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fIAKING AND REPAIRING TEANSBISTOR RADIOS

in transistor technology and technical practice; availability of
semiconductors (discontinuance of some types and introduc-
tion of new ones); and any other factors which may affecr the
construction of home-built projects or the servicing of manu-

factured sets. :
The circuit diagrams in this book arc merely for the purpose

{ Mlustrating the discussions in the text and in some cases are
greatly simplified, so they arc not intended to be used, neces-
sarily, as practical working diagrams in actual set construction
nor to take the place of the many excellent detailed designs
which can be found in radio technical journals. But they will
help provide a sound basis for dozens of praciical experiments

in transistor tethnique.

CHAPFER |

Transistor Aerial Circuits

Portable trinsistor sets for medium and long wave reception
normally use a ferrite-rod aerial. If a short-wave range is alw
included, a telescopic rod antenna will almost cenainly be
added for usc on these higher frequencics

Small wable-top experimental projects, including thase for

short waves, often use an ordinary single wire outdoor aeri
and an earth connection, since this glves a be: signal-input

(especially from distant stations) to an elementary dircuit with
ittle or no amplification—such as a modern version of the

oldtime crystal sct.

7 a::fr_“

& OVERWING

Fig. 1}

A ferrite-rod may have anything from one to four maln
windings (L1 in Fig. 1-1) parallel-tuned with a variable ca
acitor (VC1 in Fig. 1-1). These coils will be for medius
medium and long; trawler-band, medium and | g; short,
trawles-band, medium and long; or short, medium and long

11
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MAKING AHD BEPAIRING TRANSISTON HADIQOH

wavebands, The variable capacitor may be a angl tion
M’for it may be a twin-gang, in which two rotors are tumgd

by & single control-knob .

There will probably be no direct nectlons 1 the main
turied windings except for leads from the tuning capacitar and
rechange switch to sclecthe different wavebusids an

equired, (1 tic aet is for medium:-w nly, the

there will by no wavechange switch;

Sigaslransler to and from the main tumed windings wijl
probably be by meam of averwinds (L2 In Vig Tel), which
we Inductively “coupled” to it. Sometlines, in placs of oue of
the overwinds, there i a direet connection, 1o « tapping on the
coll, & few tumms up froun the earthy ene

This artangesment is a substitute for the averwing In the
base drcuit of the trangiastor, Asother overwind may he used,
expecially in straight tf (tuned r: lio-frequency) apd refle
cireuits, w give reaction fecdback which boosts up the signal-
sirength and alw tends 1o improve selectivi Yo Yer another

overwind, looscly eoupled to the main wnlng cojls, may |
used 10 fecd in signals Irom ap externag aeripl, sugh as o
telescipic one o & car aesial,

In sons cased o gl preamplifying sage is ingeried |
tween o car acrial and the lerritesrod cirenit this gives better
;nau:h 5 and beiey li!;u.d-m-mu'u ritio, cutting down fnter.
l:ﬂm ‘:::;,;:; .'::: ::nufu.-d Wois; there may bhe l"mm the car's
] Ppresor arrangemcaty which should of

ﬂ‘yﬁ’"ﬁw i‘ﬂtv;wim. and the wingdings, of a ferrite-rex
- Lol Jnyﬂwnu crably, and are of coirse fintey dépendent 10

Rods of cirey i

A :’:‘ e ﬁa,r;m;,c:q: lb; !::;um In varicns sizes
'ﬁ':" ‘l 6 in. long; or ¢ in, ;JL“’ X G'in l;:n:o"'“ T

AT type of fartite core (r this purpuse, yged montly

pe, thin re tangular

| oy

TRANKIBPOR ABRIAL OIRGUITA

. tlon and usially about a ple of inches in length,
known ad » ferrlie alub

The windings wre usunlly of efther e 1 copper wire
or Livzendraht wire, "I e nuinber of turms required w cover
any given wavemnge will depend on var s ’ll“,“' he
disnenalons of the ferritg rod, the gogitlon of the winding, the
gauge o wire, the spacing of the wrns (j.¢., close-wound or
separated) wnd the capacity of the uning capaciwr and
trimmer connecied | parallel with the winding

As a windiay can be put un [n a very few minutes, it is
Just a3 quick 1o find the optimum number of wrns for any
given set by trial and ereor a0 by mathematical calculation
which will slso entail some final adjustient owing o stray
capacities eic.

The windings can ¢ put on whes or slecves made from
gumined paper, The writer has also used thin plaste twbular
formers made by cutting the ends off phitls in which one
make of transistors ure packed by thelr manufacturers,

The following winding details for various typical arrange-
ments will help. to give you » rough jdea of the number of
turns, wire gauge and ferrite rod or “alab” dirnenglons that ean
be used, and will show th scope for experimient in thia
direction,

(1) Slab 24 in. long, § In. wide and # in. thick, Approx.
40 turns of 30 SWC enamelled apper wire, close-wound,
Tuning capacitor 500 pl. (If the misgimum capachty of thé
latter In much less than 500 PP, the number of twrns must be
Increascd proportionately; cven »), the waverange covered will
not be 20 wide; but tuning will be ciisier.) The ovarwind for
the buse circult can be 4 or 5 uirns of simllar wire,

(2) Rod 2} tn, long, i In. dinmetzr, 70 wena of 28 SWG
enamelled copper wiy tapped at 10 turms from the carthy
tod, indiead of averving Capaditer 300 pp

(3) Rod 6 1In, long, § in. diam, 85 wrp of 26 SWG
enamelled, tupped at 10 turns from earthy end,

13
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MAKING AND REPAIRING TRANSISTOR RADIOS
Rod 7 in. long x § in. diam. 60 tumns of 7/45 L,
.(“')‘or main winding. 5 turns of thin_enamelled wire (30-40
wire :

. fi mpﬁug mil.
§\g’: R::Jd d;; in. long, § in. diam. 55 tums of 30 swg

irns from carthy end.
cnuneg,c:b tzﬁ‘“;oi;: § in. wide and } in. thick. 75
85 (,Gz,m-or 3-0 SWG cnamcllctf copper wire, nun.xbcr of turns
depending on variable capacitor used. Overwind, 5 1o g
turns, depending on transistor uscd, .

All the foregoing are medium-wave windings. For trawler
band, to cover the 80-metre and 160-metrc ("top-band")
armateur transmitting stations as well, you will need far fewer
turns. The exact number will depend-on the range of frequen-
ces you wish to cover; far example, whether you want to
include some broadeast stations at the top or bottom -ends. of
the range.

To get some idea of the coverage with any particular vari-
able cipaditor, you could start with a2 rough expcrimental
winding"containing about half the number of turns quoted for
any of the medium-wave windings, and then re-wind with
mare or fewer tums as required 1o suit individual ideas.

Long-wave windings will need upwards of double the
number of turns in the medium-wave oncs, but here again the
xatt figure will depend on the valyes of associated compon-
ents, and it is worth trying a rough experimental winding to
form a guide to the final version required. Even a long-wave
winding should not take you more than four minutes a1 the
outside 1o wfnd by hand, and it is wel] worth expending this
amount of tme as an aid o precise “tailoring” of the final
winding to suit your individual circyji requirements,

Short-ivave w'i:?dings are quicker still; they contain only
; of"-"':h;"::; :f v::”:; and. can be Put on literally in ssconds,
300 pF, you mulg ::fr'g ::1::1 nI variable capacitor of about
28 S T ith a )0{;( ten turns of, say, 26 or

Pper wire, spaced so that there is a gap

14

TRANSISTOR AZRIAL CIROWITS

of one wire thickness between turns, on a ferrite rod about
2 in. long and & in. diameter.

Adding or subtracting one or two- turns will ma
difference ih waverange at these higher frequend
change in spacing will also nﬂccfl the coverage by «
the eflective inductance of the coil. .

Stray capacities cte. play such wbig part in the actual {re-
quency range on short or ultra-short wavebands that any

attempt at purcly mathematical ealculation of the number of
waste 6 time, when

urately and

a big
and ar

turns is, in the writer’s opinion, a shecr
You can arrive at the desired result m
'

far quicker-by practical expcriment.
A simple calibrated wavemeter of some description is necded

to give you a closc estimate of the coverage; but you would
need this even with mathematically-caleulated windings 'to
check the final result in practice,

Overwinds -for short-wave coils will consist of about 3 or 4
furns, but here again you can experiment a little. The rela-
tive positions of overwinds in relation 1o, the main windings
will be pretty critical and careful cxperiinent will be needed
here.

Ready-made ferrite rod aerials, with windings for normal
requirements, can be bought complete if you prefer this alter-
native,

We have dealt atsome length with ferrite-rod windings, be-
causc in some popular transistor circuits, notably reflex types,
the ferrite acrial contains the only tuned winding in the sct,
and it plays a very important part in determining the results
you can obtain. The writer has experimented in practice with
dozens of different ferritc-rod arrangements  connectéd to
simple veflex circuits and has found an amazing difference in
signal-strength, selectiv ity, stability angd so-on, can be produced
by what scem. to be-trivial changes in the design and position-
ing of the windings on the ferrite rod, and also by the pasi-

15



Ju !

. How fo ¢
 istor equ
tmin  u
informatl
construct
ng cxpe
scyibes air
designs I
developec
ceivers, 1
fificrs, ©
supply w
or conver
Other sul
ing ferrit
cuils; fet
circuil
ment; tes
fuult-traci
COMPOIKE:
easy (o w
is explicit
distinct.

o5

MAKING AND REPAIRING TRANSISTOR RADIOg

tion of the whole ascmbly inerelatioh to other comporients in
U“;f‘;_’::‘;m not going to usc a fuiticirod, but‘ prefer ordinary
amall coils (with adjustable xmf:-dust or ferrite cores) in the
acrial tuning circuit, together with an external aeria) of some
sort, you may prefer to use a complete matched set of ready.
made coils. .

If the sct is a superhet, where correct matching and align.
ment of all wned circuits are vital, you may find it very
much easier and more effcctive to use ready-made coils, or a
complete coil-pack with wavechange switch for both (he aerial
and the local-oscillator circuits.

Suitable coils for all purpuses can be found in the ranges
marketed by Denco Limited, and other firms, Addresses and
other particulars may be found in the advertisement pages of
latest radio technical journals.

Some transistor circuits are for single-waveband usc; for
example, medium-wave only. Some types use wavechange
switching arrangement built-in to the variable capacitor, this
permitting reception of the BBC Radio 2 transmitter only, on
long waves, but normal variable tuning on medium wayes,

In home-buiit sets, several different arrangements for wave-
change switching can be tried.

Sets using FET devices may employ waveehange swit hing
very similar to that used in valve sets, since the input imped-
ance of the FET is not lower than, but usually higher than
that of a valve.

“’il'h ordinary transistors, the overwinds for matching the
ba.s'c arcz.u't wEll generally have to be switched, ay well as the
AN tuning dircuit, in the acrial-circyje section of the sct.

The oscillafmr section of a transisior superhet mixer may not
have any coil-switching, the wavechanging from medium to
long May mesely switch » suitably-chosen additional fixed
:‘Z?‘;:“:o nto use 19088 the tuned circuit, The capacity is

enable the ascillator scction of the ganged capad-

16
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when the switch is in LW
edium waveband.

‘ion, 1 cado[ovcrlhcm’ am - o

i avechange switching is, of course, in

{ors to tune over the long wa!
i ircuit: this is onc of the

"“:'CC"‘P'OYi"K only onc tuned circuit; this is
VT

cer tive fcatures of a reflex arrangement : BB

aterac miniature personal-portable transistor scl }dx

! \ use
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CHAPTER 2

Diodes, Transistors and Simple Circuitry

The family of semiconductors or solid-state devjces is a big
one. The oldest branch of the family comprises diodes, and the
most famous, transistors.

There are many types of diode, almost innumerable types
of transistor (nominally, at any rate) and new descendants of
both are constantly being developed.

The crystal detector used in the carly days of broadcasiing
was a form of diode. It could detect or rectify signals but not
amplify them. Where signal-strength was concerned, you got
out of the crystal detector a little less than you put into it,
instead of a great deal more.

When transistors came along the scene began fo change,
slowly at first, then suddenly a landslide. Semiconductors or
solid-state devices started to supersede valves, fast. In some
spheres of clectronic work valves are mow treated as obsolete;
but in other ficlds, such as colour ‘television, at the time of
writing valves for certain purposes are still. considered to be
almost indispensable. From this situation we get a certain
number of “hybrid" sets, containing valves in the stages where
valves are ‘still best, and semiconduciors in the stages where
transistorization really pays.

Partable radio receivers form a field where solid-state is now
the universal fashion and valves are things of the past. Gone
arc the heavy batieries that made the word “portable” in some
cases rather a misnomer, and here to stay are sets that can be
not only portable but so light that you could be unaware that
you have got them in a pocket or handbag.

19
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\AKING AND KEPAIRINO TKANSISTOR RADIOS
M *

antages of the typical transistor are namy. Smal
weight; low cost; high d{idcncy; long life; modest
rements and simple circuitry—these are just a few
o be found in many transistors and allied types

The ady
size; feather
power rtqui
of the asscis b

of semiconductor. . . ]
You can build a whole transistor sct in the space occupied

by-ancarly valve, and power it with a battery far'smaller and
B;l;wr than the little grid-bias battery, which was the smallest
and lightest of the three batteries (HT, LT and GB) which

were needed for non-malns valve:sets in the carly days of

broadcasting. :
Of course, semiconductors have a few nags which must

be offset against theis advantages; but mostly unimportant
ones.

After-this brief introduction- to the semiconductor “family,”
let's start working with them!

The diode is the simplest of these.devices, though it is very
versatile and comes in many forms. We will start with the
ordinary detector diode which is equivalent o a modern ver-
sion of the andent crystal-detector, but much more reliable.

Just-about the simplest (and, in a scnse, perhaps the least
efficient) receiving circuit you can build is shown in Fig. 2.1,
It consists of a mere handful of components, and it will work
eflectively only in an area where strang signals are to be had
from a fairly local or very powerful broadcasting-station.

.Morrovcr, under most conditions it will only work an ear-
piece or headphones. Having only one tuned circuit and no
form of Tegeneration or reaction, its selectivity (izc.,, the ability
1o separate one signal from another) is relatively poor.

When you consider its chea ness and simplj P00
fact that it will reproduce. ‘P.‘ 2 5’".'["1“')’: L
S wrn . ‘,- cavtilully clear signals of reason-
transmitter (includi:: : "-T‘d‘dosc cnough to any T P
e e r;;c 'cvm Ow-power amatcur transmitting

K i ar enough to one), this tiny receiver
brings home 10 you the pea] miracle S i

¢ of electronic communica.
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fonn in a way that big, expensive and elaborate apparatus
cannot do.

You expect something worth seeing and hearing from a
colour television:set casting maybe a couple of hundred pounds
ér more; but the rosults from such a ridiculously inadequate-
fooking circuit such as that in Fig. 2-1 are, in their way, more
miraculous!

Although this set is so limited ih performance, it is not
really a waste of time for the beginner to start with it, as every

Jitem in it, if undamaged, can be re:used in much more ambi-

tious circuits later.

If you are more than a few miles from a broadcasting
station, an external acrial, preferably a good outdoor one, will
be needed; and a good earth connection is a great asset, Main
water pipes were once a favourite earth, but the introduction
of plastic pipes in some districts has spoilt this. Gas pipes must
NOT be uscd.

This leayes us with virually only two other -alternatives.
a metal pldte or earthing-rod or piecc of metal piping buried
in moist ground and connected. to the set by a length of plastic-
coveredl copper wire. Or, the carthing socket on a mains plug.
The latter is correct procedure for mains-operated sets running
a loudspeaker. But the writer hesitates to suggest its use for
any set on which headphones arc going to be used, or which
may not be towally insulated inside a cabinet, because there is
a risk that a beginner might plug into the wrong socket on a
three-pin outlet. This could be dangerous.

So if you are a beginner it would be wiser 1o stick to the
cutside earth-conncction which you ¢an make yourself by
burying a metal plate or driving a metal rod or pipe into
moist garden soil just outside the window. (But you live in a
high-floor flat? Well, in that case the signal-strength should be
better than a3 ground level, and the earth.connection may not

be needed anyway!)

In Fig. 2-1, L1 is-a medium<wave or longewave coil (ace

21
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MAKING AND REFAIRING TRANSISTOK RADIOS

- terveen 50 and 80—will bring in medi.um-.wavc broad-
’:‘!_-bc_“m and upwards of 150 will bring in long-wave

(ations Expt:ﬁncm with the number of turns to cover shat-
atal o

.oy waveranges you want J g
ﬂ':Irh‘; simpl‘:circuit neeils only-a single-gang hining capaci-

tor. But this will have Limited uses, and if you are go‘ing on to
build more .ambitious circuits such as supcr?:ct receivers i is
more sensible in the long run to buy a twin-gang capacitor
which will do for these as well when the time coma..Mcan-
while you can use just Bne. scction f‘or the present project; or
vou can connect the two sections in paraliel to give you a
wider range of frequendies in one sweef of the wning-control,
(This may tend to weaken signals 2 trifle and make the tuning
a bit more aritical. On short waves*you should use one scction

only, and if there is one section with smaller capacity than
the other, use the smaller one. If cning is still too “sharp”
and critical, you can get a “bandspread” .effect by connect-
ing a fixed capaditor in series with the varable one, but this
of caurse reduces the effective overall capacity and restricts
the tuning-range.

Earpicees or headphones used with this simple circuit will
need o be o sensitive type, and a 2000-ohm kind will do. Tt is
powible ‘w K<t a pair of imported high-resistance headphaones
at the time of wriing for about a pound. Ex-Government
surplus ones are qlso available, but make sure 'thcy are suit-

24
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able; some kindt-are very low-resistance and are more suitable
for other circuits than the present one

1 you want sumething which will  thar
the unaided diode receiver; you can casly add
able amplifier; for example, a transistor audi mplifying
stage, such as that shown in Fig. 2-3. With this, you may
even be able towork a‘small loudspeaker if you are using the
set in a very strong-signal area, with a good aerial. If the local
field-strength is very high, you may be able to get good results
with just:the ferrite rod aerial and no outside wire at all. This
makes the recciver truly portable and sell-contained.,

Almost any audio-amplifying type of transistor will give
good results in this circuit if the input signa is adequate; and
other types of transistor can be tried as well

A small battery of 9 volts, or less, is required. Be sire to

|

-
_-1' FOSITIVE ’NIEOA"V[;
[

Fig. 2-4

—

—0 ¢

cofinect it the right way; that is, with.correct polarity. ‘Don't
reverse the connections or you may damage the transistor
‘pegnanently, possibly ruin it completely.

There are two main classes of transistor; PNP and NPN
The polarities of these arc opposite to ane another. Therefote
the right battery polarity for onc-is quite wrong for the othes
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MAKING AND KEPAIRING THANSISTOR RADIOS

h guide you could say 100-120K for R1, 3.3K 10 LIK
e shd 150 to 330 ohms for RS. G2 can be 25 to 50 o
and C3 100 to 200 #F,.both electrolytic

Fig. 3-5 shows a morc powerful, but less economical, ampli-
fier using an absolute minimum of componcnts, The frse
lr.m.{ﬂor should be a high-gain type; an OC4H would -
unless you have a suitable alternative of more recent type; angd
the output transistor can be an AD140;

o
1
%L

LS
O g

o =
=

e
T

- R1 can be about 6.8K, and R?2 about 33K or 39K, but a
litde r:xpcrimcndng can be ried here, within limits, The input
capacitor can be up to.about 10 uF electrolytic, but is not
cr_ﬂ:jcal and tubular paper types wf lower capacity can 1
tried.

It you are running this amplifier from batteries, it is im-
portant to .i'.ccp the voltage down, othenwise current cone-
wumption \s?u be excessive. A 4.5 v, battery is suggested. This
nm'phﬁe.fr will wprk a fairly large loudspeaker and should give
qu;c nice (.;unhty il you get everything just right.
wl.u:):;r—cquw?lcnm for the AD140 could he tried if you have

€ oncs handy: i
o, nes handy; but the curreny consumption should be
Other -examples of audio amplifier circuits are shown in

30
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Figs. 3-6 and 3-7. (In actual practice some modifications are
often made to the basic circuit in Fig. 3-7.

Amplifiers on the lines of the Fig. 3-6 example are pretty
“safe” types for a beginner to experiment with, as the capadty
coupling between the stages makes them more or less inde-
pendent, rather than interdependent, and thercfore any error
or fault in one stage is not likely to cause trouble in the othet
stage as would be the casc with direct coupling.

There is a fairly wide choice of wransistors for amplifiers
such as. these two; and: the choice of values for the various

T




MAKING AND REPAIRING TRANSISTOR JE8

ASOQAle0 ¢ 138 u.lu dey d o - Ch%‘
- a—— kd@gmbascdondnncurauuin Varioy
transistor-project books and in radio technicy] e, s
time to tme.

The actual cxample in Fig. 3-6 uses PN} -
similar dircuits are available for NPN {RANSYSIOns, remembers
of course to reverse the battery and fccerolyic oy o

Where a “compiemnentary pair® of Uansistors is useq il
output stage one will be.a PNP and the St

swtable pair.
' L
!j'Tc’ e
R,

ul_j-@_\—‘

J 13T

l'/AF \MFLI.II—RS AND Ds(-u.LAlOls
bcjl-ﬂllk d‘cnlgu, ho‘n ! Ca-zpt !hf one ncces-
tk >

. compection to it
m;'ailurt 1o take thesc precau

nd costy. d AD149 are both itable for the output
140 an .

mgc- . mAj)ca.r radio. They can be ul a_sr:gu P

ther similar transistors, in almast all car

other recei

not in all-

tions. is likely to be disastrous

Fig. 38

When sclecting replacements for any sct, always make sure
about the polarity of the existing transistars. Tt is not always
safe to trust entirely to the type-number of the transistor as
sole evidence; if you -have access to the maker's service daga,
check this also as confimmation. I the set has been tampcred
with or serviced carelesly or incompetently there is always the
chance that someone has fitted a wrong type of replacement
transistor | If you inadvertently copy their error you will prob-
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MAKING AND REPAJRING TRANSISTOR KRADIOS

bly damage the new transistor and the sct will sill not work_

Not only output transistors but al.so dn\;cr types need carefy]

choice, both in buﬂdmg scts and in ﬁtung mﬁktmmu o
existing receivers.

Although transformerless audio amplifying stages are com.

monly uscd in present-day scts, transformer-type circuits can
still be very useful. : -

Fig. 3-8 will give you some nd.cn of a 134151c circuit arranged
w0 give push-pull output. TR is dfc dnvcr tmm.ustor, TR2:
TRS form the push-pull output pair, while T! is the input
audio transformer with centre-tapped sccondary and T2 the
output transformer with centre-tapped primary.

Resistance ‘values, etc. (not marked) will depend on the
choice of transistors.

As a rough guide, the emitter resistor of TR1 will probably
be about 1K, with a 50 or 100 pF clectrolylic acrass it, The
emitter resistar for TR2-TR3 will be of a very low value
say just under 5 ohms. The upper and lower resistors feeding
the bias to the centre tap of T1 secondary may be about 4.7K
and 100 ohms respectively; but various designs differ, and
more than one kind of negative feedback arrangement is used.

Several different amangements arc commonly used in tran-
sistorized and fet oscillator circuits,

Osdillators serve many different purposes. In a superhet
receiver, onc osdillator, known as a local oscillator, forms an
exential part of the frequency-changer or mixer stage, as we
shall see in the next chapter.

If the superhet is a communications-type receiver, such as
amateur and professional transmitting operators use for gett-
ing rf:plies from other stations to their ignals, the circuit may
wcl.l include another oscillafor, known as a bfo (beat-frequency
oscillatos),

Juh:ugu;tmc of this oscillator is 1o ‘heterodync’ incaming
The dogy d‘“’c (cw) Morse s:gnals‘ and make them readable.
: and dashes formed by keying the carrier-wave at the

34
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transmiiting station “beat” with the continuous oscllation
fram the bfo and thereby produce signals at an audibic fre-
quency

The pitch of the beat-note, which is heard as audible dots
and dashes, can be adjusted 10 a comfortable level for casy
“reading” by tuning the bio arcuit.

Another usc for the bio is for resolving ssb (single sideband)
radio telephony transmissions. In this case the bfo gencrates
a local oscillation which replaces carrier-wave of the trans-
mission, supj at the sending end, and helps to restore
intelligibility to the speech.

Without the bfo, ssb speech sounds more like a duck quack-
ing than an opcrator speaking!

Apart from these applications in the recciver itsell, tran-
sistor oscillators ate very useful in test-equipment for align.
ment of tuned circuits, sct-testing and troubleshooting, and
such like pur

An r-f oscillator can be used as a radio-frequentcy signal
generator which can take the place of broadcast signals for the
purposcs of tuned-circuit alignment and set adjustment.

To enable you to distinguish the signals from the r-f oscil.
lator and pick them out among any other oscillations that may
be present in the set, they can be modulated at audio fre-
quency.

A second oxcillator, working® at af instead of rf,. will super-
impose an audible tone at a comfortable pitch on. the output
from the rf scction of the signal-generator.

The type of oscillator known as a multivibrator is very
useful as an audio-frequency signal-gencrator for test pur-
poses of various kinds.

Multivibrators and other oscillators are widely used in all
sorts of clectronic equipment, including -computers; but in the
present book we are concerned only with the oscillators
are used in, or with, radio receiving equipment.
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In the | mixer stage, these t
ferent.sign Vi
e . Therefore we have two diff
_ nto the mixe tput, we
have a che differe;
If.we tuned to the frequency of the incoming broadeast, we
uld find it Il we twned to the frequency of the local
illator, that would be there 0o, [ we tuned o o frequ
which equalled the two added together (Le., the sum of
iwo {requencics), we | fim nal bearing the
or -music or other sound n ion as the ocriginal

broadcast in the aerfal circult. 11, finully. we tuned to a fre-
quency arrived at by subtracting the onc input frequency from
the other, we should find yet another replica of the original
moduliated input
dentally, the frequency of the oscillator can be wrra:
s that it Is either a lot below, or adot above, that of the acri
dircuit. In many se1s it s above, lor reasons of convenience in
design. But either arrangement can be made to worl
Now, in a miperhet receiver we extract from the output o
frequency-clianger or mixer one frequency only, whick
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MAKING AND REPAIRING TRANSISTOK MADIOS

done by a tapping on the larger inductance needed for (he
tuned type of winding.

The i-f wransformer will normally be enclosed in a ey
screening-can, which is carthed. T} hown by the dotieq
lines surrounding IFT'1 in Fig. 41 The screcning has been
omitted, for the sake of dlarity, in Fig: 3-1 but will of coupe
be normal design for IFT} and 1FT2:in u it also,

The capacitors Cy, elc., arc.not num decause they
are not normally in a list of parts, since they are
sually su i ngice the ift cans as am integral

art-of the t-{ transiorme

The connections marked AA, BB in Fig, 41 correspond

with those ly marked in Fig. 5-1 (IFT! is shown again
. f amplit
y :an essential part
o the ng ICy-Change:
fa
Ty ¥ ne-
cei and the t of rhet converter or adaptor for
e witl } MW /LW recriver to pmh.. 'world-wide re-
Cflr 1
A.n of different can be used for shbrt-wave
cot or adap © tuning arrange-
ments which. diffe hay

als for frequency-

coatrol in the
The very simple arrang
smaller-capacity ¢

shown in Fi -1 but “with
 for C) and C2, will give quite good
, however, and even with this there is scope for experi-
ment, chcnl variations on the basic theme arc possible and
:mhr:‘h lmngilBamlsprcad tunifig will be an advantage, substi-
uting & small capacity twin iable i rim
B e o Y -gang variable insicad of the
. z}nr{ experimenting you do with dircuits like this Is.an aid
i:;:u s bcucr undcmanding of more claborate arrangements
actory-built receivers, and will help you.16 cope with these
10
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when you go in for any repair work, servidng ot main

on the

Where ed-c e alignment i
the effect J s mare d. wa |

refore miore readily observable, Merely wuming the ferrite

e {1 f the coil-former of a short-wave winding
cIp iy )} T 5o N, w (474 circuit lhmugh
sug { (Tect ¥ much more
noticeable n th

ext nod:

grated-ci es b a “heart' for a shont-wave
adaptor or co
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—a — se. The asemblics £
e { - nited.
o product of : _ it i
[~ ° Where ready-made i Jﬂ g e
2 | e (PP ‘ siblc to use
Ot > DCXT tran. sstor use. b
- ch were mcant for va 5 ’
omels : older typaH :d:l:l and the tansic are bulkier th..l.n fl
e in adapragon . = <h miniaturization is
: e of desirable for ansistor equIpment 10 W
e o a normal i different intér-
a5y s rec- Transformers are available for a2 number of differen! -
- mediate frequencics. 455 kHz is about the.
tbe United States. But over bere we have a wides
though we are gradually seciling down to greater standard-
3 el i o .md:__ ect. actory .Va.h‘?.-.__,.rsdb)m
i L vears have used 2 great many different i)
INAale as §it can - Types available for the home ctor mt_:iudc 455 kHz,
scts intended for 1,620 kH envdescribed as 1.6 MHz), and 10.7 MHz The
last-name for VHE-FM receivers, as you will have
ach hered
nd the y an i-f transformer & the most familiar inter-
0 u transistor device in an int .- ncy amplifier; there
a 1 are other altermatives, th [ it of which is the
filte
2ls ignoe ! n : - ;
The 1o is 2 pie elc_ctnc vice, having some [e more
1 mmon with the quartz-crystal used as a freq
wid 3 B quite device in transmiltter or other osciliat
Eu . p ¥ L.(n.l i-[ ampiifi u-;ng Cf""rﬁc filters {such as th
Wpa For the lareer ‘ e ould be one of these
few Yy or mixer and the first i-f
., O
. e, Ang Ype cou Z:thd it L ttween tter and the
#on-dest brblen, -l transstor; a coriventional i-f
KTew-core, i-f transformer be-
ac Yer an specially de- fwetnthe!astmmcdandda:dncctor stage.
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ble. thr
bie in Ybes
avourlte one for American reccivers), | B 155
2 WO -(cj;m used alternatives in Bn'(i:_. ‘:fi or
gt-Glasty of imcr-umb)-
lht.: i-f 3 have appeared in the inical i
N tunc O umne press
The who gn of tus part of the ci
. rcuit has,
o be planned to suit the filters, if best ruu;u :::: :’i ‘:;unc,
: ed, since their principles of peration are, naturally Ob.
different from those of i-f uansformers e

Deleclors .and Diserimina

Some sort of detector is normally an

radio rece it.
Even the simplest scts incorporate
simplest of all is the erystal sct or single di
wor receiver in which the
y ¢ component in the dreuit.
The function of a detector is to rectify the incoming s

oK

. Fig. 6} s
or
modulate them, so that they will (nlter a-f amplifi

except in the very simplest se
phones or louth})calP 1) be capable of actuating ¢

In the
the fist chapter we.saw th sintplest kind of racio de-
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Fig d Fig. 7.1 show
¥ tter with a pair,
' i this is not abso-
often speci.
i ¢ ones include the
\9', or OAT7], As with
old eded by new ones,

d receiver
double disc 5 e
U S l, earlier on, in
eflex circuit instcad of the two
that we find in th oub

The kind of tr uscd in 2 circuit depends

largely on whether it s 1o deal with amplitude-modulatios;
. (nn;) or frequency-modulation {(fm) or both,
"OF Am, an ordinary diodc detector is usual in most cir-
+8

ous
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=
-
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' P B ) o the delecto a a-m ¥
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i he third i
you can see, in th
er, marked “1J
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In the particular tot gain
provided by a Hne | back to the b end of the
pondary winding of the first i-f transformer in the set. The
audio signal developed acros VR acting as volume-control,
s fed to the -l amplifying stge. In a

( Uowed by a driver and
push-,

In ien conventional circuits other arrangements may how-
ever be used
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In aatual practice the creuitry of a typics ver in these
demodulator stages may well be d deal mol plex
than is suggested by th er-almplified diagrams which are
intended only 10 give you o rough kdea of the basic arra
ment. For servicing pu you will of course use the proj
recaiver-manufaciurer's circuit diagram appertaining 10
actual set you are dealing witht and should you bhe construct

kg you wisulel be well advised 1o roler to & filly-detailed dos
for this type of recciver,

Reflex Circuits

lex | Ar The

and entiiul nor che
that wo ge do the work WaAS as
sured o
When valves and other components became | , fnore
cfficent and 1 lentiful, th fl i it of
'"l'uun, exoept o ccasional use in ome Ciai
Jut when transistors came on- the scene, the n
ack iito widespre ag:
not very cheap, not at all’ plentiful and not nearly as
{ the present day. Therefore a. circuit tha
mal transistor do the work of two had a strong appes
he constructor
Althvugh transistors are tiny compangd: with valv 1y
space taken up by one extia tr r and i
rents is 4 material fagtor In an ultra-ming
vef, an ultra-miniature set, ifdt Is 10 be completely self-
contalned, must have a very small ferrite acrial assembly and
very tiny battery, The small acrial necessitates the of a
circuit with very high galn and amplification and the small
ph of the battery tends (despite the great -
ments of miniaturizatjon’in cetls) w Bmit the permissible
rent consumption thai is cconomically feasible
[hesz, und other, factors all favour the use of a ref
uit. (About the only other alternative is a micro-miniature
integrated-circuit module system.)
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Reflexing enables an ultra-miniature receiver such ng the
Sinclair Micromatic {smalier than a matehbox, complete with
built-in ferrite-rod acrial and a battery comprising two Afy.
lory mereury cells) to incorporate a.six—stagc circuit whije
using only three transistors and two diodes.

The first two transistors provide two stages of r-f amplifica.
tion, then the sgnals are rectified by the double<liode de-
wector stage, and the resulting audio signals are reflexed back
and, passed through all three transistors now acting as a.f
;u;;pljfying stages,

This type of circuit not only reduces the number of ray.-
sistors required but also the number of associated components.
The Micramatic provides a six-stage receiver with only 9 fixed
resistors anid 6 fixed capadtors. Thus reflexing effects a great
reduction not anly in the number of wransistors but also in
the number of other components required.

Not only are there fewer items to buy and assemble, but
ewer also to test and replace if and when servicing is required.

Reflex circuits are admittedly a litde more difficult to design
than ordinary straight: circuits, and some of them can be a
bit tricky to get working properly, But, in the writer’s opinion,
the advantages of a reflex circuig far outweigh its drawbacks.

In a typical two-transistor reflex circuit, there are only two
transistons and one or two diodes to replace in the event of
petidenta) damage or breakdown. There are few aswociated
resistors and capadiiors to give posiible trouble. There are
lcv.:cr soldered joints. The whole thing is smaller, cheaper,
caier and quicker to serviee. Current consumption is les,
thuy prolonging battery life, reducing the physical Sze of the
necesary battery and lowering the running costs,
 Fig: 721 shows one: venion, of a.popular reflex arrangement
:‘“:‘“T’: the reflexing action is confined to the first transistor
M“&”; .n: u!‘n]ay :en dfoliowc.c'l vy as many asf amplifying stages
B g qu o P"-‘Cﬂf—ﬂ')lc to give whatever standasrd of

Juality fou yequire.
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3 tority of published dexigns using some va on
(hi'sl l{:u::”;m?:c xu'[; described {or medium-waveband only.
“I'his of course ximplifics' construction u‘\d c_“ ates tb:? nﬂ'(:
for any wavechange switching: But this- kind ol' un:m: wil
work well over a very ‘widé range of Irequencics, given suitable
wansistors, and can therefore be desi | {or short and I
as well as medium wavebands: -

These Is.a great deal of scope for easy and fascinating

,-1__
Rz
— 1

A

Fig. 7-1

experiments with different versions of the basic circuit shown
in Fig. 7-1. It can be used as the first stage of a complete sct
incorporating a required number of a-f stages to give cither
headphone or loudspeaker reproduction as' desired. Or it can
be built as a self-contained unit forming a ““front end” for use
with a separate audio amplificr -or with the a-f stages of an
existing receiver

Yet another application for this simple circuit is to use it
as a miniature portable monitor receiver for short-range check-
ing on an amateur transmitter. In this version it can be com-
bined with a ficld-strength meter cireuit.

If you Jook through pust and current volumes.of the various
radio technical journals catering for home constructors, you

53




T

MAKING AND REPAIRING TRANSISTOR RADiOg

will find a number of interesting practical designs base A
or iess on this fundamental circuit arrangemes
In some of these v is nec y to stic ‘
here is considerable latitude for exp
ey ol sy Short-Wave Adaptors or Converters
[ 1+] PM their own the .5".3-?'- theme T
copy the sugge
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CHAPTER &

uch ase
or two
s or for

ry high

-’.‘--

gragfi%aigsgsitsszaa

gave loud-

andruurd: wit reflex ¢ o
bilites are much grea ne might suppose from a

anerhe ook a1t the |




AgsrEaresra s

i

¢

o
e
con
-»
Iy
dlst

Ar

C
The s ve tuncd ¢ A\ 8 arid 1
V(3 1 { all
ﬂ‘u | O an imennediate-ireogueant
quency tuned by LS and ‘FC e
necded 10 find the number of ) ' ] ' different

the fre

TCI i 4 preset trimmer, w -
presd eapuchior for fine wning, Of %L -
ue a twin-gang landsprend capacitor for TC1 and VC3 ( Sy ol Elacslingg cyrrel
vould then be better described an VO than TCI), bu h
would add a litle t e ot a urdl o timum pe
Mexg critieal than the nerial or - creuit tundag, It i l
dondtful whether you woyld galn much by i, v} and ©2 can be, my, 47 or 30 pF slver mica. C2 &

56

'lwlll “"ld‘

27




ENEBLARSI BT R B84




:‘HW- - -.!‘r——

—

sAPTER 9
CHAT I &R

Field-Effect Devices

2Taame Y IFET) redxIsegs

147k e b LR
ods F \Cd
arely €
it behaves
DRAIN ' pe—
“’—‘@;mct -
x
l T
) -
Fig. 91
as thag of a valve: ¢ |fact,itcanbcdi.rcctly
% a vah Im amount of alteration
u . nevitably in the rer

: The fer's power requirements are as modest as thuse of a
So in many ways it nes the advantages of a

u with those of & valve, A fer will do most of (e
61




N

P R=15 T3 RBsUse s

me!
Im
o
eae
is

dis

IS
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things that a small triode valve-will da; and can sometimesshe
substituted for more elaborate types of valve also,

The simplest type of fet has three electrodes, called source,
gate and drain,

Thesc are roughly equivalent to the emitter, base ang ol
lector respectively of a transistor; or to the cathode, grid ang
anode respectively of a triode valve

Fig. 9-1 shows the circult symbol used. for a fet. Note that
the part of the symbol denoting the.gate has an arrow whieh,
may point inwards or outwards. The outward-pointing arrow
i for a p-channel type of fet, and the inward-pointing arrow
denotes an n-channel type.

These signs are rather similar 1o the ones in. an ordinary
transistor symbol, where the outward-pointing arrow denotes
an n-P-n 1ype of transistor and the inward-pointing arrow
refers to a p-N-p type. But in the transistor it is the emitier
which is represented by the arrow, whereas in the fet it is the
gate which is so represented. This is perhaps & bit confusing,

Note that the polanity of the drain supply is positive for
n-channel fet’s and negative for p-channel fet’s, Thus in Fig,
9-1 fet “X” is a p-channel type, and “Y” (FET 1) is an n-
channel type. Therefore the drain of FET1 is connected via
the drain resistor R3 to the battery positive line.

The partial dreuit shown in Fig. 9-1, incidentally, is that
of a simple audio amplifying stage.

If you ever happen to be looking through outdated back
numbers of radio technical journals, you may come across an
occasional design using a combination of transistors and
battery-type valves in a “hybrid” dircuit.

An. idea worth considering, if you are interested in experi-
menting fl_)f experimenting's sake, would be to try adapting
such a design into an updated version by substituting fets for
the valves. In some cases this might enable you to get the
;!:::ta:;a of bath uanfisto'rs and valves without the draw-

of either] The writer has not tried this, however, and
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the chance that it might
L riment sometime
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l;‘oo?xlshaL\-S:um list of technical books for thesc), an

i jcal journals. .
clectronic technica o D=
A Favourite sources of supply for amateurs buying trans

cte. are mail-order firms which advertise some very genuine

bargains at low prices. Naturally, the Iowcsl-pnic(: :l:;grﬁ
often include types which bave been on tluf marke 4
while and which the manufacturers have discentinued pro-
dut::;‘giic they-may be regarded as obsolete in thc-c'.'.ommcrcial
sense, this does not necessarily mean that they are in any way
ineflicient (though they may lack certain advantages ol types
which have superceded them into current production). They
may in fact provide a most useful and economical source .of
material for amateur experimenting.

But it is essential to remember that youymay run into some
problems if you try to adapt latest designs, planned aroynd
latest transistor-types, and use them with older transistors
which may not work well in ther—not through, any actual
defect in the transistors assuch, but merely because there are
features in the design which are dependent on characteristics
“’"“".‘Q{ﬂ)’. in the more up-to-date transistor tlypes.

This is just one iristance of the many ways in which the
techinology of the x-simple-looking transistor is beset witt,
pmsl.;lmu that the beginner would never anticipate. :

e of these problems haye no casy answer and you can.
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MAKING AND REPAIRING TRANSISTDR RAD
10y

It may, however, be of some help 10 mention a few typi
examples of businesaes that are currently conce ' O Plea
ling these devices. LRy hand.

On the manufacturing sde, names that came to mi
clude Mullard, Pleswy, Sinclair, General Aviante A - ™
R.Cc‘\, Flill:hild, hfoloﬂl‘l. Gc ra. r‘ic‘ cle
these firms are Amercan in on .
available over here

On the distribudng or retail sides, more and my
are likely to be g-stocks, and therelore 3 ;
lise t be attempted here. TS
in helj 0 mention a feyw typic
suppliers to w.num nquines m: id S are
stantly changing, of course, and up-to-date informatj }:

[ : g 1
be obtained in every case. Current advertisements i radio
iechs | ilted 10 verify locations ;
casc there has been any chan address s ﬂcauom, -
e Y ge of since these line

General Electr u
L e = MING, Cr e f 2
Vestry Estate, Sevenale, Kcqu rom Jermyn Industries,
Mullard, 1 etc. -
Road, Brentwood, Esse poneats, 7 Copitoid
[4155-'. Radio Limit .15
lets, London, . | 7+ (avell Sueet, Tawer Ham.
Sinclair, etc.. G. W, Smith
cair, .. G. W. Smith & Co. (Radi) Limi
84, Lisle Street, Londan, W.C.2 v S
Fairchild, General Electric. M

General Avionics: . !
Witha, vioma: Dart Electroniaa, PO, Bax No, 17,

Peak Sound. H

fi Id.cm' Eglumm, ’sou”m[xd.. 32 St. Judes Road, Engle-
Kinver Elecironics L, S

\Vof(mﬂ‘him‘ g one IAnc'
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Testing Before Building

| a circult and made up their

nstructors, having
i sther, are probably so cager

ninds to build some
to begin act t
’ "Frr"mg-iwu 10 heat
The idea of stopping to test every single compon in the
Parws LE ¢ attempling to vin the new set is decidedly
unattractive becaus involves a little delay
But the delay involved in such preliminary tesung is time
well spent and is negligible compared with the hours that can
be wasted afterwards in the cxasperating task of trying to find
and curc some clusive fault in the completed sct, if it fails to
work in the way that it should, alter letio
Although one can invasriably succeed in getting transistor
projects to wotk very well eventually, complete slence or poor
results at the firm attempt scems to be an experience that is by
no means unconumo
One ofien reads, or hears, complaints that tramsisior pro-
jects attempted by various home-constructors have failed to
work on completios
hiere arc several possblc explanations of such failures. But
one thing is certain: the risk of failure can be minimjzed by
simply testing cach component scparately before: assembling
into circuit.
In sifu testing of components in a completed project is
often very difficult and unless one hascextremely accurate and
advanced test equipment, tlts may be misleading (o say

the least




MAKING AND REPAIKING TRANSISTOR RADIG
)

But the majority of components can be tested s
.bdm use, with very litde difficulty and often with
inexpensuve lost-gear.

A reasonably accurate volt-aolim-milliammeter will suff;
test components for mast of the circuits discussed in the :.c_c.to
Ly Prosent

If you establish that every component is in
fore you start building the project, and it subscqucmly fails
“'f’rk on completion, you can be pretty sure that the ca;uc .
failure i5 cither a mistake in connectjons or dimage dy 4
overheating in the course of soldering, = g

But if you build a set with untested com
xtot tell whether failure is due to the WO causes just m
toned, or to,a multiplicity of possible faulis in anything {,::,

a dozen to a hundred compenen accordi i
= D B, according to the complexity

Even brand-new, unused com
This may be from a variety
faulty workmanship, damag
carcless handling and so on,

Parately,
1 .wl'mp[

good order be.

ponents, you cap.

ponents are occasionally faylty,
9! causes: defective material,
¢ in transit, damage in storage,

Such componens, if under guarantee, are much more likel

0 bc.rcplaccd without question by the supplier if you are able

found faulty, unsoldered and returned.

|
ma:u[ii Ca.sc'.of sccondband, salvaged, ex-Government or
wiys strongly a:iquj;; Cﬂ‘:upontnl!. e A
iy (ﬂc:d ll:;)nc; such items turn out to be in
but © build them i

1€ set being reduced 1o silen
cvery'single item is obvious,
r htan7 of an individual -construcior
0

##aTING PEYURE RUILDING
I . . c
aitures with transistor equipment. On

the most probable explanation o.lL l‘h:!

again of one particular item which,

having a succession of 1
cannot help feeling that
is the re-use over and over aga ;
unknown to the constm‘tl:lmr, is fmf ryr;onqm g
1} the more Imporid |

¢ probably tests adl tic m .t
i H“ E:Olhc sct, but when 1t comes to some v:y {P -
i htforward part such as a connector or a very 'cmcnda:'y
stral o . 2L 4
«:wilfh he assumes that it 18 0 working o.rdcr. If it isn't, an ;
' usc: it again and-agair then he will: get a ssuccession ¢
e~ R

fﬁii,“rfof-‘- systemauc testing of the finished drcuit sho_uld of
i pinpoint a fault of this kind; but in any

course cnable one t0 -

case it is far casier to test the components: scparately out ot(.

o . :
drcui

the set than to do so once they have becn soldered into

fn the latter condition, it is only too casy to get falsc or
mislcading meter indications dug¢ to-components being shunted
by other parts which provide a parallel cu:rcnf-patb . thus up-
setting the accuracy of, say, an chmmeter n:adn‘ng.

‘Where, {or example, you have a fixed cap.'\c:inr and a ﬁ:r.cd
resistor in parailel, it is aimast impossible to tell, from in “m.
testing with an ohmmeter, whether the resistor is slightly off
nominal value, or whether the capacitor is seriously leaky:
But il you tested each component separately with the samic
meter, before set-assembly, you could tell at a glance where the
fault tay.

In troubleshooting a set that is brought to you for repair,
it is quite impracticable to disconnect each individual com-
ponent for test, and you will be obliged 10 do most of your
preliminary diagnosing with the components in situ. Having
formed a rough idea of whereabouts the fault or faults must be
located, you can disconnect any comfanent that is strongly
suspect, and test'it out of crcuit,

But when you_ are building a set froni scratch, it 'is far
better and quicker to test each component scparately by itsclf,
before you attempt to conneet it into circuit.
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’ MAKING AND REPAIRING g, NSi$TO
How should test indivi o = 3
faults sho o "
uld you look for? g L h
met} ' )
-- u:o'd and ujopc of the tests mus :
& 1ave available. You shoyld c:m—;v‘ o on whyy
out as
"Many a

pu;iblcrm the lollowing tests;
or fixed resistors: ‘
K “iﬂ:rs. check the actua) reaisg
e r L nee element. See thay u;u;u.lcc-mjue in
T ﬁmnf;f ::: :ne component. If it is a m.m::g o
mlm..::u'nﬁ e TF e
B vm;h.'.,cnrd!mg. molten wax, et in ic., di
— ﬂ,c-) c mom (pou:miomc(ct %, volume con
R }.c resstance-value of the ¢ =
corrasion or dj gns of mechanical defects, phys; . -
hmmeter ben:t in the spinde ng; ‘-'"C-pg:cm g,
o .'ccn one end of the rt&s!:mu' 1| e
vt w ;‘cthcr the change in resisty e
smooth and: e .
-t md:mfi stc'ad)' or crraiic and jerky (:Jh gl
needle enng Instead of moving stc:;djl o
Y across the

Olall.'d. Hold ml"l)o"C"t Up to llght (l! l't 5 an i
WPC) a"d || lhat are any Spcth Of dlu‘ m“dmd mc:ﬂl
b, [ (]

Verif :
¥ polarity of .
ors. Be care iransistors, dj
% <arefu] , diodes and other semj
. scmicondy

_"'_}'(‘"' “UILDING

TESTINC
id testing unless you have

fet, {t mighl be 3
: is faulty
reason to helieve the component ; ing to be sol-

Even if the (ransisiors elc; are ¢
dered into circuits in the prelimipary stages 08 :
_te., up to the point where the first “trial run” s cam
it may be best 0 ! Je out

use transistor holders, so a:
overheating throug

h soldering
b the methnds of testing components:
k the wind

better 10 avo

oul
any po&ibim)' of
Continulng wit
For transformcrs, ¢hec
iance; <check for jnsulation;

ings for continuity and
cxamine for any sign of
availablgito.do so, check

dcr
physical damage; and il any means is
for shotted turns.
For r-f and a-f chokes, and for coils, the procedure is

similar.

For switches; check for contact, smooth movement, and
correct mechanical operation."Check insulation on wavechange
switches and mains switches. Check speed of operation on

quick-make-and-break types.
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t all
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Case DOTE haste,
If the wiring o o are made carelely,
Y impaired results nrt-
- 0 expensive tran ele,

5t Mave sated that they have found cater
3 in performance between indiy idual sampg of a
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given type of trangs A

fcr;:' types of uanﬁ:::rfmm ey have faung between gy

cxacﬂyy:::l pc;.:lﬁv:cll u?ppredak‘ from this, | ith

A ‘” g c performance of u dc.signcr’s.cw*'x v
i ;omm.ud you usc. the lransistor types Specify dmgl ¥
aly itely, the difficulty cap often be gy, .

great exten by adjusting the bias ¢ mﬂ%f 5

on
Oﬂmpcnsa(-c a8 far a3 possible for indivich l!'tc ransistor 1o

do not exceed the maximum voltage or
down for the Particular transis

these figures in he manufacturers’ techp;

the data given ip various published transistor lists

Perhaps the safest Plan is to use variable resistory i, series

with fixed ones for an i
do ANy cxperimental changes in b
fixed resisor should be chosen syeh um:, tistm ok

> Al maximum can
=1 be m. I ¢ control-knob-of 3 var;
rcs;;tor Jjoined in series with the fixed one e
- my;n:r wmc'}:l the resulting currentchanges on a sjiahle
P you s "ould be able to arrive at a setting which will
-Tesults withoyy | arding the transistor jn any way

When you have found the corree settdng of the variable

TEUSOr, you can disconnec the battery supply, and use the

ohms ran i
- ge of your multimeter 1o measure a5 accurately “as

Uon of the vo.: = " Bixed rexistor plus the por-
The :aqumu::?'ablc rmutor track which is actundly in cireuit.
able fined rm!:)gru:; w:l!l &lve you a guide in choosing a suit
e replace perr; :
bivation of fixed ang vi:.:imr':c:n‘:nmuy S bty
. : ‘:nuu cannot gex 4 single fixed resistor accy
rrve
e e Pul’posc' » YOU can -build up the required valye b

N dentes, checking (he result with the
76
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BN
X PERLY i
and wiring the

¢ before making the final choice

circuit. - |
A and, experimenting, 1t 18 impo tant 10 re-
faciors in a st tend to be :nlcrdcpcndc.ﬁt.
netessitate changing

mete
nents-into tl
In designing 1
ber that certain
I;&T:dng the value of one component may

one as well . .
mc()mlu;(u:h:n?:itiry things about experimenting with tran-
ne

qstors is the fact that, aithough modér‘n acu]iCDndU.Clor:h :::
bust in some respects, they are casily damaged in i
vcryl’o' lamage or destruction can occur alma_st insan-
Morﬂ?‘m;‘l’ : 9(0 t:nltfccarc not to let the transistor or diO(.l.c over-
::::Ddthtr through excexsive current or through excessive heat
a soldering-iron. X
&ogf;:;l( is t}fc length &f time the iron is, applied, or the
absence of a proper heatsink, which docs more damage th:;n
the actual temperature of the iron. A small, hot, dean, we
tinned bit, applied, bricfly, may be much safer for the tran-
sistar than a larger, cooler, badly-tinned bit held on the con:
nection too long . : _

Gripping ‘the transistor leads with.a-pair ofifinc-nosed pliers
will usually serve as a htat-sink to conduct avay any excess
heat in the soldering-process. It is necessary to apply the heal-
sink between the point of contact with the hot.iron (or “bit™)
and the body of the transistor, '

With very sensitive devices, notably some types of fei; special
precautions have to.beitaken when soldering.

Special miniature loudspeakers are avilable for use in very
gmall personal-portable transistor acts.

Although-some of these give surprising volume in view of
their siee, and also reprocduce speech very clearly, they over-
load if the volume cxceeds & moderate level and their repro-
duction of music is decidedly limited in tone and quality.

Il onc wanu really good-quality reproduction combined
with ample volume a much larger speaker is necessary, and
something in the nature of a baffle, Obviously this means that
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the overl] dimensions of the

of the pocket-si; cabiner wil) |

tend t(:o bck:l Size category; and (he biggz:“,mc 5t right g
asily a good dea) hca\:jcr' maki; peak will
casily portable, 8Ing the s a litge |

f‘m You combine mijn;
weight and excelleng quali
gllzmcc this would seem | i Set? At fiy

ker can be almes

withi i :

::1 : 1;;1 ;cga.:;ur:, J,ncd; :n'm be :Jn A properly-designed cabinet which

. tonal qual; C it, i

ing adequate basy response o Fpeterini o
Of course, a miniatur

: i ¢ portabie h;

tons as regards volume angd qu Ry

hx-!i class anyway. Bur it i no

bmll-m' speaker tends to make
Provided that the extension

. ittle Sct, you will probably be
!mprovement in volume and tone, espedi-

ally tone, which rey Its &
-y ; ults simply from the use of a decent-sized

Various develo
mentally. For ins
& separate push

‘e has scvere limijta.
:\l.ny: it 13 not exactly in the
thing fike as,bad as the tiny
t sound)

pmcnu! of this idea- can be tried out experi-
t;n;lx. It might be worth trying the effect of
-pull output stage buijlp } '
. . into the cxtension
2:‘; crmcal:fftc; and provided with a scparate battery for
mupl;n.g ;;[; Y. 1t may be most convenient 1o use transformier
ween the small set and the outhoard push-pull

“final » but the o
' utput “lmk Py -
arrangement if Prtf':rc:,) - er can be a ransformerless

Vari ;
Anious different configurations can be used as the bass

or thL‘l :ldd"’"‘\ Oulpul .!lilgc !u d'"g thc b’g ’]xak‘
' NE vanous s -|gc.‘ 0‘ a lyplc‘ﬂ suptfllld hcwc Ixc" dlxu

‘e on. To give beginners smome idea of how
78
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1hese Ind

pnlh.! etc. bCI.Wu:n them.

ividual bullding-blocks=fit into the complete circuit,
Fig. 121 shows their rclaive positions .and the main signal-

Fw. 12-1

This is a gresitly yimplified block diagriumy from which much
od deal of detail will be

wiring, many components and a.ga
sccn to-have been oniitted, for the = mpli
1 al heads 0 he t

tors—PNP or NPN—have bec;-imcntionnlly left out of

diagram, as the ipformation contained in this dfawing is
coinmon to cither class of transistor. Battery or power supply

unit details havesalso beern omitted.
The {ollowing items are shown:

1, aerial (if' used); 2, ferrite rod aerja) or aerial tuning .coil;
3.. mixer or [requencyw<changer transisiory 4, oscillator coils;

-

5, fisst iif transformes; G, first i-[ transistor;” 7, second i-f
transformer; 8, second i-f transistor; 9, third i-f transformer;
10, diode detector; 11, volume control for audio amplifier;
12, driver transistor; 13, ‘push=pull input vansformer; 14 and
15, matched pair ol output transistors in push-pull configura-
ton; 16, push-pull output transformer; and 17, loudspecaker.
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Construction Techniques

DIy Wiy
work may Pt

home construc
has a wi of |
any way he fandes, to suit his own indivi

isly wigh, he may have a fre
oernied, W0t ooy th. other
he utes his expemditure over
it parts of the sct is entirely him.
hus he can cut costs on certain itc say, by wdng ex
cnment  surplus, manufactrers' 18, sect
s, Or € she in  of
is not a vital facto
may cnable him to spend almast extravagantly on
ems that are really crudal in determining the |
e of the set, while still keeping the overall tatal outla;
3 his means
In some critical circuits, one ar two of the transistars them-
cives may be examples of ftems on which it pays to be rather
extravagant in.making sure that you get really good samples
In nearly all circuits that, are to be used for musical repes-
duction, the loudspeaker is an fiem which can entirely spesl
results if a “cheap and nasty” specimen & wed. The oaly

. arcuit w




In a short-waye
slow-mation diaj
bandsprea with ¢

/f course, cven
twential 1o make g

= v
receiver or adaptery, Mver
8 2 necesity 1 .
"CCt conty lj.y et L
¥ o
' Rood

in non-crificy) P

Nev
s cr'luc Coinponents of doubtfy]
- which have 1o cope with ma;
‘ ns
. UIning now toe aciya) assembly
¢ home constructor e¢an choose

quality in po,
voltages, o surply
and constryction

methody,
between following the .
ulacturcry (which are doubr.-

po-og : I ion requiremen : i
“o - VEIY uncbnventiony] ideas that | ol
S e At lend themselves 1y

One method

: asserblies jn
ructon. In this, the smal

components are.
entirely sclf “Supported by their own wire¢nds

or leadouts,

a ". 2 ¢
"'”nl’)‘ m..'.xo.d U{ ijlmlruclion Wlll'd‘l one
?

SUrprisj igi
TPrisingly rigid and hot unrobyst ay 4

v!ro‘rk,. when finished The complete net-

and u:t.cd, can be finally mounted onea

CONBTRUCTION TECHNIQUES

An cxample of skeletonized construction is shown in Fig
13-1. (This'is a gmplc reflex circuit employing two wansistors
which the writer has used successfully.) For the sake oficlarity
the whole asltmbly has m drawn in an open ‘Oﬂn, wosbaak
all joints e1c., but in actual pragtice it can be made much
morecompact. Components can be mounted as close together
as you like, provided you do not overdo it to the exgent where
unwanted interaction, or any risk of shortcircuiling, may

Fig. 131

Wires are thoroughly cleaned, joined by wrapping or wind-
ing saround one another as shown, enlarged, in Fig. 13-2,
and finally connected by a touch of solder.

The assembly can be tried out, if desired, before the wrap-
around joints are completed by soldering. Contact will be
quite good cnough for preliminary expenimenting and for
making surc that the set is working perfectly. If results come
fully up to expectations, all you have to do o finalize the job
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and TV quality,
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joint briefly with,
and & well-heateq

could be damaged,

Spring-loaded (wccor o e ——

ZeTs or some simi|
ar arr,
cen the soldering-bi¢ and thic}n
1

COm i y
ay,

*_soLogn

Fig.-13-2

at components
reed from Unnecessary solid-dielec-

Y- In the old days of valve sets
' e Iy attempt to base a practical
o e yoc:r’tucfllws;h'cmwc diagram was almmi)ri:npos-

s 1 bujkm' N altempting it yoy would end
o e .y. unlld?' and unwieldy ser —
nsistory; n’:hd-fme diodes ang miniature or even

.po:\cng, instead of e component bej
as s c:rcuft—symbo], the reverse ma c;._“'tj,g
e b4 y

CONSTRUCTION TEQHNIQUES

be the case. In the average drcuit diagram of to-day, the
symbols are often considerably larger than the dctual com-
ponents they represent, unless the diagram is reproduced so
minutely .as to be more or less ilicgible!

Therefore you will usually find that the various items can
be laid out on the actual schematic and wired up in the rela-
tive positions that their symbols occupy in the drawing. If
desired, the items can even be closed up into more compact
grouping still, to save spack where this can be ‘dore without
detriment.

For those who prefer 10 use more conventiona! methods,
such as printed circuit boards, 'Veroboard, Cir-kit, etc., it will
be nccessary to translate the theoretical drcuit diagram into a
practical layout which will permit all of the conducting con-
nectors :being in onc plane, more or less, except where. cros-
overs can be tolerated by the use of jumperswires or (for
Cir-kit) slips of insulating materjal between the gross-oyér
conductors.

While printed-circuit metheds are ideal for factory-built
scts, and uscful also for permanent final assemblies of home-
made projects, other methods are preferable for purcly experi-
mental layouts in which one wanis to-keep changing the com-
ponents and their relative positions.

For tentative experiments of this kind; some ingenious
“breadboard” svstems have been devised. Some arc in th
amateur improvised category, and some are commercally-
produced for sale by mall-order firms and other suppliers.
Details will be found in advertissments or catalogues which
should be consulted for the latest information on these
products.

In mounting transistors, say on pripted-circuit boards, do’
not bead the leadouts.too close 1o the seal. The manufacturers
usually recommend keeping at least .5 mm. straight: but the
writer prefers to allow about 4 or 5 mm. if possible, as he has
found that this gives a greater margin of safety againsi break-
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Unlike valves, try

f!lounlcd in any
Upside down. Apgy,
available and the qu
may have 1o allow
than for 1he transis;

CHAPTER )4

VHF Transistor Receivers

ie notes on simple transistor reccivers for usé on very high
frequencics, such as the 2 and 4 metre afmateur wavebands,
BBC f-m broadcasts in Band [I, etc,, may be of interest o
some experimenters.

The construction of reccivers for such high frequencics
presents a number of practical problems and difficulties noi
met with to any appreciable extent in tackling scts intended
for usc on much lower {requencics.

Therefore vhf receiver construction is not a task that a
beginner can be recommended to attempt. It is better 10 make
a start on something casicr, and postpone vhi work untl you
gcl more experience.

Very skillul soldering is required ifi vhi circuits, because
wiring must be virtually eliminated; connections have to be so
shart that they are almost non-existent; components must be

idered into dircuit with negligible amounts of wire between
them; and at the same time this must be done without over-
healing any heat-sensitive parts such as small resistors, diodes,
transistors and so on. If you succeed in getting first-rate resules
the work will have been very worthwhile, but unless you have
plenty of skill, dexterity, patience and technical knowledge,
you are more likcly to end up with a set that fails 1o work
at all,

One thing that Is important in vhf construction, and is
also helpful though lem essential in ordinary short-wave sets,
is to conneet all earth-returns in a given r-f, f-c or detector
sidge to one common carthing point, and not to random
points on ihe chawis.
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. cﬂ correc! choice of ransistor iy, 5, y

rc‘ available which worl verv ML A"w diff,

frequencies, SvlLoi g very I}:td
ih

ailers have inad
data about hjy particular type, wlﬁ:;nl:rmy .
of confusion, with the result 1, ———,

work with thc

Aged the devies into

Other transistors ele. are oc

marked or with misleading data

So always bear (his possibility in
work

_ A simple Supecrregenerative receiver iy
Ject for a newcomer o vhf

casionally sent gy wrungly
lc‘aﬂcu, through trade €nory,
mind if a new Purchase won'

T W perhaps a good pro-
ruction, 1o start with: and i

s possible to ger kit of parts for this,

Ready:m; " i
imuu:dy made translsior receivers are available whicl, in some
e dcm offer other viyf wavebands as well as thase used for
Adcast programme transmissions,

m;}‘,:c,:a ,':, ::::1 most Cersatile 'of these sets are, necesasily,
A n;: ;h:m these with more limited faciliies,
o ﬂgmr for vhi an‘d ubf projects have appeared
o ;nfom,,-,.;'om the radio technical journals; & useful
N on amateur-band apparatus for use on

t Q in
hese frequencies i Radio Communication,” the official

urnal ' aeli [
journal of thie Radin ¢ clety of Great Britian, Anyone seri-

:)::l]g;d intqmtcd in short wave ransmimion and reception
Pn‘:;i cul-h:,:‘;", a;glvisfd to become a member of the R..SGB
ol subscription, cte., are aviila i
lo,the society headlquarters in ’hondrm o e -

ll:slz} address s now s followa :—
B Headquariers, 35 Doughty Streer, Lendon, W.C.1.
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CHAPTER 15

Tuned Crreuit Alignment

Correct alignment of tuncd circuits.is cssential for best results
in any superhet recciver. In a transistor model, accurate re-
alignment during servicing may be evén more vital than in
the case of a valve model,

Replacing faulty valves with new ones of the same type may
not necessasily entail any drastic realignment of the wned
circuits. The characteristica of the replacement valve may well
be so similar to those of the original that there may be hardly
any difference in stray interelectrode capacities efc., and the
tuning of amociated circults may. not be upset at all by the
change.

Tram':.llon, however, tend to differ much more than valves,
and onc -often finds that realignment .is cssential afier fitting
new ransistors ‘i certain stages if ope is 1o get optimum
resisla.

Sa the importance of alignment where transistor setsof the
superhet class are concerned will’be obvious.

Reuligning an ordinary a-m type of transistor set is.usually
quite casy and can be carfied oyt succemiully with fairly in-
expensive, ‘dementary equipment. A reasonably accurate a-m
signal-gencrator covering the r+f and i-f frequendes involved
in the dreuit, and a sultable testmeter, should be enough to
enable ulignment or realignment to be carried out.

Realigning a wansstor set which includes vhi-fim fadlities
is quite a different matier. This is not a task to be tackled
lightdy unles you have adequate experience and suitable
equipment. Some vhi-fin sets are casier to align than others;
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MAKING AND REPAIRING 1,
but hit-or-miss methods
this class of circuit is coy

So ur.xlm you 8, experienee
gear which wil] enabje You to tackle v}
Some reasonable chance of compleye g,

altogether jif possible,

Cerned.
have the knowledge

this clasy of receiver,

A beginner can learm a good deal
of vhi-fm circuits by simply listening
tentively, 1o a vhf.fn, set which i5 ip
tuning right across the waveband,

Finding a st that is in perfect alignment may not be as
Gy as one might (hink. Vhi-Im scts of the portable variety
tend to get out of alignment rather casily, unless the adjust-
ments are securely scaled, because in being carried abou and
dumped down, they are usually subjecied 1o quite a lot of
mechanical vibragon,

I, however, You have access 10 g vhi-fm set which has
been expertly aligned either by the manufacrurer's service
department, or by a fully~cquipped repair workshop, the
(uning«:md-listcnjng Procedure mentioiied above ean be very
instructive,

First, tune in 4 vhi-fm station as precisely as you can, by
car if no other means is available, or by any visual indication
that may be fitted—e,g., o “magic eye” tuning indicator, or a
tumng meter.

Signals will be 2 maximum strength and, above all, at
optimuin quality of tonc and clarity, when the set is-accurately
uned 10 the “centre” of the transmission.

If, now, youy begin 1o tune away o the left or right of the
optmum setting, you wij] notice rapid changes in the strength
and clarity of the signals. Not merely a gradua] weakening, as
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about correcy alignmen,
» very cnitically apg g,
Perfect alignnyen,, while

TUNED CIRCUIT ALIONMENT

i lume-control, nor just a changé
W gne ere miming dowrt & - bass-lift or weble-lift controls,
il one were adjusting '
ghtomas: ! i lete loss of signal
o iy ey tly aligned—is
-~ slm[-;‘; st you will find—if the set is correctly gn;a 4

i l:rnf;tion of these phenomena, one after the ot
a coil 4
i ics in ali nt can alier these éfects in

s inaccuracics in alignme: .

f;/ Miﬂ:m“:ys. If the set is not perfecily aligned yt:m‘l 3
o ﬁ notice that .the different effects or phcnomc-:n. ;,m
Pﬂ: unif):)rmly balanced on both sides of the centre point,
no!

“lop-sided.”

mi) 10[:‘:;;; that can have a particularly marked cfl'ct:xi on

hi [:: results is misalignment of the i-l transformer secondary

. ‘ 3 . 3 .
feeding the detector or discriminator. SR

But all the tuned drcuits in a vhi-fm sct are impo u
regards aligninent, and correct procedure is ‘T;m;:: ::ugi :;s
ith di ircuits, it issnot very help

varies with different drcuits, i . el

i ions, and by far the best plan is w0 :

— 1mumlrr’uftl i t instructions for the particular re-
manufacturer’s alignmen ' i
ceiver Leing serviced and follow them as clasely as your
and available equipment permits. | . .
m’I‘ he sort of equipmentused in the best repair w orkshaps I:?r
rapid realignment of a large number of vhi-fm scu'lxls costly
and spedialized. It includes a sweep-generator fmd-osu o&cop;t

Those who have 1o do without these expensive items canm i

expect 0 realign vhi-fm sets very quickly and wasily; but, :f
u]:; follow the right procedure, lh?' can ;:spnlly f,ﬂ, :i::m:;n

ite, : It (though it ma

not quite, as good a final resu ‘ Y 1
timc,q skill and palience), by using more evcr-}day lcst-g::
including an ordinary (amplitude-modulated) signal-genera
and multimeter. : ‘ A

Attempting to realign vhi-im i-f stages wi .‘lout any cq1;:l;:.

ment at all, just by ear and trimming-tool, is not advisa e

The chances of complete success arc pretiy slender; but 2 lo
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depends on one's “enr” i
] ear” for how the signal should soyg when
Sometimes, however, is is onl the
of the .?-l translormer nnmwd?i‘nlclycr:?ci«s:;:mm:;‘w Mndi"“
which b alightly out alignmem, A "":_!0 . ¥dc(mu.
the adjustinent of the core in this 1y [moﬁ“;— -imh o
A great impravement without the use of proper Illﬂ:l —
all. lt‘uu'_l( m quite as difficult as some cxperts alle s
Is decidedly 4 gamble an} TR (lltl: 1 s
R 0 chancejy
We have already referred 1o what you can Je
tuning “acros® a perfecty aligned fun signal. In '-::mf:lﬂm
of the band of frequencics occupicd by a transnisio
get loud and superbly feception, with minimur ﬂ'b‘w'-l
noise and no distare e
On efther side of fairly b ‘strip” i
you will find a *“nul” poim w)hu::“lhc si:;:fl d:(‘) ‘l:!« :Ik +
nothing. Further stilli from central ‘tuning-noimnt tll:c ;ﬁm(:t +
Appears but with considerable distoriion an : y:t? -mf‘:
lfmhu and further away from the central frequency, the
ugnal gets weaker untdl jt finally disappears altogether l.)il
ground naise between siation =3

Cj

Set Repairs—Worthwhile and Otherwise!

Before attempting o repair any transistor set, it is strongly
advisable 1 stop and think whether the job is really worth
doing, or whether 1t will tum out to be 4 waste of time and
money

One cannotlay down any hard-and-fast rules on this. Each
individual case must be judged on its merits, Morcover, a
great deal depends on the repairer and his resources.

For cxample, a cheap imported set that bas developed
several dlusive faults may be time-wasting, and even when you
have succeeded in tracing the faulws, the defective parts may
be of a size and type that cannot be casily obtained in this
country, In such a case the job may not be worth doing. But if
by ehance you are able to get hold of an identical inodel with
different faults altogrther, yot may be able to remove sound

ris from the second it to replace faulty ones in the first

This may make all the difference to the task being worth
attempting,

Unfortunately, some components‘in ultra-miniature sets are
very difficult to remove successfully for re-use without dam-
aging then, So, cven if you arc able to ges hold of two identical
receivers, it is not necessarily as easy as itdooks 10 use one as
a source of spares for the other.

Anott is that a given modc] may have certain weak
points in it which tend 1o cause similar breakdowns in dif-
ferent individual reccivers. For .instance, you may have onc
sct with a faulty volume<ontrol, and another identical sct
which you are breaking up for spares. But when you come to
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try the volume-c n this sp;
is faulty. pare st ou may fing iy, it

( y speaking, any réceiver of I
reparing with, brand-new mmpuncnugﬁhmu o
anes, except in cases where you can be quite sure thae _,_»,_]m.‘med
parus are in good-as-new condition and aye likely 1o !

A ferrite-rod aeria! may be j sondition for

A ¥ be in perfecr condition fof re-us
but an elecrolytic capacitor may be on the point of bre,
down and any attempt 1 i it i ther set would ¢
out to be a waste of time, A transformer, provided you T
temove it without damage, may be well worth re-using ?u:
a very tiny subminiature resistor, with leads cut short, m;y be
almost impossible 0 remove without damage, and a new
replacement is 80 cheap that it would be absurd to use 5
secondhand one in doubtful condition,

Belore attempting any TCpairs on 8 tunsistor set for adriend
OF customer, it is wise to inake sure that you have a‘reasonable
rospect of compileting the job successfully, If you get a st to
pieces and then find that you cannot get suitahle replaceme
oy will have been wasting your gwn, time and running the risk
{ having to-return the set 1o its owner in worse condition than
it was when handed 1o you' foc repair.

This is disappointing (or evey infuriating) for the customer
and embarrassing for yoursell,

Dame transistor sets are %o ‘intricate and miniiturized, 90
badl'y dexigned or s Rimsily constructed, that it is-almost im-
pwhlc o carry out any servicdng on them withott risk of
causng fresh damage. On the other hand, there are some
models 30 well tiought-out by the designer and so well con-
stnicted by the manufsciurer thay they - are casy to test and
foolproof w repair.

Suitable tools aze a great Lelp in tackling difficult or intsi-
cate repairs. The right type of sildering-iron, for instance,
will enable you to remave {nulty companents and replace.with
new ones incrowded or inaccessible spots on a printed: circuit
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SET REPAIRS — WORTH@HILE AND OTHERW1S

board.. With a larger or clumsier iron.such a. task wuuld be

Guite impossible.

A strong magnilying-glass suitably mounted, so as 1o lcave
both your hands free for working, is a great help wi
or repairing sub-miniature asemblics. Not only dues this aid
the work but it also reduces-eyesrain.

An adjustable desk-lamp or table-lamp, with a suitable
opaque or reflecting half-shadc, s another item whic
in this respect.

Some of the very cheapest imported transistor sets arc hardly
worth repairing if they develop any very dusive faults, or
contain defective components of a type for which suitable re-
placements are almost unobtainable in this: country. In such
cascs it may, be actually cheaper 10 get a new set than 1o repair
the old one.

Remember that the bare cost of the components-is not the
only item to consider. If you have to send away for pars,
there are postages, ‘cheques, or money order or postal
charges to be considered, as well as the value of your timpe.

Sometimes it is not the set sitself but the case which is

aged. Perhaps the owner has dropped the set and smashed
the plastic case beyand repair. If the electronic asembly inside
is_not sericusly damaged, and can be got back into wurking
order quickly and casily, it may be worth while refitiing the
printed-circuit board asembly into & new plastic case ofesome
sort, Il the sct is an imported one you may not be able to get
an exact-replacement case. But the writer has often found it
possible to adapt some small plastic box to form a tiew con-
tainer for the set.

Semetimes, with'the owner’s consent, one cam:fit the g5t ino
a case that is-larger than the original one, and this permits the
use of a larger, higher-capacity baptery, giving much more
economical ‘rufining-costs.
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: y with whatever
qUPmEnt you may have at Peadt du';‘:ajmc)r
Test equipment can illings .

experience of diagnosing f:
a hundred-pcr-ccm certain
For instance, if you have ever heard
the defect termed "momr-boming”
motorboat enginc) you e it |
cure s usually 3 pew i itor in 4
If you are not sy

a set suﬂcring from
XCCRUSC it soundy tike 4

: s at faule,
ate working voltage and

' will produce momr-;om;ttfo‘;}hh
E J|:mr {ails -tc. hclp,‘ the resistors should be cht:c:h:d. :
mcbcnnmd y fyou will find It a sheer waste of time 40 attempt
e ng. of a fault in_a et as 4 whaole, You must somehow
*PHY 1t up into manageable units, This narrows do

of scarch and reduyces the chances of el

the electrolytic capacitor,

mon power-supply),
Ave (i ati
& g::l “wutomatic volume control) or dc (antomatic gain
e nc.gat.lvc feedback, and reflexing are three setjon:
¥ slartin one stage and end iy another, If you, Ld:e ‘:hn:
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TESTING TRANSISTOR SETS

advice about splitting up the dreuit into scparate stages wo
literally you may nullify these aurangements and upact the
normal working of the receiver 10 an even greater extent than
the fault itself has done!

For example, breaking ofie connection in a reflex drcuit
could leave the set stll working—alfter a fashion—but ‘with
the amplification cut down tora small fraction of normal Jevel

So the first thing to do is to take a quick look at the
circuit diagram and-scc whether there are” any cssential inter-
acting links between the different stages. Look for reflex sys-
tems; note how the ave or agc is arranged; and sce if there is
negative feedback in the audio or output stages.

It is quite 4 good idea to make sure at 'the Sutset that
there is no fault in these arrangements. Avc systems can
sometimes give risc to {airly baflling symptoms, for a start. Ina
reflex circuit, failure of one unimponant-looking component
can have a most drastic effect on results. A negatile-feedback
resistor so small that you could overlook it will cut down
volumcsgreadly if it lowers in value. If, on the other hand, Tt
fises in value<it may cause quality of reproduction to deterio-
rate quite a lot.

Fortunately you can separate a drcujt into sections for test
purposes without literally cutting it up! You,can inject a signal
at the‘input of a stage, and intercept it at the output of that
stage, without necessarily disconnecting anything. But this de-
peads. to some extent on the nature of the test ‘equipment
available and the design of the set.

Having made sure that the fault or Taults cannot be found
in any interacting links such as thuse mentioned above, you
cargo right ahead with stage-by-stage 1esting,

Suine people prefer to.start at the acrial end ‘of the circuit
and work towards the loudspeaker; others prefer to check the
output stage first, then the audig stages, and so on, working
back through the detector, i-f, frequency-changer or mixer
stages to the aerial tuning dircult.
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CHAPTER Ib

T ransistor Power Supplies

The necessary power for transistor sets«can be obtained either
from battery or mains sources

The majority of ordinary transistors at the present time
are very modest in their power requirements. Some will work
on voltages as low as one-and-a-half; the majority however
need about nine volts to perform normally; and some kinds
arc designed for higher voltages.

Several types, and many sizes, of dry battery can be had for
transistor sets. Most of these are stocked by local radlo dealers
and you should have no difficulty in getting replacements for
your own set, for any scts you may be repairing dor other
people and for any constructional projects in the transistor
category such as the circuits described in this book,

First there is a wide runge of ordinary dry transistor bat-
teriea.q in varioud sizes and weights. If there is space in the set
to accommodate it, and you do not mind a small increase in
weight, you will find it much more economical to use a large
9-volt battery rather than a very small one. The bigger battery
will cast a few pence more, but jis life, at the same discharge
rate, will be far longer and therefore it works out much
cheaper

Apart from ordinary dry batteries, there are various special
types, both rechargeable and non-rechaigeable. Cadmium
nickel cells-come in the rechargeable calegory,

A wide range of cells and batteries for vagjous purpoacs,
including trandstor radio receivers, tape recorden, amplifiess
€ty comes in the Mallory series, consisting of mercury types.
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signed o run off the ca

portable wse withy el

when the sct is not required in the
The great advaniage battery operatio

of course that this type power-supp}

‘ Y Makes the g mu,;
sell-contalned and completely portable, yi,

b
ly
4 Can use it any.

mobility of the set. Yiou can only y
is a mains outlet gy nlable,

It is quite practicable however, 1o arrange mattery g
that there is ice of baltery or imains umjy
deair

Malns power-units v; aly in design, There are all
kinds from extrenely dmple, unregulated ones te quite com.
Plex types with elaborate volmgn-mgulnﬂm arTangements.
Indecd, some of these e, to employ a larger number

e devicrs xi¢ reatificrs, zencr diodes, transistors,
cic.—than are in the average Teceiver itself)

The usual kind. of rec mployed howadays in i
supply units is a silicon diode of suitable design; or a com-
bination of these. i nfiguradon,

rcuits it is 4 to use a surge-limiting re-
NStOr in series with the con rectifier. A 1,000 pF fixed
caj a=¢ working voltage rating is con
hected acrom the recy so for protection purposcs

Diagrams Accompanying this cliapter will give you some

typical power supply ugits designed for use with tran-
sistor equipment,
1aps the simplest pomible mains Powes.supply unit, com-
patible with reasinablc safefy, is the circuit shown in Fig. 18-1
(There are dangerous 'Ypes that are simpler still; bur we wi
lorget aboug them ) Fig, 18.2 employs two diodes.

110

ion ay

TRANBISTOR POWER SUPPLIER

ntly more elaborate kind, Is shown in Fig. 18-3. This,
A slig

sce, employs four diodes in a “bridge” arrange-
as you can 3

m':L ifiers can be ether full-wave or half-wave. Valiage-
g

geme another posaibility; but with
doubll an its cotstitule ano onsd
lil“n :Tl:lgu nonnally wed in the majority of ¢
::li::uiu voltage-doubling may not be necded.
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CHAPTER 1%

Chasses, Cases and Cabinets

or scts, the conventional metal chasdsshas been very
largely superceded by printed-circuit boasds. One cannot very
casily combine the two, though it s possible,

The alnwence of an earthed metal chasis, with its inherent

ing effects, may tend to make a set lew st and the
will need to be w eful
for this loms of screening.

In short-wave drcuits, unother shag arises, namely, the
ten for hand-capacity dfccts 10 become troublesome if
there is no metal screening, The [ront panel is the critical
factor here, but you can provide an carthed screening effect
without having an actual sheet of metal for this panel

Plain printed-circuit board, copper-clad on fts rear surface,
lends itsell weil to this use. As the majority of transstor scts
are so much smaller than corresponding types of valve re-
ceiver, the front panel necd not be a large one, and therefore
the cost of the printed-circuit board for this purpose will not
be unduly high

A convenient point about it is that earth-returns can be
soldered direct w the copper surface behind the panel if de-
sired. The non-metallic front surface can be treated in any way
you like. It can be enamelled in any desired colour, and while
the cnamel is still very slightly tacky, lettering-transfers can.be
applied to it if you wish.

It can be french-polished like wood; or it can be lightly
sandpapéred with a very fine-grade sandpaper to give a pleay
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CHAPTER 20

Supplies and Suppliers

Shopping is ncarly as impofant in radio as it is in: house-
kecping!

There arc bargains io be had in the radio shop just as
there are intthe supermarket.

But to get the best value for money you'have to:be careful
and discriminating in choosing samiconductors, components
and accossories.

Where transstors are concerned, cut-price offers may in-
dudec 2 number of unmarked:and untested samples. Some of

may be virtually u vie; the price of the whole parcel
is usually based on this amumption, anyway. Maost firms adver-
tising such packages frankly state an eslimated percentage of
usabledtems in the collection

But the value you get [rom such asortments depends mosily
on your own testing-fagilities and your own enterprise or ig-
genuity
1¢ cut-price transistors arc partially faulty and cannnt
be used as transistors at all, but, using two icad-outs insicad of
three, will form perfectly good diodes.

In other cases, the transisiors may be good but unmarked,
and have to be identificd as best one can; how accurately this
can be done depends largely on one’s.resources'in the way of

andk 5000,
0 mally one comes acruss cheap tramsistors that are

incorrectly marked, by inadvertence. These can be very baf-
fling, unles is prepared for the powibility. If an alleged

PNP- transistor definitely will not work at all, always check It
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Mullard Ltd., Mullard House, Torrington Place, Lamdor

w.C.l.
lewmarket Transistors Lid., Exning Road, Nev

Suffolk.
Sinclair Radionics 1
There are also, of , a aumber of

semiconductor manufact those products are ;-
ctes ., ind they, o« uscfu) technical

data from time to time.
Such publications are often announced or described in tech-

pica! journals such as the Wieless World
Some of the bookicts give very 1

apj ns—i.c., which types récommendcd for {-m re-

cei hich ty put stages, which types arc partic-

and so on.

{ the transistoss themselves is

¥2 Newmarket iridg
rican

he n.
tndicated, waclher
NPN, and more precisely whether they are, say,
or silicon planar cpitaxial; and, most important, the identity
of ad-out wires & usually shown in clear d  viewing
the transistor from its updenside.

The first reaction of a beginner when confronted with 2
ehensive list of transistars is likely to be utier bewilder-

There are thousands of different type-pu how
one start to select a suitable transistor for any given

€ gc-m.mium o *i?ifon. E’NP or
ilicon planar

sc? -
Well, firt of all onc must that the choice s not
nearly as wide as it Jooks. Differenst manufacturess usc if-
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~aumbers for i, i
transistor, Even in e range ;)md:—vm:;”:nmc »
are often 'severy| diff. hich give 4 o the
in any ordinary cirey;;. Y similay
It is only in the case of {
ice may be extremely crucia
fe s virtually only one type oF which & id,,
the job, and no substitutions or cquivalents are Practicabye
One of the most difficult problems jn WTiling |
o the subject of transistors or other scrpy nductors js mi—:-m .
When new types of scnﬁcondutmr, offering special .1dv:-mr
ages and design facilities noy found ih carljer tYPes, first come
on the marker €Y are apt 0 be expensive, In special
Stances, the price has been prohibitive a first; but afterw
with increased mass produttion and wider use, it has fallep (o
a level well within the reach of ¢ average amatey

gory of “latest” types.

Due 10 this time-lag, if one writes about 1
sistors the information one gives may be of ac:
only, as far as the majority of amateurs are concerned.

If one writes aboug the types that are available at extremely
low prices and in plentiful supply, one s open to the criticisn
that the information is about outdated stuff thay the makers
have ceased 1o produce!

A very large proportion of queries that radio wrilers get
from readegs are abouy supply problems. Substitution of alt

lath tan,
interest

.

prepared for some difficulties in this direction. Simple basic
circuits, however, are usually quite docile to deal whh.
Although there are so many diffcrent types of transistors,
and prices vary o greatly, some ¢ cllesit fip-to-date types for
the majority of applications are available from reputable
sources of supply at very reasonable prices
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2 I
should be able to get suitable semiconductors for most,
You shou

al, | {rom ope or other of the

rmal, purposes . ; '
[:;‘:213:: regularly in the leading radio lechm‘:hou]
frms th:'[ is of course up to you to ensurc that your S
- : le:mvea for any particular set, but it is up )

~ 13 ::; make surc that each transistdr is up o the specie
BPPY ated in his own publicity

e s!}-':‘:: ;ﬂ g:nnuﬁ:; m‘:nphint of failure to d_o tHis on the
= Z:fm n advértiser in one or other of Lhc lcadmgﬂ |muhnmu
m;}:yo'u will generally find-that the journal w P

i d them accurate and com;
tter on your behall if you sen R

jou
:;:::1 Jdct:ils as smon as posible after !
qug!m:- ts of firms nowadays supply ILnicincq:;;xsr;c:;,
d it is impossible to give a representative tin s
. flable. So we must be content with mmuonmi - n
n“'lc;\l examples and referving you to advertisemen
Wm‘;‘miul press, directorics, -etc., for the many othcub.u 3
For complete kits of components, thh. \sh:{h ;) Gbuc;gdn:
sistor sets, test-gear, etc,: Daystrom Limited « y—
Their free illustrated; catalogue shows the tange
vailable. -
l’ﬂ’;’rul'mscpmmcnui glu: components of ail kinds, accesoric, u-stu:u;;
- .. Home Radio (Components) Lu‘m =
tbr;lnmnrj‘ Comprehensive ¢atalogue can be bought for a
tL— . -
illings time of writing. ) :
Shl;{ms-':;‘;;]h;nm transisiors, test cqu’ipmmn_ti_ ;:c u::’c
or 3 - .
Electroniques (Prop. STC) Limited, in the o b
{ Harlow. Comprchensive cala]ogx.lc can e
Sm;P- (:rnmison diodes, and ather .st:rm(.‘t:hndu;d:u;m;i'uc 2
E lcc‘:;onic Components Lid. Brtnnvoc.»d. nBedm.su. s
o . Bi-Pre-Pak Limited of Wcstchﬂ:-q . ,um' -
Bglmn"c Cc;pomtion Ltd. of London and Littichampton;
Acoust) {
many others. e
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ve use these i
FHIEE from Ume to time and:shouylq always he .—u::.,_.':;b

! up-to-the-minute sources such a5 | vertisem

. N 5 latest adven,

telephone directories, trude or-other reliable Bl
o,
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