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INTRODUCTION

_}q ryl:asing como-lexiry of electronic equip-
ment has forced manufacturers to concentrate dn
fgTlp_q" size.of their componenli wittrout any
reductron in performance.

Miniaturization has been achieved not only by
.using- smaller versions of standard Components
but also by the invention and discoverv'of the
ne1 types_ of components and new lssembly
methods. Foremost amongst the hundreds of new
components is, of course, ihe transistor which not
only reduces the size and power requirements of
gquipment but at the same time gavei tremendous
boost to the research in semfconductors as a
whole. This research has resulted in semiconduc-
tor switches, transformers, power reclifiers, voltage
controlled variable capacitors and newer ai'd
better types of amplifiei- Most of these compon-
ents have yet- tq be exploited to any large degree
but maly. of them show tremendous 

-prom-ise,

especially in the fields of higher power anb trigtrei
frequency devices where the tradsistor has liriita-
tions.
- Tltr maj-or recent change of construction method
lrgs be-en the-acceptance of printed circuit boards.
Nowadays almost every radio and television re-
ceiver produced uses lrinted circuit boards and
their use in ind3stry is still more far reaching.
The reason for this swing from conventional wii-
ing is simple to understand. The new method
offers simplicity and uniformity in construction,
more compact - assemblies and considerably
reduces the number of rejects. In the futurc it
will afsg nrovide .a method of cheaply and
accurately constructing many types of ioinpon-
ents. Switches, resistors, cailacitors, inductances
and pote-ntio-meters are alrebdy being made to
remarkably close tolerances.

Still more compact methods of construction are
now -being used and developed. The micro-
modular system, now used in 

-the 
Unitcd States,

offers tremendous possibilities for the automatic
construction of extremely small and robust pieces
of equipment. In this sistem all the compdnents
are made about a third of an inch squire and
wlth a thickness varying between a tweitieth and
a hundredth of an inch. The contacts are brought
out to the rim of the disc. fn construction lhe
required components are piled on toD of one
another in the correct order-and connections made
between them by selectively coatins the sides of
the resultant block with a conduclve material.
Using this system the stationary parts of a radio
receiver have been made harilly larger than a
sugar lump.

A still more compact system is now under de-

velopment both in Great Britain and the United
States. - In this system, which is usualiy relerred to
as soltd. grcuitry,- all the components are formed
ln a sotrl prece of semiconductor, usually german_
lum:.only about the size of the head of f match.
rn tnts Uny space a unit containine 20 components
has already been made with considerable iuccess.'lhe degtee of miniaturization iust described
staggers the imagination and may'appear to be
carryrng lryngs ? little too far. Hori.6ver, when
one consideru that many of the compuiers of
today are already extremely large and t'tat those
of tomonow will probably be liundreds of times
as complex such a method appears not only usefut
but eventually essential. Noi need this d6gree of
compactness be considered an ultimate, o-ne has
only- to look at the minuteness of an inslcl which
would require literally millions of components to
srmulate its functions accuraGly, and oie realizes
that we are making something compari*viiy
clumsy.

As tar as domestic electronic equipment is con-
cerned, qlniaturization has been u'sed, but only to
q rather limited extent. The smallesi radios oro-
duged in this country are often cafeA- p-dtit
radios pV t1e yaanufa6turers. This they niay be
if one is- referring to overcoat pockets but nevor-
tnetess they are too Iarge to be carried comfortably
in a normal.pocket. -fn_my opinion, a true pocket
radio should not only fit into almost any iocketbut should fit e-asily iraking ng Uulgi anf tiaving
enough space for carrying other, possibly more
essential. things. In this book I hbve ddscribed
several receivers in this category as well as some
slightly larger sets. Some of 

-the 
sets descri6ed are

extrcmely novel particularly the extremelv small
radios. Despite their reduCed dimensions-all the
radios give sufficient output to be heard comfort-
ably under the conditions for which thev were
designed. Most of the circuits have never been
published beforc and were developed and tested
in the Bernards Laboratory. Tlie components
used are all obtainable thanks to the verv kinC
co-operation of the manufaiturers concernld. If
you have any difrculty in buying whatever com-
ponents you require_ your best plan is to ask your
local supplier to order them fof you. If. for some
reason, he is unable to do this 

-you 
should write

to the manufacturer concerned who will either let
you know where the components may be bought
or will agree to supply them direcflv.
^ Where a. partlculaf make of compo-nent is speci-
fied you should, if possible, use that component
because that was the type used in the pro-totype
and others may prove unsatisfactory.
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OIIAPTffi, 1
Teohniques used in Home Constructed Beeeivers
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If one is designing or building a subminiature
radio or other piece of electronic equipment there
are three basic ways in which space can be saved,
First of all, there is the most obvious way, using
smaller components. Secondly, one can use a more
compact form of assembly by carefully designing
the set to leave as little empty space as possible.
Finally, and perhaps most-important of all, an
economical circuit can be used. That is to say,
using a circuit which obtains the results normally
expected from a radio of its type but with fewer
than normal components.

Simplifying circuits and obtaining the maximum
performance from a limited number of compon-
ents is an intriguing pastime. In this the home
mnstructor has far greater scope than the manu-
facturer because he can afford to spend more time
making critical adjustments to the finished radio.
For example, a regenerative receiver cannot norm-
ally be put on the market because it requires fairly
careful adjustment each time it is used, but for the
home constructor it is frequently ideal because of
its high selectivity, sensitivity and low cost.

For our purpose the various types of circuits
that could be used may be separated into six divi-
sions : - Crystal sets -- including crystal sets
with audio amplifiers; -regenerative receivers -
meaning receivers in which the first transistor is
a regenerative detector; reflex receivers - mean-
ing those receivers in which one or more tran-
sistors act as both R.F. and A.F. amplifiers; T.R.F.
receivers - meaning, in this case, sets with one
or more stages of R.F. amplification but without
any reflexing; superhet receivers and finally the
super'regenerative type of receiver.

We will deal with each of these types individu-
ally to decide which purpose they are best suited
for and what their particular merits and demerits
are.

The crystal set is simple to build and requires
no alignment. It gives first class reproduction and,
when suitably designed, can operate on almost any
band. On the other hand it lacks sensitivitv and
selectivity. The lack of selectivity is not so import-
ant as it might seem because sensitivity is norm-
ally such that only two or three powerful stations
can be received and with a well designed coil the
set should separate them completely. The Iow
sensitivity is the main disadvantage and severely
limits the areas in which the crystal set cap be
used successfully. In a very shong signal area
it is sometimes possible to receive stations well on
only a ferrite rod aerial, but normally a good ex-
ternal aerial and an earth are required. When
a fixed receiver for the home is all that is wanted,
the csystal set may often be verv useful, especially

for children, because of the safety and simplicity
of operation.

The regenerative receiver has long been popular
with the home constructor. For use in subminia-
ture receivers it is almost ideal because of its
extreme simplicity. It lends itself well to very
small self-contained receivers because it works
well with only a very tiny ferrite rod aerial. Using
a regenerative detector in the first stage a receiver
operating a loudspeaker need only use three tran-
sistors and as only one of these is an R.F. type
the cost of building such a set is very low. The
main disadvantage with a regenerative detector
is, of course, its tendency to oscillate if improperly
controlled. This means that it must only be used
by someone familiar with the properties of regen-
eration. When a high degree of regeneration is
used the quality of reproduction begins to suffer,
however, in a pocket set this is usually unimportant
because of the limited frequency response of the
speaker, but it makes this type of circuit unsuitable
for use in radio tuners for feeding tape recorders
or audio amplifiers. Preset tuning cannot. be used
because the tuning is invariably slightly depen-
dent upon the position of the regeneration control.

Another type of circuit has recently emerged
to challenge the regenerative detector for
supremacy in small homc built receivers. This is
the reflex whioh although originally invented many
years ago for use with valves, is only really satis-
factory when used with transistors. The principle
of the reflex circuit is a simple one; The incoming
R.F. signal is amplified by the first transistor.
demodulated in the normal wav bv a diode and
then fed back to the first transiitor-for amolifica-
tion at the audio frequency. To increase the
sensitivity of this type of set, R.F. regeneration is
frequently used, particularly in very small receivers
where the added sensitivity is required to
compensate for the small size of the aerial. At
first sight it might appear that there is little
difterence between ,the regenerative detector and
the reflex types of receiver, however, the reflex
does, in fact. have several important advantages
which will be apparent when the difterent types
of receiver are discussed and described in detail
under the section devoted to the circuits themselves.

All the types of receiver so far described are
strictly speaking T.R.F.'s, but for the purpose of
this book the term T.R.F. has been given a
narrower definition. This has been necessary in
order to be able to classify the difterent types of
receiver and give the reader an understanding of
their most useful application.

As far as we afe concerned then, a T.R.F. is
that type of receiver which employs one or more
stages bt n.f. amplification without using reflex
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or regenerative detection techniques. To obtain
satisfactory reception, using only in internal aerial,
wlth such a receiver, at least two stages of R.F.
a-mplification are re,quired. This meins at least
thrq.vqriably tuned-circuits the variation being
provided by a,!un!ng condenscr having three or
pq!-e garlgsl Such a component would be too
bulky to include in a submiiriature receiver which
is what we are concerned with here. On the other
hand, if a fixed receiver is required. either as a
self-contained unit or tg fe"d a separate tape
recorder or amplifier, then the T.R:F. may be
useful for an aerial can be used and only a single
R.F.. stage wilJ be needed. The quality'of repro-
duction in such a circuit will be first clais although
the selectivity may leave a little to be desired. 

-

Rgr tlp it ma-y be seen that the only really
useful application for this type of set is as a fixeil
A.M. tuner or receirner whbie rather more sensi-
tivity -is required than a crystal set plus aerial can
provide.

The superhet, next on our list" does not, in its
normal fonn, have a great deal to ofter to the
constructor of subminiature receivers. Transistor
superhets usually-consist of a frequency changer
and two. stages of I.F. amplificatidn foilowed ly
the usual delector and audib amplifier. This tvDe
of circuit uses, in addition to the aerial coil,-in
oscillator coil and three tuned I.F. transformers.
These coils make true subminiaturization virtuallv
impossible with presently available componentJ,
so there is little point in discussing the circuit in
any detail. Any readers who arb interested in
transistor superhets will find a detailed discussion
of them in " Transistor Superhet Receivers "
priced 7/6d. which is also published by Bernards.

Despite the uselessness of the normal superhet

Until quite recently the home constructor who
built transistorized equipment was forced to use
comparatively bulky components as subminiature
equivalents were not available. The situation has
now improved considerably however, and a wide
range of tiny components can be obtained quite
easrlv.

Aerials and Coils
Because the coil requirements vary so consider-

ably from one receiver to anoth6r they must
usually be home made, Fortunately ferrite rods
are readily available and these are ideal both for
ferrite rod aerials and for small coils having high
Q's. Ferrite rods are usually available in diaiteters
of t', $", and l" and in slabs having a cross
section of |" x,5132". The length may be any-
thing from 4 to 8 inches. For very small receive?s
a shorter length of rod is usually required and the
rod may be divided as follows:

GIHAPIEIE 2
Components usod in ffomo Oonstrrrcted Boceivers

in subminiature construction, the superhet prin-
ciple may be usefully employed in 

-unorth6dox

circuitry. For example, one of the main dis-
agvalt?geq of the regenerative detector type of
circuit is the dependence of the level of regenera-
tion on the frequency to which the recerver ls
t-uned. This may be overcome by preceding the
4etector by a fr6quency changer which will-give
between 20 and 30db. extra gain as well as
enabling the use of a pre-set regeneration control.
The frequency changer also isolates the detector
from the aerial thereby reducing the possibility of
causing unwanted radiation.

Those constructors who are more interested in
the short wave and V.H.F. bands than in the
ordinary broadcast bands will probably find that
_the super-regen. is the answef to their prayers.
Not only is the super-regenefative receiver the
most sensitive type of circuit, exceeding the super-
het quite easily in performance, but it also uses
few components and is simple to build.

It is, of course, not withbut its difrculties, but
these are mainly matters of adjustment and design
rather than construction. When we come to discuss
the circuit in detail further on in the book, we
will find that there are two main types of super-
regen.; the linear and the logarithmii. The la:tter
is simpler to build and construct and has several
very useful features but the quality of reproduc-
tion is rather poor limiting its use io the dmateur
bands where higb fidelity is unobtainable whatever
type of receiver is used.

The super-regen. is particularly useful on the
F.M. band where its high sensitivity and broad
tuning are a tremendous advantage. At these fre-
quencies the superhet is the only real alternative
and for subminiature work this is completely ruled
out.

Saw or file a groove on either side of the rod
at the point at whlch you wish to break it. Now
firmly grip the two ends of the rod and snap it
in two. Remember that ferrite is extremelv brittle
and will shatter if dropped onto a hard iurface.
For the aerial the ferrite iod should be as long and
as thick as the case will allow as the signal pickup
is dependent on the size.

When a small aerial coil is required for use with
an external aerial a subminiature I.F. transformer
may be used. These are usually tuned by means
of an internal fixed capacitor of 200p1 which
should be replaced by a variable capacitor having
a similar value. With this arransement the circuit
will tune over the entire mediuri waveband. The
size of this coil assembly may be reduced by re,
moving the surrounding ferrite parts but if this is
done the maximum value of the tuning capacitor
must be increased to compensate for ihe l.xs of
inductance.
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Tuning Capacitors
U-nfortunately, few small tuning capacitors, such

as those used by the Japanese, are yet available.
However, this difficulty can be-overc6me by using
the postage stamp type of compression trimmer,
which, as its name implies. is sufficientlv small for
use in subminiature ieceivers. These trimmers
are available in values up to about 700pf but for
medium wave use a 250pf type should be sufficient.
The trimmer is supplied with a 68.A screw
through the centre an^d turning this screw raises
and lowers the plates and thus varies the capacity.
To attach a kriob the screw should be reblacdd
by a longer one of the same size thread. io the
end of this can be bolted a disc of perspex or
similar plastic which, when turned, will now con-
trol the capacity.

In rrery small sets it is often preferable to avoid
the use of a tuning capacitor by using a fixed
capacitor and making the tuning coil variable.
This can be done by moving a piece of ferrite or
dust-iron corc up and down inside the coil, thereby
varying the inductance.
Rmistors

Because of their large size, normal $ watt
resistors are unsuitable for really small cohstruc-
tiog. Tley are also unnecessary because the
resistors in a transistor set are rarily called upon
to dissipate more than a few milliwitts of power.
Fortunately very tiny resistors are now av-ailable
from Ardente Limited, under type number 2.1806.
These resistors are rated at I [20th of a watt at
80" C., and are really tiny being only 0.2 inches
Iong by 0.063 inches in diameter. Their tolerance
is -* 10% and they are available in the following
values:
56-82 100-820 lK-8.2K l0K-82K l00K-270K
ohms ohms ohms ohms ohms

100 lK loK 100K
120 l.zK r2K 120K
150 1.5K lsK l50K
180 1.8K l8K l80K
220 2.2K 22K 22AK
270 2.7K 27K 270K
330 3.3K 33K
390 3.9K 39K

56 560 5.6K 56K
68 680 6.8K 68K
82 820 8.2K 82K
These resistors may be used for all the circuits

in this book without being overloaded.
Capacitors

The input and output impedances of transistors
are low when compared with those of valves so
that coupling and decoupling capacitors musl
havo much higher values if the lower frequencies
are not to be attenuated. However, the working
voltages are considerably lower so that the capaci-
tors can still be made in very small sizes. As a

rough guide, the coupling capacitor botween two
common emitter A,F. stages should have a value
of about 2 mu.f. With this value there will be
a 3db loss due to the capacitor at 80c/s. In small
sets, however, the bass ftequencies are lost anyway
because the speaker or earpiece used is generally
incapable of reproduction below about 300cls.
This means that a 1 mu.f. or even a 0.5 mu.f.
capacitor could be used if this gave any advantage
in size. One of the most important capacitors in
a transistor set is the battery decoupling capacitor
which is connected across the battery to counter-
act the effect of the internal resistanie rising as it
ages. As large a value should be used for this as
is possible.

For the radio frequency coupling and decoup-
ling capacitors values of between 0.001 mu.f and
0.01 mu.f. are usuallv used. These values can be
obtained in small 6izes using either paper or
ceramic as the dielectric. If necessary a value as
low as 200pf. may be used, without too gleat a
loss, when coupling between R.F. stages. This
may be helpful when space is very limited because
extremely small 200pf. capacitors are available and
are used in transistor f.F. transformers.

Audio Transfomers
To obtain the maximum gain from a cascade

A.F. amplifier it is necessary to match the output
impedance from one stage to the input impedance
of the next. The gain achieved using this form of
coupling is aboui 40db (power) compared with
about 20db when R-C coupling is used. The A.F.
transformers norv available are so small that there
is little to choose in size between transformer
coupled qnd R-C coupled amplifiers having
similar gain. As the former is usually cheaper,
however, it has an advantage. The use of a trans-
former does introduce some distortion.

The usual turns ratio of an interstage coupling
transformer is about 4.5 : I but it may be as-high
as 5 : 1. The inductance of the primary must be
high and as this is reduced by the current flowing
through it the collector of the transistor which it
provides the load should bo operated with a cur-
rent of not more than about O.5 ma.

The main manufacturers of subminiature trans-
formers are Ardente Limited and Fortiohone
Limited. For interstage coupling the follbwing
types are suitable.
Manulacturer Type No. Size in Inches
Ardente Ltd. D.l0l 0.43xO.72xO.52
Ardente Ltd . D.217 0.43 x 0.72 x 0.52
Aidente Ltd. D.239 0.4t x0.72x0.52
Ardente Ltd. D.1013 0.315 x 0.53 x 0.425
Ardente Ltd. D.l00l 0.315 x 0.53 x 0.425
Fortiphone Ltd. R.l 0.348 x 0.375 x 0.375
Fortiphone Ltd. R.11 0.348 x 0.375 x0.375
Fortiphone Ltd. S.l 0.25 x 0.375 x 0.375
Fortiphone Ltd. S.5 0.25 x0.375 x 0.375
Fortiphone Ltd. 2.1. 0.25 x 0.375 x0.275



In all thc above transformers the primary has
ir greater D.C. resistance than the seiondary and
in case of difficulty this will enable vou to riecide
which of the two windings is which.

Subminiature output transformers are also
readily available but these depend to a far greater
g1lent on the circuit in which'they are to bd used.
When an output transformer is 

-required 
in the

circuits described in this book, the tvbe to be used
is specified and should be adhered'tb if possible.

Great care must be taken when using more than
one transformer in a compact piece of equipment
to prevent coupling between tfiem. It ii biest to
separate the transformers from one another as far
as is possible and to mount them so that their axis
are at right angles.

Volume Contnols and Switohes
Opg of the biggest problems in subminiature

work has been the purchasing of sufficientlv small
volume controls ahd switches. Now, however,
suitable types are readily available.

-The normal typ-e of volume control consisting
of the carbon track mounted in a metal cvlindei
and controlled by a knob on the end of a ioindle
is far too bulky for our requirements. Fortuirately
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VOILT]ME OOIYTR(XJTI

two other types are now on the market, the cir,
cular rim control Epe such as those usuallv found
in hearing aids, and the straight sliding tyfe. This
latter. type consists of a tf,in straig-ht- itrip of
resistive material with a tinv knob mounted 

^on 
it

which can slide backwards and forwards to form
the control. Because of its slim construction it
takes up very little space. Both of tlese types are
available with or wiihout switches. In some sets
a volume control is not used either because the
set is very small and there is no room for one or
because the output level is not high enough to
warrant it. In this case some means will be re-
quired for switching the set on and oft without
using a volume control. In some circuits it is
possible to switch oft the set merelv by disconnect-
ing the earpiece. When this it 

-noi 
possible it

may be necessary to make your own switch
because most of those available are a little too
large for the type of application that we are con-
cerned with. One fairly simple way to do this is
to use a screw which passes through the outside
of the case and when furned so that it moves in-
wards bridges tle gap between two contaots
thereby completing the circuit. The table below
gives a representative selection of the components
now available.

Manulacturer
Ardente Limited
Ardente Limited
Ardente Limited
Ardents Limited
Ardente Limited
Fortiphone Limited
Fortiphone Limited
Fortiphone Limited

Type Number
v.c.1041
v.c.1126
v.c.1150
v.c.1226
v.c.r383
P.S.S.1
vs.26
vs.32

Size (Inches)
0.68 dia. x 0.17
0.68 dia. x 0.17
0.9 dia. x 0.287
l x . l 2 5 x , 2
. 8 3 x . 1 2 5 x . 2
1 . 1  x . 1 6 x . 0 6 5
0.45 dia. x 0.112
0.312 dia. x 0.15

Preferred Value(s)
IK to lMeg ohm
lK to lMeg ohm*
lK to 3Meg ohmf
5K to 3Meg ohm*
5K to 3Meg ohm
50K semi-log.r
50K semi-log.
50K semi-log.r

r Indicates that the volume control is complete with switch.
A very neat and fairly small switch is manu-

factured by Ardente under type No. 5.1100. This
has a diameter of half an inch and an overall
depth of only 0.09 inch. It is a single pole, three
position type and could well be used as a wave-
band switch in a multiwaveband receiver as well as
an on-off switch for the set as a whole. The type
of construction adopted allows several switches
to be stacked on top of one another. Control is
by means of a slot in the centre which mav either
be- op,erated with a screwdriver or by aitaching
a knob to it.

Louilspeakers
The loudspeaker is probably the most critical

component _in a small receiver because the per-
formance of the set depends so much upon it. As
the size of the cone decreases it beconies harder
to obtain a satisfactory performance at the lower
rrequencies. Furthernioie, the sensitivity of small

speakers tends to be poor because a small magnet
has to be used. Now sensitivity in the speaker
means that the power dissipated by the output
stage has to be increased, which in turn, means
an increase in the size of the batlery. Fortunately,
there are now five different types bf speaker on
the market with performances high enough to
fulfil our requirements, these are listed below.

W. B. Stentorian Model P2.585 - diameter
2.5 ins., depth 0.881 ins., handling capacity
300mw., impedance 3 ohms.

This speaker has a plastic chassis which means
that a ferrite rod aerial can be mounted behind it
without being damped or shielded ftom the signal.

W. B. Stentorian Model 5.175 - diameter
1.75 ins., depth I in., handling capacity 2fr)mw.,
impedance 3 ohms.

The obvious advantage of this excellent little
speaker is its very small diameter but the sensi-
tivity is less than the P2.585.
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TSL-Lorenz Model LP.70 - diameter 2.75 ins
depth 1.1 ins., handling capacity 500 mw., impt
dance l0 ohms.

This speaker has the highest sensitivity and best
frequency response of any miniature speaker on
lhe market.

TSL-Lorenz Model LP.31 - 4 x 1.5 x 1 inches
deep, handling capacity 500mw, impedance
3 ohms.

The unusual shape of the LP.3l makes it very
useful for pocket radios having a size of about
4 x 2.5 inches.

TSL Model CMS50 - diameter 2 ins." depth
0.625 ins., handling capacity 50mw., impedance
150 ohms at 800 c/s.

This is a completely new type of speaker which,
despite its extremely high sensitivity weighs only
about one fifth as much as a comparable electro-
dynamic type. When used with a correctly
designed circuit no output transformer is required
which means a considerable saving in space and
expense. The speaker, which has a D.C. resist-
ance of 50 ohms, is connected directly into the
collector of the output transistor. If a push-pull
output stage is required then the single ended class
B type should be used, again without an output
transformer. For a really pocketable radio this
is the only speaker that can be used because the
depth of all the others means the set has to be at
Ieast an inch which is rather too bulky. A leaflet
on this and the other TSL miniature speakers is
available from Technical Suppliers Limited, Hud-
son House, 63 Goldhawk Road, London, W.12.

However, it should be noted that the CMS50 has
now replaced the CMS250 described in the leaflet.

The prices of the speakers mentioned above are
as follows:

P2.585 -2216d.
LP.70 - 25l8d.

s.1.75 - 2516d.
LP.31 - 2417d.

cMs s0 - t7lnd. LP45F - 2518d.
(see later chapters)

Plugs, Sockets anil Earpieces
As very small radio sets are usually designed

for personal use, that is to say for only one person
to listen to, there are several advantages in using
an earpiece of the type used in hearing aids rather
than a loudspeaker. Of course, an earpiece can
be included in a loudspeaker set but an earpiece
only set has several special advantages which may
be listed as follows : -

1. Smaller size and weight.
2. Lower cost.
3. Better frequency response (200 to 4O00

c/s may not seem very good but it sounds
excellent on an earpiece).

4. Lower battery consumption.
One way of getting the best of both worlds is

to build an earpiece only receiver and an add on
unit containing an output stage and a loudspeaker.
In this way the earpiece receiver can be used
when travelling and then clipped or plugged into
the speaker section at home.

Both Technical Suppliers Ltd. and Fortiphone,
make a range of earpieces and .these are listed
below.

Manufacturer Type No,

Fortiphone Limited Series T
Fortiphone Limited Series T
Fortiphone Limited Series T
Technical Suppliers Ltd. Series A Crystal
Technical Suppliers Ltd. Series B Dynamic
Technical Suppltcrr Ud. Series C Dynamic

Batteries
A wide range of small batteries and dry cells

is now on the market and the constructor should
have little difficulty in finding ones that suit his
requirements. The three most useful types are : -

Ever Ready power pack batteries.
Mallory Mercury cells.
Deac nickel-cadmium accumulators.

The latter might be a little difficult to obtain.
The Ever Ready batteries are fairly small and

their cost is low. They are available for 6 and
9 volts and are therefore suitable when a compara-
tively high voltage is necessary. Unfortunately,
like all zinc-carbon cells or batteries, their voltage
varies with load and time so that they are not very
suitable when a very constant voltage is required.

I
I
L

I

T

I

Mallory mercury cells can be obtained in a great
varietv of sizes down to the size of a shirt button.
Each cell has a voltage of about 1.34 which does
not alter significantly as the battery ages or with
the load. They are very small in comparison to
the amount of power they can deliver but they are
rather more expensive than the zinc-carbon type.
The Deac accumulators have a voltage of 1.25
which remains constant. The power they can de-
liver per unit volume is less than that of the
merculy cells but they are, of course, rechargeable
so this may not matter much.

The table below is by no means comprehensive
but I think it covers all the cells and batteries of
the above mentioned types which are likely to be
useful in miniature work.

Size

0.625 dia. x 0.414 thick
0.625 dia. x 0.414 thick
0.625 dia. x 0.414 thick
0.875 dia. x 0.4 thick

dia. x 0.3 thick
dia. x 0.3 thick

D.C. Impedance
Resistance at lKcls

20 50 (White)
60 120 (ReO

250 600 (Black)
I Megohm

1.5 50
7.5 20

0.75
0.75

Prtce

rglt
1913
19l3
1o/e
l0/5
r0l6
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Martmum
Recommended

current drainManalacturer Type
Ever Ready PP3
Ever Ready PP3
Ever Ready PP4
Mallory RMI
Mallory RM400
Mallory RM40l
Mallory RM450
Mallory RM625
Mallory RM640
Mallory TR112
Mallory TRll3
Mallory TRll4
Mallory TRlls
Mallory TR152
Mallory TRl53
Deac 50DK
Deac l00DK
Deac l50DK
Deac 225DK
Deac 450DK

Size inins.
0 . 6 8 x 0 . 6 8 x 1 . 9
1.03 x 0.68 x lo
I  x  l x  1 .95
0.62 dia. x 0.65
0.45 dia. x 0.125
0.455 dia. x 1.13
0.45 dia x 0.56
0.606 dia. x 0.225
0.620 dia. x 0.43
0.65 dia. x 0.6
0.65 dia. x 0.835
0.65 dia. x 1.06$
0.65 dia. x 1.295
0.45 dia. x 1.125
0.477 dia. x 1.693
0.63 dia. x 0.23
0.98 dia. x 0.226
0.98 dia. x 0.246
0.98 dia. x 0.334
1.65 dia. x 0.28

Voltage
9
9
9

1.34
r.34
1.34
r.34
1.34
1.34
2.6
3.9
5.2
6.5
2.6
3.9
t.22
1.22
1.22
1.22
1.22

3ma.
5ma.

7Sma.
100ma.
1Oma.

l00ma.
40ma.
20ma.
5Oma.
20ma.
20ma.
2Ama.
20ma.
40ma.
40ma.
5ma.

lOma.
l5ma.
22ma.
45ma.

Lrle
50 hrs. @ 2ma.

l10hrs. @2ma.

1000 M.A.H.
80 M.A.H.

800 M.A.H.
350 M.A.H.
250 M.A.H.
500 M.A.H.
2s0 M.A.H.
250 M.A.H.
250 M.A.H.
250 M.A.H.
350 M.A.H.
350 M.A.H.
s0 M.A.H.

100 M.A.H.
150 M.A.H.
225 M.A.H.
450 M.A.H.

M.A.H. stands for milliampere hours.

Transistors anil Diodes
Three different types of transistor are used in

the circuits described in this book. The different
types are:-

l. Alloy irmction.
2. Surface barrier.
3. Drift and alloy diffused.

The alloy junction transistor is the most com-
mon type and a great variety of these is available.
They are suitable for amplification at audio fre-
quencies and at R.F. frequencies up to about
5 mc/s. For R.F. amplification a transistor speci-
fically designed for this purpose should be used.

For maximum gain a transistor is used in the
common emitter mode in which case the current
gain will be beta. There will also be a voltage
gain because the output impedance is higher than
the input impedance but the value of beta does
give an indication of the gain likely to be obtained'
Thus a transistor with a beta of 50 would have a
higher power gain than a transistor whose beta was
only 10.

Transistors arc sometimes used in the common
base mode, usually when the frequency of opera-
tion is high in relation to the transistor's cut off
frequency. This is because a transistor can amplify

at much higher frequencies in the common base
mode than it can in the common emitter mode.
Manufacturers usually indicate the frequency cap-
abilities of their transistors by giving the alpha
cut off frequency or the maximum frequency of
oscillation. The former is the frequency at which
the common base current gain is reduced to 0.707
(3db) times its value at lK c/s. The latter is the
frequency at which the common emitter power
gain is reduced to one, that is, a power gain of
0 db.

Surface Barrier transistors are made bv Semi-
conductors Limited at Swindon. Thev 

-usuallv

operate at frequencies up to about 30 mc/s. or
rather higher than the average alloy R.F. tran-
sistor. They are very useful in small receivers
because their gain remains fairly constant down
to very low values of collector current and voltage
thereby reducing the battery drain. Their effici-
ency as detectors is particularly good and this
makes them useful as regenerative detectors.

Drift and alloy diffused transistors are designed
for R.F. applications and types are available vihich
will amplify at 100 mc/s. Their particular advan.
tage is their very high power gain which may be
as much as 50 db at broadcast band frequencies.
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OIIAPTEM S
Submintature circuitry techniques

- The _various types of receiver circuit that may
be used have already been listed and briefly des-
criQe4.In this chapt6r general circuitry techiiques
which apply to themlll will be c6nsidered in
detail.
ffansistor biasing and stabilization

For a transistor to operate, it must be supplied
with direct currents in the base-emittei'and
collector-emitter circuits (common emitter opera-
tion is all that need be considered here as bias
methods used in the circuits in later chapters are
generally confined to this system). As the tran-
sistor is a current amplifying device, which
provides voltage amplification merely because the
output impedance is higher than the input impe-
dance, it is usually necessary to design bias sources
to supply a definite amount of current rather than
a carefully controlled voltage.

The current flowing through the collector-
emitter circuit of a transistor will be equal to beta
times the sum of the base'emitter current and lco,
where beta is the current gain of the transistor
and lco is the leakage of current from the collec-
tor to the base. Unfortunately this leakage is
variable and increases rapidly with temperature,

making compensation necessary except in special
cases. Were it not for this the circuit of Fig. I
would be all that was necessary, but, with a rise
in 1co, the collector current will rise, increasing
battery drain and possibly exceeding the specified
limit of the transistor. As a rise in collector cur-
rent causes an increase in junction temperature, a
vicious circle may result in which the collector
current rises exponentially until the transistor is
destroyed. This dramatic suicide only occurs when
the initial collector current is high in relation to
the maximum for which the transistor is designed
but, with transistors as expensive as they are, the
possibility should be borne. in mind.

To reduce or negate the effect of the leakage
current two general techniques may be used; as
the effect of the leakage current from collector to
base on the collector current is proportional to
the amount that flows through the base-emitter
circuit, it may be reduced by connecting a resistor
between the base and ground, which amounts to
putting a resistor in parallel with the base-emitter
circuit thereby reducing the current flowing
through it. To compensate for the loss of bias
current, Rl would then have to be reduced. If,

In put.--*-l

F i g .  l .  U n s t o b i l i s c d  C o m m o n  E m i t t c r  A m p l i t i c r .
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formula:-

f a -

l 3

as it usua[y is approximately, the value of the
base-emittcr resistance is lK then a resistor of
this value in parallel with it will reduce the depen-
dence of the collector current on lco by half. As
the resistor would shunt the input there-woulcl be
a 3db loss of power gain and an overall reduction
ln mput lmpedance.
_ The second, and more effective, way to improve

the D.C. stability is to make the basti curreit de-
pendent on the collector current in such a way
that an increase in collector current produces 

'a

decrease in base current. This is achieved bv
negative feedback which, if it is not to result iir
a serious loss in power gain, is only effective at
D.C. The usual- methdd of achi6vine this is
illustrated in Fig. 2. The current is ihe base-
emitter circuit can be determined by the voltage
difference between these two electrodes. The vo-l-
tage on the base is sdt by the potential divider
across the battery formed by Rl and R2 and the
voltage on the emitter by the value of the collector
current and R4. If the collector curent beeins to
rise the voltage dropped across R4 will riie and
the potential difference between base and emitter
will be reduced. This will reduce the base-emitter
current which, in turn, will reduce the collector
current. As R4 is by-passed by Cl tbe degenerative
eftect at audio frequencies is iegligible. ff you see
a circuit- of this type, as you will ftequentiy, and
wish to know the collector current foi whii:h the
stage is biased is may be calculated by using the

VRr

R. (R' * R,)
This will only give an approximate answer but

it ls quite sufficiently accurate for normal purposes.
What is most interesting about this equatibn is that
it does not involve any of the parameters of the
transistor itself such as the currrent eain.

Whilst this circuit is excellent for iormal appli-
cations it is not very well suited to subminiaturiza-
tion needs because of the extra components it
requires; for although the resistors wil-l not take
up,a lot of room, the by-pass capacitor is liable
to be rather bulky.

When a certain amount of negative feedback
at audio frequencies can be tolerated the circuit
shoryg in Fig. 3 may be used for, although the
stability of Fig. 2 will not be achieved, theie will
be a considerable improvement over the nerform-
ance of Fig. l� Inst-ead of taking the bbse bias
directly from the negative side of the battery it is
taken from the collector of the transistor vii. Rl.
The cycle of events will now be as follows:- As
the collector current. rises the voltage dropped
across R2 increases, this reduces the base cuirent
which tends to return the collector current to its
previous value. This method depends upon the
value of the current gain of the transistor.
_ -Ig qimple girguils, where the battery voltage is
fairly low and the leakage current of the trans-istor

F i 9 .  2 .  S t q b i l i s c d  V e r s i o n  o f  F i g .  l .
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is high, the Fase bias resistor may often be omittedentirely. The collector current,,iifi tfi"o fi" unpre_dictable-but this wiil not uJuaiiy-min-ei-as it ismost untikety to be lq low tnui'tn" giii, il ;;rtserio-usty affecred, or high "nougl b iJril" "*..r-sive battery drain or damage to the transistor. Itmay, .however, result in ahpiitude ?is'iortioo otthe signal anil possibly i, aifi;r,-it J^'ror.",because -transistois are_nor!_lmear at low currentsand the latter becaus? th.e slc4;i;;i;jilli"*.""c
the. maximum possibie devntion permitted by thecollector current. The low "u.rint oon_Iinearity
i., of course, an advantgge and even an essentialfeature of the transistor'JuetraiiJui'*t"o"ievice,
:*l ir detectors, qi1gl. unA uuioiyo.li"qu"orychangers are being designed.

.I.t -is _sometimes possible to design a circuit inwhich the bias sunrjlies and stabiliz?iion co_pon_ents. of several siages u." iot"rrrtuirO-"*ltt uresuttant saving of pirts. Thfi;;;;ili ,h" .urcwith direct coripled^ circuits ano' "ii Ji, 
""iurpl",

are sho,wn latef jn ttris ctriptii uno"i-in! l".tiondevoted to coupling methodi.--

{lurent Levels
Wtlh normal circuitry ttre collector current of atransistor is set for the 6ptimum uuiil ioi'tlr" rvp"of performance required Uul, witt si6-iniutur.

receivers and allied_equipment, the powor con-sumption from the uatteiy nii to uJlJpt to a
TiniTuT and this becomei uJ*toi tii &lsia"ru_
!io.1 i_n determining the opiritin;.&;.il?r eachindividual stage. 

-

The collector current rg.ggire-d for optimum gainas an amplifier difters liftle betweii iransisiorsof s imil ar 
- 
mech anicai 

- 
colil_lr gtii; 

-6it'riay. 
varyby a:_much as a factor ot to uiiil,eii'tiior,rror.

ll9:ff9*! ,yp.". ror exampie, ;_;;r*"j;ikt
Juncrron transistor, srrlh as-thG OCZI givei maxi-mum current gain when the collector- cuirent is3 ma. whilst f surface barri;r-ir;Gioiiiu"s it,maximum gag for a current "i;Jt-3bd rnicro_amps. This does not mean tlat thiie trinsistorswill not operate at lowg! current levels however.Far from ii, the OCTI witt siiff t av"liooiiuin utonly 100 micoamps ana a iu*a"" 6urii"i truo-sistor, such as rhe SB344, *iti "piLi. *iii onryl0 microamps or gven lesi. At iffi;'i";'current
flyersl nowever, the input impedance is consider_aory nlgner than normal but, in a resistance_clpaf+y coupled circuit, this ftav oot ,i-"un toomucn toss ot power sain. In a transformer coupledslage the loss would-b" muctr moie iigninl"unt u.
lhT ryp" of coupting aepenal on tf,e'iiuo or
9ytput to input ippedanq in a transistor toi itsaovanrage over other coupling methods.

F i g .  3 .  A n  A l t c r n o t i v e .  M c t h o d  o f S t o b i l i s o t i o n .
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- Qytp-ut transistors, such as the C(72, are speci-
fically designed to maintain a constant current gain
up to a relatively high level of collector current
thereby reducing amplitude distortion in large
signal amplifiers. Since current levels in excess
of about 4.5 ma. are not often required or obtain-
able in subminiature receivers it is-rarely necessary
to use this type of transistor.

When a transistor is used as a detector it must
be biased in such a" way that the gain given to a
negative going signal is significantly greater than
that grven to a positive going one and for this a
very low collector current is desirable. If the
detector is to provide regeneration at radio fre-
quencies, however, a compromise has to be made
between R.F. gain and d-etector efrciencv. With
alloy junction transistors a suitable level ofcurrent
gain is about 0.25 mA and with surface barrier
uansistors about 100 microamps usuallv Droves
to be the most efficient level-

Because of their high efficiency at low current
and voltage levels, surface barriei transistors have
considerable advantages over other types when
used in subminiature work. Their exclilent R.F.
characteristics also make them ideal as R.F.
amplifiers and regenerative detectors.

Coupling Methods
Transistors may be coupled to one another for

cascade amplification in four different ways, r-c
g.oupling (resistance-capacity), transformer- coup-
ling"-.choke or inductance- coupling and direit
coupling.

The most commonly used of these is R-C coup-
ling because it is simple, cheap and introduci:s
little distortion. A typical circirit diagram for a
twostage R-C coupleil^ amplifier is shdwn in Fig.
4. Conventional stabilizatibn is used, for the salie
of illustration, but any of the other methods of
bia-sing just described-would be equally possible
and, for our p-urposes, more appropriate. The gain,
per stage-,^ of this type of amplifier is usually
between 20 and, 25 ri6 and will- be hish when i
high value of collector resistor is used. 

-The 
value

9f lhe interstage coripling ca-pacitor will generally
be between I and l0 microfarads but, with sub-
miniature receivers, may be as low as'0.1 micro-
farads because a response below 200 c/s is not
usually required.

Transformer coupling has the advantage of
considerably g-reater gain than other types, uiuatly
being about 40 db or equivalent to tw6; cascaded,
R-C coupled stages. The distortion introduced
by the transformer may be troublesome for some
purposes but for our purposes presents no prob-
lern. The transformef should be desiened sd that
the primary matches the output impeiiance of the
transistor whilst having as low as possible a D.C.

4. T w o  S t o g c  R - C C o u p l c d  A m p l i f i e r .
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resistance. The turns ratio must be such as to
match this output impedance to the input impi-
dance o,f the next stage. This is usuallv a matter
of matching about 20K to lK making aiurns ratio
of 4.5 : I about ideal. As_a tranlfo--rmer coupled
stage can replace two R-C coupled staees f?om
the gain point of view, the size oi the traisformer
need not prohibit the use of this type of coupling.
ln tact, space may even be saved. 

- -

- Choke coupling is in between R-C and trans-
tormer.coqpling in goth cost and efficiency. It
resembles R-C_ coupling except in that an audio
!re099ncy choke replaces the collector resistor.
As-ttrls choke may have a comparatively low D.C.
resistance, the permissible collector curient swing
in i,lcr.qsgd and higher signal levels may bE
nancrec belore clppmg occgrs. As the load impe_
gance may be increased by use of a suitable
rnductance a better transfer of power to the next
stage- i-s possible. To improve the impedance
match between successive -s_tages, the choke may
be suitably l?.pqe0 to provide-a iow output-impi'-
dance. It will then acf as an auto transfdrmer a^nd
ttrere will be little to choose Uetween-iiinO ttre
circuit just described. From the size point oi view
the choke has little or no advan'tage over a
similar transformer which makes its 

-use 
rather

unattractive.

D.irect ggupling is- nothing like so simple a
matter as the above three forms but the ecenomy
of components achieved makes its use verv desii-
able in a piece of subminiature equipmeni. Wittr
direct coupling it is impossible to'dr'aw a circuit
diagram for one or two stages and to say ,. couple
several of these together 1nd thev will wori<',
because the ambienicurrent leveh bf the various
stages are interdependent and very mlsfirl ssn-
sideration has to be given to ttre problem of
;tabilization. The main difficulty invblved is the
arn-Irlification not only of the sigial ftom the pre-
csdilg^stage but also o{ the slighest change' in
the D.C. operating conditions duJto an alter-atidn
in the leakage current.

. This-p-roblgm is qqually resolved by applying
the stabilization feedback over all sriees^ot'thE
amplifier rathgr tlan over each stage individually.
In this ryy thg current level of lhe input stale
becomes dependent upon that of the output stage
ig such a way as to- fend to prevent any changes
that may occur in the latter due to alteiations rn
the operating conditions. As the overall gai
D.C. before feedback .is usually fairly hi[h,

all gam to' high, the
tend to bcvalues of the stabilization compbnentj tend fo bc

more tlan usually critical and dependent upon the
parameters of the transistors. Great care'has to

Fig. 7 shows the straightforward connection of
a common collector stage to a common emitter
one. The common collector stage has a power
gain which i. approximately equa'i to beta 6r the
common emltter current gain and is usuallv in the
region of 15 db. Howeier, the input imfedance
tr to"qhly the same as the output iinpedaice of a
normal common emitter stagi: so ihat efrcient
m-atching to a preceding stage can be achieved.
lhe^second stage is blased in the normal way with
the first transistor acting as the top half of th-e base
po,tentiometer. Variation in the iollector level of
Tr1. will, !h91efore, strongly affect tho collector
level of Tr2. If the input to Trl is applied between
the base and the emilter, rather thii between rhe
base and ground, this first stage will operate as a
common emitter amplifier as far as th-e A.C. sig-
nal is concerned. The gain will then be increased
but, of course, neither side of the input can be
grounded and the signal must be talien from a
device_ having two floating terminals such as the
secondary of a transformef. Trl could be replaced
by.an N.P.N. transistor with the positions bt ttre
emitter and the collector reversedl in which case
the amplifier. would again consist of two cascadecl
common emltter stages.

Fig. 8 illustrates another two stage. direct
coupled, amplifier with both transistori oDerated
in the common emitter mode.

The base bias for Trl is drawn from the Doten-
tiometer formed by Rl and R2 which diviile the
voltage across R3. Should the collector current
of Trl tend to rise above the value for which the
circuit is designed, due to an increase in the leak-
age current, the voltage on the collector will start
to drop and will reduce the collector current of
Tr2. This will reduce the voltage dropped across
R3 which will, in turn, reduce lhe voithee at the
base of Trl tending to return the collectoi current
to its correct value. Should the collector current
of. Tr2 start to rise, the voltage dropped across R3
will increase, increasing Trlts basd voltase. The
collector voltage on Til will then drop ind will
tend to return Tr2 to normal. Thus both tran-
sistors are satisfactorily stabilized by a single
feedback loop.

Tr2 will normally be an output stage with the
load b{1e a transformer. - Thi voltale dropped
across R3 must, ttrerefore, be kept to I mimmum
to avoid unnecessary loss of output power. As
the collector current of Tr2 will- be 

-determined

by the potential difference between the base and
the emitter, and as this voltage will normally be
very small, the voltage on the base will als6 be
low. This voltage, is-of course, the same as that
of Trl's collector and the collector-emitter voltage
of T1l will, then, be only about 1.5V in a typical
circuit.

The overall performance of this circuit will be

parameters of the transistors. Great care has to
be taken to ensure that these values are correct
as a slight increase in the current level of the first
stage can result in the last stage drawing sufficient
current to destroy itself.
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virtually the same as the circuit of Fig. 4 but its
use in place of the latter will mean a saving of
three resistors and two capacitors. Whilst these
ar.e-not very expensive components their omission
will mean a considerable economv of soace in a
subminiature receiver. Quite apdrt frcrim this it
is a principle of good design to use the minimum
possible number of components to perform any
particular function, both to reduce the cost and to
increase the reliability. Unfortunately many de-
signers appear to be unaware of this principle.

In Fig. 9 a form of direct coupling is shown
which is especially applicable to R.F. amplifica-
tlon requrrements.

In a receiver involving R.F. or I.F. amplification
a considerable amount of space is taken up by the
R.F. or I.F. transformers. To eliminate one
transformer the gain between two transformers
must be increased to render the use of a further
stage unnecessary. In the cascade circuit, two
transistors are used in what misht be considered
as a single stage. The overall giin of this type of
amplifier lies about half-way between that of two
common base stages and two common emitter
stages but only two transformers are required
instead of three. Another advantage of this type
of circuit is that no neufialization is requir6d
which eliminates the need for feedback trimmers
to obtain optimum performance.

Tr1 is a common emitter amplifier and draws
its collector current through Tr2 which operates in
the common base mode. As the two transistors
are in scries across the battery as far as D.C. is
concerned the collector-emitter voltages will be
virtually equal and always less than half the supply
voltage. With normal junction or surface barrier
transistors this is unimportant as the gain is not
very dependent on the voltage, but with drift tran-
sistors it could be a severe disadvantase as with
these the collector-emitter voltage plafs a large
part in determining performance.

Base bias, for both transistors, is drawn from the
potentiometer chain formed by Rl, R2 and R3.
Trl is stabilized by the resistor in its emitter which
is by-passed by a iapacitor to prevent degeneration
at signal frequencies. TO is biased as if it were
a common emitter stage with Trl performing the
function of emitter resistor. The b^ase howeier is
grounded at signal frequencies.

The output impedance of the amplifier will be
very high compared with a normal common
emitter stage and the output transformer will prob-
lbly got nee{_ t9 be tapped to match. The input
impedance will be the same as the usual common
emitter stage. The power gain of the circuit,
ignoring transfo-rmer losses, will be approximately
the square of the first tansistor's cdrrent cain at
the operating ftequency times the ratio of the out-
put to the input impedance.

Fig. l0 shows an extremely elegant and econ-
omical circuit diagram for directly coupling three
common emitler stages. The gain is as good as or
slightly gteater than that which would be obtained
with three stages of R-C coupled transistors.
Unfortunately, the component values are extremely
critical because of the high current gain involved
and this makes it necessary to adjust the values
to suit each individual group of transistors. How-
ever, this is not too much of a disadvantage for
the home constructor who can afford to spend a
little extra time in adjustment of critical values.
Where subminiaturization is of more importance
than low initial cost it is also possible to do this
commercially and several hearing aid manufac-
turers, do, in fact, use this type of circuit with
perfectly satisfactory results.

Fig. 1l is very similar to Fig. 10, the only dif-
ference between the two circuits being the method
of stabilization used. The parts of the two circuits
enclosed by the dotted aieas are identical aRd
behave as, and may be considered as, if they were
single transistors having current gains equal to
the products of the current gains of the three tran-
sistors and collector leakage currents equal to the
collector leakage curents of the fifst transistor
times the products of the current gains of the sec-
ond two tiansistors. Consideringfthis unit, then,
as a whole, the output will be out of phase with
the input because tG unit contains an o-dd number
of transistors. Thus stabilizatior may p9 agiliep
to the entire unit. In Fig. 10 the stabilization is
provided by D.C. feedback from the collector to
the base via Rl and R2, the connection between
these being grounded to A.C. by Cl to prevent
feedback at audio frequencies. It is this feedback
loop that is critical because the slightest error in
the current fed to the base results in n very large
alteration in the collector current of the last stage.

In the circuit of Fig 11, the stabilization is pro-
vided by the more conventional means of a by-
passed resistor in the emitter and a potentiometer
across the battery feeding the base. The perform-
ance of the two circuits is virtually identical and
the power gain is about 90 dB.

Posltivo Feedback

Regeneration or positive feedback at radio fre-
quencies is well known and ftequently used but
it is not generally recognised that positive feed-
back is also possible at audio frequencies without
introducing an intolerable amount of distortion.

In subminiature equipment of the type with
which this book is concerned, a flat ftequency
response, from the audio part of the circuit, is not
usually required, and as the application of positive
feedback can save a transistor and its auxiliary
components, its use can often be justified.
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To see just what effect positive feedback has on
the resp,onse of an amplifier the gain, with feed-
back, of the amplifier must be considered. If the
gain of the amplifier at a certain frequency is A
without feedback then the sain with feedback will
b e : -

A

1 - d A
Where rl is the magnitude of the signal feed-

back divided by the magnitude of the output
signal.

Now the gain of the amplifier will not be con-
stant throughout the frequency band that it
amplifies. Let us suppose that at the maximum
deviation, the gain is reduced to xA, then the gain,
with feedback, will become:-

xA

l - d x A
In a typical application the value of x is most

unlikely to exceed 0.5 because the bandwidth of
a signal on the A.M. broadcast bands is only about
5K c/s and this is all that has to be handled by
the A.F. amplifier. Now if sufficient feedback is
applied to increase the maximum power gain by
l0db then dA must be 0.9 and the gain at the
maximurn deviation point will become: -

0.5A
: 0 . 9 1 4

I - 0.45
Thus the maximum gain difiers from the mini-

mum by 3db before feedback and by about 10db
after feedback when the maximum gain is in-
creased by 10db. This represents quite a tolerable
amount of distortion in a subminiature receiver.
In practice, up to about 20 db of feedback can
often be applied quite satisfactorily. Fig. 12
illustrates the application of positive feedback to
a two stage common emitter amplifier.

As there is a change of a phase between the
input and the output of a common emitter stage,
the output of Tr2, will be in phase with the input
of Trl and feedback may, tlerefore, be taken from
thc collector without using a phase reversing
circuit. The upper half of the bias potentiometer
for Trl is connected to part of the load for Tr2
instead of to the negative side of the battery.
Beoause of this, Rl is 

-partially 
in the input circuit

of Trl and any variation in the voltage dropped
across it will control Trl's base. Since the overall
gain of Trl and Tr2 will be at least 40 db even
without feedback, the ratio of R2 to Rl must be
very high to ensure that oscillation does not
occur. With feedback, the gain of the two stages
will be between about 50 and 55 db depending
upon the values of the circuit constants. Naturally,
the circuit could be designed to provide lower gain
but it would then be hard to justify the use of
feedback,
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With transformer coupled circuits, the feedback
may be applied over a single stage because one of
the transformers may be used as a phase reversing
device. ln the circuit of Fig. 13, a method oT
lp-prying fee{back to an output stage is shown.
The feedback is taken from the secondary of the
output transformer in such a way that R1 forms
part of-the input circuit. Becausd the linearity of
a-transformer coupled stage is not so good as that
of an R-C coupled one, the amount bf feedback
that may be applied, before distortion becomes a
nuisance, is rather less, but is still enough to make
it worthwhile.

In general, positive feedback may be used to
save th-e space.taken by a stage of R-C coupling.
Iq-small .and simple earpiece ieceivers it is espec-
ially useful because it iesults in the saving 6f a
substantial part of the total cost without a i'otice-
able loss of performance.

For the best results, it is worthwhile to make
one component in the feedback circuit variable
when building the circuit. This component mav
then be adjusted for the best results and afterwards
replaced by a fixed component of the same or
similar value.

Output Stages
Whatever type of circuit is used in a subminia-

ture receiver it must have an output stace so that
this part of the circuit can be deait with-generally.

- Usually, the current drain of a receiver is largely
due to the output stage so that in a very small sei,
where current consumption must be kept to a mini-
mum, this part of the circuit takes^ on special
importance.

Two types of output stage are likely to be re-
quired; one type for feeding a hearing aid earpiece.
or headphones, and the other for driving a loud-
speaker. The requirements for these differ con-
siderably and they will be dealt with separately.

With an earpiece output stage, the power
re-quireg-rgnts are so low that only a class A type
of amplifier need be considered. 

-Even 
if the cost

of a class B push-pull amplifier did not matter ir
would still be little or no advantage to use one
because the bias current required to prevent cross-
over distortion would cause a greater dissipation
of power than is required by the earpiece even in
the absence of a signal. The actual power re-
q_uired ty 4e earpiece is so small that 

-one 
might

alnost say it could be ignored. Even a very deaf
person is unlikely to require more than I mw. and
the average _pers_on will find that a peak output
power of 100 microwatts is more than sufficiCnt.
Thus, even with a battery voltage of only 1.3, a
collector current of more than I ma will not be
needed and as little as 100 microamps may be
used in special circuits. Modern heari-ng aid-ear-
pieces are very comfortable to wear and radios



using th€m are convenient to can oecause oftheirsmall-size. It is surprising tl.at no interprisine
Sanqflcturgr has yet-put 6ne on thj;;T;l;
ureat Brrtatn for they have become very popularin. America and would nlouaury uJ ;;il"i"A btschool children who coluld qaten to it-"-r"?ni"ile-ssons under the pretence of being sfigtrirv Aeaf,
Noy I come ro drtint oi it, ih;;; .r,ts'oio u, "similar market amongst peopiri wil;;;[fi offices.t rs an tnteresting idea but I am afraid that if IefoorlF on it any further I shall be accused ofarrempung to-destroy the morals of the nation.

rne most obvrous reaso-n for the lack of interest,on the.part of Fp mantfacturers,loinirlype otset is the probable public reaction t" ril; iOea ofwearrng a hearing aid earpiece. Until the idea has
L.:.1-l::"prc9 th." ryarke1 is likely to be tough.
:?y:-y,:l pocker loudspeaker radioi are now beingsoro, wttn.earpieces and my own experience tendiro snow mat when the owner has an earpiece hetends to ,use it almost to the exclu*iori of tf,.
fpeaker, because of the better quililv-ll unorOr.It seems likely -t-hen, that when=the-lp"uf", ,"r,nave. become- widely established the demand forearpreces o-nly- sets will be stimulated. In themeanume the home constructor can build his ownat very low cost.

Battety Voltago

- Qne- of the most important considerations indesigning and building subminiituriiicei*r, i,rne battery to be used (the word .. batterv " willDe used here to cover both the single cell lnd thegenuine battery consisting of a grofip of.rt[ .on_nectect together). Since size is our fiist considera-
tron rt qp{ gftelr be expedient to complicate the
ses-lgl s-tlghuy rn order to make the-use of asmaller ba-tte{y possible; both from the point of
yt:,y -or reduclng current consumption and battery
voltage.
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OITAPIEM 4

General Booeiver Ctrcuitry

. Jle-range of battery voltages available is from
].3!, for.a gingle Mairorrieji, to.Jo ib-rt" ro, u

&!':fjd:1d"!;'#f,y,,"il3"0,H;,',?fl;"#Xiconsumptron,tor a given power output.
- -The use of a high voltage Uattery such as thel5V, 8144, is not-normarty a good idea becausethe current levels at lvlich tne"transiitois will beforced to_ operare wilt .severeiy i.,i*rJ^ini Eai,iobtained from them. fne oniy'advan'L-ge'ot sucLa battery is that it enables " tiiAfi ;i;;Tir".i.tiu.
load to be used but rhis doesftr;;pe^osate fo,the loss of current gam.
jiogt" cells of l.f or 1.5 volts permit the use oiefficient current levels and are normaily ideai kearpiece only sets where rhe ,esiii.uoi ;i ili,Gin the collecior voltage t"uit iJ ootiliiriot. Inreceivers $f{g class a, outpur Gg"r'iotriu"-u

lge.gker a highel voltage is desirabli"but noi neces-saruy as essenfial as is normally thought.
. Therg are some cases where ihe ao.rJve'remarks

do nor hold true but these will bi ifiustiatea anOexplained when they occur in tne .i.ciiit. gi*o
later in this book. 

'

- _4-s wa! mentioned in the co-mponents section,
Yu-llqtyballerieshaveexrremely-6oos-t"ituof-t$
yltF lit". Their voltage per ceil biine aiout r.:.
Ttul ir an extremely riserut reaiurili"ai"v"circuit
rnar,emptoys regene,ration because any- fall in
luppty Jo]tug. would normally affect th'e curr"ntlevels of the transisto,rs, hence fheir din;;d ;h;;a transistor is sunnosed to be operiiing iiar tnepoint -of oscillatitiri it only requires a iery sfigf,ilos-s of transfer current gaiir to irruft io aidnsiOer-
:Pt"^tg::lp_l_ryergainf rhecuriinf tiJ,i-piionor. a regeneratrve stage will vary between' 100microamps and I mA dep"nuine fpon-;irliher o,
lot lhe tr.ansistor concerded isixp6ctiO ii-Aet""t,b3-t in- either case a stable suppt/ iotafeli u .o"-siderable advantage.

23

-In Chapter l-tho types of receiver likely to be
or rnrcrest rn subminiature work were divided into
six-groups and the types of receiver t[afFJti inio
e.?gh group were defined. I will now cover these
dtterent types of receiver separately and give some
illustrationi to indicate the types'of ciicuit ttrat
may be used.

Crystal Sets

.!hiq class of receiver includes diodo detccors
with A.F. amplifiers and receivers which use the
titst transistor as a straightforward dctector with-
out rcgeneration.

The variations that can be woven about thestandard and tims honoured.wrt"f ,.1;;t ltconcerned with refinements oi th; tuned trutor circuirs coupting between th; tu;ea;ii;uit anOthe detector aird 6oupling-b"t"jid;J"ji."tor,
where it is a.diode, an^c tni a.piin.r."-io-"i'oitio"
to thqse, wide variation in itiivpe oi audioamplifier to be used are pgssible Uniin#e "ppiiequally -to other sets an'd irt;i;o;ft,.u,u,
interest herc.

The selectivitv of cven - the most carefullydesigned crystal set is b-ound to u" ii,llr u..uur"the single tuned circuit is ul*air-a"'.1?ty tf,"
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Ioad, whether it is a diode or a transistor. How-
ever, the effect should be minimised by using high
Q components for the coil and tunirie cap-acit-or
and by putting the load across only a-poriion of
the tuned circuit to reduce the damping effect.

W-hile it i.s-possible to operate a crystal set plus
amplifier with only a ferrite rod aeiial, thrs can
only be done in areas of considerable signal
It*$tt. -At very low signal strengths a crfstal
diode conducts almost equally in b6th direciions
and the detector efrciency is,-therefore, very low.
lhe $.F. output, ats_uch iow levels of signalinput,
is minute and considerable A.F. eain is reouired
to give even a headphone signal. 

-ltris 
nigd e.f.

galg -also means that the noise level at the output
will be.high. All in aJl, th9n, the crystal set type
of receiver is only useful when a reasbnable aeiilal
is available and is not worthy of consideration
when 4 true portable is required. When A.F.
transistors were the only types available on the
market, num€rous attempts-were made to con-
9!ruct pocket receivers using crystal set front ends.
None of these were entirely salisfactory and, now
that cheap R.F. transistors are available there is
no need to resort to this clumsy and expensive
technique.

As we are considering only subminiature
receivers here it is worthwhile remembering that
a tiny receiver should work well under reasdnable
circumstances and is of little use if 300 feet of

leria! has to be set up before any signal can be
heard. If the set is required for something like
a doll's house, however, or as a tiny bedsidc
radio, then the need for an aerial might irot matter
a great deal.

Simple pocket sets, using a transistor as the
detector, can often give sufrcient volume using
only a piec-e of wire connected to a telephonel
tap or metal pipe as an aerial these have applica-
tions where mobility is unnecessary.

The amount of audio gain that has to be pro-
vlded depends on the application and the length
of the aelrial. Fo! an eiipiece or headphone set,
operaqing on an efrcient aerial and ear-th system,
a single stage of R-C coupled ampliflcation is all
that is necessary. Where the aerial is not so good
a second stage will be required. For loudspeaker
operation the diode usually has to be fed into two
stages of transformer coupled amplification for a
satisfactory volume level.

A basic form of crystal set circuit is shown in
Fig. l!. Because of the complete simplicity this
type of receiver can be made as small as one-likes.
The actual size will normally be dictated by the
size of the tuning components in the resonant
circuit, that is to say C and L. Normal commer-
cial values for these are much too bulkv for a
really tiny set but suitable miniature equivalents
may be hone made fairly simply. Instead of
using a normal tuning capacitor a postage stamp

$
I

t
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trimme_r -may be employed. Fig. 16 illustrates one
llgtho_d tor connecting a knob to the trimmer, the
68,4. bolt, that is normally used to adiust the
capacity, is removed and 

- 
replaced bv 

-another

about one inch long. On to this is fixed a knob
made from a suitable circular piece of perspex
with a small hole in the middle- by sandiviching
it between two 6B.4, nuts. These must be tiehtened
very firmly, on to the plastic disc to pr-event i[
from slipping. The excess part of the 684, bolt
pay- the-1 be sawn off. The coil details are given
in the diagram. The 40 turns of 34 gauee-wire
should be wound onto a single layei of- paper
wrapped round the ferrite rod.-

-An_ alternative, and in many ways better, way
of reducing the size of the tundd cir-cuit is to varv
the value of the inductance rather than the capa-
citance..--In Fig. U a-simple method of achieving
this is illustrated. The cbil is wound onto rwo
or three layers of stift paper glued together. This
assembly is made sufficiently loose to enable the
ferrite rod to slide freely in and out of the coil
thereby varying its inductance. C then becomes
a fixed capacitor having a value of 150 pf.

_ In-Fig. 15 a siryple, enq stage transistor ampli-
fier has been added to the circuit of Fig. lzl to

tran_sistor -mqy be used, such types as the OCZ0,
OCT| and the red spot type being ideal. The
battery voltage may be iriireased 

-and 
this will

result in a slight increase in volume, but the
rmprgvernent obtained in this way is generally
insufficient to warrant the added size.

Technical Suppliers Limited have recentlv intro-
duce^d^ a .really subminiature timing capacit5r, typc
ng. 201/1, which may be used ii 'thi circuits bf
{ig. 11 a.1d Fig. 15. This capacitor has an overatl
tg: o{ t" \ t"-! 8- anA is av:ailable in two values,
250 pf and 365 pf priced at7l6d. and g/9d. re_
spectively.. The 250. pf t-ype is quite adeqirate for
mosr crrggrrs, mctudrng these, and is listed as type
A; the 365 pf capacitor being type B.

For situations where the _gain of the circuit in
Fig. 15 is insufficient for adequate volume a rwo
transistor circuit may be used. Such a circuit is
shown in Fig. 18. Both transistors are normal
a.udio types and the increased gain makes it pos-
sible to use the set without an e--arth and with only
a fairly short aerial.

Although this circuit uses only a very few com-
ponents a much more economiial verdion can be
produced without a great sacrifice in performance
and with one or two useful advantades. Such a
circuit is shown in Fig. 19. In the Ibsence of a
signal the base of Trl is.shorted to the emitter by
the secondary of the tuning coil. (TSL lf,, ferrite
rod aerial.) Under this condition the 

'collector

increase the volume considerably. ThJ actual
gain provided by this transistor is about 20 dBgain provided by this transistor
which means that the amount of power fed to the
earpiece is increased by lCI tim-es. Any audio
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cyrrent is only about 5 microamps at the most.r n$ current flows through the basb-emitter circuil
9t Tp grving- rise to a'cottectoi "urrioi-in tr,i.transrstor of about l(X) microamps. When a posi_
tive signal_is_fed to the base-oifrf, ulituiifly-nb
cur-rent will flow because the base-emitter iun6tionwill be reverse biased. wiqtr_ 1 niEiiiidlignai,
howev-e-r, Trl will be fgrwqqd UiasiC"ana tfrJsig:
nal will be amplified by Trl uoA 

-fiZ 
rJsdtifsrn..a comparatively considerable increase in thEcoilector current of T{. The current consumption

from.the batte-ry will be direrat ilod;it--oit tothe strength of the signal and wili be verv muchless, tor the same output, than would be drawn
PJ uny other.type ot igc6ivei- foi-itrii'r"uson,
tn€- very smallest size of battery may be used andw_ill have a life of many hundroir,ifi,oiit ou-runo.,
of hours.

Trl and fr! may, oncc again, bc any small
audlo rypes although an improvement in pirform_
ance rs sometimes obtained by using an R.F.
transistor for Trl. The headph'onej o? *rpii.,
should be high impedance tyies. A crystai ear-prege may be used only if it is wired iir parallel
y!!! an A.F. choke sinie it aoes not cond,,[i n.e.
With an A.F. choke of a few nenries. the-perform.
ance of a crystal earpiece is excelleni.

X'Ig. 20. Iorv Conqrmption $-Transistor
Earpiece Beciiver

.The addition of an extra stage to the last circuit
yllt il.t""l" the range consiae?aUiy-U-ui'ii'i, tnrnnecessary to add a volure-controliince thi rangeof volume obtained wiil also b;-;id;- 

""-

The volume control replaces the headphonesas the collector load of Tri- ttorriUv ifiirt i, oota_satisfactory way of connecting this"dolot U"-cause steady D.C. ru.ns $rougF it ana tfris can
P4.to crac{liqS but in this ca& ttre cunent now-
Trg ls very sqght in cq+plnggn to the strength ofthe signat and no troubtd is fikety tt;ri;.-

The increase in gain- aftorded by the additional
:l:g:,i:.ggt",c911i.deqbit;awlf r;;itiigooosrgnar srength with onJy a very. weak input si[naiThe use ol a transidtoniin"i ttiil?'oioa"
improv-es the performatcg at nery Iow signalstrengths becauie the efrciency of 

'the"tLnsistor
does not tail off so badly.

The- external aerial s-hguld be as short as isneedod to provide a satisfactorylignui-d";uu." ulong aerial-tends to damp the tuned circuit whichmay c_ause the stations tooverlap. If i lone aerialmust be used, it may b^e coupl'ed ioiti"-.1ii "iia-capacitor- oJ. a few n{, ettirnitiieiy-a-ioupr.
of turns of thin enamelled wire may iJ iounO
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onto the end of the rod nearest the yellow con-
nection. One end may then be taken to earth and
the other to the aeriai. The battery voltaee used
is mainly a matter of convenience in-this caie since
an increase in voltage will not result in more than
I very slight increase in gain. In general 2.6 at
3 volts, depending upon whether a darbon-zinc or
a m€rcury battery is used, is a reasonable com-
promise between small size and good performance.

Componenfu
Trl-R.F. transistor such as "white spot" or OC44.
Tt2 & Tr3-A.F. transistors such as .. red spot "

or OC7l.
R1-5K ohm volume control (preferabty semiJog)

with switch.
R2-Select for lmA collector current in Tr3.

About 100K ohms.
CI-TSL type A tuning capacitor 2SO pf.
C2--0.01 microfarad capacitor - any voltage.

FIg. 21. Loudspeaker Version of Tlg. p0
The.replacement-of the- earpiece in Fig. 20 by

a loudspeaker and suitablc butput traisformer
results in a radio that may be usetl satisfactory as
a bedside receiver.

Since a loudspeaker requires considerably more

dliving p-ower than an earpiece this set will require
either a larger aerial or a stronger sginal than'the
last one. If it is used as a fixed setlhowever, the
larger aerial need not be a problem. It would
be ideal for use in a children's- nursery since there
are no awkward controls to operate and there is
no danger from high voltage.

The collector current of the output stage is
l0mA and the output power is about'l0mW.*th;s
may not seem very much but the sensitivity of the
loudspeaker, an LP45F, is really excellent ind the
performance it gives with this dutput is quite suf-
ficient. Since the overall diametei of thi Lp45F
is only l|" the size of the complete radio need be
no more than2l" x 1.875" x-.875".

The output stage is stabilized by the Dotential
divider and emitter resistor method which ensures
excellent stability. The output transformer has a
turns ratio of 5 : I this valire beine optimum for
the bias conditions. Any value otd-er ihan 5 : I
will result in a loss of oritput power althoueh this
may not be noticeable if tlie d6viation is sli[ht.

It would be possible to use the set as a pocket
p-ortable if a short aerial with a crocodile dlip on
the end is not considered too great an encum-
brance. The crocodile clip maibe connected to
any large piece of metal,- sucb as a radiator or
window frame, to increase the signal pick-up.
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Comlnnonts

IIl,12,F?, Rl - as in Fig.20.
C1-50 pf trimmer.
q?-Tql 25p pf. tuning capacitor.
C3-0.01 microfarad clpacitor - any voltage.
gta microfarad 3 v.ri. - not at dtt C*tiEat.
Q!-50 microfarad 3 v.w. - nor at itt-criticat.
R2-1.2K.
R3-lK.
R4-100 ohms.
T-5 : I output transfonner.
Loudspeaker-TSl type Lp45F.

Fig. 22. Voltagg{oubler Inudepeaker
CrysEI Sot

, The idea of a crystal set being used with a
rouospeaker may seem rather remarkable at first
sight -but, if the design is an efficient one and the
signal strength is very high, such a receiver is
plrfecfly possible. This ratlio is, of course, more
of a novelty than anythi,ng else but, if you do live
ln. a mgn srynal strength area and you can erect
l.large aerial, it miglt se-rv-e a purpo-se if only that
of an entertaining gimmick.

Two diodes are used in the circuit instead of the
usual one. They form what is known as a vol-
lage .doubling rectifier, a circuit more commonly
found in mains power supplies, and the main pur-

pose is- _to achievc a rectified output voltagc that
is. considerably higler rhan the input voltaiC. The
diodes should be -h.igh efficioncy types and surplus
types are mo-st Tnlikely to be good enough because
the-y normally hava a very l6w ratio df forward
to backward resistance. ibe Mullard OAZ0 is an
excellent diode for this purposc and is about the
best generally available type-.

. For the tuning coil a TSL 1|" ferrite rod aerial
is used but in a ratler differbnt way from that
normally employed. What is normally the second-
ary winding is used, in this case. for coupline the
tuned circuit to the aerial and 

-earth. 
SincJ the

secondary winding has far fewer turns than the
primary-or tuned-winding this rasults in a voltage
step up between the aeria-t and thc diodes.

The output transformer is not at all critical but
it should have a turns ratio of at least 15 : I
and preferably-m-uch hrglner. The small output
transformers sold for use in valve portables woirld
be quite suitablc.

The speaker- should be as large as possible and
_must have a high gauss magn6t. fie use of a
large speaker rather tends to take this set right
out of the class of subminiature receivers. ftre
works, however, can be made extremelv small
so its inclusion in this book is not entirely
unjustified.

T S L
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2 3 .  T w o  T r o n s i s t o r  P u s h , P u l l  r e c e i v e , r

Dl, D2, D3, D4-Mullard OA70's or similar.
Trl, Tr2-Matched pair of &72's or other output

transistors.
Rl, R2-220K ohms 1 20olo.
S-TSL loudspeaker type LP45F.
B-4.5 or 6 volt battery.

Ftg. 24. X'our Stage Receiver using Hoaring
Aiil Tranrsistors

To achieve the maximum possible degree of
miniaturization in this receiver, hearing aid tran-
sistors have been used in a direct coupled circuit.
The overall gain is extremely high and the range
is only limited by the efficiency of the diode. The
use of direct coupling reduces the number of com-
ponents to a minimum.

Hearing aid transistors are designed for opera-
tion from extremely low battery voltages and with
low levels of collector current. They also have
high betas; that is to say, their currerat gains are
high. These are just the qualities required for a
subminiature receiver but, unfortunately, only
A.F. types are readily available and R.F. stages
using hearing aid transistors cannot be designed
using normal techniques.

The collector currents of Trl and Tr2 are both
about *" mA. The cgllector current of Tr3 is con-
trolled by Rx, the feedback resistor, which must

Ftg. 23. Tlvo Transistor Push-Pu[ Bepeivor
Another very unusual and intere.sting set is

shown in Fig. 23. This uses a full wave rectifier
to supply two oppositely phased signals to two
transistors in Push-Pull. The gain of the tran-
sistors is strfrcient to make this circuit consider-
ably more useful than the last but a good aerial
and earth will still be required.

The diodes must be good ones as in Fig. 22.
The transistors must be a matched pair to 

-avoid

distortion. The output from the transistors is
coupled to the loudspeaker via a transformer with
a centre lqpped primary. The loudspeaker may be
an LP45F and the transformer may be any of the
small transistor output types now available.
Ideally, the output tiansfoiher should have a
higher turns ratio than normal but by using a l0
ohms speaker a satisfactory match is achieved.

Since the gain of the output stage depends to
a large extent on the current gains of the tran-
sistors these should be chosen, if any choice is
possible, to provide as high a current gain as
possible.

Components
L-TSL lf" ferrite rod aerial.
T-{entre-tapped output transformer.
CI-TSL 250 pf subminiature capacitor.
C2, C3-10 muf. 3 v.w. electrolytics (value not

critical).

t y p e  A
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be selected to provide a collector current of 1 mA.
C2 is a decoupling capacitor used to prevent the
negative feedback provided by Rx from being
effective at audio fr6quencies.

If a volume control is not required, Rl may be
replaced by a fixed resistor having a valu6 of
5K ohms. Since this will mean losing the onioff
switch of the volume conftol it is w6rthwhili to
connect the earpiece to the set by means of a sub-
miniature jackplug and sockef with a built-in
switch. The jac! socket switch will probably be
designed to break a circuit, rather than make one.
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OIIAHIDB 5
Rogenerative Reoeivers

whe.n-the earpiece.is plugged in, but it is easy to
mooily sucn a umt.
- The b-attery should be a single Mallory cell and

the smallest available type may be used. On no
account should a battery of more than l.5v be
employed.

Cornponents
L-As in Fig. 17. With 10t windine nearest knob.
Cl-200 pf.. fixed capacitor. Tuning is achieved

by sliding the ferrite rod in and out of the
coil. A shorter length of ferrite, say l',,
may be used if desired.

Ftg. 25. Begonerative Deteotor Becetver
Using One Transistor

The overall sensitivity of a detector can be
vastly improved by the use of regeneration. This
involves obtaining R.F. gain ftom the detector as
well as rectification and means that the transistor
used must be an R.F. type such as the Mullard
OC44. R.F. gain is achieved by taking the R.F.
output of the detector, which is normally thrown
away, and returning part of it to the input in such
a way that it boosts the input signal. Thus posi-
tive R.F. feedback is applied and the input signal
may be eftectively increased by as much as 100

times- the only limit being the point at which the
transistor starts oscillating. To achieve maximum
gain, t-hti-n, it is necessari to design tneGeAUact
part of the circuit in such a wav fhat the point of
oscillation is approached as iearlv as 

^oossible

without oscillatibh occurring. A sniooth ieaction
or regeneration control, which does not effect the
tuning too much, is essential because a Dre-set
regeneration level will either sacrifice too much in
gain or will be unstable under certain conditions.
Since the feedback n-etwork witl be frequency
selective, if only slightly, adjustment of reginera-
tion for each station will be necessarv in weak
signal conditions.
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The collector crurent of a transistor used as a
regenerative detector must always be something
of a compromise. For madmum detection
efficiency the transistor should be operated in the
most non-linear part of its transfei curve which
normally means somewhere between 50 and 200
microamps (other factors are involved if the knee
voltago i! used in'delection but this form is not
very efficient and is unsatisfactory in a regenera-
tive detector). On the other hand maximum R.F.
gain normally occurs between I and I mA or
fossibly even higher. Thus thdactual collector
curent must be somewhere between these two
Doints so as to achieve reasonable detection
ifficiency and sufficient current gain. This will
usually mean a collector current of between I and
1 mA, the precise level depending upon the type
of transistor.

Fig. 25 is the circuit of a simple an{ typical
single transistor, regencrative receiver. The ear'
pieie offers sufrcient impedance to prevent the
R.F. output of the OC44 from being returned and
C2 is usrd to control the feedback to the tuned
circuit. fn some cases the maximum value of
C2 may have to be increased.

The collector current of Trl is contolled by
Rl which is shown on the diagram as lM ohm.
The circuit will work with this value but, for best
results, the value should be selected by trial and
effor. Rl must oot be less than 50K ohms,

however, and is most likely to be best between
250K ohms and lM ohms.

The earpiece, a magnetic type, should have as
hrgh an impedance as-possiblCand the low sensi'
tifrty types sold for usb witn transistor portables
are unlikely to be satisfactory.

If it is found impossible to obtain regeneration
the ereen and red leads of the aerial coil should
be Changed over. This has the result of changing
the phase of the feedback since failure to opetate
may be due to the feedback being negative rather
than positive.

The receiver will normally only require a fairly
short aerial, possibly only a few feet, but if a long
aerial must be used it should be connected via a
small capacitor, l0 pf being suitable. Alternatively
it may be connected directly to the green connec'
tion on the aerial since this will also reduce the
damping of the tuncd circuit.

Operation of this radio is straighforward but
a little frickier than of the sets previously des-
cribed because of the reseneration control. With
C2 at minimum, or nearfi minimum, capacity the
station required is selectcd by Cl. The capacity
of C2 is now increased until the set iust bursts
into oscillation and is then turned back slightly
until oscillation iust ceas$. Cl may requirc sligbt
readjustment for perfect nming.

Satisfactory regeneration and efficient detection
depcnd upon the R.F. performancc of the tran-
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sistor and so a type with a high alpha cut-off
trequency should be used. T-hose 

- 
transistors

designed as frequency changers in broadciii UanO
recervers,,such as the OC44, give the best results
and should be used when po'ssible.
Components
CI-TSL 250 pt subminiature.
9?-lS^ pt tlimqer or tuning capacitor.
C3--O.01 microfarad.
Trl-R.F. transistor such as OC44, XAl04, etc.
Rl---See text.
Earpiece-High impedance magnetic type.
Fig. 26. Trro Tra,nsistor Set With

Regenerative Ileteotor
T-he circuit of Fig. 26 uses a similar detector

to that of the last circuit apart from the method
in which the regeneratlo-n-i6 applied. a stage oi
A.f. amplificati6n is add-ed to itiriaie it" output.
- One of the most useful features of the reg"oera-

tive detector type of receiver is itJ eicellent
selectivity which is due-to tlte reduction or compen_
sation for the losses in the tuned circuit. ttris
together.with the good sensitivity, makes it suitabii
tor-use in.pocket portables that require no aerial
such as this one. 

-

., The feedback is prorided by a coupling coil on
rne aeflat rod rather than by a capacitor as in the
last circuit. This has the ldvanfose of ;ffeatil;
the-tuqing-much less and reducinf the variatiofi
of feedback with frequency. Unf6rtunatelv it is
rather harder to contrbl and is best set to the best

pgssible position and only moved occasionallv.
lhrs_best.possible setting would be just sufficientiy
tar trom the yellow winding for osiillation nor to
occlr- on- f{y part of the band. The feedback
coll should be wound on a collar of stiff paper
loose -enorrgh to slide along the ferrite rod aerial.
A rod,.made perhaps from a strip of plastic such
as a collar suftener, may be fixed to this coil andpassed- through a slot 

-in 
the case to form the

control.
This set has been designed to lrse a low battery

voltage and the overall consunlption is very sliglii.
A sl-im pen rorch battery may be used or, it a itiil
smaller.set is required, Mall6ry mercury cllh can
be_emptoyed; a minim_um of 3 being required.

If an aerial is found necessary, eiiher'because
the set is beinglsed in area of ldw signal strength'or to receive distant stations, one fray be con_
nected to-the yellow te-rminal on the feni[e winding
as desoibed for Fig. 26.

Compononts
R1-470K
RZ-4.7R
R3-220K
CI-TSL 250 pf capacitor subminiature runing
C2--O.01 mu.f.
C3--2mu.f. 3 v.w.
Trl-OC44 or similar
Tr2-oC.71or similar
L-TSL if" ferrite rod aerial
Earpiece-high impedance magnetic type.
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Fig. 27. Rqenerative Becoivor with

Z-fich louilspeafter'--

. Bvlglqe_$e TSL magleto dy,gamic loudspeakertype CMS50 an extremEly sfqdti a"li iight"'poc[;iset can be made. The- CMS50 has ;;- overall
filmeter of 2".anda depthof oniy gZ T, weighi
ll y"ty much less than ior a norma'l speaker ano
ll req'ungs no output tfansformer w:hich is anrmpoftant sqace saving factor. To achieve a com-paraDre saung of components in the receiver Inave used unorlhodox circuitry.

,,I:_.t"^q]",t"!ing detector.is followed by twosrecuy coupted stages of A.F. amplication thefirst of_whirih o.peraies in the-;offi;lott""tor
mode. This would normally rr"aolosine ilertainamount of gain compardd with tw; "ornmonemlner stag-es but the output impedance of the firststage- is about 20K oh'ms arid this- accuratefv
matches-the input impedance of th;;e;;;eiir;
a Lor.mal de-gre€ of gain is achieved. To obtain asumclenfly high output impedance from the firstsnge etther a high value A.F. choke or a 22Konm resrstor must be qsed- qs the load. Normally
a choke wo-uld be preferable, though--mu"h ,nor"
expensrve, because of the limitation a 22K ohmr.esistor imposes upon the collectoi ;on;i. Inth$ c-ase, however, the collector curTent has to betow for proper operation and the resistor is no
disadvantage.

- TF" collector current of Trl is stabilized by thefeedback- resistor Rl ttre vatu" oi *f,iiii-il'"y n""oto be adjusted to proviOe i coiteCtoi'cffient otabout. |mA Since the cottectoiiesistiiJ-ioaO is
::^-li9l,^'he degree of stauitization'-is veryreasonable.

Componente
Rl-lM ohm Cl_250 pf
E?-2?E cz_;,o oi-R3--470K C3_0.bf mu.fR4--420K c+_i niu.rl-u.*.R5_5K csi il:i t;;:
It!-9q14 (or orher n.r. tvpef--Tr2-OC7l
TI3--QC72
Speaker-TSl type CMS50

f,'tg. 28. Low Voltago Sogenerative
Becelver

The excellent performance and considerable
compo-nent qcgno,my of the regenerative detector
Iype ot crrcult is due to the fact that one transistorperforms three functions, namely ttrosJ-of an n.f.amplifier, .A.F. amplifier and ietecior. 

- 
l{s has

been mentioned before, however, there is a conflict
between thc need for-a low c<ittictor-cunint toprovide efficient detection and a higher one for
optimum R.F. gain. One way to irnpro-ue tf,i,
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position is to use a surface barrier transistor which
continues !o glve good R.F. gain down to rimark-
aDIy tow levels of collector current and. at the
same time, makes an efficient detector.

Thlq circuit uses a surface barrier transisror at
a collector current of about 90 microamps.
Stabilization is provided by the normal potential
orvroec and emltter resistor method. An unusual
feature of the circuit is that all coupline ;;d-d;:
c-oupling capacitors have been remdved-to make
the operation of the regeneration control much
smoother. .f.o Ole^vent thls-from reducing the gain
too much Rl, R2 and R3 are reduced:in vilue
considerably. Because Rl and R2 are so low in
value they draw 10 times as much power from'the
battery as does the transistor mikine the total
consumption about lmA. This is not i sreat deal
but if .a really low consumption set is-required
Rl and R3 may be increased to 100 and 33Kbhms
with_-only a very slight loss of gain. UndCr these
conditions the total consumption will be less than
*mA.

The regeneration is applied. as in previous cir-
cuits, by coupling the RF. output of fhe transistor
to a tertiary winding on the aerial coil. Control
of the degree of feedback, however, is achieved
by-sh-orting the tickler winding with a volume con-
trol the methods used previously being unsuitable.

Surface barrier transistors are made bv Semi-
conductors Limited and a wide range is available

to the home constructor. Any type will do since
they all have sufrcientlv hieh iul-off frequencies
for this circuit and the cieapest should be chosen.

Flg. 29.' I\ro- fra4rsistor Eegon Ustng
Surface Barrier l$nsistors

The last circuit is rather limited by its lack of
any separate A.F. amplifier stage. 

-This 
ciriuit

increases the gain by the addition of a single tran-
sistor and with the minimum of extra comDonents.
Once again no capacitors are used and th^e regen-
eration control is extremely smooth.

Direct coupling is used between Tr1 and Tr2
the-latter hgving I collector curreRt of between ]
and 2mA depending upon its current gain. Tha
battery should be made up of two Mallory cells in
series. If subminiature resistors are used the whole
set may be built into a case no larger than a
matchbox.

fn areas of reasonable signal strength and with
careful use of the regeneration control the set will
give good results without an external aerial. In
any case the external aerial need only be a short
onc.

Tr2 may be any type of small signal audio tran-
sistor but Trl must be a surface barrier tvoe.

For those who wish to use surface bani6i tran-
sistors in any other circuits it should be remem,
bered that they pfoiride their greatest gain at about
300 microamps and that a battery voltage of more
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than 3 volts must not be used. Thev make
extremely good R.F. and I.F. amplifiers."oscilla_
i"J gq freque.ncy changers at fr6quencies up to
a,bout I.0 mc/s but their gain is not lo high as the
auoy dtttused transistors now available.

The earpiece used should be a hieh imoedance
gaggelic type.of .the sort used with-hearihg aids.
lf minimum size is not essential a balanced-arma.
1gry,garni:cg may- be used and will give very goocl
results. Balanced armature earpiecls are ieidily
available from- shops spe.cializilig in government
surplus for only a iew shillings. 

-

Components
R1-100 ohms R3-100 ohms
R2-33K RzT-lK
Trl-Any surface barrier transistor
Tr2-Any audio transistor

Fig. 30. Loudspoaker Verslon of Surface
Bamior Receiver

. FiS. 30 shows the circuit diagram of a receiver
similar to that of Fig. 29 but-with th€ ;pie;;
ry,p]ry.d by a.l.K ohm resistor and an extia 

-stage
addeg to provide sufficient output to drive a lou-rt-
speak€r to an adequate volum-e level for personat
listening.

Thi-s.radio, then, is a completely self-contained
set which does not require an iarpiece or an
external aerial under nbrmal condiiions. The
sensitivity will not, of course, Ue as gobd as that
or a slx transrstor superhet but, with careful use
of the regeneration cbntrol, it may noi fail fa,
short of it and will be quite adequate for most
purposes.

. Th.e-putput stage has a collector current of
aoour tzmA and an output power of about l2mW.
The -transfer efficiency Setrvien ttre trinsiitor ano
the loudspeaker is extremely high because no
output transformer is used arid tnE speaker itself
is very 9fficiegt. The actual arnount-bi soonA trc
set produces is, thorefore, quite considerable and
certainly sufficient for norm'al listening.

Otler lor'9speakers o! qore conventional type
TaV.6u used in place of the CMS50 but they wilt
requlre output transformers. If an g or l0 ohm
loudspeal(er is used the transformer should have
a turns ratio of 5 : l. A 3 or 4 ohm loudspeaker
will require a turns ratio of about 9 : i.'

Construction of this radio should present noproblem s-ince the layout of the comporienrc is not
parucularly critical. The aerial r6d should be
I(ept away frgg the.loudspeaker to make sure that
rne slgnal prclop is the maximum possible. If
sqbminiature resistors and capacitors bre used the
wtole set need be no larger 

^than 
a picteibt ten

cigarettes. It can certainty be made'smaller than

even the smallest commercial set on the markel
today including the Japanese ones.

The total battery consumption is about l5mA
and even quite small cells will give a reasonable
life. Two of the tiny RM250 Mercury cells, for
example, may be used in series and will lasi for
about l7 hours this being equivalent to the average
commercial pocket set running on a pp3.

Ftg. 3L. Cinouit of ,, Wrist Radio,' mado
by LeI in tho U.S.A.

This receiver is included more for its circuit
interest than as a constructional project although
it may be built by the amateur with6ut too muih
trouble; all the necessary components being
available. It was made 6v a c6mpanv called
Lel in the United States ind, alth6ugfi about
3" x, 2" x 1" in size, was described ai a wrist
radio and supplied with a wrist strap. When it
was pJrt on the market it was an ingenious attempt
at miniaturization and the circuit is certainiv
unusuat.

- The-d_egr-ee of positive feedback is controlled by
the 20K ohm vblume control which varies the
collector current from a few microamps to about
1 milliamp. Two stages of A.F. amplification are
used and,_singe they are transformef coupled, the
amount of gain provided is about 75 dB.- This is
a very high gain indeed for a set of this type and,
since the set has no A.G.C. system. mii cause
overloading on strong signals.

The tuned circuit uses the inductance or coil
as its varia-ble component rather than the capaci-
tancc which is fixed. The constructional dritails
for a suitable coil are shown inFig.77. The 20
turn half of the winding should be nearest to the
knob w.hich may-be made from a toothpaste cap.
The wire used for the windings may 

-be 
singie

strand enamelled copper in anything from 321o
36 gauge. Alternativ'bly Litz i,"ire 

-may 
be used

and will give slightly better results.

Subminiature 4.5 : I A.F. transformers are
readily available and a tiny 1.5 mH R.F. choke
is available from Henry's R-adio of Harrow Road,
London. If a 20K ohm volume control of suitable
size,is not available a 5 or 10K ohm type may be
used so long as Rl is altered at the 

-s1ame 
time.

When R2 is 5K, Rl should be 25K and when R2
is l0K, Rl should be 50K.

The current consumption of the whole set is
only about 3 to smA so that the batterv mav be
chosen more for size than for capacitv. Uitor-
tunately there are no really small 

-6 
voit batteries

available-. H_gyeyer, the battery voltage may be
increased to 9V without doing airy damlse arid in
this-case the very small EveiRelAy fni may be
usod.
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OIIAPIUB 6
Boflex Seeivers

Fig. 32. Slngle Transistor Beflex Beceiver
A. representativ-e range of receivers using regen-

eratrve detectors has now been covered and thev
have been shown to be vcry applicable to minia-
turization. An even more 

-usCf,rl 
type of circuit,

however, is that of the reflex rLieiver. Th;
reflex principle, that of using an amplifuing device
at two separate freguencies simultancouslv. is far
from new-having bedn used with valves sin6i about
1920. Reflex receivers using valves were also made
commercially when the saving in the cost of a
vatve was substantial. They were never entirely
satisfactory however, since one frequency tended
to modulate the other causing unpleasant noise.
With transistors the reflex principle is far more
satisfactory although transistor reflex radios have
only become popular fairly recently.

It has been shown that the r€generative detector
involves a compromise betweerr efficient detection
and R.F. and A.F. gain. In the reflex type of cir-
cuit no compromise is necessary sinc.j detection
is achieved by an entirely separate component,
usually a diod'e. The transist6r first operates as
an efficient R.F. amplifier. (It could 5e an I.F.
amplifier in a superhbt, but w'e are not concemed
with that here). This signal is then fed to a

detector the A.F. output of which is returned to
the transistor for amplification of the audio signal.
To increase the R.F. gain regeneration ma! be
applied as in a regeneiative detector. It shbuld
be remembered however, that the reflex amplifier
provides a hrgh degree of R.F. amplification even
witltout regeneration whilst the regenerative
detector relies cntirely on regeneration for its R.F.
gain. Because of this the regeneration level of the
receiver may bc permanently fixed making the set
easier to handle and suitablc for people with no
experience of regenerative controls,

In a good desftn the collector current of the
reflex transistor is set for ontimum R.F. eain and
is usually around lmA. At this level lhe A.F.
gain is also at or near its best. In this type of
amplifier both the R.F. and A.F. gains aie pro-
portional to the square of the transistor's beta or
current gain. The total gain of the hansislor is
therefore proportional to thc fourth power of the
transistor's beta. This makes it very advantageous
to use a high gain transistor rather fhan a low-gain
surplus type. For example the OC169 or OC170
will provide a current gain of about 100 times
at both R.F. and A.F. Whilst a surplus transistor
might provide gains of l0 at R.F. and 20 at A.F.

R . E C .
l ' 5  m H .

c 4

o.ot lp .  + lzr r .

3 3 K

3t y p e , q .

S i n g l e  t r o n s i s t o r re f  l c x  recc i vc r .
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The ratio of the gains of the two transistors will
therefore be 108, 102 x 2U or 2,500 : 1. That is
to say the total power gain of the OC169 or OC170
will be 2,500 times as high as that of the surplus
ulit. This may seem incredible but it is, in iact,
the case.

Fig. 32 shows the circuit of a single transistor
receiver of excellent performance. The transistor
used may be an OOi4 or, for even better results
an OCl69 or OC170. The signal is fed to Trl
from the secondary winding of the ferrite rod
aerial. Trl amplifies it and it is passed to the
diode via C4 having been blocked hom the ear-
piece by the R.F.C. The A.F. output of the diode
is developed across R4 and the iesidual R.F. is
grounded by Cl. The A.F. signal is now fed to
the base of the transistor via C2 and the secondarv
of the aerial coil. The transistor amplifies it and
it is passed to the high impedance eaipiece. The
R.F.C., with its low D.C. resistance, bffers little
opposition at A.F. and most of the output is
developed across the earpiere.

The transistor is well stabilized bv the ootential
divider and emitter resistor method. the con-
sumption from the battery is only lmA and even
the little Ever Ready PP5 will give a very long life.

No regeneration system is included in the circuit
but fixed regeneration may be applied by mount-
ing the R.F.C. near the aerial coil. This will cause
coupling between the coil and the R.F.C. which
may be adjusted by twisting the R.F.C. round.
When at right angles to the coil feedback will be
minimum and it will be maximum when the two
are parallel. A little experimenting will soon
determine the best level.

The performance of this little set is really sur-
prisingly good particularly when the regeneiation
has been carefully set. fn most areas, one or two
stations will be received at a reasonable volume
level without any external aerial. This is some-
thing that can be said of very few single transistor
sets.

Ftg. 33. Simplifieil Single Transistor
Reflbx Set

The last receiver, whilst very simple, uses rather
a lot of resistors and capacitors which tend to
increase the overall size bf the set. It is quite
possible to devise a circuit using far fewer com-
ponents without any significant loss of perform-
ance. Such a receiver is shown in Fig. 33.

The main saving is achieved by omitting the
potential divider and emitter resistor method of
stabilization and using a feedback resistor in its
place. This saves two resistors and one electro-
lytic capacitor and the only disadvantage is that
the collector curent becomes far more deoendent
upon the gain of the transistor. It is no longer
possible to say what the collector current will ,be
precisely and, with outer limit transistors, it may
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be sufficiently far from lmA to cause a loss of
gaiq. This may be overcome by selecting the value
of Rl, to provide a collector current of lmA,
individually for each receiver. In practice this
is not.very necessary since the loss bf gain will
never oe mucn.

Fig. 33 also differs from Fig. 32 in that a second
diode is used in place of R4. This makes it pos-
sible to couple Dl directly to the base of-the
transistor (ignoring the secondary of the aerial
coil which has an insignificant resistance to D.C.
o.r A.F,). This gives the circuit a degree of A.G.C.
since the D.C. component of the output of the
diodes will tend to 

^reduce 
the base 6ias of the

transistor on strong signals. The detection effici-
ency of the diodes is increased by the small
amount of forward bias applied to them from Rl.

Ordinary sized diodes such as OA70's may \e
used by the use of miniature types, OA90'C, or
OA91's, will assist miniaturizatibn. Usins the
components specified and a PP5 battery tlie set
may be built into a case a little larger than a
matchbox. In fact, with a certain amount of
ingenuity, a matchbox might even be used.

Overall performance will be much the same as
that of the last circuit and an external aerial will
often be unnecessary. An OC169 or OC170 may
again be used in place of the OC44 with very good
results.

Flg 34. Cirouit of the " Super-3 " Beeelver
This is the circuit of a receiver, not desi$ed by

me, which has been'used in a v6rv succes-sful kit
known as the Vancouver or " Super-3 ". ft is
included because of its ingenuity. The original
kit is supplied with a very well designed printed
circuit board and covers the medium wave band
plus the light programme on the long wave. The
performance can be considerably improved by
replacing the 250 pf trimmer by the TSL sub-
miniature 250 pf tuning capacitor, which is much
the same size, and by replacing the balance arma-
ture earpiece, used as a speaker, by the TSL type
LP45F speaker together with a 5 : I output trans-
former. These modifications increase the cost
quite a bit but are well worthwhile.

The circuit has several very interesting and
unusual features In the first place, two transistors
are reflexed instead of onlv one. Trl and Tr2
amplify at both R.F. and A-.F. They are directly
coupled and their bias and 'stabilization circuits
are interlinked. Trl obtains its base bias from the
emitter of Tr2 via a 4.7K ohm resistor. Since the
emitter of Tr2 is out of phase with the base of
Tr1 and since they are directly coupled this pro-
vides compensation for temperature changes. (For
those who are interested, a complete explanation
of this form of coupling is given in " Practical
Transistor A.F. Amplifiers Book 1" published by
Bernards Publishcrsi Limited.)
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Thc R.F. output of Tr2 is coupled to the diode
by means of an R.F. transformer.- This is untuned
for the medium wave band but is tuned for the
light programme by thc 560 pf capacitor on the
long wave band. The diode 

-is 
D-C. couDled to

the first transistor and provides a certain imount
of A.G.C. as well as the A.F. signal. The A.F.
output of Tr2 is fed to a conventional output stage.

In the kit, a certain amount of regeneration is
obtained by laying the collector lead-of Tr2 close
to the base lead of Trl. The amount of resenera-
tion obtainable in this way is not verf great
however because the gain oi the two transiitors
varies considerably over the band and there may
also be quite a high dffierence in phase between
the two leads. This results in the- tunins of the
set being rather too broad.

f ig. 35. Louilspea,her Beflex Beceiver
Ustng Only l\ro Transistors

Using the reflex technique it is possible to build
a good performance receiver with only two tran-
sistors. Japane-se radio manufacturers have put
such sets on the market and they have bien
extremely successful, th9 only trouble being that
people have tended to buy them in place of the
six transistor superhets, which they closely re-
semble, and since the latter aro far more expensive
this has not done the Japanese manufacturers

? gr.9a) deal of good. The public, on the other
hand, have in fact bougbt sets which, whilst not
having.l-nyt$ng- like the sensitivity of the super
hets, will still give very much the same perform-
ance on local stations and this is all mosl people
want.

This circuit is similar to the sort the Jaoanese
receivers use except that I have desimed it dround
F;tiltr components so that it may 6asily be built
ln this countiy.

Like the last receiver described, this set uses an
untuned R.F. transform€r to couDle ttre first tran-
sistor to the diode. For this iransformer anv
transistor I.F. transformer may be used th-e
primary winding being connected-to the transistor
ani the secondary to the diode. The fixed cap-
acitor normally connected across the primary bf
the ou[put transfotmer must be removed and-any
taps on the primary should be ignored.

The output stage uses an OC75 because of its
very high gain. The OC75 is not intended as an
output transistor but the collector current in this
case is only 6mA so that it can be used as one to
advantage. To obtain a reasonable output power
with only 5mA in the output stage a hi!,h b-attery
voltage must be used. In this case an Ever Ready
Bl2l with a voltage of 15 voltS has been adopted
and the output power is 35mW.
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The ferrite rod aerial should be wound on a
l!" length of l" x |" ferite slab. Using 36 gauge
wire, close wind 49 turns with taps at the 8th and
the 14th turn.

Regeneration is controlled by a 250 pf trimmer
which, once set, should need no further adjust-
ment. In construction L3 should be mounted at
right angles to the aerial coil and as far away from
it as possible to avojd unwanted coupling. If. L2
has a shielding this should be grounded. The tuning
capqcitor may be a TSL subminiature type of the
appiopriate value.

f,Ig. 36. T'wo lransietor Befler Set f,'or
Uso wlth An lb,rpioco

A considcrably simpler two transistor reflex
circuit than the last one is shown in Fig. 36. This
drives an earplece instead of a speaker and gives
a really good performance with only its ferrite rod
aerial. The increased A.F. gain over the single
transistor reflex sets results in a far greater output
which is satisfactory for listening in even very
noisy conditions such as when driving a car.

The circuit is basically that of Fig. 33 with the
addition of en output stage. The output tran-
sistor may be any small signal A.F. type but high
gain units, such as the OC75, will give the best
results. If spacc is very restricted a subminiature
hearing aid transistor may be used, such types as

OC57, OC58 or OC59 being suitable. The diodes
may be OA70's or miniature OA90's or OA9l's.

This set concludes the practical examples in this
book but a few more notes on reflox sets might
not be out of place. Transistor manufacturers are
now changing from alloy junction to alloy diffused
transistors for all radio purposes and because of
the vastly improved performance of the latter they
are likely to supplant the former very rapidly. As
has been mentioned, the alloy diffused transistor
is extremely useful in the R-F./A.F. stage or
stages of a reflex receiver and it does, in fact, put
thqse sets in a new light. Because of the good per-
formance obtainable, reflex sets are likely to find
a place in the markets of the under-developed
countries where people cannot afford to spend a
great deal on such products but nevertheless
require a reliable product. Radio plays an enor-
mously important part in the distribution of
information and cheap sets are very much in the
interests of progress abroad.

Considerable variation is possible in the design
of reflex sets. For example, the diode detector,
used exclusively in the circuits I have given here,
might be replaced by a transistor detector. This
would result in an increase in A.F. gain and an
improvement in sensitivity. Great care must be
taken in designing such a set, however, if instability
under adverse conditions is to be avoided.
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