o
identify the position of the copper lands underneath. "This can be
of considerable aid to asembly with complex circuits; and the
material is also stronger than phenclic laminate, However,
it is more costly and harder to drill. For normal amateur
construction, phenolic laminate material is quite satisfactory.

Printed circuit “stock™ s supplied in fiat pangls, with one
face coated overall with copper foil. It is on this surface that
the cirouit dedgn is drawn or “printed” and sorphug copper
subsequently etched away 1o provide the final printed circuit.
The distinct processes imvolved are:

() A suitable design of printed cirouit.

(i) Transferring or “printing’’ this design on the copper side
of the stock panel.

(i) Biching to remove surplus copper leaving the final
printed circuit pattern.

liv) Drilling the holes for mounting the componenty in
position.

The technique of soldering the components in place also differs
from ordinary soldering up of wired circuits.

Starting with the printed circuit desgm, this has to provide
both all the nermal wiring connections and accommodate the
physical shape and sizes of the various components. The
starting point, therefore, &5 to find a suitable disposition of

ents which will fit in with the connections required.
All the “wiing” as such, has to be accommodated on & fat

i.e. in two dimessions only, without crosing of con-
duetors. The components themselves can, of course, fiorm
bridges between conductors, but you cannot “heidge” one
copper land over another. If it proves impossible to design a
suitable circuit without crossing conductors then the conductors
will have (o stop at such paints and be joined by a length of
insulated wire. This is poor printed circuit design and should
be avoided if at all pomible. :

The various circuit components—resistors, capaciton, ran-
sistors—can be mounted flat against the panel (horizontally),
or vertically, The former method requires a larger panel area,
but is woally the easiest method a5 regards circuit design since

PRINTED COIRCUITH a5

it avaids erowding of the varjous conductors, Vertical assembly
iz essential, however, if the size of the panel is to be reduced to a
minimum, These remorks apply specifically to resistors and
capacitors. Transistors are normally mounted vertically in any
case, although sometimes the leads may be bent to allow the
transistors to lie horizentally to reduce the height of the
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assembly—see Fig, 63 (Chapter IX). Other components, such
s tining eapacitors and transformers, will have only one way in
which they can be mounted.

As a simple example of printed cirouit panel design, et us
take Design no. g deseribed in Chapter V. The component
layoit ean follow very much on the same lines as the schematic
of Fig, 29, as shown in Fig. 65, This should be drawn full sze,
with all the somponents invelved actoal size. Having checked
that there will be no “crosing™ connections—reamanging
enmponent positions to dvohd this, if necesary—the required
form of the copper lands to produce the required “wiring"
connections can then be drawn in—Fig. 66.—marking also the
hiole positions for the various ecompenent leads. A tracing should
thon be made of this printed circuit design,

The drawing produced represents a view of the “plain™ side
of tho printed cireuit panel on which the components are
mounted, The actual layout pattern for the copper lands on
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the reverse side is laterally inverted or a "mirror image™ of
this. Thus tumning the tracing paper over and traniferring the
pattern (o the copper side of a clean panel will produce the
regpuired laterally inverted layout for the copper lands—Fig. 67,

This layout represents the actusl arées of copper required.
All the rest of the copper I8 unwanted and has to be etched
away. This is done by immérsing the panel in an acid bath
which diselves the copper, To preserve the required copper

I
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land arcas, therefore, these have first to be protected with a
coating which prevents them being attucked by the acid during
the ctching proces, This is done simply by painting in these
areas solid with a suitable “resint™—either a special resist ink
made for the parpose, or, more simply, jost quick-drying
eellulose paint or model dope.

With simple circuits where the conductors are not crowded
together, painting in ean be done frechund, The outlines may
be a litile ragged a5 a comsequence, but this will not alfect
the efficiency of the cireuit, With a more complicsited cirenit
it iz best to tackle painting in as & proper draoghting job, using
a ruling pen for drawing straight lines and compasses for curves
and circles, Profesional printed circuits are printed in vesist
ink from larger seale drawings prepared on the drmwing board
and reduced photographically to the reguired size,

With all the copper land areas suitably coated and blocked in

FRINTED CTHQUITS 1al

with “'resist," etching is then a quite straightforward process,
once the resint ink or dope has dried. First, however, the panel
should be cut to the required overall size, using a hacksaw or &
fine razor saw. Cut cdges can be smoothed with & fine file, as
neceIsary,

There are a number of simple solutions which can be vsed
for etching. A fairly strong solution of ferric chloride tn which
has been added a little dilute hydrochloric acid is excellent.

Fini, 67,

Ordinary dilute nitric acid can also be used, although this will
“uas” more than the ferric chloride solution,

The etching solution is into a shallow tray or dish,
such a3 the lid of a plastic sandwich box; and the panel to be
ctched immersed n it. At normal room temperatore ferric
chloride solution will etch away the unprotected copper arcas at
a rate of about 1 thou per 20 minutes—or take roughly an
bour to eteh completely a normal 3 thou foil stock panel, Rate
of etching ¢an be speeded up by using o warmer salution—
with a bath temperature of 7o degrees T the etching thme will
be halved, compared with the solution at 50 degrees F—and
by gently agitating the solution as etching proceeds.

The panel shoeld be left in the bath until all the exposed
copper areas have clesred, i.e, have been dissolved away, The
panel is then removed and rinsed off in running water. The
dope or resist ink covering the copper lands is then removed by
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wiping over with & suitable solveni—i.e, resist-solvent in the
case of a resit ink, or dope-thinners in the case of cellulose
l!l.E.ll'lt.

The final stage ol prepuration then consists of drilling the
board to take the component leads. This bs a falrly straight-
forward process but, for best results, the following precantions
shiould be observed:

(i} Always vie & new drill—or ot lenst o doill which has been
correctly reshurpened,

(i) Use a drll siee plightly larger than the component lead
dinmeter but not toe much oversize.

(ki) Always drill from the copper side.

(o) Always support the back of the el with a piece of
hird wood w6 that when the doll paint thropgh it will
nol tend to tear or split the surface on the laminate on that sde,

Befoie atlempting to asemble components on any printed
circuit panel, whether freshly made or not, it Is eential to clean
the copper lands thoroughly. They will almost certainly have
become “fingerprinted" with grease, ar dirty in some way, and
solder will not take effectively to purfaces which are not
bright clean. One of the most effective ways of cleaning
a printed circuit panel i to scrub the copper side with a
domestic ahrasive cleaner, or fine steel wool, until all the
copper surfaces are bright clean, A good test of cleanfines is to
bold the pane! under a tap, copper side up. 1T the water wets the
whole area and runs evenly over it, the surface Iy clean. IF
isolated patches of copper remaln dry, these are almost cer-
tainly covered with grease and require further cleandng. Thoe
spent in cleaning a panel properly before starting assembly i
not wasted. It ensures & quicker and mere satisfactory job when
it comes to saldering up.

A eatisfactory soldering job also depends on using a suitable
iron. Small-size electric soldering irons are invariably ased for
printed circuit assemblies. Ar iron with 5 & inch diameter bit iy
about right for most general work—oot too large o handle
within & fuirly confined space, but large enough W0 retain
enough heat for more or less continuons work, A smaller iron
mity be necessary with miniature and snb-miniature assemblies
—.g: & Jy inch or even a 4 inch bit—but will cool rapidly in

EFRINTED QIRCUITE 1oy

miaking a single joint and may need time o heat up again
before tackling the next joint,

Apart from cleanlines of the parts to be midered, the most
important factor for soocessful sobdering i= that the iron should
be Aot enough. All joints should be completed in a matter of
three or four seconds, no lenger. If the joint does take longer, or
has a pasty, dull appearance in this time, the iron i§ not hot
enough. If the solder does not flow evenly over the joimt
although it melts readily enough, the iron is hot enongh but
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the joint surfaces are dirty. You cannot do a good job if (hese
faults are present.

Components such as reststors and capecitors are mounted by
bending the leads with Angers—oot pliers—to match the hole
spacings in the printed cireuit panel. The component is: then
pushed into place to rest flat against the plain side of the board,
either horizontally er wpright (Fig. 68). Components are
mounted one at & time and soldered in place before proceeding
to the next one, being pormanently fived by soldering the
protruding leads to the copper lands, There are three basic
methods of doing this:

{i) Cuot off the leads to stand proud of the lands by abomt
¢ inch (not more) after mounting the component, then solder,

(it} Solder in place first, then cut off surplus lead

{ul) Cut the leads off thort after mounting, then turn over

agminst the land to hold the component in place and finally
solder.

Method (i) vsually produces the neatest job. Method (i) &=
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probalily easier, Method (iii) takes longer but holds the com-
ponent located whilst the soldering is being completed. It is
less suitedd to crowded eirenits, however,

Transistors require special consideration since these are
readily damaged by excenive heat. Unlike resistors and eapaci-
tors they are invariably mounted proud of the panel, allowing
at least & }inch of lead above the panel (Fig. 6g). Sinoe the three
leads from the transistor are bare wires it is also advisable to
cover one (or all three) with a shart length of sleeving. This will
guard against the possibility of the leads shorting. Equally

P 5.

important fs to ensure (hat the three tramistor leads are
correctly identified and inserted into their corfect holes in the
printed circuit panel.

Provided your iron is hot and your soldering technigue
satisfictory, you can solder trangistors in place without using
the recommended “heat sink” All modern transistors can
take the heat of a soldering iron applicd to their leads more
than § inch away from the body of the transistor for ten seconds
without suffering any harm, Thus if you can complete good
joints in three seconds you do not have to bother about “heat
sinks,” 1 you prefer to “play safe” grip each lead of the
transistor being soldered with a pair of plicrs or a crocodile clip
with the jaws filed flat to act a4 a "heat sink.”

Excessive heat—ie. the iron applied too Jong to one arei—
¢an result in damage to the printed circuit itsell as well as
components by causing the copper lund to “1ifi." If this does
occur, it can sometimes be stuck down again by pressing in
place whilst still hot—but not with the iron. Usually, however,
it is necessary to stick back on to the laminate with a suitable
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adhesive, * Lifting” of the copper in this manner does pot impair
the efficiency of the circuit, unless the copper is broken away
from the rest of the land. I this is so, it will have to be recon-
aected by solderding o short Tength of wire in place.

1f 5 sompanent has to be be removed from a printed cirouit
panel for any reason—e.g. it may bave been soldered in the
wrong hole—extreme care is needed to avoid overbeating hoth
of the component and the copper. The safest way of removing
a component is to cot off the leads, The stub ends of wire can
shen be removed one at a time by heating the solder and tapping
or blowing out. Alternatively, the new component can be sol-
dered in place to the stub leads. It s very easy to damnge &
printed circuit in trying to Temove components, This is why it
is so important to check that individual components are
positioned correctly during aszembly.

Al of the designs described in Chapters 111 to VIIT lend
themselves to printed circuit assembly and do not present 106
great & problem in circuit design. Asa general guide, the physi-
eal layout of components should follow the theoretical cireuit

as coscly as posible to obwiate the problem of
werousing” conductors, This also provides logical placement
af the more bulky components, such 2s the acrial coil assernbly
and tuning capacitor, Battery and phene connections {external
wires) are made directly to terminal points on the printed
cireuit panel,

Prowten Circurr Layours

The following four pages give component layouts and printed
circuit grawings, beth actual size; for receiver designs Noe. 4,
e, 6 and B described earlier in the book; the size of printed
circuit panel used i8 9} x2 inches in each case. The printed
&muhpamluﬁﬂg:mmmddhmnﬂmddhmﬂymthc
copper side of the panel and the black nreas painted in with
resist ink or model aircrafl dope, afier which the balance of the
copper foil is etched away. The panel is then completed ready
for sesemibly by drilling the holes for the component leads and
for accomodating the tuning capacitor (C1) and feerite rod
arrial clips,
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AFFEMNDIX 1
BROADCAST FREQUENCIES

RApio stations are commonly indentified by the waslesth of their
tranamisions but from the technical point of view it i the freguency
of the trapsmivied signal which is the significant factor for deter-
mining the values vequived for the tuned cirenit, The basgic rela-
tionship is;

Wavelength » frequency = velocity of light

Wavelength is normally queted in metres, the corresponding
velocity of light being jon,000,000 metres per second. Hence:

Wavelength (in metres) x frequency [cycles per second)
= G000 (e
ar wavelengih (in metred) ¢ freguency (in kilocycles)

= 304,000
ar wavelength (in meires] » frequency (in megacycles)
= Em
The two main broadeast “bands™ employed are the fmg ware and
prieelimm wrane honds, defined as:

Long wave band—6oo-2,000 metres (5o0-150 anrr?l:q}nrm?
urEmncy

Medium wave band —go0o-Go0 metres (1,500-500 kilocyclesfsecond
frecquency

In addition numerous statinns hroadeast on the gharf wane

10-200 metres wavelength (0=1-5 megacychefsecond frequency).
Frequencies of higher valoes still {i.. above 1o persscond )
are claglfied a3 ultra-short wave or V.H.F, [very high frequency)
transmisiom, used for special broadesst Geilities, television, rador
aud radis communicationm, e,

The wavelength and frequency of national broadcasting stations
i1 given in the Kafiy Timer, Simple receivers of the type deseribed in
this book are invariably designed to receive siations brosdcasting
on the medinm wave band [abio long wave stations, with a suitahle
modification of coil desigh—see Appendin  Tll—although the

(RLL
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number of stations available on the long wave band are very
lirnited).

The Lipht Programme (244 metres or 1,214 kilooyclesfsscond)
cormes sl ane end of the medium wave hand; the Third Pragramme
4fq metres or 637 Kilocyclesfsecond) at the other end; and the

Sevedee {390 metres or goB kilocycles/necond) roughly in the
middle. Thus the values of the tuned circuit capaciion and inductor
{coil) are pormally designed o tune into the Light Programme near
one end of the full gavel of adjustment, and the Third Programme
near the other extreme, these two stations being used as check points
for sctting up any inidal adjustment required and alss, I required,
for calibrating the tunlng eontrol,

This, of course, applies to receivers operated in areas where good
sijnal strength is received from these National mransmitters. Inother
regian areas, reception may only be posible from, eg.:

Midland Hemp—a76 metres {1,088 kilocycles{yocond)
North Home 434 metres (653 kilocycles fsecond)
Nurthern freland (Home}—261 metres (1,151
Seaptich Home—171 metrea (Boy kilocycles fsecond
Welch Hame—441 metres (W1 kiloeycles fuecomnd )
Wert Hamr—a28y metres (1,052 kilocyclesfsecond)
g0l meires (1,457 kilotyelesfsecand)
The Light Programme I3 also broadeast on the long wave band at
1,500 metres (200 kilocyclesfseoond),

Foreign statinns of high power which may be received under
favourable conditions include:
Lusemduorg—z08 metres (1,442 kilocycles second)
Hiloersm—gow mntres (746 kilooyeles fsecond)
Athlans—s30 metres (566 kilocyeles second)

jsecond]




AFFERDIE 1

USE OF LOW IMPEDANCE PHONES

In the working circuits described the use of &iph impedancs head phones
or a Mgk mpedancs deal sid earpiece is msential for proper perform-
ance {except where stated otherwise in the description). Typical
values of available commercial components ara:
Headphones—D.C. resdstance g4 000 ohims, Typical impedance
i o0 ofums at 1 Kefs
Dealaid earpisce—D.0, redstanes 3,000 ohms (typical impedancs

7:600 ohms)
Balanced ammature unit=—T0L0, resistonce about Go obunia {500-1,000

vlims impedanee)

Any values within these limits specified should be stisfactory,

To ﬂnp!ur fow mpn:l‘.l.ncc headphones, & low |m}'rl:dnm:-:| deal-
aid earpicoe of & moving coil speaker In these circuits (the lntler
only suitable where output power 5 ol & sufficiently high - order),
the phones or speaker must be coupled 1o the output with 8 matched

DOWA LOW 5 NCE
77

o

Fin. 50
transformer, See Fig. 78, This transformer acts to'supply the neces-
gary load in the output cirouit, the phone {or speaker) then being
inductively -coupled to this circuit under properdy balanced
conrlit|nms,
iis

e e

ViR OF LOoW INMPEDARCE FHONES
Tranaformer ratho required fs:

output losd reslstance in ohms
phone or speaker impedance in ohme
The rransformer required then provides a Vstep-down™ of this ratio
between oubput cirousl and
Suggested suitabie types are:

Headphones—DLC, resestance: 15 ohms,® Transformer ratio 14:1

D.C, resistance B0 ohma,* Transformer mtio 531
Typical values are:
4 ohm TLCL resistance (15 ohm impedance &t 1,000 /s
14 ohm DLC, resistance (B0 ahin impedance at 1,000 ¢/k)
6o olm DO, resistance (250 ohm impodance ar 1,000 ¢/s)

A matching trassformer ratio can be calculated acconding to the
value employed, aldng 20,000 ohms as desimed output load imped-
ance for desipns & and g1

4 ohm ressianoe—transformer ratio 95:1
v§ ohm resisianoe—transibrmer ratio 1821
Gor ohm resistanoe—transfiormer tatio g1

Turnps ratio =

Lovudspeakeri—
All ministure speakers have a DLC. resistance of § olms requiting
the following transformer ratios:

Far 10,000 ahm output Ioad impedance—so::
For 0,000 ohm sutput Inad imgedanee—qgi:n

The above list of loudspeakers are suggested as suitable miniature
types b wse with the small transistor reccivers, where sufficient
ALE. power is available to operate. With valve cirenis amplified to a
sufficient degree tor speaker operation, larger moving coil speakers
may be employed, of which there are o wide variety of types and
sizes available, The required transformer mfio can readily be
calculated from the guoted impedance of the speaker and the
optimiim apode load Bgure for the ontput valve; or alternatively
matching tramformen may be specified with a particular speaker
for wre with particnlur yalves,

As a guide to the suitability of & particular cireuit for the opers-
tion of phones or speakers, the following are approximate valoes of

* These are reo typhotd waleey for By Mispedancs begdphoho,
L1
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final andlo Frequency current required fur entufactory conversaon

aof electro-magnetic energy inlo andible sound (presure wives):

High impedance head phones—"Threshold of audibility™ Aprprogi-
mately 10 A (This is dependent tn some extent on the
individusl, some people being more adept than otbern in
hearing weak sounds, etc.);

o3 m—Minimum level for comfortable lntening, with contentra-
than

-5 mA—Level for easy listening (sund can be heard with phones
removed and lakd aside);

Over -5 mA—""Swamp™ level—phones overpowered, causing
Iﬁmﬂm. - I
(Mote: the fitting of a volume control-—see Appendiz VIH—
is & solution here for reducing volome 1o a comfortable level
and eliniinating distortion through averioading).

qupﬁnﬁnqnfahud:pmhn-maudiupﬂmnutputnhh:
arder of 5 mA bs required.

Transformer coupling of low impedance headphones or deal aid
earpisce| or low impedance Joudspeaker, i3 as shown in Fig. 57-
This coupling can be wed in any of the circults described for wing
low impedance headphones, replacing the high impedanee head-
phones with the prisary winding of the ransformer, In the case
of loudspeaker operation, transformer coupling murt be wsed,

APPENDIX 111
THE TUNED CIRCUIT

Fon practical purposes the tuned cireuit comprizes a coil of a certain
indilgmes ennnected in prrallel with a capacidor o a complete cireuit,
Bring wound from wire the coil will ako inevitably huve & certain
resirtanee, bt this can be ignored for the purpose of ealenlating
companent yulues requined.

The rerirtence of the cod] b, however, significant in affecting the
relectivity of the tuned cireult, Le. ity performante n & selector of the
wanted sigmal. A low coil resistance gives & sharp “peaky™ tuning,
whilst with increasing coil resistance the peak of the response curve
becomes flatier or broader and thus eapalhle of beidg i resonance
with simal over a baogd of frequencies rather than At 8 specific
Frequency anly. At the mame time the mageifcatian of the original
signal received when adjusted to resonance {Le. when tuned (o the
original skgnal) decreases with increasing coil resistance,

The “magnification™ produced in a resanam circuit & referred
tes a3 the “0". A “high-0" coil, as used for mudmum selectivity
and maximum performance, is therefore enertially a low resistance
coil. For thin reasan dinmeter wound codls, using thicker wire,
are more efficient than zmall eolly wound from thinner wire (thick
wire having less electrical resistance than thin wire], Small coils
are, however, esential to fit into miniature sets and 50 a compromise
on sise wually has 1 be reached, In small serial colls the efficiency
can be improved by the form of winding cmployed, and by the use
of iran-thist cores which have the effect of i the imdwiamnes
of the ooil. Such eores are adjwitable in position in the coil, which
type of adjustment aba alters the inductanee of the enil,

The standard tuning coils deseribed in Chaplers Il and V1 are
wound on a_ferrite rod which incresses the efficleniy or Q" of the
poils in a similsr manoer.

In practice the circait may be ned, Le. its reonant frequency
varied, by varying the inductance of the onil, by varying the value
of the capacitance, or by varying both valoes 1t is generally more
conveniient o use & ool of fxed nductance when tuning is acoom-
plished simply by adjusting the capacitance {e.g. by movement of
the vanes of a variable consdenser, thus altering i= capacitance],

(R
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Some additional adjustment of eoil inductance may, however, be
usefial for setting up, particulasly if the component values enncerned
do not quite give the range of tuning required.

Equally, the capacitance of the tuned circuit may be fixed (or
variable, fior initial setting-up adjustment) and tuning accomplished
by varying the inductance of the coil by means of & dust core or,
more conveniently, movement of the coll along a ferrite rod (which
is abso effective as an acrial), This latter form of tuning is, in facl,
used on some types of miniature transistor receivers.

The bate requirement for tuning is that the resanant frequency
of the cireuit should nd to the frequency of the vgnal. The
resomant frequency can be caleulated from e formula:

Resonant frequency ¢! 1303
{cyeles per second) — #w /[0 VIC
where L is the inductance of the coil in henries
C ia the capacity of the condenser in farads

The range of the tuned circuit s matched o & particular broud-
cast band by selecting component values so that by simple adjust-
ment the circuit is unable over the whale of the band. That & ta
say, the extreme rcsonant frequency values obtainable st

te the two extreme limits of the broadeast band,

In practics the cofl indoctance @ normally fixed (except for
provisian to make small adjutments to the inductance for setting
up purposes, e-g. by adjustment of an iron-dust core, or altering the
position of the ool on & ferrite rod), The fixed coll inductance chosen
is matched 1o a selected size of variable condenser 5o that the com-
hination meets the requirerents of being tunable over the broadeast
band required.

In the case af the medium wave bamd the mnge of fequencies
to be covered is 500 to 1,500 kilocyelesfsecond, Typical values of
tining condrmaers emploved are nominally 50 to 500 pleofarnds,
the actual capacity range of “wwing’’ usually being as follows:

Typical air dielectric tuning condenses—Capacity swing
from about 65 pleofarads minimum up o about 450 pico=
furnds maxinmusn.

Typical mica “postage stamp™ condenser—Capacity swing
from about 120 plcolarads minimum to 300 picofareds

The inductance of the required mutching tuning coil can be
ealeulated accordingly, e.g. checking nt ench end of the Fequency
band to see that the full range of posible resonant frequencies is
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achieved. However, calculation fir the physical design of the coil i
too complex to consider in detall, the required proportions being
best aavived at experimentally.
ing the operation of the variable condenser, it is useful to
remember that the condernser will have it maximum value of
capacitance when the vanes are fully closed; and its minimum
eapacitance in the fully open position (e, with the condenser fully
open the cirouit is tuned w the low frequency end of the band, and
vice veral;
Suitable cotl deslgns giving the required inductance value are
shown in Fig. 79. All are wound from 48 s.w.g. enamelled copper
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wire, or preferahily g8 sow.g. double silk covered copper wire. Cioil
(o) i8-the standard type specified for the majority of the receivers
ieseribed in the book. Cotl (8) employs tansfisemer coupling and is
used] with the refiex cirouits of Chapter VIL Bath cwoils () and (¥)
are wound on-a fervite rod, which also scts as an asrial, C'-ml{r}un
large clamicher air core milullu‘u]l: for mediism wave meception
with a good external asrial attached. Tt is not possible to produce a
good high-0 coil in this manner and it i inteaded only far experi-
mental use (see Chapier VI,

Coil (d) Iz the same alr ¢oew eodl dalarged to give an inductance
value suitable for long wave reception in conjunction with & o0 pF
tuming condenser. In this case an extra long external aerial will be
ezzeniial for satslciony reception:

Avjoenivg Con Inooorasce

Caills (a), (¢} and [d) are wound in the form of auto-trandhemers
for direct coupling to the diode detector, The tapping point i
abwisys nearest the sarth end of the eoil in the eircwiv

Using (hese bagic d:l]ﬁl. the inductince of any coll can be
reduced by remaming ta m cither end; or incrensed by adding
turna o cither end. In order 1o retaln the auto-transdirmer
*balance” in the onse of cotls (&), (¢} and (&), turme should always be
remaved, or added, in the seie flia to the apping point. Sinoe the
Ippng point comes mi approximately ane-third the length of the
eoil, this means adding or subtracting turms in the ratio of 1 o 2,
considering the earth end of the cuil Brst. For example, two turns
removed foan the earth end of the coil must be balanced by remove
ing 2 3 = 4 turns from the other end, and smilarly.

APPENDIX IV

GRID BIAS AND GRID LEAK

Toe purpose of the grid leak resistor (R} & to provide a D.C, path
between the grid and the cathede without loading the previcis
circuit {soe Fig. Bol. Il the beas battery were shimply connected 10
the grid without this resistor, the resistance af the path from the
grid o the cathode is only the internal resistance of this battery—
& matter of o few ohme Thos the load resistor B, would be almest
shorr-circuited, as {ar a8 audio frequency is conocmed.

F =
R

Fin, Ba.

The value used for B, does nof affect the grid biss voltagre, smee
no grid current flows (i.e. the grid bies crewit @ not “complete’ in
the DO, electrical sense) amd bence there can be ao P, drop
acrosa B, Hence it value is not critical and is chosen purely to suit
the first mentioned requirement, & typical value being | o 2
megohms,

Tt will be appreciated that a grid leak resistor of siniar mlun miust
be retained in other circdits using different methods @ Ep
grid bias since all these forms invalve a low grd-o-ca
reststance unless the grid leak resistor is included.

Cathede biar i the commonest method of obtaining grid bins in
mains receivers using imdirectly heated valves; see Fig. fir. Here the
bisa resistor R, is connecterd between the cathode and earth (high
mmimmg'n:l:m:] Since this resistor earries D.C. anode current it
will have a direct potential difference developed across it and will

(RE1
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“drop™ a certain voltage to make the cathode a few volts positive
with respect to earth, The value of this resistor I, to achiove the
necemary bim voltage i readily calculated as:
desired orid hias volis
Hy = DuC. anode current

The capacitor C Ia employed simply as a by-pass for all audio
frequency anode current componenis. [ts value is chosen o have a

e B,

suitably low reactance at the lowest AJF, values Hkely 1o be encoun-
tered, when It will automatically have a smaller reactance at higher
atdio frequencies. A conmon valur for © is 45 microfarads {eleco-
lytic condenser), which corresponds to & reactance of 200 ohms at a
frequency ol 30 eyclesfsecond, and less than 1 ohm above 6,000
cycles

Bigs soltage from the fow tention ‘botlery supply (Fig. 82) can be

P 8a:

arranged in emall battery receivers with directly heated valves, to
save the wse of an additional grid bias battery. Here the grid leak
Is returned to the negative side of the filament so that the grid is
negative with respect to earth with a negative voltage correaponding
to the low tension battery voltage. The average potential of the

GRID BIAS AND GID LEAR 2
flament {cathede) is negative ene kalf of the low tension voltage.
Hence the grid s a similar valoe mere pegatior than the average
Ehmm;mﬂa].:hhhrhgtheammﬂnfnﬂ’mﬂwgﬂuu.

A third methed of providing biss without the use of a separate
bias battery is by means of bias resistors (sec Fig. 83). This &
normally never wied for supplying a dngle stage.

§ MTw

- - o
L=k T"""'

The cathodes of the valves are connected directly to earth but
high teraios negative is connected to earth via resistors Bz and Re
in series. A D.C, powential & thevefore developed across these
resistors a0 that H.T. negative i effectively a few volis negative
with respeet to earth.

The polential difference scros each resistor can readily be
calculated—

P.D. acress Rr = resistance 1 x total H.T. current (ampa.)
P.D), acroas Rz = resistance As x total HCT. current (ampa.)

Knowing the total FLT. current and the voltage drop required,
the respective values of i1 and Kr can be calculated. For equal bias

voltnges Ry and B will be equal, the connections to the valve grids
heing made & shown.

Example: fior o negative bias of 1 -5 volts, caleulate the vilues of the
bias resistors required with & total HT. current consumption of
g0 milliarmps.

F; By,

It shenubd be noted that with thismethod of providing bias the acous]
high tension voltage to the xnode s redued by the amount of P.D.
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drop acroms Ry and #9, ie o the case of the example just quoted
by 3 volts,

Capacitor ' must be incloded in the srenit to =olate the prids of
the valves from any alternating components in the ancde eurrent
by providing & by-pass 1o carth with negligible resistance [react-
ance), compared to that offered by the resistors. Typical values for
C range from about # microfarads (oever lem), up to about 50
microfarads,

e

APFENDIE ¥
VALVE DATA

Tue fallowing is a short It only of typical valve which may be
eemployed in the cirouits discussed in Chapter 11, together with
biasi operating data, 1t is impossible, and unnecessary, to give a full
list of svailable valves and the omission of any particular type does
not necessarily mean that it would be unsuitable. Any local amateur
radio shop should be able to give advice on the purchise of sultable
components for a particular circuit.,

The valves listed are, 0 actual fact, nf triodes but peatodes,
featuring two additional grids, These wre particularly suited o the
cirenits described and readily available and nre med as triodes,
smply "“srapping’’ or connecting the additional grid elements
directly to the anode and cathode, respectively see Figs, 14-85.

ERA WALVE BABE
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Rorowurniesd Varves sos Faw 28
(Trinde connected i Flg- fig)
el an | -8% 1 e |
r 2 T Lfake pret=t iy :I.-; ":" ;
. .
ITy o) Terioar g fiet o =nmAlY | WG
. DFgr | Mnlland 15 o o gamAV | By
ﬁ ﬁ "“ y i DFgh | Mulled | v | 90 o | GgmAV | G
Fea. H5. Drasssu :‘m rin TwrERsal l]'mln::l.'r aF Tim H’u.ﬁm Varvnn
pebEniE, wITE P Nousmn Manges—ie, wlien Iﬂﬂaﬂimﬂﬂ rrapeetive Recomaceen Vasves ron Fros. 1y & 24
beines dhi Tnbe al the mumbeti copmect ,
Pum-ﬁ-mﬁhmﬂmmwmﬁmn {Triode comnected a0 Fig. B4}
ﬂhqmalmpluijwuhiwh:mm-&unymﬂw- - e
tenslon bathery can be emploved, the LT, butiery comneetion being msde v | wr Crrid “ﬂnr
this stra fi.e. bo pin 1 or-7, = convenient) and o pin 5 o the e of the FE Hfats el e s - w
g e T Fos e DGl m o it o g, 33t vt & e - = 2
o pir] ‘B o A
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.. Mullaid 15 o 45 ponond By
Une ar W1y Vawve m Fio. 20 Dlgh | Mullsrd valy | @ 44 | wpeoll | B30
Filament {15 volis) connecta 1o pins 1 {negative) and 7 (positive),
High rension (45 volis) connects to pims 2 {positive) and 1 (negative). Rueconaemmen Varves ron Fio. 23
Grid connection to pin . _ o 2 Grid b o
Pin 4 should also connect to HLT, plus. mﬁ,.ﬁ. Tape | Makd | Spr puif : o s jit
3 el e S e =
Vel Wy® peAlly — b B (L] [1] —_ D i

» Vialve (1AL i & “twin Fode,” Vi snd Vi being conected b exnch half
reapeetively, us in Fig. 23.




TRANSISTOR DATA 27
Maximum permisible collector eurrent.
Grounded emitter current gain, or the fetor by which the
base current is multiplied o give the collector current.
Maximum permisible collector dissipation- (or power
loading) at an ambient temperature of 45 degrees C.
ARFRNDIX VI Noter at any collector current and collector voltage
P Vo3t Iy y
TRANSISTOR DATA A Alpha or grounded base cut-off frequency, In general, »
; ; A 1
e LA i S e B e SR 0 SR M
Design oo, § )
Design no. §
Deglsm no, & | Mullard OCy1, Edison Swan XHBioe, XBiog or V| 2 | 4% %
Desigmno, 6} XEBrog Tipe Kk pucral ey :':. B | Adefe fifaks
Design mo. 7
Design no. 8 00Tt | AF Ampliier | =0 | w0 | 99 | @ o5
Dresign ne, g OCys | AF. Owipnat W | ey |;|1:'1h ™ o35
Data on these and ather standard transistors are included in the T
following table, All voltage, current and power ratings are figures St
considered safe for the pmatenr to use. Tt i always advisable to keep sink)
wiell within these ratings. (Migy | TLF. smyplifer | 10 5 | S| — 1 18 + hlullard
Sl s L e
It i mal permirsible to apply both maxiawm vofiage amd currmi to the Eﬂt’
trariitor Ligether; if you do, the power rating of the transistor may - = 2ol
be drastically exceeded, ‘ Lk B oty ] NS N '
For example, rated values for the OCya transistor are: ?}'ﬁ‘.m}:— ]
Fﬂ— IE‘ ?‘}!u I]_ I'S mmhﬁ'ﬂ ) 'ﬂﬂmﬂ. u.l.-#lh FE T 90 ﬁ :,pi !
e 1 a g i o ¥
I thiese maaxiemum ratings are used together, then: ] H_m..ap:_mu 6 |10 | 9o |6 | @
Power = wolts ¥ amps ﬁ#“ﬂnﬂ' Saada
= 10 ¥ ‘125 ﬁ::w | .m:"
= 3 walls chnnger r
1 . . Xhaaoe | ToF. amplifer (17 i ¥ 15 A Sipam)
Compare with the recommended maximum power rafing given in e gl
the table, which is enly 100 milliwatts. The power being disipated ﬁt'm,[&r
in the worked out exumple is 20 times a5 great as the ratmg of the i : .
tramsistor and woubd destroy it
ANERTVIATIONS UEED DN TABLE
Feg ma, Maximum permiwible voltage to0 be applied between
| collector and emitter in the grounded earth configuration
i (ie. in the manner of yse in the transistor circuits describied
I in this book).
I "




APPENDIE YII
MAINS POWER PACK

In & mains receiver both the high tension voltage and the low
tenzion supply from the maina veltage. A.C. mains voliage cannot
be used directly, however, since the high tenslon must be a direet
voltage; and whilit the Jow tension for tl:.:“h-eﬁi.u_.mmthnhu:
can be AC. ar D.C, the nctunl voltage required Is very much
bower than the full mains voltage. These requirements are taken
care of by feeding the mains into a suitable power supply cirout,
from which the required outpmt voltnges can be extracted.
mmmmiﬁmﬂmrhlpumgm&,ﬂthm‘ghmiwnﬁmrd,
is relatively costly, Alo in the case of simple receivers the additional
cost and complication cannot be considered worihwhile as the
Howeyer, in order (o a basic eourse in radio engineering,
the principles involved in the design and cosstruction of a mains
pack should be studied so that the reader is fully conversant
with the workings of this part of & mains receiver.
mhﬁﬂulwmmhﬂmm?ﬂimmllnlﬂ.ﬂ
supply i by means of a transformer coupled to a rectifier, or a
diode valve used a3 a rectifier, This is not a very efficient method of
working, however, whilst there i alio-a high A.C. component
remaining after rectification contributing o considerable amount of
“huse™ {which would be highly undesirable applied to the anode
of the valves). Thia “hum® or “ripple” can be reduced, and the
mﬁmmwmmphmarmmfw
condenier Bcross the output, as in Fig. B5. Note abo that this circuit

s anace
! A )
i Fa. 0. )
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i5 using A dicde as & rectifier and using an sdditional winding on the
transformer o supply the heater current for the dinde.

The action of the reservoir condenser i 10 store up energy during
eich half-cycle whilst the diode s conducling and then &
to maintain the output when the diode oats off on the other hulf of
the cycle (i, by its rectifier action). The same principle would
apply wing a standsnd rectifier in place of the dinde.

However, it iz more satisfactory 1o work on o beih balves of the
cycle of AC. supply, which we can do by emploving lwe dicdes, ane
o witk on each hulf-epcle. On the ot hall cycle, for example, one
diode iz conducting with the other out off (not comducting], On the
rihier bl of e cyele the firse diode hes ot off and the secoed diode
is conducting. Instead of using two separte diode valves, as such,
the two can be combined in o single valve envelope with a common
cathode, this type of valve being known as a dmble disde,

The power supply circuit B then arrpnged as in Fig. 87, together

I LOW TEWTON (HESTER | sTeely

P W
o | = =w
73 o B SOTEL

Fiu, By,

with typical component vahies, The primary of the mains trans-
formmer is wsiadly supplied with a number of tappings te suit different
maing yoltages—e.g. 200, 220, 240, One separate soondary winding
supplies allernating furrant directly, at the required. stepped-down
valtage for the valve heaters. Another separnte seonndary winding
supplies the double diode filament direct. The main secondary
winding s centre tapped, each end being conmected to an anode of
the double diode, the centre tap being to the commaon
negative e (wsnally earthed on the chassis),

Cr s the reservols condenser, bul this is fallowed by a further
nmoothirg fiter, comprising either & choke eoll or & resigior In series
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with the positive fine and a second condenser, The purpoie of the
filter 18 to reduce any remaining ripple to & megligihile level a0 that
AL hum is absent in the receiver. The choke eoil filter j8 more
effective then a plabn resistor in this respect, but the latter is cheaper

and stmaller in sixe and often preferred on account of this,

The resistar also muffers frotn & further failing in that it has to be
of relatively large value (e, up to 1,000 chms) which results 6 a
nmnﬁﬂﬂ!hl:wlugtﬁmpthrnu'ghlltﬂltﬂ:huilandlhigh
amount of electrical energy to be dissipated by the resistor, It thus
Lﬂﬂsm!ﬂ\mhe:tandmnuhamnﬂﬂuh rating to camy the
pnwummmd,uhﬂnhdﬂﬂﬂu:ﬂdu:ufndﬂmimpmﬂu
a0 that it can receive as much cooling as pessible.

Ar,mnuhmmi:mr,rnn:mrphm“ilgiuadmpnfr,m u
:r-uy]=5ﬂﬂuﬁrljnmlﬂhmpﬂ.ﬂquﬂunm1[thunmnf
the toial current requirements of the high tension sapply). The
power rating for this resistor i then:

~
w-.m—mm:-:-mp-=¥:ﬂm5“

u-n-gvml:u-

Suitihle values fur the reservoir condenser and filter condemier
are usmlly 16 microfarady, although one hall this value (B uF)
mymd]mh:wdfurﬂurmtmﬂmn.

in the case of & universal or AJCLD.C. muins receiver quite &
different form of power supply is wsed. Obwiously D.C. g cannot
he connected to 8 transdormer; and equally obvicusly D.C. mains
can be connected direct to the high tension circuit, provided the
valves are chosen to suit the voltage svailable, This voltage will be

HLYE HEATERS N BERATE
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100 high for supplying the low tension volsage direct, but if all the
w}nﬁhmufummﬁldupinmh.mﬂwwhhnuduhh
dropping resistance, this complete heater chain can be connected
directly to the supply, with all the individual heater voltages correct.
“This series chain may alin include dial lamps, etc, The same chain
will operate equally well connected to A.C. mains direct.

To use AC. mains for the direet voltage H.T, supply a single
diode may be used for hal-wave rectification, followed by a filter
circuit, as with the A.C. mains power circuit, the complete circuit
being thown in Fig. &8, Connected to DUC. supply, current will still
fow through the high tengion crreuit since the diode will just as
veadily conduet D.0., provided the pecitioe of the supply is connected
1 ansdy of the diode rectifier, In other words, D.C; mains supply
must be conmected ap the right way round for the set to have any
high-tension supply.




Tz volume control in any standard receiver b3 pothing more than
a variable resistor (ealled 8 potentiomefer), inseried in an appro-
priate purt of the circult—normally following the detector stage.

APPENDIX WIII

VOLUME CONTROLS

If, for example, the detector load resistor is replaced with a poten-

timmeter (Fig. g), the actual smount of audie: frequency oufput

ECx

T

. -
IS = o

Fin. Ba.

fram the detector is variable fam zero to maximum, arcording to
the setting of the moving contact on the potentiometer, This the

of the potentiometer used would approximate to the normal
value of the detector load resistance used. A limitation with this
type of control s that it tends to produce distortion at low volume
SETLINTY,

An alternative solution i# to replace the grid leak of the frt stage
amplifier by & potentiometer, as in Fig. fig, thus providing control
over the audio Fequenay applied 1w the grid of the triode, This will
be equally effective in controlling volume, but again subject to
distartion

In some cases, where the volume contrel petentiometer B nsed
in place of the grid leak reistor an additional resigtance may be
inchaded in series with the patentiometer (i.e. connected between the
bottom end of the potentiometer and the common earth as in Fig.
go), m that the range of volume control i restricted. Thus, if the

15
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volume turned to the minimum position (velome “off™), efective
grid leak resistance is still mainisined by the additional fixed
resistor ind the volume i not reduced to pero, This ako, to seme
extent, officts the distortion effects previously mentioned.

Fro. go.

In the case of oambtor receivers a rather better form of volume
cetstrad is produced by putting the varinhle resistor in series with the
florw of the circuit, immediately after the first audio frequency stage
{see Fig. g1}, This introdutes minkmum distortion over the range

Fooe fjr.

of adjustment. A suitable value for this potentiometer would be -5
megohme. It i simply inserted before the final amplification swtage—
see Fig. 95

It should perhaps be mentioned that on domestic receivers the
volume control aften albo provides an on-off switching action, i
rotating the yolume control as far as it will go to ene side (anticlock-
wise] switches the set off. This switching action is quite Independent
of the potentiometer side of the component and is, in fact, 8 scparate




194 INSTREUCTIONS TD RADID OCORSTRUCTORS

gwiteh included in the component for conventensce (and to minimize
the mumber of control knobs ased].
On simple receivers of the type deseribed, a volume control is an

unnecessary elaburation unles good, strong signaly are obiained,
when it may be hirhly desirable to be abie to reduce the volume to
prevent swamping the phores, It is an instructive extra o apply to
any simple receiver, however, if only to demonatrate the simple
working principle involved.

AFFENDIX IX
TONE CONTROL

Tun tone control on a receiver controls the quality or tone of the
final sound. However, the output voltage after amplification will
only be a fithful reproduction of the original input iff the amplifier
gives the smme gain for all dguals, whatever their frequency and
complexity, This is seldom the case with simple circuitry, so that
the balance of the original sound ar speech is upset and distortion &
produced, If the gain is inadequate at low frequencies, the sound
reproduced will tend to be tnny or karsh. Conversely, il the gain is
inudecpunte at the higher frequencies the sound is subject to booming,

An adequate measure of tone control can be realived by connecting
a variahle resistance {potenticmeter) and fived capacitor in series
across the primary terminals on the output transformer, &8 in Fig. ga.

Fia. ga.

This, i1 effoct, forma another tuned cirouit, the resonant frequency
ol which can be altered by adjusting the setting of the potentiometer
to Bivour or bring op the treble or bass in the output signal by,
elfectively, additional amplification. The tone control on & domestic
recelver is wually of this farm—the knob controlling & potentiometer
ennnected in series with & fined capacitor aeress the output trans-
former, Typical values used pre:

Potentiometer, o-10 kilahms
Fixed capacitor, 1 microfarads

118
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Tane control would, of course, normally be used anly with a
loudspeaker output.

Other methods of imparting tone control exist, another standard
methid with valve circuita being to apply negative feedback from
the loudspeaker side of the output tramformer,

APPENDIXE X

RECEIVER FALLTS

Farure of a newly receiver 10 work & more lilkely to be
a “circuit™ fault than a companent fauli—eaused either by a fauley
connection or # poor soldered joint, or even by a misplaced com-
ponent, 1t s surprisingly easy, for example, to misread resistor values
from their colour ende and in comsequence accidentally fnsert a
totally wrong value into a certain part of the creult. It is crually
easy to complete wiring up incorreety so that the final job neo
longes fallows the design circait. It cannot be emphasized oo
stromgly that a complete circuit should be checked through and,
particularly with tramistor cireuits, battery polarity confirmed as
correct hefbre connecting up and switching on for the it tme,

Simple circuits alia have distinet performance limitations which
are gometimes misinterpreted ms “fanlt.™ Thus a very low listening
bevel may not be a Gult at all—merely a limitation of the cireuit
design emphasized by the fact thut the receiver s being operaied
in a poor area for reception. There is; in fact, little that can be done
in such ciroumstances other than try another cieeuit with better

. Thus the basic crystal diode receiver, for exsmple,
has very poor efficiency as a detector a1 low signal levels and no
amount of subsequent amplification can evercome this inherent
limdtadon, On more advanced circuits, however, considerable
improvement can often be realised by paying particular attention
to developing an efficient serial cireuit and, if necesary, using an
external aerial,

Provided a receiver pedforms eatisfactorily initially, many mub=
sequent “fanlts™ which may develop are often the renlt of & weak
battery. Typical symptoms in such cases are {i) fading of reociver
volume alier being switched on for a short period, and (1] distortion.
Hoth types of luult may abo be cansed by lack of stahility in the
receiver cireuit (in which case it can be Ycured” by re-tuning); and
by the “drift™ of certain broadeast signals under certabin conditions
—eg. Radio Luxembourg being notoriou in this respect.

The condition of réceiver batteres can ondy be cheeked acourately
wnider load. That is to sy, a voltage measuiement should be made
with the st awitched on and operating, The resulting reading will

a7
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normally be lower than the “open cireuit” voltage of the battery,
measured with the battery disconnected and the veltmeter con-
nected directly across the battery terminals, In the case of dry
hatteries, an “open circuit” voltage of 1-5 per cell is typical (higher
on new batteries). Onee the “on load™ voltage has dropped o -2
volts per cell the battery is approaching a run-down atage; and by
1+1 valts per ecll can Le reckoned a8 uselem for further work. Hows
ever, the same battery muy still show 1-5 volts per cell tested on
ll"m q"lt“lLﬁ

All standard dry batteries are made up from cells with an fndivi-
dual voltage of 1-5 volts each—thus & 4-5-volt battery Comprises
theee 1-5 volt celli; # Gevolt dry battery four 1-5 vaolt cells, and =0
on. Thus the number of cells follows by dividing the nominal
battery valtage by 1-5. The corresponding “end voltage™ tested on
load thus follows by multiplying the number of ealls by 1-1. By the
ﬁm:thilmdwltnphrmd:d,nmﬂwluuﬂvﬂugcwﬂllmﬁm
fall off rapidly with further me “on load."

The life of a dry battery is dependent on the current drawn by the
receiver and the buttery capacity, the latter being more oc bess
directly proportional to the physical sizs of the cells. Small recelven
mgmuﬂlrumiﬁﬁmﬂhumin,lhnpmmuﬂuhdngpudn
cularly popular and inexpensive, although having a [irly low

A consideralile improvement in battery performance is realized
uiﬂ;ﬂl:mmgtnﬂ:ﬂhlincﬂ*ptufdry:ﬂl, often reforred to @
an “alkaline hattery™ or & “high energy”™ cell. Although costing
roughly twice as much as an ordinary dry battery of the same size
and voltage, life expectancy can be up o five times as long. Such
baiteries, too, tend to maintain & higher "on load™ voltage for much
Impuinmﬁﬁmmmugmymb:mmmdﬁiﬁﬂgmnﬂ
transistor tadio use as they invariably prove more economical in the
long run and alwo are bes likely to give “batiery traubles.” They are,
hgwever, snly avaitable in a limited number af cell types [sizea],
a8 yet, Thus a battery of suitable voltage may have to be made up
TE " of individual cells fitted into & sitable battery box, ar
with soldered connections for series connection.

An alternative battery type worth considering by the serious
enthnsiast is the DEAC nickel-cadmium battery, This is a
pell, that is to gay, it is rechargeable, which is completely sealed and
has excellent “constant voltage” output on load. Each cell gives
onky 1+2 volts, however, and thus a Gevolt battery would comprise
five cells connected in sened.

DEACs are produced bath as single celly und made-up batteric
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from 12 to 7a volts {srnd higher voltages, i roquired). The two
msatn cells elzes are the o35 with a capacity of o5 ampere hours;
and the goo with a capacity of o-5 ampere hous. Physical sizes of
made-up batteries in these cells are summarized in the Table.

TARLE: DEAC BATTERY SIZES

No, oF Ceris I i ] 3 4 5 l fi
Viouraoe- va | 4 _5.-‘5__4.-9 Go | T2

Diia. (in.) 1 i 1 1 i 1
295 | Length(ing (56 | & | wr | 148 | 18 | w13
e | Weighcloe) | 5 | 1 | va [ = | #5 | 3
500 Dia, (in)  |owas | 135 | 185 | 1735 | 1°35 | V3

Length [in) |39 | 75 | 115 | "¢ | 19 | ®3
i Waight (o) | 1 o q & 5 B

Epmmpuhmﬂthdryhmﬂu,'ﬂﬂ.hﬁmmupmﬁt.
Thqdﬂ,hmm,hhtmitdcﬁnil:li&uthq:mh:
nﬂuﬁmnﬂmﬂnﬂﬂmﬁhmymuundnnr.udm
vhw!yhﬂmﬂndidlhﬂmmmplﬁd\rﬂhdmﬂut
lhﬂchmmrmiwﬂmtﬂyumgctrﬁll,wmnmuitrmmp
upﬁnﬂhinmlﬂumﬂlm,Tuﬂ::h[tillmlﬂﬁh:hm
st also be sdded the cost of & suitalile charger for recharging
fram normal maimmpplyntnﬂ.ﬂum—miu[appaﬂlmuly-hﬂ!
of the cell capicity—e.j. 185 milliamps in the case of the 395 wse
c:dl::nﬂnﬁﬂuﬂmlm]uinﬂ}:mu“hng,mmu::ﬂ.

The Mnummrjhunmwtyp:urtniﬂtuﬂdmﬂm
with mininture trAEDAistor receiveTs and similar deviess Although
thmnﬂﬂﬂ{hﬂmmﬂfmm}m&
mnuﬂrn:ili-prlnmhautrymdﬂmmmnhna:hu[nd.lu
main attraction s ihat i gives & reliable and constant woltage
inmmﬂlﬁw,mkhgh.pudhltmprdlnnﬁiﬂjmﬁ'-
contatned transstor recelver circuit in a total volume of the. same
order ns that of the same voltage fatiey alone n standard dry cells
—e.g. see Chapter XL

I the case of both DEACS and Mallory-méveury celln the “on
load" voltage remains substantially constant right up o the point
whmthu!:dli::lﬂnutﬁﬂl?dhdmrgﬂiaﬂﬂthmnwlmmiﬂ:hmh
is of little value (other than to eonfirm that the baitery i still not
mmpldﬂrdh:hm‘a-:ﬂ].Th:EmldmpinmlhﬂnwﬂlhnqnhE
mdd:nwhmdwmllnrhnu?npwurhﬁmlﬁaﬂﬁhdmmﬂ
point and the set will go dead” rather than exhibit sign of a fading
or distorted signal.
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Companent faults should not be common, provided the circuit
is wired eorrectly and eomponents have not been damaged in
saldering up. This applies particolarly in the case of printed circnit
amernblies (see Chapter X). An clementary method of isslating a
companent fsult is 10 messure and note the voltage reading on the
original working circuit at each stage, taking a reading acriss the
emitter resdstor of esch tramator i wen. I7 & falt subsequently
develops, the respective emitter resistor voltages are agaio
Any variation on the criginal fgsres outside abowt 30 per cent will
then indicate a Fault at that particular stage, From there it is a
relatively straightforward maitter o check each of the components
involved—e.r. by replacing them in turn.

Transistor fanlts are relatively uncommeon, provided the original
cirenlt design is sound. The most common faalts Ehely to occur are:

{i) Hear damage to the transistor during amsembly—which in
extreme cates will mean that the transistor will not work st all and
the circuit s dead, I the transistor bas been damaged rather than de-
stroyed, this faultwill show up as a very noisy transistor or lack of gain,
ar both, 'The same Guults will sl show up il the original trunsistor char-
arcteristics are poar, e.f. the ransistor has a high leakage current.

{1 Junction i This ean be caused by a heavy
overload in the circuit. In this cass the transistor is permanently

and will nit work at all.

() Junetion short-circuited. This can be cansed by & suilden
voltage surge in the circuit. Again the transistor i pormanently

and wselese, This type of damage can be cansed by “work-
img” on the circuit with the battery switched on—e.g. removing
or replacing components with the circuit “live."

The time-honoured method of “fault finding™ with valve-type
receivers by “tapping™ m spare itor acrom clrcult expacimrs
an o check on their working can be harmful in the case of ransistor
circuits, Under such treatment, tranklstors con “blow” e fuses?

Excemive d noise, or Iack of gain in amplifier stages,
can often be improved by replacing the transistor(s) concerned.
Transistory—particularly those offered at low prices as “sarplus™
stack—can be very variable in characteristics pnd whilst all may
“work™ in a partieular clrouit, some will give a mueh better overall
performands than others

Ir searching for Gault or causes of poar performance, do not
overlook the obvious Poor soldering 18 a very common fwult on
amateur radio constroction and any jointwhich looks “dry™ i suspect.
Satisfactory performarice is anmuch dependenton the ““mechanics" o
assembly sk on the electronic performance of conspoisents, in fiact.

GLOSSARY-INDEX

Abbreviations : see p. 20 for standard abbreviations,

AC: alterpating curvent—a evrrent which pedodieslly varies in
directian and magmitude.

A-F or AF.: audio frequency—a wave frequency ponsistent with
sound waves that can be heard by the human ear—pp, 13-14.
Ammeter > an instrument for messuring electrical surrent in
{amps) {note: a milliammeter measures furrent in millamps
—p 22
Amode : pesitive electrode of 5 valve (p. 97) or the conductor through
which an electric current enters a liguid or gas.
Auto-transformer: o transformer with a single winding tapped 2t
e of more polnts—p, B,

Battery: o single cell or psembly of cells af specified volinge.

Bwi bar: a eonductor which is used a4 a common connection for
various electrical components af circuia—p, 53,

Copaciter: an electrical co designed to earry & charge of
electricity (alo orlginally alled a “condemer,” although
the modern deeription i “capacitor)—p., @2,

Cathode ¢ the segative electrode of a vahve (p. 37) or the conductor
through which an electric current leaves a liquid or gas,

Cell: o single battery unit. This a battery may be composed of o
number of individual cells, wsually connected in series, A
single dry cell has a nominal voltage output of 1.5 This &
&5 volt hattery would be composed of 3 individunl cells
connecterd in seriesc & g ovolt battery 6 individual - cells
connected in serie ;) and s o

Chobe: a cofl having a “reactance’ or reslstance to alieroating
eurrent flow, Note: reactance to A Q. would be higher than
its reritfanid valoe—p. 75

Currand; the flow of electricity normally measured in amps, or
milliamp—p. 22

g1
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D : abbreviation for direct current,

Disleciric: an insulating material (ie. one that does not conduct
electricity)—sce p. 33.

ﬂguﬂ:nandmﬂtjrp:ﬂ[“drr" hattery cell, Le, one which employs

the electrolyte in the “dry" state, as appoted to an accumi-
Iator where the clectrolyte is in liquid form.

M:hgmﬂmﬂﬂ::wﬂﬂhhhhmﬁiﬂﬂinm
pleetrical conductor.

Earth réturn; & circuit through connection o earth) or o
some conductive mass which has the same effect as a common
llmﬂhlll

Earthing: connection to earth or & guitable equivalent “carthed™
conducior,

Eleitrade - a eonductor through which electricity pasaes into a Heuid
or gas.

Electrniytic condemerr: p. 22.
EMF.: electromotive force respomsibile for & flow of electricity.
Firad : practical unit of messurement of capacitance—p. 21.

Frequensy : the number of complete eveles of change per second of an
alternating quantity—see p. 15,

Grid: control element in & valve—p. 37.
Ground : anpther aame for "earth”.
Henry: proctical unit of inductance—p, 23
¢ effective resistance to A0 fow, greater than pure resist
ance by virtwe of sdditional reatanss developed—p. 74-
inductance; an e.m.l produced in an electrical cireuit by a change
of magnetic Bux—p, 15

nralation: materials or covering used (o isolate electrical eonductors
from contact with other conductors, etc.

Jusalators o fitting or device made from insulating material.

Kathade: sometimes vsed in place of the more wmunl “cathode™
spelling.

Kils-» 1,000, e.g. kilocycle = 1,000 cychs—p. 22.
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Low pemeion: Jow supply voltage, wually taken as referring (o the
flmment or heater supply of valve circuin,

Mgin: usually referring o the maim eleetticity supply.
Miugnhm ; unit of resistance ¢qqual 1o 1,000,000 olune—p. #2.

Miuter: term vaed primarily to deseribe & measuring instrument,
c.g, nmmeter; voltmeter, ste.

Mim: one millionth—p. 29.

Mil s unit of length equal of one thouwandth of an inch.

Milli-: one thousandth—p. 22.

Multisare cable; o cable containing three or more inmulated cores,
{aleo applied to solder, multicore solder contatning itsowm fiw],

Mituad fnduction: the induction of an em.L in one cirewit (ealled
the secondary] by a change of flux in another dreuit (called
the primary}—p. 67.

Negative ; the terminal at which the current returis 1o the supply, or
leaves the component or condactor,

(hm ; standard practical unit of electrical resistance—p. 21,

Ohm's Law : states that in an electrical cirenit the DO, curvent flow
i exyual to the applisd voliyyge divided by the total resistance,

erillation : see p. By & ey,

Purailsl eommection - components connected so that the current divides
between them| or batteries contiected with terminals of Hke
polarity joined together—p. 16,

Phate: applicd to an aliernating quantity bs the fraction of the period
which has elapsed since the preceding zero value when the
gquantity was increasing, wsually meawred in degrees—p. By

Potential Difference; P.D).ois the sme as the voltage between two
paints in 2 cirouit

Practical wnits of dectricity—p, 21,

#0" » the magnification produced in & resonant cirenit—p. 115

Reastance; the voltape drop produced fn an AL, circuit,

Ractifier ¢ a tdevice for changing alternating current into wnidireo-
tigmatl o DO, current—p. 17.
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Raristauze: a meamre of the relstance in electric current Aow offered
by practical conductors, efc.

Emmrammmwhichlh:mmmlmwdmmﬂﬂ:ﬁng
mtmhcqudmlhtﬁequmqﬂfkm]iuhurﬂﬂﬁm;m

Ripple: vesidual A.C. component remnining of rectified eurrent
supply, or similar—p. 128,

Series omneclion; COMponents or circulls comnscted with the same
current Bowing through them all, or oelly joined with
alternate conrcetions negative-positive, cic.

Shart cirenid - two points of an electrical cireuit joined by a conductor
of negligible resbtance.

Chunts & resistor joined in parallel with another component, or
acrosm an instrument.

Tap: intermediate connection point on & coil, etc—p. 118,

Trangformaer; pp. 43, 128, 125

Twrns vakio: :lntntinnfllmnumlﬂnl'tumhlh:wlmq-m
secondury windings in & ranstormer—p. 113

Linils; p, 23,
Valt: practical unit of potential difference or e.m.f—p. 2.
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