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FOREWORD TO
SECOND EDITION

4 rst edition of this Handbook appeared during the winter of 1938, it was
that its appeal would be chiefly confined to British Isles radio experi-
up to that time, been compelled to depend upon foreign
' rmation.
All unexf 1€aAVvV demd > the nrst si1x 1"‘;“"(’?!5 of |939 necessimted thc
e er istorical record, became available during
t War. For a few days early in September it
\ in unsold until the cessation of
e Handbook continued unabated,

with the inevitable result that stocks began to fall almost to vanishing point.
This then is the sole justification for a Second Edition at the present time.

To-day The Amateur Radio Handbook is to be found not cnly in * ham " shacks
throughout the British Isles, but in barrack rooms, dug-outs, ship’s wireless cabins, research
laboratories and workshops. Hundre f copies of the earlier edition were sent to the
British Expeditionary Forces overseas, and many others were despatched to English-
speaking countries within and without the Pritish Commonwealth of Nations. Perhaps
even more important is the fact that it is accepted as an authoritative instruction manual
by many branches of H.M. Forces.

The secret of its popularity can be attributed in no small degree to the easy, yet
comprehensive style in which it is written. The reason for this style is due entirely to the
technical contributors themselves who, after years of practical experience in the amateur
field, have acquired the knack of imparting information in a manner which they know
will appeal.

The approach to the more difficult aspects of radio communication has been simplified
by the inclusion of extensive chapters dealing with fundamental radio and electrical
principles and with valve applications, whilst mathematical considerations have been
reduced to a minimum.

The present edition is notable for the inclusion of two entirely new chapters, one
dealing with Workshop Practice, the other with Crystal Band Pass Filters.

The necessity for acquiring a sound knowledge of mechanical principles, as applied
to the construction of experimental radio equipment, has become increasingly important
in recent years, and it is hoped that the new chapter will fulfil a long-felt want in this
direction.

Any device aimed at improving the selectivity of communication types of radio receivers,
whether for amateur or commercial purposes, deserves the fullest possible publicity.s It is
therefore with considerable pleasure that we include for the first time in this publication
details of the special rypes of crystal band pass filters which have been recently developed
by «Dr. J. Robinson and his co-worker Mr. E. L. Gardiner, B.Sc. The introduction of
these devices will rank as one of the most important contributions to the problem of
overcoming interference within crowded frequency bands.

Due to the exigencies of the War and the demands upon the time of those who are
listed opposite as the chief contributors to this edition, it has not been found possible to
amplify certain of the chapters, but a general revision has been made and considerable
new data included.
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For the reason that British Isles amateur transmitting licences are temporarily
- determined, it has been deemed desirable to omit certain references which, at the moment,
have no specific application. In the previous edition these references appeared in the
chapters entitled " Operating an Amateur Station ' and * How to obrain a Licence.”
In the present edition a new chapter, based no much of the information which was
. contained in those chapters appears under the title ** The Newcomer to Amateur Radio.”
Whilst the advice given therein is intended primarily to cater for the needs of the beginner
who wishes to take up an interest in amateur radio, it is anticipated that many readers,
who are engaged in radio work in H.M. Forces, will find the information of use.

As this Handbook will fall into the hands of a large number of readers who are not

members of The Incorporated Radio Society of Great Britain, it is perl permissible
to state that the Society was largely responsible in pre-war days for ing, and
collaborating in the organisation of, the Royal Naval Volunteer (Wireless) Reserve, and the
~ Royal Air Force Civilian Wireless Reserve. After five years of war the Society had
recorded the names of 4,000 members on Active Service, the majority whom were

engaged in radio work.

The Radio Society of Great Britain continues to maintain the closest possible contact
with its members in the Services, and in addition it will, through its governing Council,
" seek for a restoration of transmitting facilities immediately hostilities cease.

- The attention of those who are not yet members of The Incorporated Radio
' _Society of Great Britain, is directed to the special announcement which appears on
Page 308. A cordial invitation is extended to all non-members who are genumely
interested in the science of radio to apply for election. Membership carries with it a
subscription to The R.S.G.B. Bulletin, official monthly publication of the Society.

* L * * »

It is the earnest hope of those who have contributed to this war-time edition that it

will be found of especial value to all who are serving their country in a technical capacity

. as soldier, sailor, airman, or civilian. To them and to all others who read this Foreword
we extend our thanks for their practical support.

The Spirit of Amateur Radio shall never fail.
1) (&

NOTE TO SECOND EDITION (ELEVENTIH PRINTING)

Since the original Foreword was written in July, 1940, some 120,000 copies of th#s Edition have
been sold—the vast majority to men and women engaged on radio duties in H.M. Forces. The Council of
- the Incorporated Radio Society of Great Britain are grateful to all who have recommended the Handbook
- and to the many books:llers—large and small—who have brought it to the attention of their customers.

It is unfortunate that the Third Edition cannot yet bz prepared but Radio Handbook Supplement, which
iS a companion volume, has help:d to meet a demand for further up-to-date information. ¥

With the passage of time back issues of the Society's Journal, which contained full descriptions of certain
items of equipment referred to in this publication, are no longer available. Readers are, however, remmcjed
~ that articles dealing with amplifiers, receivers and measuring apparatus are’frequently published in war-time

~ issues of the R.S.G.B. Bulletin.
It isof interest to record that the membazrship of the R.S.G.B. increased from 3,000 in July, 1 940 t0 7,300
ly, 1944. Much of this increase can bz attributed to an initial interest in Amateur Radio created by
ng this Handbook. j.C
L .
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Chapter One

RADIO FUNDAMENTALS

The Electron— Ohm's Law — Power —Impedance— Resonance—
Wavelength — Frequency — Aerials — Propagation — Reception —
Valves — Transmission — Modulation — Neutralisation — Straight
Receivers — Beat Reception — Superheterodyne Receivers —

Micro-Waves.

A N understanding of fundamental electrical and
4 A v FL T a it
professional engineer, but also to the experi-
menter. It is, for example, not sufficient to know
that a specific size of coil and condenser will
produce certain effects; the reason for these
effects must be understood.

The main objectives in all branches of radio
communication are to receive efficiently the signals
radiated from a transmitiing station, whilst the
latter must be able to radiate electrical energy
efficiently, to distant points. In the case of amateur
communication, special problems arise due to the
comparatively low power wused, coupled with
limitadons on space for the erection of aeral
systems.

In order to achieve efficient results from any piece
of equipment forming a iink in the chain between
the source of transnussion and the point of recep-
tion, the users of such equipment must appreciate
the underlying principles governing the operation
of radio circuits and aerial systems.

The information presented in this Chapter,
although of necessity somewhat abridged, will, it is
hoped, give a clear conception of these principles.
Those who wish 1o delve more deeply into the
theoretical aspects are recommended to read
Chapter 22, which gives a list of pubhications
dealing with both the elementary and advanced
aspects of radio engineering.

The Electron

The whole foundation of electricity is based
upon the electron, a minute negatively charged
particle—so small that it cannot be sub-divided.
Atoms, of which all matter i1s composed, consist of
a positively charged central nucleus around which
is grouped a sufficient number of electrons to
cancel the charge. Upon the number of electrons,
and the size of the nucleus, depend the physical
properties of any material.

In ail matter there is a certain number of free
electrons, and it is the movement of these free
electrons in an orderly direction which comprises
a current of electricity. Electricity i1s not '’ gener-
ated "’ but, like water 1n a pipe, 1s present all the
time ; an ‘ electric current,” however, becomes
evident only when some force is applied (equivalent
to a pump) to cause it to move. If the circuit is
not completed, no movement, beyond the initial
“piling up” of the clec}rons to form a voltage

stress, will take place, but in this condition no
power is available.

Types of Electric Current

1f the movement of electrons is in one direction
only, a *“ direct current” results. The polarity,
defined by the symbols (positive) and —
(negative), of the voltage across any two points in
a circuit carrying such a current remains the same.
If, however, the primary source of stress or voltage
is alternated between pasitive and negative, the
flow of electrons will follow suit, and an *‘ alter-
nating current '’ will result. Alternating current
is now in general use for the transmission of
power, as it offers a number of advantages over
direct current. For domestic or commercial use
the “ frequency,” or number of complete alter-
nations per second, is practically standardised in
Great Britain at 50, although systems working at
25, 60 and 100 cycles per second (c.p.s.) may be
met with occasionally.

In equipment used for amplifying music, or the
human voice, frequencies of between 40 and
15,000 cycles per second (a cycle being one complete
alternation) are encountered, and these are known
as " audio’ (or low) frequencies. Above this
spectrum lie the radio-frequencies, those in common
use ranging up to 300,000,000 cycles. As such
figures become cumbersome abbreviations are
usually employed, thus ** kc "‘represents a thousand
cycles, and * Mc "’ represents a mullion cycles.

Ohm’'s Law

The amount of electrical force from any source
present in a circuit is called the ** Electro-Motive-
Force," abbreviated to *“ E.M.F.” and is measured
in volts, hence the term voltage. Naturally the
greater the E.M.F. employed, the greater wiil be
the current which 1s measured in amperes or
fractions of an ampere. The actual curreat will
depend on the amount of opposition (resistance)
present.

A definite relationship exists between these three
factors which can be expressed by the equation :—

E.M.F. (in volts)

Current (in amperes) = p ot oo o T

This is known as * Ohm's Law,'”” and, for direct

current, is expressed as :—
E
I= 5 R=

E=1xR
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where 1 equals current in amperes, E equals
E.ML.F. in volts, and R equals the total resistance
in ohms.

Provided any two factors are known, substitu-
tion will readily enable the value of the third to be
determined.

Obm’s Law is one of the most useful of all
fundamental radio laws, and should be thoroughly
learned by every beginner.

Resistance and Conductance

The opposition to a direct current will depend
upon the physical size and the material of the
conductors forming the circuit. This quantity,
defined as resistance, is measured in ohms. Various
metals, and other materials of the same cross
section present different resistances, whilst resist-
ance also varies with temperature. In the case of
metals the resistance generally increases as the
temperature increases, but the reverse applies to
liquids and to carbon.

*" Conductance '’ is the reciprocal or inverse of
resistance, and is measured in mhos. Thus a
resistance of | ohm has a conductivity of | mho,
while a resistance of 1,000,000 ohms (ie., a
megohm) has a conductivity of one-millionth of |
mho, i.e., | micro-mho.

Combinations of Resistances

If two or more resistances are included in a
circuit so that the current through one is compelled
to flow through the others, they are said to be *' in
series,’”” and the resistance as a whole is the arith-
metical total of each individual resistance. Ex-
pressed as a formula :—

R=R, 4+ R, + R,, etc.
where R is the total resistance, and R,;, R,, R,, etc.,
the separate resistances.

If, however, the resistances are connected so
that the total current flowing divides between

. them, they are said to be * in parallel’’ and the
applicable formula is then :—

RO SN |
o . p,+R,+R,+ etc.

R =

In this case the total resistance is reduced, and

« will be less than that of the lowest individual
resistance,

~ Suppose, for example, two resistances of 10 ohms

and 20 ohms are connected in parallel. Then the
- combined resistance will be given by :—
R= 51— = Olli -
LY 2 ohms.
ot 70 ~

connection will frequently be found, in
~cases the following formula will enable the

Fig. | shows diagrammatically the three con-
ditions described.

R Ra Ra
—j\‘/\/\l»v/_/vﬂv v v vV V ¥ J_-

SERIES
e
< 4
Ri< Ra2- PARALLEL
9 : ]
R ¢ - R3 § Rs
n 8 . PARALLEL.
Rz2< Rsi< Re <S
‘Q o ‘ S

Fig. 1
INlustrating varlous combinations of resistonces. A
clreult contalning any number of resivtonces can he
reduced to these basic farms

Construction of Resistances

From the foregoing it will be clear that the pur-
pose of a resistance is to offer a definite amount of
opposition to a current, so limiting its value.
Put another way, resistance will reduce the voltage
applied to any part of a circuit by a known amount.
A common type of resistance consists of a rod of
special material, usually a mixture of carbon and
clay baked at a high temperature, with metal end-
caps or wires for connecting purposes. These
are made to dissipate between # and 3 watts, which
power is generated within them in the form of
heat.

When it is necessary to dissipate more etnergy,
or when small values of resistance are required,
the resistance takes the form of a winding of special
wire, made from alloys of various metals such as
nickel, iron, and copper, etc., which offer a much
higher resistance to the flow of current than does
pure copper. The carbon rod type possesses
practically no inductance, but the wire-wound types
will have some, unless half the turns of wire are
wound in the opposite direction. Variable resist-
ances of high values usually have a hard carbonised
strip as the resistance element, whilst those of low
values and those intended to dissipate more than a
watt or two, have wire-wound elements. Modern
types of variable resistances have been greatly
improved and give smooth noiseless control with
the minimum of wear.

The resistance value of all types mentioned,
with the possible exception of the higher value
carbon rods, is greater at high frequency than when
measured with direct current.

Power ;

The power in any direct current circuit is the
product of the voltage (E.M.F.) and the current,
and is directly proportional to both. Power
may be available in various forms, such as heat,
light or mechanical power (a rotating motor for
example), or it may be converted into a different
type of power to the origipal, such as, for example,

ZSL';‘
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the high frequency oscillations produced by a
valve supplied with direct current. Power is
expressed in ** Watts ** and may be found from
the formula

W=EXxI
where W equals watts, E equals E.M.F. in volts,
and I equals current in amperes.

It is desirable to use conductors of a sufficiently
heavy gauge to carry the current without any
appreciable loss through heat. Heat losses would
result (n a lower voltage and current being available
at the point where it is required to develop the
maximum power.

Insulators

In addition to the materials which conduct
electricity very readily it 1s necessary to have other
materials which offer a very high reststance to 1it,
in order to prevent it straying away at points
where physical support 1s essential. Such materials
are known as insulators. Whilst there does not
exist an absolutely perfect insulator, there are some,
such as porcelain, glass and ceramic matenals,
which effecrively prevent any leakage. Care must
be exercised in the selection of an insulator for any
specific purpose, losses, other than leakage,
can occur at high radio-frequencies.

Condensers

The condenser, which is probably the nost
common item in any piece of radio apparatus, may
be simply defined as consisting of two (or mcre)
electrically conducting surfaces which are highly
insulated. The interposing medium between the
plates i1s called the “ dielectric,” and, when a
voltage i1s applied to the condenser, the dielectric
is put into a state of " strain.'” [t is this state of
strain which enables a condenser to bold a charge.
Any metallic object possesses capacity to earth.
The capacity of a simple fixed or variable con-
denser depends (1) on the area of the metallic
surfaces, (2) on the material used in the dielectric,
and (3) on the thickness of the latter. Air is
commonly used as a dielectric because it possesses
very low losses, but by substituting other materials
the capaciy for a given area can be greatly in-
creased, due to the higher ** Dielectric Constant *'
of these materials. Taking air as |, mica has a
constant of about 7, paraffin wax 2}, whilst o1l
varies berween 2 and 3. These figures mean that
the capacity increases in proportion, but as the use
of these materials enables much closer spacing of
the elements for a given voltage (air breaks down
fairly eastly) it will be realised that the capacity
can be increased greatly with their aid. This will
explain why air dielectric condensers are somewhat
bulky, and other types comparatively compact and
physically small.

The variable air dielectric types are always
used for tuning a circuit, the maximum capacity
being chosen according to the frequency. They are
also preferable for controlling reaction, both
because of the lower losses introduced and because
of the higher insulation. As transmitting variable
condensers have to withstand the peak radio-
frequency generated, plus the H.T. voltage, much
greater spacing is necessary than in a receiving
type condenser, although the latter is suitable
when low power is used.

RADIO FUNDAMENTALS

In all other parts of a radio-frequency circuit
only good quality mica condensers, or those
with ceramic dielectric, should be used. The
positions in which they are usually found are (a) as
a grid condenser, (b) as a by-pass condenser, and
(c) as a coupling condenser.

Grld Condensers

A grid condenser allows the grid to become
negatively charged, and prevents the charge being
instantaneously reduced through the tuned circuit.
Instead, it is allowed to leak away slowly through
the grid resistance. As the time taken by this
action is important it is desirable to use the correct
capacity. A value of about 000! pF is usual for
high frequencies, and about half this value for
ultra-high frequencies.

By-pass Condensers

A by-pass condenser, as its name implies, serves
to provide a low resistance path to the high
frequency oscillations, and prevents power being
dissipated through the latter having to traverse
paths of high resistance. The size of such a
condenser depends upon the frequency, and ranges
from -0l to -0003 uF. An example is C; in
Fig. 7.

Coupling Condensers

Coupling condensers serve to transfer a radio-
frequency voltage from one point to another,
whilst preventing a flow of direct current. The
voltage across such a condenser is the sum of the
peak radio-frequency and the high tension voltages,
and it must be chosen accordingly. The capacity
will depend upon the frequency and the position
the condenser occupies, i.e., whether it is placed
at pomnts of high R.F. voltage or otherwise.

Paper Dielectric Condensers
Waxed or oiled paper dielectric condensers should
only be used in audio-frequency and smoothing
circuits, for, besides having considerably higher
losses, even the so-called ‘' non-inductive'
types invanably possess a certain amount of
inductance, which at high frequencies opposes
the passage of an oscillatory current. An exception
is that the smaller values—-01 to -25 pF—may
be used in circuits of fairly low radio-frequeacy,
such as the intermediate frequency stages of a
superheterodyne receiver.
e An ordinary broadcast receiving aerial is, in
effect, a condenser of about 0002 pF capacity
depending on its length and height.

Inductance of Colls

A current flowing through a straight wire causes a
magnetic field to form around it, and when the
wire is made into a circle the field becomes stronger.
By winding a coil with many turns the magnetic
field can be made to store cousiderable energy.
Such a coil possesses peculiar properties in that,
when a growing current is flowing through it,
the magnetic field increases in strength, cum’nz
across the turns of the coil. This induces in the
turns a voltage opposing that already there, so that
the current i1s only allowed to increase slowly.
The opposite effect takes place when the current is
decreasing in value—the induced voltage adds to
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that present and tends to prevent the current
stopping. If the current is cut off suddenly the
induced voltage is so strong that it causes a current,
in the form of a spark, tb jump across the gap
at the point where the cutting—off occurs. A cosl

possessing these properties is known as an *‘in-
ductance.”

Colls for Receivers

The actual shape of a coil alters its efficiency,
this being at a maximum when the length is a little
less than the diameter. These dimensions are not
critical, and it is only necessary to avoid long coils
of small diameter. Spacing of the turns is desirable
for short-wave work, in order to reduce the self-
capacity, but it should not be carried to excess.
More than one diameter spacing gives but little
further reduction in self-capacity, whilst the induct-
ance 1s considerably reduced, necessitating more
turns to obtain a given inductance, thereby adding
to its resistance. The thickness of the wire used
depends on the frequency, and on the type of
service required. Receiving coils are sometimes
wound on ribbed formers of low loss material,
the amount of which should be as small as possible,
the wire being fairly thin, as the current carried
s very small; 16 s.w.g. may be used on 56 and
28 Mc, 18 s.w.g. up to 7 Mc, and 20 to 24 s.w.g.
for lower frequencies.

Connections are usually made to pins in the base
of the former, enabling coils to be interchanged
quickly. It is preferable to use thin wire, of
about 30 s.w.g. for reaction coils, placing the
winding as close as possible to the grid winding,
and to use as few turns as will give satisfactory
oscitlation. By so doing reaction will be made
smooth.

Coils for Transmitters

Coils for the low power stages of a transmitter
are often of simular construction, but it is usual to
employ a slightly heavier gauge of wire, although
this is not essential. The final stage of a transmitter
requires special coils which may be mounted on
porcelain stand-off insulators. In the latter case it
is essential to keep the amount of solid supporting
material small, as the strong high frequency field
will set up stresses in it, and losses due to heat will

. result. Coils of copper tubing are self-supporting,
but the heavy mass of metal causes eddy current
losses, and is a drawback. Due to the large spacing
frdm centre to centre of the turns of such coils,

» more turns are réquired, and the increased high
B frequency resistance which results may offset the
lower resistance obtained from the use of. large
area conductors. Satisfactory results are often
obtained from coils made of 12 or 14 s.w.g. suppor-
ted by celluloid strips.

Coupling coils which are similar to tuning coils
o frequently form part of a tuned circuit, and the
\' same considerations outlined above apply.

[3

~ Choke Coills

. Choke coils are of two types, i.e., those suitable
- for bigh and low frequencies. The former are
'.ﬁwound with many turns of fairly fine wire, with the
~ object of obuining a high inductance with a very
self-capacity. Such coils offer a high impedance-
he flow of oscillatory current, and are used in
" o

-

parts of a circuit where direct current, but not the
radio-frequency current, must be allowed to pass.
The wire gauge used must be stout enough to
carry the direct current without heating up. The
most commonly used R.F. choke, and one which
can be recommended for nearly all positions in
short-wave apparatus, is the type having four pie-
wound coils on a narrow diameter former of special
material, and with an inductance of the order of
2-5 milli-henrys.

A low frequency choke ts of very many
turns of wire, wound round at ore, the latter
producing a big increase in t el 1 ce.
Inductance depends on the n r of turns, and
on the amount and quality ol t ron. A low
frequency choke allows direct current pass. but
offers a hugh impedance to | requency alte;»
nating currents. It has many modern radio

equipment.

Reactance and Impedance

The opposition presented to a direct current is
only that offered by the resistance of the com-
ponents in the circuit. A condeaser will prevent
any steady direct current from flowing and will have
no other effect, whilst the iron core of a low
frequency choke coil will not influence the current,
except at the commencement and cessation of

application.
With alternating currents, matters are very
different. Condensers (which are able to store

electrical energy) and coils (which store magnetic
energy) impede the flow of the current more or
less, according to their reactances. °’ Reactance &
differs from resistance in that it does not dissipate
energy, but as its ultimate effect 1s similar, its
value is also measured in ohms.

The reactance of a condenser increases as the
frequency of the alternating current decreases and
its value may be found from the formula :—

1
— hms
o 2ric ©
where X is the actual reactance, f the frequency,
C the capacitance in farads and wis 3- 14,

The reactance of an inductance coil decreases
as the frequency decreases, which is the opposite
effect to that of a condenser. The following
formula applies :—

XL = + 2=fL ohms

where L is the value of the inductance in henrys.

It should be noticed that the reactances of an
inductance and a condenser are of oppasite sign,
and thus, when both are in the same circuit, they
tend to neutralise each other. The total reactance in
a simple series circuit is the algebraic sum of all
the reactances.

When a circuit contains both resistance and
reactance the total opposition to the current is
termed the ** impedance.’” Although the resistance
and reactance are both measured in ohms, they
cannot be added directly, consequently tHe following
formula must be used :—

Z= /RY{ X7
where Z is the itnpedance, R the resistance, and X

the total reactance, all mea;ured in ohms. '
If a series circuit contains a resistance R in-




ductance L and a condenser C, then the total
impedance will be given by :

2 2
A RSB

It will have been noted when the formulz for
the application of Ohm'’s Law were given, that
they referced to direct current only. To apply the
Law to alternating current problems the term Z
must be substituted for R.

Resonance

A circuit containing capacitance and inductance
in series, as in Fig. 2, is said to be *‘ resonant*’ to a
particufar frequency when the reactances of the
capacitance and inductance are exactly equal in
value. Under this condition they cancel each
other out, and leave only the resistance to limit the

W
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Flg. 2.
Capnectionn of n series tuned circuit. The current
flowing throughb cach unit Ias identical.

current flowing. It should be carefully noted that
immediately the value of inductance or capacitance
is altered, the circuit falls out of resonance to the
previous frequency, and becomes resonant to a
different frequency.

The resonant frequency of a simple circuit such
as Fig. 2 is given by the formula :—

. 1
6-28 vLC
As L and C represent henrys and farads respec-
tively, this formula becomes unwieldy; it is better
therefore to substitute for it the expression :—
}
=628 vic
where f is the frequency in kilocycles, L the
inductance in micro-henrys (uH), C the capacitance
in wtnicro-inicrofarads (upF).

These units are frequently used in present-day
radio practice.

A parallel resonant circuit is one where the
capacitance, inductance, and resistance are in series,
but the E.M.F. is applied in parallel with the
combination, as shown in Fig. 3. Under this
condition the impedance presented by the tuned

. circuit as a whole is maximum at resonance, and
the lower the value of R the greater the impedance.

The action of a parallel circuit is more compli-
cated than that of a series circuit, as the current
flowing through the tuned circuit is quite different
from that flowing through the source of E.M.F.,
although, of course, it bears a definite relation to
the latter. Nevertheless, the formula given for
finding the frequency of a series tuned circuit
applies equally to a paralle) resonant circuit,

It should be pointed out that the resistance R
shown in the circuits is not necessarily a separate
resistance specially inserted, but may be the resist-
ance of the wire forming the coil. This resistance is
much higher at radio-frequencies than at low
frequencies, and will vary with the type of coil.
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Some apparent resistance also results from the high
frequency losses which are liable to occur in the
condenser, but as these are usually very small com-
pared with those in the coil, the resistance R in
Fig. 3 is shown as being in series with L. rather
than in series with the condenser. High parallel
impedance is generally desirable in this type of
resonant circuit, and low impedance in the series
circuit, so that in both cases it 1s necessary to keep
the value of R as low as possible.

Tuning

As it is nearly always necessary to be able to
adjust apparatus to 3 number of frequencies, some
means must be provided for varying the values
of the circuit components so that resonance can
be produced over the desired range of frequencies.

This action known as '’ tuning,’”” is normally,
- . O
! b APPLIED
L ‘ R = C EMF
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Flg. 3.

Connections of n parnllel resonant circuit. The curreat
flowing through LCR will be different fro:.n that
tlowing through the sourcc of E.M.F.

accomplished by varying the capacitance of C,
L remaining fixed, although arrangements are
frequently provided for varying the inductance
of L, either in steps by means of a switch, or by
inserting separate coils.

Fig. 4 shows how the current will vary in a
tuned circuit (to which an E.ML.F. of a definite
frequency is being applied) as the capacitance is
varied. The cufrent rises to a maximum at a
value of capacitance Cr, which value is equivalent
to the particular reactance necessary to produce
resonance.

Inspection of the formula for finding the resonant
frequency shows that either a small capacitance
and a large inductarce may be used, or vice versa,
but in both cases the product of the two, LC,
must be of a certain value for a given frequency.
In other words, any ratio of inductance to capacity
may be used, so long as the product is constant.

What will be the effect of using different &, C
ratios ¥ In the series circuit, the impedance at
resonance is equal to R, no matter the value of
the L/C ratio. Increasing the value of L and
reducing that of C (i.e., increasing the L/C ratio)
will result in the reactance of both increasing,
although still remaining equal. The alternating
voltage across L and C will therefore increase in

!
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Flp. 4.
Hlustrating the riae and tall of current io a tuned circult
sa tha condenser Is varied through resaonance.
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proportion, and the value of R will also be increased,
due to the greater amount of wire in the coil.

Dynamic Resistance

In the case of the parallel resonant circuit the
L/C ratio is of great importance, as it affects the
impedance presented to the source of E.M.F.,
and, as previously mentioned, it is often highly
desirable to make this as great as possible. The
impedance of such a circuit at resonance is found
from the expression

L

CR.

At the resonant frequency it behaves as a resistance
of this value, hence the commonly applied term
* dynamic resistance.’”
vQ

From the preceding paragraph it will be realised
that the value of R is important, as this” has a
considerable effect on the efficiency of the circuit.
The term ** Q '’ expresses this efficiency or *‘ good-
ness,’’ and is the ratio of coil reactance to resistance.
Its value should be stated at a definite frequency,
because the reactance depends on this factor but
as the resistance will increase with frequency, the
Q may be assumed approximately constant over a
band 1n the region of the particular frequency.

As an example consider a coil with an inductance
of 100 uH and a resistance at | Mc of 10 ohms.
‘Then the value of Q 1s given by

2
L
628 x 10° x 100 x 10~°
10
= 62-8

Eddy Current Losses

Every electric current has associated with it a
magnetic field, and if the current is an alternating
one, then the field also alternmates. Conversely,
alternauing magnetic fields induce alternating
currents in any conductor they traverse, and this
principle is made use of to-day in almost every
branch of electrical science. However, whilst
circuits are arranged deliberately to transfer
energy in this way, the alternating field will induce
currents 1n other meta) work, resulting in definite
losses. These are obviously undesirable, and it is
necessary to be careful, particularly in high
frequency circuits, to see that no large metal
objects are close to the coils or parts of the circuit
carrying large currents.

Transformers

One example of a component in which electro-
magnetic coupling is dehiberately used is the
transformer.

Transformers which can be designed for use
in esither high frequency or low frequency circuits
consist of two coils in close proximity, the energy
in one coil of wire being transferred to the other,
which is insulated electrically from the first, by
allowing the magnetic field produced by one to
cut the turns of the other, and so induce a voltage
in it. The output voltage may be higher or lower
:ban the input voltage, according to the ratio of the
number of turns in each coil, and to the degree of
coupling. In the case of transformers for use in

low frequency circuits the coupling is generally
made as high as possible by the use of a core con-
sisting of iron Jaminations upon which both coils
are wound. Transformers only ‘ transform ”
alternating voltages and currents—direct current,
once it attains a steady value, has no other effect
than the production of a static magnetic field.

Skin Effect
A direct current, or an alternating one of low

* frequency, is carried over the whole cross-sectional

area of a conductor, but as the frequency 1s increased
the current tends imore and more to keep nearer
the surface of the conductor, and at high radio-
frequencies 1s carried entirely on the surface.
When the conductor is in the form of a coil the
current distribution on the ** skin ”’ of the conductor
is not uniform, because of the effect of the current
in adjacent turns ; it is therefore necessary to use
conductors having adequate surface area. In modern
circuits incorporating high L /C ratios, the currents
carried are not large. and it is seldom necessary to
use wire thicker than 12 or {4 s.w.g. except in high
potwer transmitters.

Radiation

When an electron is accelerated some energy
is radiated in the form of an electro-magnetic wave.
The steady drift of a direct current represents no
acceleration (except at the commencement or
cessation of the current) and therefore there is
no radiation. In a circuit carrying alternating
current the electrons are being continually started,
stopped, started in the reverse direction, and so on,
with the result that a steady radiation of energy
occurs. The amount radiated at the normal
commercial frequency of 50 cycles per second is
infinitesimal, but, as the frequency increases, the
energy radiated in the form of electro-magnetic,
or radio waves becomes considerable.

Wavelength

The length of any wave will obviously depend on
its frequency and the speed at which it travels.
In the case of radio waves this is 300,000,000
metres per second. As an example, if tHe frequency
is 300,000 per second, the wavelength, or distance
travelled during one complete cycle, will be
1,000 metres. Any other wavelength may be found
by dividing 300,000,000 by the frequency.

The ability of a circuit to radiate energy is
dependent partly upon its linear dimensions with
respect to the wavelength. If a wire is very short
compared with the wavelength corresponding to
the frequency of the current which it carries, very
little radiation will occur.” At 50 c.p.s. the wave-
length would be 6,000,000 mefres, or nearly 4,000
miles. It is small wonder that a wire of any
practical dimensions radiates negligible energy at
50 c.p.s.

If the frequency is raised to a radio-frequency,
such as 5 Mc, the wavelength falls to 60 metres, or
about 200°. At such a frequency, a piece of wire
100° in length is one-half of a waveleneih, and
would form an efficient radiator if suitably fed
with current at 5 Mc. It is thus fortunate that
most amateur radio work is carfied out on short
wavelengths.



Aerials

To transmit the generated frequency efficiently,
or, conversely, to receive that generated by a
distant station, it is necessary to erect, as high and
clear as possible, an open aerial system, in order
that the electro-magnetic waves may receive a
good start in the first case, and be intercepted at
maximum strength in the latter. Such an aerial
may be considered to consist of inductance,
capacitance, and resistance, and it is usual to make
the total of these values form a tuned resonant
circuit. This occurs when the length of the aeral
i1s made equal to half the wavelength in use. When
such an aenal is fed with energy at the resonant
frequency, °‘standing waves’' are set up on it,
and, under this condition, radiation is very strong.
A full explanation of this effect, and the theory
relating to aerials will be found tn Chapter 12.

RADIO FUNDAMENTALS

it. Exploration of the upper atmosphere by
physicists, using radio and other means, has shown
this theory to be correct, and has resulted in the
development of a great new branch of science which
is of interest to the meteorologist as well as to the
radio scientist.

Heaviside and Appleton Layers

It 1s known that two major electrically conduct-
ing layers exist, of prime importance in radio
communication, as well as several subsidiary layers
at different heights. The two main layers are the
Heaviside, or *' E,” layer, and the Appleton or
** F ** layer, so named after their discoverers.

As shown in Fig. 5, the Heaviside layer is at a
height of about 60 miles, and the Appleton layer
at a height of about 140 miles over the earth.
Both are formed by the ionising action of the sun

AN Appld’an'l—uyﬂ‘
\l-to ~300milles

Fig. §

This picture wilil make clear the paths wireless waves travel when coverlog long distances,

Propagation

In the early days of radio development it was
thought that the waves followed the surface of
the earth fromn one point to another, and that the
strength of signals depended directly on the
distance between the transmitter and recceiver. As
waves of less than 200 metres were found to be
rapidly attenuated (weakened) in passing over the
earth, scant attention was paid to them, interest
being almost wholly devoted to long waves, and in
increasing the range of them by using greater and
greater power, with longer aerial systems.

When Marconi first transmitted radio signals
across the Atlantic Ocean in 1901 a controversy
arose as to how the signals could follow the curva-
ture of the earth. It was known that waves would
not go far through the earth, and it was soon
shown that the * dragging ** effect of the ground
on the bottom of the wave front did not give
sufficient curvature. Finally a theory was put
forward by Heaviside in England, and Kennelly
in the United States, that the enure earth 1s
surrounded by a conductuing atmospheric shell,
which is capable of acting as a reflector, and so,
of sending back to earth the waves impinging upon

on the gases comprising the earth’s outer atmo-
spheres, and, as the ionisation varies with the
rotation of the earth itself, and with the seasons
(the rotation of the earth round the sun) the height
is liable to vary. Further, the layers are not well
defined thin slices, but vary in thickness, and, at
periods of dense ionisation, each may split up into
two more or less separate layers, commonly referred
to as the E, and E,, and F, and F, regions The
whole of the atinosphere above 50 miles is iomsed
to some extent, and this region 1s known as the
*‘ ionosphere.”’

During the night, when the source of ionising
enerpy is absent, the ions, or electrically charged
atoms, will tend to combine again with free elec-
trons, forming neutral atoms. and the conductivity
of the layers decreases. This recombination 1s,
however a slow process, so that, during the summer,
when the night is only of comparatively short
duration. the layers retain their reflecting powers
throughout the 24 hours ; 1n the winter, when the
period of bombardment is short, the layers rise in
height and lose much of their reflecting power to
short-waves. so that communication is often
impossible for many hours on end. 3
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Sun-spots and Fade-outs

Another variation of the ionisation of the layers
i5 caused by the internal disturbances within the
sun itself, these teing of a very complex nature.
Solar disturbances are made manifest by ‘“ sun-
spots,” and it would appear that, on occasions,
the sun radiates a ray which reduces the ionisation,
resulting in temporary °* fade-outs ' which can
cause serious dislocation of both amateur and
commercial radio communication.

A particularly severe electrical storm occurred
during Easter, 1940, which considerably interfered
with broadcasting and cable systems.

Layer Reflection

The energy radiated along the ground from a
short-wave transmitting aerial is rapidly attenuated ;
as a result a 20 metre ground-wave signal is seldom
audible more than 25 miles away. The wave
radiated upwards, at a small angle, soon gets clear
of the earth, and eventually reaches one of the
layers, where it is turned back again, either directly,
or after refraction (i.e., gradual bending within the
layer) in a similar way to a beam of light from a
bright surface. Different frequencies penetrate
the layers to different depths before they are bent
back, the higher frequencies penetrating to the
greatest extent, and being returned to earth at the
furthest point. In Fig. 5, which illustrates the
simpler aspects of wave propagation, the lines
represent wave tracks under various conditions.
A and B show the paths that 7 and 14 Mc (40 and
20 metres) signals would respectively take during
the daytime, the lower layer effecting the reflection,
so that the range is comparatively short. At night
the waves would follow the paths C and D, giving a
greater range. If, as occasionally happens in the
summer, the E layer is at a very low height and is
heavily ionised, strong signals may be received on
the 14 and 28 Mc amateur bands from stations
only between 100 and 500 miles away. At the same
time, moderately distant stations may also be heard ;
reflection of such signals being effected from the
F, or F, layers.

Skip Distance

For' reflection to take place, the wave must
impinge on the layer at an angle less than a certain
limiting value, which is different for each frequency.
If the angle is steeper than this particular value the
wave simply penetrates the layer,. and is lost.
It will be realised therefore that, outside the range
of the ground-wave, nothing can be received inside
the distance at which the reflected wave appears.
This area, annular in shape, is an area of no signals,
and its radius is referred to as the “’ skip distance.”
Fig. 5 shows why this distance is greater at might
than during the day, and also why it is greater for
waves of higher frequency.

Weak signals may occur within the skip area, and
this is due to the fact that the surface of the reflecting
layer is not a perfectly uniform one. This results
in * scattering,” i.e., the reflection of waves at
various odd angles. It is often impossible to receive

British amateur signals on 14 Mc in Great Britain,
whilst the signals are audible at good strength in
~ America, Asia, and elsewhere.
On wavelengths greater than about 200 metres,
reflection is always pcssible, to some extent, at
rl *

any "angle, so a definite skip area does not exist,
although the change-over from the E to the F
layer at sunrise and sunset is very noticeable.
On the medium broadcast waves distant European
countries are weak in this country, due to the
number of ‘' hops’ the waves have to make to
cover the distance, consequently considerable
losses occur. After sunset. when the E layer gives
place to the F layer, the ** hops ' are longer and
fewer in number, with a consequent increase 1n
signal strength. As the frequency is increased
(wavelength reduced) the skip distance becomes
greater until, at some luniting frequency, the wave
i1s not sufficiently bent to follow the curvature of
the earth, and hence 0

possible.

The luniting frequency, t.e
at which layer reflection rs, has gradually
increased from about 25 M meltres) to the
region of 56 Mc (5 metres), but in the opinion of
many observers the peak was reached in 1937--38,
and a slow decline is likely during the next
few years. Observations made during 1939 and
1940 confirm this view.

Daylight signals on 7 and 14 Mc are usually
not very strong, because part of their energy
passes through the lower layer, to be reflected by the
upper ; as a consequence they are not completely
reflected, as indicated by E in Fig. 5. The range
during the day is also less because of the larger
number of hops necessary to.cover a given distance,
but, at night, the E layer becomes inoperative,
and reflection takes place from the much higher
and more intense F layer, resulting in much
greater hops and a greater skip distance. World-
wide range with comparauvely low power then
becomes possible. Commercial stations use high
power in order to cover long distances during bad
conditions, but as the signals during the night will
travel round the earth, and give rise to more
or less strong echoes at the receiving station, means
often have to be provided to reduce the power to
quite low values. It is possible that very short
waves may penetrate the E layer, be reflected by
the F layer and then instead of coming back down
to earth, they may be again reflected by the upper
surface of the E layer, and so on until their energy
is dissipated.

1ghest frequency

Cyclic Variation of Conditions

Present knowledge indicates that the maximum
frequency at which reflection takes place, and con-
ditions in general, follow an eleven-year cycle of the
sun, but it will be necessary to continue propagation
studies over many years before the general trend
can be definitely established. During this eleven-
year cycle, conditions gradually improve and then
fall off again, but there are subsidiary variations in
addition.

Fading

The waves from a transmitting aerial are radiated
at various angles, with the result that it is possible
for signals reaching a distant station to have trav-
elled by different routes, taking different times in
transit. Further, the reflecting layers are never
perfectly steady, and so angles of reflection are
liable to vary. The result is that, at any given
point, two positive wave crests can arrive at one




moment, and a positive and negative together at
the next. The latter will cancel out, giving rise
to a fade in the received signal. Intermediate
posttions also occur, of course, so that the fading
of several different types is experienced. The
signal variition may be very rapid in which case
it 15 audible as a low frequency ‘‘ flutter ” or 1t
may be very slow, taking several minutes to rise
from minimum to maximum. These effects are
most noticeable during the transition of reflection
from one layer to another, and when the layers
are rising or decreasing in ionisation density.

From the foregoing it will readily be appreciated
that a wide field of research is possible in the
study of propagation, for although present know-
ledge is well advanced, the daily, seasonal, and
yearly variations enable valuable new data to
be collected. Much valuable information has
been recorded in this connection by the Propa-
gation Group of the Experimental Section operated
by the Radio Society of Great Britain.

The Amateur Bands

In normal times British Isles amateurs are per-
mitted by international agreement to transmit con-
tinuous wave telegraphy and telephony in narrow
channels of frequencies, usually referred to as the
1-7,3-5,7, 14, 28 and 56 Mc bands. Paruculars
of the actual allocations are given in Chapter 20.

The | -7 Mc (or 160 metre) band 1s situated just
below the medium broadcast band, and is used
chiefly for working over the British Isles.

The 3-5 Mc (80 metre) band, besides offering a
useful channel for British and European contacts,
perinits long distance cornmunication during the
winter months. Both the | 7 and 3 5 Mc bands
are hable to be affected by atinospheric interference
during the sumimer.

The 7 Mc (40 inetre) band is used extensively
for both short and long distance contacts, although
the latter are often difficult to effect, owing to the
somewhat congested state of the band, and the
cansequent high degree of interference experienced.
The skip effect on this band often allows the
reception of European and long distance signals
simultaneously, which makes 1t necessary to use a
highly selective receiver in order to eliminate the
unwanted local stations, and to make the distant
stations readable.

For all-round long-distance work the 14 Mc
(20 metre) band bas no equal, but, as with all other
amateur bands, the best time or period must be
chosen if reliable contacts are to be established.
Usually east coast American amateur stations can
be worked from Great Britain at most hours of the
day, but the more distant American stations come
in at peak periods, occurring in the early morning
in summer, or just before sunset at other times of
the year.

The 28 Mc (10 metre) band has frequently been
1s good as the |4 Mc band for long distance (DX)
contacts during recent winters, but conditions are
liable to fall off during the summer, and DX
working is usually only possible over north-south
paths, although European stations may be some-
times worked all the year round. The period of
good conditions on 28 Mc from 1935 to 1938 was
prophesied by radio amateurs, and the fact that the
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prophecy was fulfilled indicates the value of the
work carried out by them.

The 56 Mc (5 metre) band is enigmatical—it
1s definitely useful for contacts up to 30 miles or so
at almost any time, and with the much improved
technique now used, it is being proved that com-
tnunicauon i1s possible over much greater distances
during certain periods. In pasi years the R.S.G.B.
have sponsored numerous tests on 56 Mc and it is
hoped that many more such tests will be arranged in
the future. Recent improvements in the design
of equipment, particularly in the case of valves,
have been responsible for an increasing use of these
high frequencies.

Comparatively little inforination is available for
publication concerning the 112 Mc (2§ metres)
224 Mc (14 metres) and 448 Mc (] metre) bands,
but interest is continually increasing. The peculi-
arities of these ultra-high frequencies lend them
special importance for service purposes.

The various amateur bands are in approximate
harmonic relationship, that is to say, certain of the
higher frequencies are even muluples of the lowest
frequency. Aswill be seen later, this is of great value
in the design of crystal-controlled transmitters.

Reception of Radio Waves

The rapidly alternating currents in a trans-
mitting aenal result in the radiation of electro-
magnetic waves. When these encousiter a receiving
aenal, the reverse process occurs, and small
E.M.F.s are set up in it. The power from a trans-
mitter 1s radiated in all directions; so that at a
distance of 1,000 miles the energy may be visualised
as being spread out over a circle of 6,000 miles or
more in circumference. A receiving aenial system
could therefore only collect a very small part of
the rachated energy at best, whilst, in practice.
owing to the inevitable propagation losses, the
energy actually received 1s even smaller.

In broadcast reception, the voltage available to
actuate the receiver is often as much as <001 volt,
but 1n amateur long-distance work, seldom more
than a few millionths of a volt is available. The
received signals, although so tiny, are exact replicas
of those sent out by the transinitter, and the very
high sensitivity of modern valves enables their
magmtude to be greatly increased, so that they can
usually be made fully intelligible.

In comumercial point-to-point communication,
where the location of the receiver is known, the
aenal system is often arranged to concentrate the
radiated energy in a narrow beam. The consider-
able gain obtained by this means enables com-
munication to be carried on through all but the
worst conditions. Directive reception is also
employed, because it helps in reducing interfering
signals and noises fromn unwanted directions.

High directivity, even if possible, is not usually
desirable in amateur work, because it prevents
communication with statioas in widely separated
areas. Considerable attention is, however, being
paid at the present tine to moderatety directional
aerial systems, because the resulting gain is equiva-
lent to a large increase of power to the transmitter,
a matter of 1mportance when only low inputs are
used. The reduction in the strength of signals
from undesired directions, made possible by the
use of a directive aerial system applied to a receiver,
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also makes considerable difference in increasing the
intelligibility of the desired signal. Particulars of
such aerial systems will be found in Chapter 2.

The Valve

The advent of the thermionic valve made long
distance radio communication an economical and
practical proposition, and, as present-day technique
centres round this valuable device, it will be well
to pive a brief outline of the principles underlying
its operation.

The simplest form is the two element valve,
known as the ‘‘ diode,” of which the rectifier is an
example. When the filament is heated to a sufficient
temperature, governed by the characteristics of the
materials from which it is made, the free electrons
within the wire are forced into great agitation, and
some are emitted. The anode, which is kept at a
high positive potential, exercises a strong attraction
on the free electrons, and thus a stream of them
passes through the evacuated space inside the valve,
and on through the external circuit. The point
to note is that the electrons only travel in one
direction ; the anode does not emit electrons, and
no current can pass in the reverse direction, so

. that if an alternating potential is applied to the
anode, instead of an alternating current passing, a
uni-directional current results.

The original vacuum type of valve which was

I useful for rectification only was greatly improved by
! the insertion of another element, known as the
* grid.”” It was found that the potential applied
to this third electrode exercised great control over
" the number of electrons passing totheanode,i.e. very
' small variations of grid potential caused consider-

able fluctuations in the anode current. This is
the fundamental principle of the valve amplifier.
To avoid confusing those who have heard the
term ‘‘ A.C. Resistance ”’ applied to a valve, it is
necessary to point out that although the actual
4 electromic current flows through the valve in one
direction only, the current is, at the same time,
varying in amplitude from a maximum to a mini-
A mum value (provided, of course, a signal is being
applied to the grid). A current of this nature may
be mathematically resolved into two components,
. one a mean direct current and the other an alter-
nating current superimposed upon it. It is the
opposition to the rate of change of the latter which
: is referred to as the * A.C. Resistance,’”’ or anode
impedance, the value of which is likely to be very
different to the resistance offered by the anode-
cathode path of the valve to direct current.
v, Improvements are continually being made in the
> erformance of valves, and the amateur is fortunate
1n having a specialised type available for every
class of service. Detailed informatjon on these will
be found in Chapter 2.

Production of Damped Oscillations

- The whole essence of transmission is bound up
- with the necessity for producing continuously main-
tained high frequency osdllations, the actual
- frequency being determined by the size of the
~ tumng coil and associated condenser, as mentioned
earlier. .

_ The simplest form of oscillating circuit is shown
- in Fig. 6 (a), a study of which will enable the
reader to visualise how oscillations are produced.

When the switch is thrown to the right, condenser
C receives a charge from the battery. On operating
the switch to the left the charge causes a current A
to flow through the coil L. This flow creates a
strong magnetic field around L, and the collapse
of this field, when the current dies down, produces
an E.M.F. across the coil which results in C being
charged again, but in the opposite direction ; thus
a rcverse current, B, flows. The whole process
repecats itself, and continues unti) the energy is

dissipated in the resistance of the circuit. The
oscillatory current so produced the form
shown in Fig. 6 (b) and as the each cycle
gradually decrease in ampl termed a
* damped ** oscillation.

Production of Undamped or t s Wave

Oscillations

If the circuit possessed no tance, or if a

sufficient amount of energy be supplied to
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Fig. 6a (top). Flg. 6b (bottom).
How a damped oscillatary current is produced, iilus-
troled in & simple manner.

make up for that lost in the resistance, the current
variations would not die away, but would rise and
fall continuously to the same peak values. If too
much energy was supplied the amplitude of the
oscillations would increase, but so also would the
losses in the resistance ; consequently balance would
be automatically restored when the energy lost in
the resistance equalled that supplied externally.

These constant oscillations are of the ‘’ continu-
ous wave *' (c.w.) type, and. in practice, are pro-
duced by connecting a valve to the circuit 1n a
particular manner. As the effect of so doing is
apparently to reduce the resistance of the circuit
this method of feeding back energy is often referred
to as producing ‘' negative resistance,” in contrast
to positive resistance.

Reaction

In the case of receivers the feedback can be
adjusted to give the tuned circuit a very low
effective resistance, so that any received signal
builds up to a much greater value than it would do
otherwise, although, as some resistance is present, it
is still 2 damped oscillatory current. Selectivity as
well as signal strength, is improved by this process.

When the feedback, or ‘‘ reaction ** is increased
beyond this point the circuit breaks into self-

12 .
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ascillavon, which is a condition where the valve
maintains oscillations independent of any ex-
ternally applied voltages The amplitude of these
oscillations will depend upon the conditions of
operation of the valve, and is generally proportional
to the applied anode voltage Once so adjusted any
disturbance, such as the switching on of the fila-
ment, 1s sufficient to set the valve oscillating.

Fig. 7 illustrares the simplest form of oscillatory
valve circuit. The main tuned circuit, L,C,, is
connected between the grid and filament of the
valve, whilst the * reaction coil.”” L,, 1n the anode
circuit, 1s placed so that its magnetic field interacts
with that of L,. On connecting the high tension
voltage a current will pass through the reaction
coil and through the valve. The magnetic field
so produced will cut L, and induce, say, a negative
voltage on the grid. This will reduce the current
through the valve, and hence the E.M.F. induced

in L, will be reversed, since the current in L, is
decreasing instead of increasing. A positive
\ | 3 X REACTION i |
| I coiL ~ 3
| - )
AERIAL Y
T Cia
—reea | -
l —— - —Gum e
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Fig. 7.
Elementary form of oscillating valve crcult for

produeing undamped osclilotions.

voltage will then be applied to the grid, resulting
in the anode current again increasing. This
process will continue, and because the electron
stream within the valve alters instantaneously in
sympathy with the applied grid voltage, it is
possible to produce alternating currents with
frequencies of millions of cycles per second.

Oscillations can be produced in other ways,
notably by capacitative, instead of inductiye,
coupling, but the process is always equivalent to
the one already explained. The net result, there-
fore, will be, that an alternating E.M.F. will appear
between the grid and filament of the valve, and an
oscillatory current will be produced in the circuit
L,C,. As the reaction coil has a small oscillatory
current (in addition to the direct current from the
battery) flowing through it, the by-pass condenser
(C,) shown across the battery is designed to prevent
any high frequency energy being dissipated in the
resistance of the [atter.

If now an aerial circuit is coupled to L,, the
oscillations in .the latter will set up a current of
exactly the same frequency in the former. The
aerial circuit shown in Fig. 7 is of the * series
tuned " type, and current in it will therefore be at a
maximum when the impedance presented is at its
lowest value, i.e., when it is tuned to resonate at
the frequency of L,C,.

Al
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Radiation Resistance

The actual resistance presented by an aenal
system 15 made up of () the ohmic resistance of
the wire, which, due to ** skin effect,”’ is somewhat
higher than the normal D.C. resistance ; (2) that
introduced by leakage and other losses; (3) the
“ radiation resistance.”” The latter, which is the
only useful factor, is an imaginary value and may be
considered to account for the power radiated into
space. The current flowing in the aerial will
depend on the sum of these resistances. The first
two must be kept low by suitable design, but it is
desirable to make the radiation resistance as high
as possible by adjusting the length of the aerial so
that 1t resonates exactly at the frequency of trans-
mission.

Consider a practical case, if 5 watts of energy is
being radiated, and the aerial meter reads :-25
amperes, the application of the usual formula

R

I will give the radiation resistance; in this

case or 80 ohms.

With the same aerial carrying ‘5 amperes, the
power radiated would be 80 (-5)?, or 20 watts,
from which it will be clear that doubling the aerial
current fresults in the power radiated being
quadrupled. Conversely, in order to double the
radiated power it is not necessary to double the
aerial current.

It is of interest to mention that the radiation
resistance measured at the centre of a half-wave
aerial is about 80 ohms.

Frequency Stability -

To produce a steady, reliable signal, which will
cause minimum interference with other trans-
missions, it is essential that the frequency of the
transmitter shall be maintained at an extremely
constant value. As variations of the aerial circuit
will react back on the main oscillatory circuit,
when the simple type of circuit shown in Fig. 7
is used, the aerial must not be allowed to sway in
the wind, whilst mechanical vibration, and over-
heating of valves or other components of the
oscillator itself must be avoided.

The circuits used in modern transinitters are of
a much more complicated type than that shown in
Fig 7. For example, some form of frequency
stabilisation is usually incorporated in the first
stage—the actual oscillator—after which the power
is built up through several further amplifying
stages, culminating in the power amplifier stage
(which feeds the aerial), variations in the capacity
of which, do not then affect the frequency.

Modulation

Having produced the necessary continuous
waves, some means must be provided for convey-
ing intelligible signals through their medium to the
distant listener. This process is known as ‘* modu-
lation,”” and, in its simplest form, consists of com-
pletely interrupting the radiated waves to form the
dots and dashes of the Morse Code. To effect
this method of communication a key must be
inserted in some part of the transmitter circuit, so
that it becoines possible to cut off the power supply
to one or more valves.
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Numerous methods of keying have been evolved,
and it is necessary to pay particular attention to
whichever is adopted, for the reason that inter-
ference may be caused to neighbouring broadcast
receivers. Keying circuits, and the means used for
the avoidance of key-clicks are given in Chapter 7.

The carrier * envelope,” as it is called, of a tele-
graphic wave is as shown in Fig. 8 (a), from which
it will be seen that the amplitude of the oscillations,
under keying conditions, 1s maintained at a steady
value.

Fig. 8a.
The carrier emvelope resuiting when emiploylog
telegraphy.

To effect the modulation necessary for the
transmission of speech or music, the carrier
, envelope must be continuously maintained, and
the audio-frequency superiinposed upon it. The
resulting shape is shown in Fig. 8 (b), the dottad
line representing the audio-frequency variations,
and the full line the amplitude of tl:e high-frequency
oscillations, of which there are many more than
those sbown. A faithful copy of this envelope 1s
carried to the receiver, where, after rectification, to
eliminate the high-frequency component, the
speech or music becomes audible. There are
many methods of achieving modulation; those
most suited to amateurs being described in
Chapter 7.
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Fig. 8b.

The carrier envclope resulting when telephoay is
employed.

Crystal Oscillators

In later chapters particulars are given of various
types of transmitters, but the reader will probably
appreciate at this stage an outline of the funda-
mental principles upon which practically all modern
transmitters depend. \

Of the several types of oscillator available, the
best, and most popular, is the one which has its
frequency controlled by means of a thin slice of
quartz. The latter is usually placed between the
grid and filament of the valve, and acts as a very
sharp resomant circuit, possessing extremely low
losses.

- There are different types of quartz, and several

‘methods of cutting it to produce oscillation, eaca
- giving different degrees of stability (frequency
change with temperature) and thereby allowing the
~ crystal to contsol more or less power. The property
 which enables a quartz crystal to produce oscilla-

i (called * piezo-electricity ™) acts in two ways.

e crystal 1s inserted between two metal sur-

g 12 < d subjected to a slight pressure, it causes
- - e

a shight difference of potential between the metal
plates. Conversely, if an alternating voltage 1s
applied to the plates, the crystal will mechanically
vibrate. In practice, the applied alternating
voltage (which must be of the same frequency a
the crystal), is taken from the anode of a valve via
the small internal capacity between it and the grid

Since this voltage is also applie the gnd, a
magnified version of it appears acr e tuned
anode circuit, the frequency of whi ntrolled

entirely by the crystal. If, for the sake of argument

the anode circuit was tuned to a frequen ifferent
from the natural one of the crystal, t e fe

back to the grid would be out of nd the
mechanical vibration of the cry e
resulting in the whole circuit bec ifel
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Any wave, no matter how distorted, can bxe broken up
into @ number of sine waves. A almplc example is
shown.

A crystal may possess subsidiary resonant fre-
quencies, but these seldom give trouble, because
it needs 2 much greater amount of feedback to
produce oscillaions at a subsidiary frequency,
whilst, in addition, the anode circuit, when tuned
to the main frequency, and presenung a high
impedance to it, would offer only a low impedance
to the subsidiary one, and little or no voltage would
be developed at this frequency.

Sihe Waves

Cycles of current have been referred to a number
of times, and, as mentioned earlier, this terms
refers to one complete alternation starting at zero,
rising to a positive maximum, falling again to zero,
rising to a maximum in tbe reverse direction,
i.e. negative, and finally reaching zero again. If
this operation takes place smoothly, according to
certain mathematical laws, it is referred to as *“ sine
wave,”’ an example of which is shown in Fig. 9 (B).
Domestic 50 cycle alternating current mains as a
general rule give a pure sine wave form.

Production of Harmonics

When a sine wave voltage is applied to the grid
of a valve working on the straight portion of its
characteristics, the magnified wave superimposed
on the anode current is an exact copy of the original,
thereby giving distortionless amplification, as

Py



illustrated by the upper part of Fig. 10. If, how-
ever, the bias on the grid is increased, so that the
lower curved portion of the characteristic is brought
into use, there is room for the amplified wave to
expand in a positive direction, but very little room
for it to do so in the reverse direction. Under these
conditions the anade current variation will not be
a pure sine wave, but will contain ‘ harmonics '
(multiples) of the ariginal frequency, and so become
more or less distorted. The strongest harmonic
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Fig. 10,
Olustrating how a valve may be used either os o power
amplifier, or frequency multiplicr.

(at least with a triode) will be the second, and if the
anode circuit is tuned to its frequency, double that
of the original, 2 considerable voltage will develap.

Frequency Multiplication

A typical frequency doubling (commaonly abbre-
viated F.D ) circuit is given in Fig. 11. This may
be fallowed by a similar circuit to double again the
frequency, or by an amplifier to increase the
available high frequency power. )

In order to produce a strong harmonic output it
is necessary to biasthe valve sufficiently to produce
at least a complete cut-off of anode current under
static (i.e., no input) conditions, whilst very often
as much as four times this voltage is used in
practice.

It may be pointed out that any distorted wave,
of any form or shape, can be resolved eventually
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Fig. 11.
The circuit employed to produce a frequency mulitiplied
outpu?t, 3
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into a number of pure sine waves by a process
known as * Fouriers’ Analysis.” In Fig. 9, (A)
illustrates the wave form produced in a frequency
doubling circuit, whilst B and C shaw the original
and the second harmanic sine waves respectively ;
the peaks of the (B) and (C) cycles add in places,
cancel in others, and have many intermediate
effects, thereby giving the actual wave as in (A).

Power Amplification

When a valve is used solely for amplification,
and does not produce its own grid excitation, it is
called a * power,’” or ‘' voltage ' amplifier, de-
pending upon its type and the conditions under
which it is used. When anather stage follows, it
is usually desirable to obtain the maximum voltage
increase, because any valve is a valtage-operated
device. [t is in this class of service that valves are
mostly used in receiving equipment, but in the
final stage of a transmitter it 1s power output that is
required for feeding to the aerial.

Class A, B and C Amplifiers

Fig. 10 illustrates the operation of a valve under
* Class A" conditions, that is ta say, when it is work-
ing at a point where the grid bias is fixed at the centre
of the straight portion of the grid volts-anode
current characteristic. This method of operation
1s relatively inefficient due to the fact that a high
anode current is flowing all the time. If, however,
the valve is biased to “* cut-off,” that is, if the grid
bias is increased to the paint at which the anode
current is just reduced to zero, in the absence cf
any signal, anode current will only flow during
the positive half cycles of applied grid voltage, and
the average i1s therefore much less. Furthermcre,
anode curcent only flows when the valve is deliver-
ing power to the output or tank circuit, and the
energy wasted inside the valve, as heat, is therefore
much less. This condition, which is described as
‘“ Class B," has been further developed by applying
a very much higher negative bias to the grid, giving
what is known as " Class C'' conditions The
valve, which then only draws power from the anode
high tension supply at the peaks of the positive
cycles, praoduces still higher efficiencies, 80 per
cent., or even mare.

This method of operation results in “* flicks "’ of
power being delivered to the output tank circuit,
and also gives a very distorted anode current wave-
form. As, however, the anode circuit is tuned to
the fundamental frequency, and is selective ta it,
the harmonics are unable to develop much power.

Grid Drive

High efficiency operation is necessary in amateur
transmitters to make the most of the low input
allowed, but it is essential that sufficient drive be
provided to allow the grid to run positive at peaks,
whilst a high anode voltage, and a high LC rauo
in the tank circuit, are also very desirable. The
drive required for modern hugh efficiency valves is
not great, and is fortunately easy to obtain from the
earlier stages without any real difficulty.

Tuning F.D. and P.A. Stages

Certain effects occur when tuning-up an amph-
fying or frequency doubling stage. The first 1s
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that as the drive is increased, the anode current
(with the anode circuit out of resonance) will
rapldly increase, due to the fact that the peaks of
posmve voltage applied to the grid are mcreasmg
in amplitude. On tuning the anode circuit to
resonance a pronounced dip in the current should
result. As the anode circuit is a parallel resonant
one it presents maximum impedance to the anode
output voltage when 1t is resonant to the frequency
of the latter. The current drawn from the valve
is then only that required to make up losses, and,
as these should be small, the anode current should
be reduced to a very low value. If the reduction
is small it means that either the losses are high—
a poor coil or condenser—or the dynamic resis-
tance of the tank circuit is low. It is difficult
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Tbe advantages of the pusb-pull clircuit, illustrated
above, nre discussed in the text.
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to obtain high dynamic resistance at very high
frequencies, and, as the frequency is increased,
the anode dip at resonance becomes smaller. In
the case of doublers the dip obtained is not so good
because of the lower efficiency at which the valve
runs, a considerable proportion of the anode
current being wasted as internal heat. For this
reason a valve used as a doubler should be run
‘very conservatively.

When a load resistance is coupled to the anode
ircuit, R.F. power will be delivered to it To
upply this power the D.C. anode current of the
valve must increase. The coupling should be
~ adjusted either until the required R.F. power is
ing delivered to the load, or unul the best
ficiency is reached, accqrdmg to which particular

two valves in push-pull for R.F.
similar advantages to those ob-
'&'m-frequency amplifiers. The chief
ge over a single ended stage is that a push-
amplifier is symmetrical to earth, so that an
ment made on one frequency band is much
ly to hold good on another. The frequency

In the case of push-pull the inter-electrode
capacities of the valves are in series, consequently
the amount of capacity appearing across the tuned
circuits 1s approximately half. This fact, together
with the better balance, enables improved results to
be obtained on the very high frequencies

A further advantage is that if higher pcwer is
required, with himited H.T. voltage avail-ble, two
valves in push-pull will enable the power to be

doubled. In this case, however, twice the amount
of grid drive will be necessary, since only one
half of that available 1s applied to valve.

High efficiency amplifiers pr r har-
monics ; one of the merits of the circuit
1s that even harmonics cancel out 1rcunt
is given in Fig. 12.

Neutralisation

A triode valve, with both grid : ircuits
tuned to the same frequency, is know ** tuned
plate, tuned grid ** (T.P.T.G.) r, as
such, was much used in the past. arcuit of this
type will self-oscillate easily, e me of the

radio-frequency energy in the an output circuit
finding 1ts way back to the grid via the internal
plate-to-grid capacity of the valve, and ther
stray capacities. As self-oscillation must cur
if the valve is to function properly as an amr lifier,
means must be provided to prevent it doing so.
Instead of trying to prevent the plate voltage
fluctuations reaching the grid, a method, known as
*“ neutralisation,’’ i1s adopted to provide a second
feedback path to the grid through a small con
denser. It is also necessary to arrange for the ph. se
of the voltage through this second path to be
exactly equal and opposite to that impressed on
the grid through the internal valve capacity.
There are various ways in which 1he neutralising
condenser, which is generally a small vanable,
may be connected. The one most frequently
used is that shown in Fig. 13, in which a double
section, or ** split stator '* condenser is arranged to
tune the tank circuit, each half of which must be
fairly accurately maiched. The rotors (or frame)
are earthed, whilst the inductance coil 1s allowed 10
find its own point of zero R.F. potential. The
advantage of this method 1s that changing the coil
does noi affect the setting of the neutralising
condenser (N.C.), consequently the power amplifier
may be used on any frequency without further
adjustment. This 1s not so easy when the centre
tap of the coil is earthed, via a condenser, unless the
tap is made at the exact electrical cenire of each
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Fig.

The circuit for enode neulr‘llllllon as commonly used
in modern traosmitters.



coil used—a somewhat difficult matter, since the
electrical centre is not always the same as the
physical centre.

It will be readily appreciated that, at any given
instant, the polarity of the voltages appearing at
opposite ends of the coil will be equal and opposite,
since the circuit as a whole is balanced. A voltage
is fed back to the grid via the capacity between the
grid and anode while another voltage is also fed
back through the neutralising condenser, but since
this is connected to the other side of the circuit
the second voltage is of opposite polarity, When
N.C. is adjusted to have exactly the same capacity
as that existing in the valve the two voltages cancel
out and the valve will operate in a perfectly stable
manner.

There are several ways of determining the correct
adjustinent of the neutralising condenser. A
reliable one is to disconnect the H.T. supply to
the power amplifier and rotate the tank condenser.
When it passes through resonance an upward kick
will be seen in the meter measuring the anode
current to the previous stage. (This is because
additional power is being drawn from the earlier
stage, and the input to 1t increases). Now reduce
the capacity of the neutralising condenser and note
whether the meter reading is higher or lower, at
the same time resetting the tank condenser to
resonance, because the variations of the neutralising
condenser will upset it slightly. If the reading 1s
higher, increase the capacity of the neutralising
condenser, and continue the process until no
change takes place in the meter reading when the
tank condenser is rotated.

Instead of using the meter which reads the anode
current to the earlier stage, the indications may be
observed on a grid current meter fitted to the
power amplifier.

Push-pull amplifiers also require neutralising,
the methods being the same, except that two
condensers are required, and both must be adjusted
simultaneously keeping their capacities as nearly
equal as possible.

The only valves which do not require neutralising
are the modern screen-grid, pentode and tetrode
valves specially designed for transmission, in which
the anode-grid capacities have been reduced to
very small values. When used, care is necessary in
the layout, whilst screening tust be provided to
prevent inter-action between the anode and grid
circuits.

Grid Bias

All valves, with the exception of a few battery
types which operate at low anode voltages, and
" Class B'" valves specially designed to operate
without it, require grid bias for their correct
funcuomng.

The various methods of obtaining grid bias may
be roughly classified as (@) from a battery or other
fixed source, such as a rectified A.C. supply, (b) from
a cathode resistance, and (c) by means of grid
current. Combinauons of these are trequenjly
used in practice.

Fig 14 i'lustrates circuits applxcab!e respectively
to each method. Method (@) is self-explanatory :
the positive pole of the battery, which. for trans-
mitting purposes, is often a 120 voit H.T. battery.
is connected to the filament of the valve, the applied
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bias being varied by connecting the lower end of the
coil to a suitable tapping on the battery.

In method (b) the whole of the direct current
passing through the valve is also made to pass
through a resistance, which may be either fixed
or varniable. but which must be capable of carrying
the current, and of dissipating the heat generated.
The voltage drop across this resistance will result
in the cathode becoming positive with respect to
the earth line, and, therefore, to the grid. This is
the equivalent of stating that the grid is negative
to the cathode which is the essential requirement.

Method (c) is not quite so simple to explain.
The drive is obtained from the coil L, which is
inductively coupled to the previous stage. An
alternating E.M.F. appears across the grid and
filament of the valve, and, as these two elements
form a diode, current w:ll flow through the valve
in one direction only, f.e. rectification wtll occur.
The rectified current will also flow through R,
and the voltage set up acrass it will result in the
grid recciving a negative bias. This action is
independent of the “anode connections, but the
amount of current will vary according to the load-
ing and circuit conditions of the anode.
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Fig. 14.
‘The three commoo tnethods of obtaiping a negative grid
bias voltapge.
A. Flxed Battecy Blias.
B. Cauthode Resistonce Bias.
C. Grid Curreat Bias.

Method (@) or (8) is often used to provide a
certain amount of fixed bias, first to protect the
valve, and second to prevent high anode currents
flowing, whilst a resistance connected in the grid
return provides additional bias, varying according to
the amount of drive. This feature is useful, as
the more drive applied the greater the bias required. ”»

Care must be taken in using a battery, because
the grid current which flows, tends to charge it,
whilst . the internal heating which results has a
tendency to dry it up and to increase its resistaace,
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so that the applied voltage is greater than the
measured voltage, owing to the latter itself acting
as a grid resistance. If only a few milliamperes
flow this effect is negligible.

Method (b) is generally used when indirectly
heated valves are employed as audio amplifiers, or
for crystal oscillators and frequency doublers in the
early stages of a transmitter. A combination of
methods (a) and (c¢) is desirable with power
amplifiers.

In Fig. 14 it is assumed that inductive coupling
is used. This method is to be preferred, as it
enables the source of bias to be placed at the low
potential end of the coil, giving lower losses. In
the case of capacitative coupling, coil L. must be
Teplaced by s radio-frequency choke, in order to
prevent the radio-frequency currents being short-
circuited to earth and also to keep them to their
proper path.

The condenser C provides the radio-frequency
currents with a low resistance path to the filament
of the valve, as losses would occur if these currents
were allowed to traverse the resistance or battery.
This condenser, which must be of large value, is not
connected with the tuning of the circuit.

Static and Man-made Interference

Interference may be of several types. That
known as static comnsists of noises which have
nothing to do with the receiver or with signals
additional to the one it is desired 10 receive. Static
noises or, to give them a more familiar name,
** atmospherics *’ can be a nuisance on broadcast
wavelengths during periods of thunder or electrical
storms, and they can be very troublesome on the
lower frequency amateur bands (80 and 160 metres),
especially during summer nights, making it, at
times, difficult, if not impossible, to read signals.
Atmospherics are caused by lightning dischirges
berween clouds and earth or between cloud and
cloud, and as they cover a very wide frequency
spectrum, it is impossible to tune them out. The
power involved in a lLightning flash is tremendous
and the electromagnetic radiations resulting can
be heard over a radius of hundreds of miles. For-
tunately, their effect becomes less as the frequency
increases and they are not very noticeable on the
higher frequencies unless the source is compara-
tively close * Mush’ is sometimes in evidence,
being, as its name indicates, a steady roar in the
background instead of sharp crackles of noise. It is
probably due to the combined effect of many
distant storms. Mush may either be continuous
or may come in ‘‘ waves.” Another effect some-
times experienced consists of waves of ** hissing,”
fising to a peak and dying away again. Ths is
probably connected with phenomena in the upper

. atmosphere.

Rain or hail falling from an electrifjed cloud is
itself negatively charged, and on striking an aerial,
the charge is transferred and gives rise to a succes-
sion of crackling noises in the receiver, whilst if a
series condenser is included in the aerial circuit,
1 To avoid this, if for
no other reason, it is desirable to earth directly each
id every aerial during such storms. y
- n-made '’ static is the name given to
al interference from machinery or similar
Motors with worn commutators or

brushes, and neon signs are bau oftenders in this
respect and, if the noise is received through the
aenal, little can be done at the receiving end to
eradicate it. If the noise is mains-borne, suitable
filters will minimise it, but the only really satis-
factory method is to fit suppressors as close as
possible to the offending apparatus. As the inter-
ference caused in this way can be severe on any
frequency, including those allotted to television,
it is possible that a law will be passed in the future
prohibiting the installation of apparatus or ma-
chinery liable to offend in this way.

The ignition systems of motor cars, and buses

are another cause of interference, especially at
high frequencies, resulting in loud crackling
noise in the receiver. The range of t purious

transmissions fortunately is limite a radius of
a few hundred feet, nevertheless a re r located

near to a busy road can be rendere I this
form of interference.

Diathermy apparatus has, however, been known
to cause interference up to several ands of

nules.

Interference between Stations

The other type of interference often experienced
is that caused by the carrier of a station operating
on a frequency near that of the one it is desired to
receive, causing a heterodyne whistle. The
severity of the interference is affected by the
design and operating conditions of both receiver
and transmitters. As the receiver has to separate
the desired signal from the noise and interference,
it is necessary to make the ratio of signal strength
to noise strength as high as possible. External
noise has been discussed previously and the internal
noise, due chiefly to valves and resistances, can be
kept low by using good components, whilst an
R.F. stage will help considerably. The reader is
here referred to the series of diagrams given in
Fig. 15.

To receive telegraphy, only a very narrow band
width 1s necessary—a few hundred cycles—so that,
if the receiver is made very selective, 1t will receive
the desired signal and little (in proportion to the
noise and interference) on each side of it. This
point is illustrated in Fig 15 (B). If, on the other
hand, the receiver possesses broad tuning (i.e. is
unselective), it will receive far more of the inter-
ference than is necessary, as shown in Fig 15 (A).
The band width must be wider for the clear recep-
tion of telephony, but need be no more than two
kilocycles (i.e. one kilocycle each side of the carrier
frequency) unless experiments particularly directed
at high quality are being carried out.

Fig. 15 (C) illustrates the effect which occurs
when a broad signal (shown by the shaded portion)
is transmitted and received on a broadly tuned
receiver. The latter must be unselective to receive
the signal properly, and therefore may receive a
good deal of noise and interference in addition.

Should a selective receiver be used, only a small
portion of the signal will be received, and the signal
wifl sound proportionately weaker, Fig. 15 (D).
When two broad signals are transmitted, as in
Fig. 15 (E), on nearby frequencies, a broadly tuned
receiver will accept both almost equally well, but
if the desired signal is a sharp one Fig. 15 (F); a
sharply tuned receiver will receive it with only a



small amount of interference from the broad signal.
It should be explained that the term ** broad "
signal is used to indicate one which is of poor
frequency stability and oue which is varying about
the actual frequency intended. Additionally it
may be one of poor quality having a certain degree
of A.C. modulation, caused by the use of imper-
fectly filtered high tension supplies or a badly
designed master oscillator. Signals of this type
are rarely emitted from stations in Great Britain
but very bad examples may still be heard originating
from countries in various parts of the world.
From a consideration of the foregoing it will be
seen that, from all points of view, it i1s essential to
ensure that the transmitter emits a signal of first-
class quality. i.e. one which is perfectly clean, clear-
cut and steady and having the added advantage of
concentrating its power on one single frequency.
Furthermore, it is necessary to use a selective
receiver which will make the most of such a signal,
whilst responding very little to noise and inter-
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Iig. 18.
fllustrating the nced for sclectve recelvers and clean

cut signals for overcomiog Interference. The bose
lincs represent a frequency scale und the broken frames
the ‘* pass-bund ** of the receiver. The vertical lines
represcnt pure signols, W being the wonted one;
the shoded patches unsteady, or rough signals, which
it will be seen, can cause interfereace over a wide mnge.
The advaniage of the selectlve receiver (B), (D), (F) 1a
apparent in all cases except (D) where only part of the
broad sigoal is beard.

fering signals. In these days of crowded frequency
bands there is no room for bad signals ; in any case,
with the modérn receiver it is often difficult to
decipher poor quality signals at ali.

Short-Wave Receiver Technique

The technique applied to short-wave receivers
used for communication work is quite different
from that which applies to broadcast recesvers.

The chief requirement of a short-wave recetver
is that it should be capable of bringing in weak
signals from distant stations with maximum in-
telligibility. This does not mean loudness only,
but also quietness of background noise, and good
selecyyvity, i.e. ability to discriminate against
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signals on a nearby frequency which are likely to
interfere with the one it Is desired to receive. As
the amateur bands, for example, occupy only small
channels in the radio-frequency spectrum it is
desirable to spread any one band over the major
portion of the tuning dial. For this purpas: a slow-
motion dial must be used, and this should be free
from *‘ backlash '’ (i.e. a tendency for the relative
posiuon of the dial and the driven condenser to
change) and from inherent noise. This tuning
control is necessary in order to make it easier to
pick out any particular signal, and also to avoid
the possibility of passing over weak ones without
hearing them. This refinement, known as ‘* band-
spreading,’’ is accomplished by using one condenser
for rough tuming which is set to the band in use,
and another of much smaller capacity (15 puF or
thereabouts) in parallel with it. The percentage
variation of the total tuning capacity is then very
small.

In order that the signal voltage reaching the grid
may be at 3 maximum the L/C ratio of the tuned
circuit should be moderately high, and the com-
ponents selected (especially the coil and condensers)
of the highest possible quality. These require-
ments are to avoid the iutroduction of losses and
a reduction of the ** Q ** of the circuit.

Straight Receivers

A single valve, used as a leaky grid detector,
becomes, with the aid of reaction, a most seasitive
device, and is capable of detecting signals trans-
mitted thousands of miles away. It 1s usual to
add a single stage of audio-frequency amplification
—two stages tend to bring up the noise level,
and confer little benefit as a rule—and two-valve
receivers of this type are in use at many amateur
stations. The coupling between the two valves
may be any of the usual types—transformer, choke,
or resistance-capacity. In amateur parlance this
type of receiver is referred to as an * 0-V-1,”
the ‘“ V" meaning the detector valve, and the
‘1 the audio-frequency amplifier. If a radio-
frequency amplifier 1s used in front of the detector
the receiver becomes an ** 1-V-1."

With an 0-V-1 receiver it is not desirable to use
an aerial cut to resonate at a frequency within the
amateur bands, because by so doing it will impose
a heavy load on the tuned circuit at the resonant
frequency (or a harmonic of it). This will cause
the detector valve to stop oscillating, necessitating
constant adjustment of the aerial coupling. The
latter may be either inductive or capacitative.
Often an aenal accidentally resonates, and to pre-
vent this occurring a small variable condenser in
the aerial lead-in may be set at such a value as to
cause the resonance to disappear; alternatively a
small loading inductance may be added. The best
method of all, however, is to include a screened grid
valve, acting as a radio-frequency amplifier, as this
confers many additional advantages. Signal
strength is increased in greater proportion to the
background noise, selectivity 15 increased, the
reaction control is smoother, and a swaying aerial
will not affect inconiing signals, as it is otherwise
likely to do.

Beat Reception
For the reception of c.w. signals a local oscilla-
tion must be provided of a frequency very near to
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that of the incoming signal. The frequency of the
resulting beat-note heard in the telephones is the
difference between the two radio-frequencies, so
that by varying the frequency of the local oscillator
the pitch of the note can be altered. The Jocal
oscillauons are produced in a *’ straight ** receiver
by allowing the detector valve to oscillate weakly, so
that the frequency of the tuned circuit must be
slightly different to that of the signal; this does
not affect the strength of the signals to any extent
In a superheterodyne receiver a separate valve,
known as the ** beat-frequency oscillator ** (B.F.O.)
1s usually provided. It is good practice to adopt
this same device in a straight receiver, but more
skill is then required in tunung.

The frequency of the receiver may be adjusted
either higher or lower than that of the desired
incoming signal to produce the audible ‘ beat-
note ‘' ; and it is often vuseful to change from one
side to the other of the bLeat to avoid interference.
To give an example : suppose the desired signal
to be on 7,200 ke, whilst another signal on 7,201 kc
is causing interference. 1f the receiver is set to
7,200 5 kc the desired signal will produce a beat-
note of the difference in frequency, namely 500
cycles. The interfering station which will also
be separated by the same d:fference, will produce
an identical beat-note, making the wanted signal
very difficult to read. If, however, the receiver is
set at 7,199 5 kc the desired signal will sull produce
a2 500 cycle beat, but the other will give a 1,500
cycle note, so that the two can be more easily
distinguished.

Superheterodyne Receivers

As many stations opcrate within the narrow
amateur bands, it is often difficult to separate a
particular signal sufficiently on an 0-V-1 receiver
to make it clearly readable. A three-valve receiver,
with a radio-frequency amplifying stage, improves
matters, but to obtain high selectivity some sensi-
tivity has to be sacrificed. The *’ superheterodvne
receiver will, however, when properly adjusted,
give both high selectivity and high sensitivity.

The principle upon which a superheterodyne
works is similar to that previously described for
receiving C.W. on a straight receiver. A loca)l
oscillator must be provided, but in this case the

" difference in frequency is much greater, being
usually 1in the region of 450 kilocycles. The in-
coming signal (this time tuned in exactly on
resonance), and the locally produced oscillations,
are injected into a common valve, where * mixing *’
will take place, by virtue of the rectifying action.
Such a valve is known as a '’ mixer.”” The radio-
frequency beat is then extracted in the anode

~ drcuit, and passed on to one or more ' intermediate
frequency ” (I.F.) amplifying stages.

~ The “ Q"' of the tuned circuits relative to the

- LF. amplifier is made very high, and the arcuits

~ therefore become very sharply resonant, or, in

‘words, highly selective. Their response falls

~ off rapidly on either side of the resonance peak,

onsequently interiering signals are attenuated, and
much less likely to be audible. The selectivity
d the gain) increases with the number of LF.
zes, but in practice it is not usual to use more
vo, as it then becomes difficult to prevent
'w 1 occurring.  The selectivity may be
: ‘}.’ oy s
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varied by altering the coupling between the two
coils comprising the I.F. (ransformer—loose
couphng gives high selectivity, and tight coupling
the reverse. This is the principle used in a
** variable selectivity ** heterodyne receiver, and is
a desirable feature when receiving telephony,

too narrow a band width will resuit in distortion.

Second-Channel Interference

_ Interference is still likely to result from an
incoming signal of such a frequency as to produce
the correct intermediate frequency. Ti known
as ‘“image " or '*second channel interlerence

and will be made clear by reference to Fig

in which the desired signal is shown as being on
7,200 kc, and the local oscillator on 7.700 k
O, in this case, giving the necessary requen

of 500 kc. A commercial sigr
occupying position C,, which is 500 kc the
side of the oscillator frequency, wo 34
the same beat frequency, but the re t woul
respond much less readily to it, as the input cir
would be 1,000 kilocycles off tune. Changing the
oscillator frequency to 6,700 kc (position O,
would not effect a cure, as interference from a

ther
othe
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6200 6700 6950 7200 7450 7700 8200
KILOCYCLES
Filg. 16,

ThisGlagram indicates with the text the basic principic
of a superbeterodyne receiver.

station on 6,200 kc (C,) would be likely. A
higher intermediate frequency places the intet-
fering signal further off tune, but amplification
falls off as the L.F. is increased.

Another peculiar effect may occur when two
signals are being received, their frequencies giving
the beat frequency, without the aid of the local
oscillator. In Fig. 16 such signals may occupy
positions B, and B,, and an interfering signal
would be heard on top of the desired one. )

The cure for both troubles is to use a radio-
frequency stage or * pre-selector,”” preceding the
frequency changer, so that the input circuits are
made more selective to the desired signal and do not
pass on signals on near-by frequencies.

Single Signal Superheterodyne Receivers

To make c.w. signals audible another local
oscillator, beating this time with the intermediate
frequency, is necessary ; when the latter is 500 ke
the beat oscillator will be on kc 499 giving an audio-
frequency beat-note of 1,000 cycles. In Fig. 17,
A represents the desired signal, and B the local
oscillator. Another signal at C, which may be
caused by a local transmitter, and be fairly strong
despite the previously mentioned precautions, will
also give rise to a 1,000 cycle beat-note. The

e




sharper the response curve the lower will be the
audibility of the interfering signal. There are two
common methods of producing this result. One
is the introduction of regeneration (reaction), so
reducing the resistance of the LF. circuits; the
other is the use of a quartz crystal, which, as has
been shown, is equivalent to an exceedingly
resonant tuned circuit. By introducing special
phasing arrangements, one side of the curve
shown in Fig. 17 may be tnade to fall off very
rapidly, with the result that signals only become
audible on one side of it; thus they take up only
one half of the space otherwise occupied. Inter
ference may be completely removed by these
means. Receivers embodying either of these

methods are known as single signal super-
heterodyne receivers.
R e
HETERODYNE A
ICNAL
C ik
INTERFERENCE 'C
L)
-
498 439 500
KILOCYCLES
Fig. 17.

Htustrating the principle of o single slpnal super-
beterodyne recelver.

Crystal Band Pass Filters

The use of crystal band pass filters s fully
described in a later Chapter. The installation of
such filters will in all cases greatly improve the
selectivity of a superheterodyne receiver.

Micro Waves

As the frequency is increased beyond normal
amateur frequencies, it becomes increasingly
difficult to obrain good efficiency. This has led
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to the development of several types of oscillators
working on principles somewhat different from
those outlined earlier. The Barkhausen oscillator
is an example, in which there is no tuned circuit ;
the grid is given a higher potential than the plate—
both through chokes—and the output is delivered
to a pair of parallel conductors connected to plate
and grid. The principle of this oscillator is that
the electrons are attracted to the grid, but shoot
through its meshes and come into the region of
the lower plate potential. They slow up and swing
back to the grid, but some again miss the meshes.
They finally fall into the grid, but may make several
oscillations through its meshes before doing so.
The frequency is determined primarily by the grid
potential

Gill-Morrell oscillations are really Barkhausen
oscillations generated when a tuned circuit is con-
nected to the oscillator ; the tuned circuit is found
to have a modifying influence on the frequency.

The Magnetron

The Magnetron which is often used for generat-
ing appreciable powers at ultra-high frequencies
consists of a split anode of cylindrical form sur-
rounding a filament. The tuned circuit is con-
nected between the anodes, and the H.T. is supplied
to the anodes by a centre tap on the coil. The valve
requires a rather bulky magnetic field system, but
is capable of producing comparatively large powers
at good efficiencies, although it is difficult to
modulate the oscillations.

Further information regarding very high fre-
quencies is given later in this book. Suffice it to
say that radio amateurs are especially interested
in this wide and little known part of the spectrum.

Conclusion

In the space available it has not been possible to
enlarge upon any one subject, but 1t is hoped that
the beginner will find pointers to many of the
problems which are likely to require sohution once
he decides to make amateur radio his hobby.

TECHNICAL ABBREVIATIONS

Numerous technical terms used in this publication are frequently
abbreviated. The more general abbreviations are given In the List

which follows:—

A.C. Alternating Current.

A.F, Audio-frequency.

B.F.O. Beat Frequency Oscillator.
C.O. Crystal Oscillator.

CYpEs Cycles per second.

D.C. Direct Current.

E.C.O. Electron-coupled Oscillator.
E.M.F. Electro-motive Force.
[ Frequency Changer.

F.D. Frequency Doubler.

G.B. Grid Bias.

H.T. High Tension.

I.F. Intermediate Frequency.
ke. ‘Kilocycle.

F

N
(%]
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Low Frequency.

Low Tenslon.

Milliampere.

Megacycle.

Power Amplifier.

Radio-frequency.

Radio-frequency Choke.

Single Signal Superheterodyne
Receiver,

Turns per inch.

. Tuned Plate-Tuned Grid.
Tuned Radio Frequency.
Ultra-high Frequency.
Volt.
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Chapter Two

RADIO VALVES

AND THEIR

USES

Valve Theory—Valve Functions—Amplifiers, Oscillators, Rectifiers,
Detectors—Valve Types—Receiving, Transmitting, and Rectifying—
Footless Valves—Electron Multipliers—Valve Data.

TT is intended in this Chapter to cover a general

survey of modern valves, but before the various

"~ types are dealt with, it is desirable to explain

. briefly the theory of operation and the constants
and nomenclature in general use.

| VALVE THEORY

. The simplest form of valve is the two electrode
or diode, which consists of a filament (or cathode)
and anode, the latter surrounding the filament
more or less completely. The two electrodes are
contained in a bulb in vacuum, the reason for
which will be discussed later. If the filament is
heated to a fairly high temperature, the molecules
of which the filament is composed will be in a
state of violent agitation. If the temperature is
E high enough, atoms composing the molecules will
fly off from the filament; these atoms have
numbers of free electrons associated with them.

Electron Flow

. When an electron leaves the parent molecule
TN the latter becomes positively charged due to the
. fact that the number of electrons remaining are
insufficient to neutralise the positive charge in
the molecule. As the electrons are themselves
negatively charged, there is, as a result, a force
tending to pull them back to the filament. A
positively charged body (the anode) is placed near
the hot filament in order to attract these electrons.
As they travel through the space between the
filament and anode they may encounter molecules

’ 9f gas, which impede their progress. Consequently,
it is essential that the amount of gas in the valve

- should be a minimum. A valve which has been
- properly evacuated of gas is described as ** hard.”
~ If there is some gas present, the collision between
~ the electrons and molécules of gas will ionise the
g %::Lsibrle blue haze will appear between the

ce C e
< ’i}?{-ﬁe electrons travelling from the
lament to the anode, they form a cloud in the
ening space. This cloud is in itself an electric
charge in the space between the filament
2 g! .its name, space charge. The

charge tends to repel the electrons leaving the
filament because it 1s of Lhe same polarity, conse
quently the potential applied to the anode, in the
form of H.T. voltage, must be sufficient to over-
come it. If sufficient potential is applied to the
anode, electrons wil} trave} from filament to anode,
and via the external circuit back to the filament.
This means that there is an electron flow externally
from anode to filament, and due to the fact that
current, as we know it, is in the opposite direction
to electron flow, a meter will show a current
flowing from the positive H.T. to the anode.

If the H.T. voltage or anode potential is tncreased
the electron flow or current will increase, and it
will continue to increase with an increase in voltage
up to a point when the space charge i1s completely
neutralised, and the total emission of the filament is
reached. This value can only be altered by
changing the filament temperature.

It will be obvious that if no potential, or a nega-
tive potential, is applied to the anode, there will
be no electron flow due to the space charge being
unneutralised. Hence in regard to anode current,
the valve is a unilateral device, in other words,
current can only flow in the anode circuit in one
direction. Thus the principal use of a diode 1s as
a rectifier.

Purpose of the Grid

In order that the anode current may be controlled
by other means, another electrode is placed
between the cathode and the anode. This third
electrode, which is known as a grid, consists of a
helix of fine wire. The additional electrode changes
the diode into a triode.

By varying the potential on the grid the space
charge can be modified in the same way as the
anode current is varied by varying the anode
voltage. The grid, because it is an open helix
or mesh, does not present any obstacle to the
electron flow, and as long as the potential on it is
negative with respect to the cathode or negative
end of the filament it will attract no free el=ctrons,
but if it becomes positive, electrons will flow to it
in the same way as to the anode. When this occurs
grid current will ow.



If the grid potential is varied, the anode current
will vary in the same way ; further, 1f a resistance
(or Joad) 1s connected in the anode circuit, a voltage
drop will be obtained across it, which will vary in
the same way. If this resistance has a suitable
value the variation of voltage drop will be of
greater amplitude than that of the variation of grid
voltage ; hence the property of the triode valve to
amplify.

Mutual Conductance

The ratio of the change of anode current to the
change of grid voltage is known as the mutual
conductance (g), or slope of the valve, and is
measured in nulliamperes per volt. Itis alsosome-
times expressed in micromhos, which is a unit
of conductance. A thousand micremhos equal one
milliamp. per volt; for example, a valve with a
slope of 4,000 micromhos has a slope of 4 mA/V.

Amplificatlon Factor and Impedance

If the grid is made more negative, and the anode
voltage raised, or the grid made less negative and
the anode voltage Jowered, it is possible to arrange
the values so as to keep the anode current constant
and of the same value in each case.

The ratio of change of anode volts to change of
grid volts for constant anode current is known
as the amplification factor (n).

The amplification factor divided by the mutual
conducrance is known as the impedance (Ra) or
A.C. resistance of the valve, and is equivalent to
a resistance in series with the external H.T. circuit.
In this case the mutual conductance must be tn
amperes per volt in order to express the units
correctly.

The formula for finding the impedance of a
valve is :—

Amplification factor (=)

Mutual conductance (amps./volt)
For example, if a valve has an amplification factor
of 600 and a mwutual conductance of |0mA/V or
0:01 amps./volt, then :—

600
0 01

Impedance (Ra) ohms =

Impedance 60,000 ohms.
Load Impedance

The resistance or load connected in the anode
circuit of a valve is known as the load impedance.
This has a value for triodes of betwecn one and
ten times the valve impedance (except in special
cases), depending upon whether the valve is used
as a voltage amplifier or as a power amplifier. A
voltage amplifier i1s one such as would be used as
an intermediate stage in an audio amplifier, usually
resistance capacity coupled. A power amplifier
would be used in an output stage feeding a loud-
speaker, or as the modulator in a transimitter.

Voltage Gain

In the case of a voltage amplifier the gain per
stage is proportional to the ratio of the external load
impedance to the valve impedance. This can be
expressed as :—
Amplification factor X external load impedance
External load impedance + valve impedance
For example, a valve possessing an amplification
factor of 50, working into an external Joad of
50,000 ohms and possessing an impedance of

Voltage gun =
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50,000, will give a stage gain of :—

50 X 50,000 T
50,000 + 50,000
That is to say, the ratio of the external Joad to the
valve impedance has reduced the effective amplifica-
tion factor by one-half. If a valve is chosen having
a higher mutual conductance, i.e., for the same
amphfication factor a lower impedance, the stage
gain will be increased. In the example chosen
above the valve has a mutual conductance of
50,000 = | mA/V

but if it had a mutual conductance of 2 mA/V and
the same amplification factor, the voltage gain

would be :-
50 x 50,000 33
50.000 + 25,000
In the case of an amplifier where the load impe-

dance is very low compared with the valve
impedance (such as in a television receiver),
an approximation can be obtained from the
expression

Voltage gain = mutual ¢conductance x load impedance.
This expression is obtained from the fact that
in the earlier formula the term amplification
factor can be replaced by ‘“ mutual conductance X
valve impedance " and the denominator can be
written as valve impedance, since the load im-
pedance is so small wizn compared with it.

Anode Dissipation

Anode dissipation is the power measured in watts
which 1s expended in the anode of a valve and
dissipated as heat. The term must not be confused
with either power output or power input (anode
watts from H.T.).

In any valve the anode dissipation is the remain-
ing power left, after the useful R.F. or A.F. power
output has been deducted from the power input,
ie., the H.T. supply. In the case of amplifiers
operating under Class A, or normal bias conditions,
the anode dissipation cin be considered as the
input power, but for oscillators or Class B, C or
Driven Class A amplifiers the dissipation may be
only 40 per cent. of the input power, depending
upon the efficiency obtained. (The terms Class
A, B and C are described on p. 30).

Output or Optimum Load

Output load or optimum load is the load connected
in the output circuit, the values of which are
determined to suit the valve at various operating
conditions. These values are usually quoted in
makers’ catalogues. The load for a triode is deter-
mined as the load that gives a reasonable power
output consistent with a low harmonic distortion.
For push-pull operation the load is knowan as plate-
to-plate load and is usually rather lower in value
than twice that of one valve alone. Particularly is
this so in the case of pentodes, because such valves
are matched as a single ended stage for minimum
second harmonic, whereas in push-pull they are
matched for minimumm third harmonic. Where
Class B or reversed feedback is used the conditions
are quite different and in no case must the catalogue
figure for normal Class A operation be taken as
correct,

. . .
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Power Output

Power output is always a relative and often an
ambiguous term because a definite figure is difficult
to rely upon. In the case of an amplifier the
harmonic content of the output must be stated,

. and in the case of oscillators the circuit conditions
and .frequency must be known. For Class A
amplifiers the approximate power output may be
calculated by multiplying the R.M.S. input voltage
(0-707 x grid bias), by the mutual conductance
at the operating point, then squaring the result
and multiplying this by the output load impedance.

For example, if a valve has grid bias of 16 volts
andamutualconductance of 2: 5 mA /V working into

an output load of 6,000 ohms, the power output
would be :—

) 2.5\’ X 6,000 = 41 watts,
{707 x 16 x 00
It should be borne in mind that this formula takes
0o account of distortion, therefore, for greater
accuracy | volt should be deducted from the grid
bias, because in practice it is not possible to swing
k. the grid more positive than 1 volt, as grid
current will flow. Furthermore, this formula

assumes that the output load is low compared with
the valve impedance.

. Load Lines
Load lines are lines which can be drawn on the
anode volts—anode current curves of a valve from

. which the power output and harmonic content can
be studied.

For example, in Fig. 2 the line AB represents a

3 load impedance given by :(—
. 450 volts .
l 180 mA i.e., 2,500 ohms.

Input impedance
Input impedance is the apparent resistance of the

e gn:id to cathode or filament of a valve, and is a figure
- difficult to determine as it is dependent upon the
- frequency and the type of load in the anode circuit

of the valve (i.e., inductive, resistive, etc.). In the

case of triodes, it is approximately equal to the

reactance of a condenser whose value is the grid to
E anode capacity multiplied by the amplification
factor. In the case of screened grid and pentode
valves the grid to anode capacity is very small and
¢ no approximate figure can be calculated easily.

Grid Emission

Grid emission is the condition where the grid of a
valve commences to emit electrons itself and,
figuratively speaking, competes with the cathode,
> thereby producing a flow of grid current. If a
high resistance is present between the grid and
cathode, the current will be in such a direction as
h - to neutralise the grid bias and, at the same time,
5 damp the circuit heavily. The effect is due to the

heating of the grid by the close proximity of the
- hot cathode and by radiated heat from the anode.
- The_effect is accentuated if any active cathode
- coating adheres to the grid. The effects are avoided
- by keeping the grid-cathode resistance path low

and by avoiding excessive heater or anode tempera-
. tures (i.e., by avoiding over-running the valve).
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The symptoms of grid emission in a P.A. or F.D.
stage are falling output and falling drive when the
key is held down, whilst the symptoms in an output
stage are an increase in anode and screen current,
accompanied by distortion, after the valve has been
run for some time.

Anode Emission

Anode emission is sunilar to grid emission but
occurs when the anode attains sufficient temperature
to emit electrons. This effect gives most trouble in
the case of rectifiers, causing breakdown between
anode and cathode (or filament) or emi

Conversion Conductance
Converston conductance i1s the ter

junction with detectors or freque nge
represent the ratio of the output f
frequency to the input voltage of an uency,
as, for example, in a first detector of rheter
dyne receiver. The conversion con

current in the anode circuit at L.F. (measur n

micro-amperes) divided by the input volta;
the grid of R.F., the symbol being pA/V.

Conversion or Translation Gain

Conversion or translation gain is the ratio of
1.F. output voltage to R.F. input voltage. The
figure is bound up with the dynamic resistance of
the I.F. transformer used in the anode circuit.
Both are a measure of the efficiency of the valve as
a detector or frequency changer.

Screen Grid Valves

When an A.C. input voltage is applied to the
grid of a valve an amplified A.C. voltage appears
across the output load in the anode circuit, and, due
to the fact that there is a capacity between the grnd
and anode which acts as a condenser, some of this
voltage returns to the grid again. Whether it
appears in a direction tending to aid the input
voltage or to cancel it depends upon the type of
load in the anode, i.e., inductance, capacity or
resistance. Since the reactance of a condenser is
lowest at high frequencies, the feedback from anode
to grid becomes most serious at high frequencies,
causing either instability or low amplification
depending on the output load.

In an endeavour to overcome this difficulty a
screened grid valve was developed from the early
tetrode. The latter is a triode valve having an
additiona} grid between the normal grid and the
anode, known as the screen.

In practice the screen has a lower voltage applied
to it than the anode, but, as it is virtually connected
to the cathode (i.e., via a large condenser) it acts
as an accelerator of the electrons towards the anode.
In the screened grid valve additional screening is
used in order to reduce the capacity between the
grid and anode, so that instead of a capacity
occurring between grid and anode, there is a
capacity between grid and screen, and anode and
screen. Nevertheless, some capacity exists, due
to the fact that the screen has of necessity a grid
formation in order to allow electrons to pass through
it, but its magnitude is much lower than that of a
triode.

-




Pentode Valves

A pentode is a tetrode valve which has an addi-
tional grid between the screen and the anode.
The object of the extra grid is to prevent a kink in
the characteristic which occurs when the anode
voltage of a tetrode is made Jower than the screen
voltage. This kink is known as secondary emission
effect. Briefly the explanation of this effect is that
when an electron hits a body, such as the anode,
electrons are knocked off. These electrons are
attracted to any body at higher potential than the
anode—in this case, the screen—thereby causing
a drop in the anode current, and a corresponding
rise in the screen current.

The effect of this secondary emission kink in
practice is to limit seriously the available swing in
anode voltage in a downward direction with the
result that the output is very distorted and the
consequent useful power output is thereby greatly
reduced.

In a pentode, the effect of the additional grid,
which is known as the suppressor grid, is to repel
these secondary electrons back to the anode and
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prevent them reaching the screen. The suppressor
grid is usually placed between the screen and anode
and earthed.

There are other methods in use for suppressing
secondary emission besides the one mentioned.
One of these methods is to make the distance
between the screen and the anode such that the
secondary electrons have insufficient energy to reach
the screen. An elaboration of this principle is
utilised in the Harries Critical Anode Distance valve.

A third method is to use small fins projecting
inwards from the anode, whilst yet another method
is to use earthed plates near the anode. This latter
arrangement is used in the modern beam tetrode.

Beam Tetrodes

A beam tetrode employs principles not found in
other types of valves in that the electron stream
froin the cathode is focused towards the anode.
The control grid and the screen grid are arranged so
that they have the same winding pitch; further,
they are assembled in the valve so that the turns in
each grid are in optical alignment. Fig. | shows in
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diagrammatic form the construction of such a valve.
The effect of the grid and screen turns being in
line is to reduce the screen current compared with
non-beam construction. For example, in a pentode
of usual construction the screen current is about
20 per cent. of the anode current, whereas in a
beam valve the figure is between 5 and 10 per cent.
The lower the value the better the alignment for
any given construction.

The earthed plates referred to above are bent
round and utilised to shield the anode from any
electrons coming from the regions exposed to the
influence of the grid support wires at points where
the focusing of the electrons is imperfect. These
plates which both shield the anode from part of
the electron stream and prevent secondary emisston
are known as beam confining or forming plates. They
can be seen in Fig. |, as can the flat pencils of
electrons focused towards the anode.

Beam valves were originally developed for use
as A.F. output valves, but the principle has now
been applied to many types of R.F. pentodes.
Their superiority over pentodes for A.F. output

Flg. 1.
Internal construction of 5 beam power
tetrade valve. The focused strecam of

electrons berween the grid and screen torns

¢an be seen, nlso the beam-forming or con-

fining plates which shileld the onode from

the electrons coming fram the regions of
the suppaoart wires.

purposes is due to the fact that the shape of their
characteristic curves i1s such that the harmonic
distortion is principally second with very little third
harmonic present, which is opposite to the result
obtained with a pentode. Two such valves used
in push-pull give a very large output with small
harmonic distortion due to the fact that the second
harmoni¢ cancels out with push-pull connection.
Fig. 2 shows the characteristic curves of a beam
valve and pentode of equivalent size. The line AB
is a load line drawn on the curve. It will be seen
that the line extends further to the left before it
cuts the zero grid-volts curve than 1s the case with
the pentode, indicating a greater power output.

The widespread use of beam power valves as
R.F. amplifiers and frequency doublers, etc., will
be referred to later in this Chapter.

VALVE FUNCTIONS

It is necessary now to considen: how a valve per-
forms the funcuons of ampl}ﬁer, rectifier or
oscillator under practical conditions.




3 The Valve as an Amplifier

When a valve has an impedance connected in
series with its anode supply and the voltage on its
grid is varied, the resultant change in anode current
-4 will cause a voltage change across the impedance.

This impedance may be a resistance, an inductance,
or in some cases may behave like a capacity, as
for example, in a circuit tuned above resonance.

-
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- Class A Operation

. The curve in Fig. 3 shows graphically the opera-
tion of a valve working as an amplifier. This
curve, which is known as a characteristic curve,
plots anode current against grid voltage. If now
the D.C. grid bias is fixed at the point A, which is
in the centre of the straight portion of the curve,
then an A.C. sine wave input applied to the grid

~ will be reproduced as an amplified sine wave in

~ the anode circuit. Since the travel of the operating

- condition is up and down the straight portion of

.;vdle' curve, the output wave shape will be exactly
similar to that of the input and no distortion will

. It, but if the operating point is fixed so that

~ the valve operates over a curved portion of the

characteristic, distortion, i.e., a flattening either
[ the negative or positive half-cycle, will result.
ethod of operation where the grid bias is

d at the centre of the straight portion of the
rve is known as Class A operation.

¢ en the output from a valve is not the exact

ction of the input wave, distortion results.

e shown that for a periodic wave shape, the

an be resolved into a number of simple sine

of different amplitudes and phase relation-

g in harmonic frequency relationship.

hese other sine waves of harmonic

ipared with the fundamental sine

ﬁ he'pen:en‘age harmonic content
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Push-pull and Parallel Amplifiers

When it is necessary to obtain more output than
can be furnished by one valve, two may be con-
nected in push-pull or in parallel. Fig. 4 shows
the connections 1n each case. The arrangement for
push-pull is such that when the grid of one valve
is positive, the other is negative and in consequence
the anode current of one valve is nsing as the other
is falling, hence the name ** push-pull."”

In parallel operation, the grids and anodes are
connected in parallel, with the result that the output
is either doubled or directly dependent on the
number of valves in parallel. The relative harmonic
content is the same as for one alone, whereas for
push-pull all even harmonics (2nd, 4th, 6th, etc.)
are cancelled out, due to the method of connection.
It follows, therefore, that two valves connected in
push-pull will give a considerably greater output
than twice that obtained fromn a single valve.

Class B Operation

As pointed out above it is necessary to operate
over the straight portion of the characteristic if
distortion is to be avoided. Actually the straight
portion of a valve curve is only a small part of the
whole ; consequently, if it were possible to use a
larger part, more output would be available. This
effect is achieved in practice by a method known as
Class B operation. In this method, the valve is
operated at ‘’ cut-off ' on the curve, as 1s shown
graphically in Fig. 5, from which it will be evident
that the negative half-cycle is almost completely
suppressed. If the valve is used as an R.F.
amplifier, this fact is unimportant, as the inherent
Q of the tuned circuit will restore the other half-
cycle and remove the harmonics, but for A.F.
amplification as it stands the inethod i1s impossible.
If, however, two such valves are used in push-pull
then each valve will supply the missing half-wave
of the other and a normal sine wave will result in
the output.

Class C Operation

The Class B principle is carried a stage further in
Class C amplification, by using the entire valve
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characteristic. Here the grid is biased to approxi-
mately twice cut off and is driven far into the
positive region in order to reach saturation point ;
as 1s shown in Fig. 6. Since the grid is driven
positive, grid current flows, with the result that
the anade is robbed of current at the peak of the
cycle, thus causing the anode current pulse to be
indented at the top. As the wave form is poor and
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Push-pull and parallel amplifier circult.

distortion very considerable, Class C operation is
almost entirely used for R.F. amplification where
high efficiency is very desirable. Due to the presence
of grid current, considerable driving power 1s
necessary.

There are several varieties of Class A, B and C
operation, which are known as Driven Class A4,
Class AB, Class BC and Quiescent, but these are
fundamentally the same, differing only in the
position of the fixed grid bias used for the operation
paint, or to the use of a low impedance grid circuit
and/or driver valve, to overcome the effects of
grid current, which would cause input circuit
damping.

Cut-off

Reference has been made above to the term
‘‘ cut-off.”” Cut-off is defined as that point on the
anode-current, grid-volts characteristic curve at
which the anode current falls to zero, when the
steady D.C. grid bias is increased to a certain value.
A more detailed description is given on page |9.

The Valve as an Oscillator

If a triode valve is so arranged that its output
circuit is coupled back to its input circuit, in such
a way that the alternating voltage applied to the
grid is opposite in phase to that which exists in the
anode circuit, the valve will operate as an oscillator.
The frequency of oscillation will depend upon the
frequency to which either the input or output
circuit is tuned.

RADIO VALVES AND THEIR USES

Valve oscillators and suitable circuits are fully
described in Chapter 6.

The Valve as a Rectifier or Detector

Consider first the case of a diode valve used as a
rectifier. If such a device is inserted in a circuit
through which A.C. is flowing, current will only
pass through the diode in one direction, thereby
producing pulses of D.C. energy. Such a current
1s said to have been rectified. If now a condenser
of suitable capacity is connected across the output
it will store up the D.C. energy during the missing
pulse, and a more or less steady D.C. output will
be obtained. This arrangement produces half-
wave rectification.

A detailed description of the use of diodes as
power rectifiers will be found in Chapter 9.

A further and important application of the diode
principle of rectification is to be found in their
use as half-wave rectifiers of radio frequency
signals.

If a modulated R.F. carrier wave of the form
illustrated in Fig 7a is applied to a diode connected
as in Fig. 7b, the diode will rectify the modulated
carrier. Assume the carrier frequency to be F,
and the modulated frequency F,, then that portion
shown above the horizontal line x—x in Fig. 7a
will appear as a direct current in the output circuit
across R, in Fig. 7b. This current will vary up
and down at a rate depending upon the frequencies
F, and F.. If now a condenser C, is connected
across R, of a value such that its reactance to the
frequency F, is very low, and its reactancz to the
frequency F, is high, then the vzriation of voltage
due to F, will charge it up to some mean value,
which is consiant as far as F, is concerned, but
which will vary up and down around this mean
value at the frequency F,. Hence an A.C. voltage
appears across C, R, which varies according to
the audio modulation frequency F,. If this voltage
is applied to the grid of an amplifying valve, aun
audio output will be obtained in the anode circuit.

The diode type of rectifier is used chiefly in
superheterodyne receivers and monitors; the
principle is, however, applicable to al} types of
detectors.
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The Anode Bend Detector

This form of detector depends for its action upon
the fact that the anode current-grid voltage
characteristic of a valve is curved both at the
bottom and top. As the top bend is rarely used in
practice only the effects which occur at the bottom
bend will be considered.
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Fig. 6.
Operation of & valve as a Class C amplifier.

Consider now Fig. 8, which shows the character-
istic of an HL. type battery valve. If, for example,
an unmodulated signal of a value 1-5 volts R.M.S.
is applied to the grid, which is biased to —2-7
volts, the resultant anode current variation will be
as shown to the right of the curve. The shaded
area represents reverse current, indicating that
rectification is not perfect as with a diode. The
efficiency of such a valve as a rectifier can be
represented as one area divided by the other.

Fig- 9 shows the effect of applying a modulated
carrier, projected in the same way. It will be
noticed that as in Fig. 8 the anode current shows
the rectified peaks of carrier, but in this case they
vary in height according to the modulation. In
both cases the mean anode current rises above the
initial value.

If a circuit is connected to the anode arranged in
such a2 way as to separate the modulated and

(A)

Fl

F2

Fig. 7.
The volve as a diode
detector. The values
of Ry ond C; are
discussced ia the text.

modulating frequencies, it i1s possible to select the
required frequency. Fig. 10 shows such a circuit.
R.F.C. is a choke which presents a high impedance
to R.F. but a negligible impedance to A.F. The
condenser C by-passes the R.F. current to earth,
but will not pass A.F. current as is the case when a
diode detector is used. The audio output appears
across the load R, which may be a resistance or the
primary of an A.F. transformer. It will be seen
that in Fig. 9 as long as the valve operates over
the straight portion of its curve, ABC, the resultant
A.F. voltage will be linear and an exact reproduc-
tion of the original modulation, but if the portion
ABC is curved the A.F. output will be distorted.
The grid bias corresponding to the point C must
be chosen so that it is just on the bend of the curve

as shown. Further, the R.F. input to the grid niust
not be allowed to exceed a value where point A
swings up the curve further than the e; in
oth2r words, the grid should not be wed to
run positive, otherwise distortion wil 1lt
m/Al
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Anode bend rectficstion—unmodulated signal. The
resultant mnode current voriation is obtained by
geometric projection. The shoded onrea represcats
reverse current,shoing that rectification is not perfect.

Leaky Grid Rectification

The leaky grid method of detection depends for
its action upon the fact that when the grid of a valve
is made positive, grid current flows from the grid
to the filament or cathode.

The circuit of a grid-leak detector is given in
Fig. 11, from which it will be seen that a resistance
R, and a condenser C, are connected between the
grid and the tuned circuit L, C,. If an unmodu-

lated carrier is set up in L, C, (corresponding to
the carrier of a station) then at a time when the
voltage is zero, i.e., the sine wave of R.F. passes
through zero, there will be no voltage across L, C,,
and both plates of the condenser C, will be at zero
potential.




™ If it is assumed that the resistance R, is dis-
connected and the carrier increased to, say, 2 volts
negative, the anode current will be at some steady
value and no grid current will flow. The grid itself
will be 2 volts negative with respect to the filament,
and as the condenser C, is as yet uncharged, its
plates will be at equal potential.
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Anode bend rectfication—modulated signal.

If it is now assumed that the carrier rapidly
changes polarity to a position of 2 volts positive
(at 20 metres wavelength this would take /30 of a
millionth of a second), then the left-hand plate of
C, is 2 volts positive, and since the condenser is still
uncharged the grid will also becomne 2 volts positive
and the anode current will suddenly rise. But as
the grid has become positive, grid current will start
to flow and the right-hand plate of C, will begin to
lose its positive potential, whilst the left-hand plate
remains at 4+ 2 volts; in other words, C, is
acquiring a charge. After an interval of time,
depending on the value of C,, the grid will lose its
positive potential entirely, and, assuming it returns

HT +
RFC R

INPUT

Fig. 10,
Arrangement of o triode operating as an anode bhend

detector.
carth.

Condenser C hy-passcs R.F. current to
R niny be a resistance or the primary winding
of an A.F. transformer.
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to its original value of — 2 volts (at which value
g:l'id current ccases to flow), no further change takes
place.

Now, if the carrier again rapidly reverses its
polarity to the original condition or on to the next
half-cycle, the left-hand platc of C, becomes
— 2 volts and simultaneously the right-hand plate
becomes 2 volts more negative or — 4 volts. As no
grid current flows at — 4 volts the grid will remain
at this potential indefinitely providing no further
change takes place and providing the insulation
is perfect. Hence the need for the high resistance
grid leak R,. With the leak connected, the charge
will leak away and the grid will take up a potential
such that the current from grid to filament equals
the current through the leak in either the positive
or negauve half cycle. If now an R.F. voltage is
applied, the left-hand plate of C; will vary from
+ 2 volts to — 2 volts as before, but the grid will
not vary in Quite the same way as previously
described. On the positive half cycle the condenser
will again become fully charged, but on the negative
half cycle the time will be insufficient for the con-
denser to discharge completely thiough R,, with
the result that it will remain charged slightly
negatively as long as the R.F. input is applied.
This will cause the mean anode curren: to drop.

When a modulated R.F. voltage is set up in the
circuit L, C, the anode current will always tend to
rise to the same value for each positive half cycie
but will fall more or less on the negative half cycle,
depending upon whether the modulating frequency
ts aiding or opposing the effective carrier voltage.
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Flg. 11,

Circult ot o leaky grid detector. Suitable values for
C, and R, are given la the text.

This is shown diagrammatically in Fig. 12, where
A represents the modulated R.F. across the coil L,
and B the resultant grid potential under perfect
conditions. In actual practice the positive peaks do
not quite lie on a straight line.

It will be seen from the diagram that rectification
is present and that the effect is the same as for anode
bend rectification but inverted. The values of C,
and R; are chosen so that their time constant is
long compared with one cycle of the carrier, but
short compared with one cycle of audio-frequency.
The time constant in micro-seconds is taken as the
product of C, and R,, where C is in micro-micro
farads and R 1n megohms. A usual value of C, for
short wave operation is <0001 wF and R, from | to
5 megohms.
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Power Grid Detection

In the so-called power-grid detector the mode
of operation is the same except that a considerably
higher anode voltage is used and due to the
different grid-current characteristic under these
conditions it is possible to employ more suitable
values for C, and R, thereby obtaining a condition
more nearly approaching Fig 12B, i.e., one which
gives less distortion.

/ \MOD.RE -
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Fig. 12,

Leaky grid rectification. (A) Represcnts the modulated
R.F. across L. of Fig. 11. (B) Resultant grid potential
under perfect conditions.

As previously mentioned the effects of rectification
and grid current are to set up a steady negative
bias on the grid as long as the carrier 1s applied.
This system of a grid leak and condenser is used to
provide bias in self-excited or crystal oscillators,
and in driven power amplifiers or frequency

doublers, and will be referred to later in Chapter 6. "

RECEIVING VALVES

Amongst the receiving valves, figure those of the
filament type (commonly known as battery or
directly heated) and the indirectly heated type. It
is not proposed to deal separately with each of the
two types, as almost any receiving valve has a
counterpart in both types ; in fact, there are now
available quite a number of indirectly heated 2 volt
battery valves as well as many with ‘' economy ”’
filaments suitable for operation on a single 1-5 volt
dry cell.

Triodes

The general tendency during recent years has
been to increase considerably the efficiency of
triodes. This is marked in the battery range by an
enhanced performance for a lower filament power
consumption, and in the indirectly heated range by
a very improved mutual conductance resulting in a
higher amplification factor or.a lower impedance,
or both. The use of a modern triode does not
involve any new difficulties except that the higher
stage gain obtainable, requires precautions to be
taken in decoupling and in the prevention of
parasitic oscillation.

Pentodes and Tetrodes

Modern pentodes fall into two classes, namely,
radio frequency types and audio frequency output
types. The former type has almost entirely replgced
the screen grid valve due to the fact that it 1s
capable of handling a much larger signal without
distortion, at the same time giving a higher stage
gain.

As the anode impedance is higher in the case
of a pentode or tetrode, there is less damping on
the tuned circuit connected in series with the
anode, consequently selectivity is higher. R.F
pentodes are available with straight or variable mu
characteristics.

A usual application is as an R.F. or I.F. amplifier ;

additionally they are also very usef a 1bined
first detector and oscillator in a su 1ieterodyne
receiver.

R.F. pentodes may also be used for a frequency
changer, by injecting a local oscillation from an
oscillator valve (which may also be entode) 1nto
the suppressor grid. This system is not, however,
recommended for ultra short-wave frequency
changers, as some portion of the local oscillator
output is likely to be picked up by the control
grid, which would result in demodulation of the
suppressor grid inmjection. A typical suppressor
grid injection frequency changer circuit is shown in
Fig. 13.

%Vlany types of R.F. pentodes are alsc available as
tetrodes, in which beam confining plates replace the
suppressor grids. Most R.F. pentodes have the
suppressor grid brought out to a separate pin, a
great advantage for certain types of oscillator
circuits, apart from their use as a frequency
changer as mentioned above. Television R.F.
pentodes have mutual conductances upto 10mA/V,
and are available in short seal construction giving
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Fig. 13,

Suppressor grid Injection frequency changer clrcult
suitable for ose with a 6K7 (frequency chaoger) aad
a 637 (oscillator).



much shorter leading-in wires and thus improving
their ultra short-wave performance, particularly
as regards raising the input impedance.

The modern A.F. output pentodes and tetrodes
are much more efficient than their predecessors,
some of the indirectly heated types giving 3 watts
output for an input swing of about 3 volts and
having a mutual conductance of about 12 mA/V.
Others, nanely, in the A.C.-D.C. range, give 2-5
watts output with anode and screen voltages as low
as 110 voits. The battery types are correspondingly
also more efficient.

Double Diode Triodes

Double diode triode valves comprise a high-
gain triode with two diodes, efficiently screened
from the triode, and having a common cathode or
filament. Their chief application 1s in cirCuits
using automatic volume control. The types of
circuit are legion but in the main they comprise full-
or half-wave diode detection with A.F. amplifica-
tion, with or without a delay voltage on the A.V.C.
In addition, the triode is used as a direct current
amplifier as well as an A.F. amplifier, thus giving
the above variations or arrangement with amplified
A.V.C. Fig. 14 shows a typical circuit using one
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Fig. 14,

Typlcal) clrcuilt using a double-diode triode. D, s
used (or the A.F. output and D, for the A.V.C. voltage.

diode (D,) for the A.F. output and the other (D,)
for the A.V.C. voltage. The A.V.C. is delayed by
the amount of bias on the triode, namely, the drop
across the auto-bias resistance. Other useful
applications are in valve voltmeter circuits and in
various types of measuring apparatus.

A variation of the double diode triode is the
treble diode triode, which has an additional diode,
thereby enabling the advantages of quiet amplified
and delayed A.V.C. to be achieved in one valve,
where previously an additional valve was necessary.

Double Diode Pentodes

These valves comprise either an A.F. pentode
and two diodes, or an R.F. pentode and two diodes,
utilising a common cathode mounted within the
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same bulb. The double diode A.F. pentode is
largely used in small receivers where the R.F.
voltage on the diodes is reasonable in magnitude
and where in consequence the A.F. amplification
need not be great. The double diode R.F. pentode
may be used 1n such a way that the pentode acts as
an LF. amplifier followed by the diodes as detector.
In certain cases the R.F. pentode may be used as a
resistance capacity-coupled A.F. amplifier following
the diodes.

Triode Pentodes

Triode pentodes were originally introduced for
use as combined detector. oscillators in super-
heterodyne receivers. They comprise a small
triode and an R.F. pentode screened from one
another but having a common cathode. The
triode 1s arranged as an oscillator, injecting its
oscillations into the common cathode lead of the
R.F. pentode. These valves, although suitable for
use on medium and long waves, are unsuitable for
short wave operation, due to the necessity for using
cathode injection, which causes locking between
the oscillator and the R.F. signal. They have,
nevertheless, several other useful applications.

Pentagrids or Heptodes

A pentagrid consists of a screen grid and a triode
element coupled by a common cathode electron
stream. It comprises: a heater and cathode (or
filament), five grids and an anode; the grids in
order being: (1) triode control grid, (2) triode
anode, (3) electrostatic screen, (4) tetrode control
grid, (5) tetrode screen grid.

The triode is screened from the tetrode (screen
grid) unit by the electrostatic screen (grid 3);
consequently if it is connected up in any conven-
tional oscillator circuit the tetrode unit will be
modulated by the oscillator, solely by virtue of the
variations of the electron stream from the cathode,
due to the triode. A typical circuit of a pentagrid
frequency changer is shown in Fig. 15. The

IF
AMP
fzapoon
oo + 250V
+ 100V
15000
n
Av.C. w
CIRCUIT.
Fig. 18,
Typlcal clrcult employiog a peatagrid Irequency
chaoger.
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tetrode unit has a variable mu characteristic
enabling A.V.C. to be applied to the frequency
changer, thereby giving improved A.V.C. operation.

A pentagrid 1s in general quite satisfactory for
use in short-wave frequency changers, but difi-
culties may be encountered due to a small residual
coupling between grid (2) and grid (4) which may
cause a drop in conversion gain when the signal
frequency and the oscillator frequency are very
close together. In some cases this effect may be
‘* bucked out '’ by means of a very small capacity
between grids (1) and (4). There is also a drift in
the oscillator frequency when the grid bias on the
control grid (4) is varied (as with A.V.C.), and this
may amount to about 0-01 per cent. These effects
can, however, be largely overcome by driving
grid (1) from a separate oscillator, preferably of an
electron-coupled type.

Pentagrids may be used in push-pull for ultra-
short wave work, f.e., 28 and 56 Mc, the control
grids (4) being in push-pull and grids (1) and (2)
in parallel. This arrangement enables satisfactory
oscillation to be obtained on these frequencies.

Pentagrids are obtainable in A.C., A.C.-D.C,,
and battery types.

Hexagrids or Octodes

As their names imply, these valves have six grids
or eight electrodes. They are essentially the same
as pentagrids with the addition of a suppressor
grid which converts the tetrode unit into an
R.F. pentode. They have no great advantage over
a pentagrid except that when the R.F. input
voltage is large there is less change of overload and
consequent cross-modulation. The conversion
gain is of the same order, but they give somewhat
improved performance on short waves

? 1000 N

O
+ 250V

n
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howiag the connections for a trlode bhexode
i ghelween 28 maod 56 Mc usiog s valve
such as the Osram X&S5,.

.
»
-
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Triode Hexodes or Triode Heptodes

A triode hexode consists of a tricde valve and a
mixer valve with a common cathode. The mixer
has four grids between the cathode and the anode ;
the first is the control grid, which has variabie mu
characteristics, the second is an electrostatic screen,
the third is the oscillator grid, which is connected
internally to the triode grid, and the fourth is a
screen which is strapped to grid (2). The triode
is connected in any conventional oscillator circuit
as is shown in Fig. 16.

A triode heptode is similar to the triode hexode
but has in addition a suppressor grid. This type of
valve will give a higher conversion gain than the
pentagrid, due to the fact that the control grid 1

HT+0O0— ——  —
& S . TPUT.
cxnwes e | ) 4
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INPUT * y
\ :
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Flg. 17.

Connections for triple-twin valve.

nearest the cathode and in consequence has the
highest mutual conductance. Furthermore the
valve does not-suffer from oscillator drift (due to
A.V.C.)) or to coupling between the oscillator and
signal grid, although it possesses all the advantages
of electronic coupling. The amplitude of the
oscillator of modern type requires to be in the order
of 7-5 volts R.M.S.

Triple Twin Valves

A triple twin valve i1s a special type of output
valve comprising two triodes contained in one
bulb which are internally connected as a direct
coupled amplifier. The cathode of the first triode
(input) is connected to the grid of the second triode
(output). The anode of the input triode is con-
nected to H.T. and the output of the first triode is
the grid cathode impedance of the second, the out-
put load in effect being in its cathode, instead of its
anode circuit. No external grid bias is required,
and the power output is of a higher order than for
a triode or pentode, being 4 watts for one valve
and over 12 watts for two in push-pull. The
connections of a triple-twin valve are given in
Fig. 17.

Beam Power Output Valves

The beam, which is the latest type of output
valve, is a tetrode (i.e., screen grid output valve),
but it employs principles used in Cathode Ray
tubes, in that the electron stream is focused towards
the anode by grids of special shape, arranged with
their turns exactly opposite and with two focusing
plates. Two such valves arranged in push-pull
give an output of 60 watts of audio-frequency
power when an H.T. voltage of 400 is applied.

Fuller details of beam power valves are given
earlier in this Chapter.



Acorns and Midget Valves

Acorn valves are small varieties of indirectly
heated diodes, triodes and pentodes. They have
no base, the connections being by means of small
clips, whilst the length and diameter are of the
order of 3°. The capacities are very small, thus
making them suitable for use up to frequencies
around 600 Mc. A full size illustration of an
Osram acorn appears below.

Midget valves are ordinary types of very small
dimensions, suitable for use in portable receivers
and in deaf aid equipments.

The Osram ZA]
R.F. Peotode
Acorn type, suit-
able for ultra-
short-ywwave re-~
celvers.

Meral Valves

These valves, which at one time were very popu-
lar in America, are ordinary valve types assembled
in a metal bulb, welded or brazed together and
having the lead-out wires passed through eyelets of
Fernico metal mounted in the metal bulb. They
have characteristics similar to normal types, but
are somewhat smaller in bulk. Although available
for all purposes they are now principally used for
R.F. purposes wlere they have the advantage of
better screening than their glass counterparts.

Magic-eye Tuning Indicators

This form of tuning indicator, marketed under
various trade names, contains 3 cone-shaped piece
of metal (known as the target) coated with fluores-
cent material. Electrons emitted from a cathode
impinge on the target and cause it to be illuminated
with a green glow over a part or the whole of its
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Fig. 18.

Coapections for 8 ** magic eye ' svhen used ssa tunlag
jnd\cator lo a superheterodyne recciver.
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surface. Two or more small rods act as grids and
when the anode voltage applied to them is altered
a shadow moves, which opens and closes on the
target. A small triode is also mounted within the
bulb in order to amplify the voltage applied to
the grid rods, i.e., to improve the sensitivity. The
grnid of the triode 1s normally connected to the
A.V.C. hine in the receiver, with the result that the
‘‘eye ' opens and closes in accordance with
the tuning of the receiver.

Fig. 18 shows the connections used for a magic
eye indicator in a superheterodyne receiver.

Footless Valves

Recent developments in valve technique have
made it possible to manufacture valves having a
circular glass seal in the base instead of the cus-
tomary glass pinch. When this form of con-
struction is used the lead-out wires are the actual
pins used to make connection to the valve socket.
By this means the leads between the electrodes and
the socket can be made much shorter, inter-
electrode capacities are reduced and the losses
associated with the base are avoided ; at the same
time a single ended construction (i.e., the top cap
is dispensed with) is adopted.

Manufacturers have adopted different arrange-
ments of pins, and in some types a locking device
is fitted to prevent the valve being easily ejected
by accident from the socket.

The vanous types of footless valves in current
use are represented by the Loktal and the R.C.A.
midget types in the U.S.A., and by the Phillips-
Mullard and the Tungsram types in Europe. An
illustration i1s given of a Mullard EESQ footless
construction valve before pumping and before
the bulb has been sealed. The glass tube projecting
below the pins is used to evacuate the valve, and
after sealing off, this is protected by a hollow metal
base having a hollow key arranged to lock into the
socket.

Electron Multipliers

Earlier in this Chapter, when discussing tetrode
and pentode valves, the phenomena of secondary
emission was expliined. This effect is utilised in
electron multipliers in order to increase the slope
(mutual conductance). When a single primary
electron impinges on an electrode under suitable
conditions, many secondarv electrons are liberated
from that electrode; consequently, if these
secondary electrons can be utilised to furnish the
final anode current, a big increase in electron
density (or slope) will result. Since a copsiderable
velocity is essential for the original electron (and
a reasonable voltage is required to produce this
velocity), each stage of electron multiplication
demands a certain minimum voltage, and in
practice this will usually lie between 100 and 300
volts. In passing it should be mentioned that,
whilst multi-stage electron multipliers have been
developed, they require H.T. voltages up to 1,000
volts or even greater.

It is necessary to focus the secondary electrons
towards the anode, otherwise they may be attracted
back towards an earlier electrode, as is the case in
the tetrode valve. This focusing condition is
effected by applying the laws of electron optics
such as are used in the modemn cathode ray tube.
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For general receiving purposes it is undesirable,
for many reasons, to use a H.T. line voltage of more
than 300, and from the considerations outlined
above it will be clear that only a single-stage
multiplier is practicable at present; the reason for
this is that in order to attract the secondary elec-
trons a difference in potential is necessary between
the secondary electrode and the anode, in addition
to that existing between the cathode and the
secondary electrode, which leaves about 150 volts
available for each region of the valve.

A typical example of a single stage electron
multiplier is the Mullard EE50 previously referred
to. This valve is rated to operate with a H.T. of
300 volts, and has a slope of 14 mA/V. It s
primarily designed for use in television receivers,
w}}erg, due to the band-width required, the stage
gan is low with valves of more moderate slope.

Fig. 19,

A cross section of 2 Mullard EESO single stagejelectron
multiplier showing the path of theJclectron stream.

—l

Fig. 19 illustrates a cross-section of the EES0,
in which the dotted arrow lines indicate the path
of the electrons ; K, is the main cathode (which is
indirectly heated) and G, is the control grid. G,
1S an auxiliary or screening grid, which is intended
to screen the control grid from the remainder of
the valve in order to raise the effective voltage in
the region of the control grid and to increase the
internal impedance. The screening electrode S,,
which is maintained at cathode potential, deflects
the electrons accelerated through G, towards the
secondary electrode or second cathode, K,. The
other small shield in the centre of the valve prevents
a direct electron flow between K, and K,, and also
prevents any cathode material from being volatised
upon K, during processing. The electrons
deflected by S, impinge upon K,, where the
secondary electrons are liberated and attracted
towards the anode A. The part of the anode
opposite, and in close proximity to, the second
cathode is made of gauze mesh in order to allow
the passage of both primary and secondary electrons.

In operation the control grid obtains its bias by
means of a resistance in the cathode lead, whilst
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the screen grid G, is maintained at H.T. line
potential. The screen current is usually about
0-5 mA, and the anode current about 10 mA. The
second cathode, K,, is maintained at a voltage of
about 150 volts by means of a potentiometer net-
work, but, as is usual with secondary emitting
electrodes, the current is negative and has a value
of about 8 mA. Those who have expern
with tetrode valves as dynatron oscillators will be
familiar with the phenomena of a negative anode
current when secondary emission ocCcurs.

TRANSMITTING VALVES

Under this classificat
for R.F. purposes will be cor
in general use are: t
pentodes. The u
magnetrons 1s confined to ultr h
(56 Mc or higher) and does not come
scope of this Chapter.

The

er

within the

Transmitting Triodes

These range in size from small receiving battery
valves for very low power circuit water-cooled
valves for high power. As a rule, they have dull-
emitter filaments up to a power of 250 watts, and
above that figure bright-emitter tungsten filaments.
Indirectly-heated cathode valves are not usually
made with ratings above 25 watts.

In general, valves are chosen which (a) do not

Type EES0 Mullard single stage clectron mul tiplier

showing Its construction. The lllustration sbows @

valve before the bulb hos been sealed ond with th e glass

tube for attachmeot to the pump in position. ‘This valve

1 of the footless construction, the pins being the actua)l
lead wires.



have an exceptionally high mutual conductance (a
usual figure being between | and 4 mA/V) and
(b) have a medium impedance (between 3,000 and
25,000 ohms). A high mutual conductance valve
presents difficulty in neutralising, whilst valves
with very low or high impedances result in low
efficiencies. In the former case this is due to
awkward LC ratios of tuning circuits, and in the
latter case is due to the difficulty of designing a
short-wave tuning citcuit, with a high dynamic
resistance which will give at the same time adequate
selectivity in order to reduce harmonics.

Valves designed especially for short-wave work
usually have the grid or anode, or both, brought
out through the top or side of the bulb, and more
often than not no base at all is provided. This is
a desirable feature, as it helps to reduce the capacity
between the electrodes, at the same time reducing
the possibility of leakage or breakdown at high
voltage. This condition is likely to occur with the
morc usual type of pinch, where the lead-out wires
are bunched together in the glass near the base.

In the case of valves especially designed for use
on ultra-short waves the anode is often made of
graphite in the form of a hollow block or of molyb-
denum or tantalum. Anodes of this type are
capable of dissipating more energy with less chance
of gas being driven off. Triodes constructed in
this manner can be used quite satisfactorily up to
a frequency of 300 Mc.

Transmitting Acorns

The original transmitting acorns, which were
built on the same lines as receiving acorns, but of
somewhat larger dimensions, were of 30 watts
dissipation and capable of delivering an output of
4 watts at 600 Mc. These have recently been
improved upon, and one of the latest types (the
3B/250-A) 1s illustrated. This valve is designed
on double-ended lines, i.e., the connections are
brought out at the top and bottom. It is rated at
25 watts dissipation at 500 volts, and is capable of
an output of 4-5 watts at 700 Mc, the limit of
oscillation as a normal triode being 1,800 Mc.

Type 3B/250A Standerd Telephones and Cables trans-
mitung Acorn of double-ended coostruction. The
illuatraton is full-size. This valve will oscillate dowan
to a wave-length of 18 centimetres.
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There are other valves having a remarkable
performance at ultra-high frequencies, but at the
time of publishing this Handbook obvious reasons
prevent details from being included.

Tetrodes and Pentodes

Receiving types of tetrodes and pentodes are
largely utilised as crystal oscillators, master
oscillators (either of the dynatron or electron-
coupled type), Tritet oscillators and frequency
doublers. For the latter function output pentodes
are very useful, whilst for higher power circuits
screened tetrodes and R.F. pentodes are obtainable.
A tetrode or R.F. pentode gives somewhat higher
amplification and the vital necessity for neutralisa-
tion 1s removed, although it is advised as a precau-
tion against the possibility of self-oscillation. The
chief advantage of their use as a power amplifier
at radio frequencies, is that due to their high
amplification factor, only a small amount of
driving power from the previous stage is necessary.

"\
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Type D1 Mazda Acorn Diode

designed for use in television

recelvers but adaptable for such

purposcs as ultra-shart wave
ficld strength meters.

This is an important point where very high
frequency operation is concerned, for it is often
difficult to obtain sufficient drive from doubler
stages operating on 28 and 56 Mc. Because such
valves can be driven easily there is always a danger
of over driving them, especially in view of the
greater efficiency obtained from modern doubler
valves. Over driving causes severe peaks of current
both in the grid and anode ciccuits and is hiable to
shorten considerably the life of the valve by en-
couraging gas or grid emission. Furthermore, due
to their high anode impedance, dangerous voltages
are set up in the anode circuit if the aerial or
following valve load is removed whilst the drive is
being applied. This voltage may cause an interna
flash-over in the value.

Beam Valves

Beam valves, referred to earlier, are also used
extensively for transmitting purposes. They make
extremely efficient Tritet osallators and fire-
quency doublers up to 60 Mc or higher. The
reason for their large output compared with a
normal screen tetrode or R.F. pentode is primarily
due to the fact that they will give a large output
into a relatively low impedance circuit, whilst
retaining a low grid drive. The usual load for a
6L6 valve is about 3,000 ohms, which is not a
difficult value to obtain for a tuned circuit even at
56 Mc.
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Tetrodes or pentodes can be modulated by
simultaneous modulation of the anode and screen
voltage, whilst pentodes can also be modulated by
variations of the suppressor grid potential. The
variation can be supplied by a small receiving valve,
effecting a great economy in speech frequency
equipment.

RECTIFYING VALVES

Rectifiers fall into two classes : vacuum diodes
and vapour-filled diodes.

Vacuum types, which may be eitber directly or
indirectly heated, are usually made full wave for
handling small powers, and half wave for higher
power. The indirectly heated types have the
advantage that they heat slowly and, in conse-
quence they allow the heaters of other valves in
the receiver or amplifier to warm up before the
H.T. voltage is applied, thereby effecting an
appreciable saving in the cost of smoothing con-
densers. The maximum power obtainable from
the indirectly heated full-wave type is 500-600
volts at 250 mA. The directly heated types range
from 250 volts 60 mA up to water-cooled types
giving 20,000 volts at several amperes.

Vapour-filled types are usually directly heated,
having a filament in the form of a spiral or zigzag,
and a flat or concave plate for an anode. Such
valves are filled with mercury vapour. The smaller
types are half-wave valves giving 1,000 volts at
about 250 mA, and the largest (being three- or
six-phase) deliver 20,000 volts with a power output
of about 100 kilowatts.

The chief advantage of the mercury vapour
rectifier is the low voltage drop obtained (in the

order of 15 volts) and this is almost independent
of current. Hence a high efficiency is se_cured. The
disadvantages are :»(a) delayed switching is neces-
sary—usually about 30 seconds, except for very
low cutrents (i.e., the Hlament must be hot before
the anode voltage is applied) and pocr power
factor of the transformer unless special precautions
are taken. A usual figure for medium-loaded
valves is in the order of 0-5; whilst for heavier
loads the phase angle is improve

It is desirable when using vapour-filled rectifiers

to use a choke input circuit for th T, as ex-
plained in Chapter 9. Some ze vapour-
filled rectifiers are made with by apply-

ing bias to this grid a measure of control of output
voltage is possible, in the same way a regulated
source of H.T. can be made more or less indepen-
dent of output load.

When using mercury vapour rectifiers of all
types care should be exercised in order to prevent
short circuits occurring on H.T. supplies. The
short circuit current may be extremely heavy, and
although the valve may not suffer unduly, the trans-
former will undoubtedly do so.

The heater or filament should be maintained at
the correct operating voltage or current, depending
upon which is specified. Overrunning or under-
running may equally well reduce the life, the latter
because the life is dependent to some extent on
reactivation of the coating during running, and
this cannot take place at a low temperature.

The reader would do well to remember that
modern valves will give really good service pro-
viding the makers’ recommendations are strictly
followed.

RECEIVING VALVES

THE valves listed below represent a few of the many types available for short-wave
receivers of the tuned radio frequency and superheterodyne type.
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0 3 ; . Inter-
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Chapter Three

WORKSHOP

PRACTICE

Soldering—Design and Layout—Aluminium Chassis Work—
Tools and their Uses—Hardening and Tempering—Screws

and Screw Threads

HE serious experimenter should be as capable
of using his hands for the construction of the
apparatus he will operate as he is of applying

his technical knowledge to the design of the circuits
which will embody such apparatus.

The information given in this Chapter is intended
to place before readers a concise account of the
precautions to be taken, and tools to be used, in
producing radio equipment.

Happily, the days of '’ hay-wire "’ contraptions
have passed, but there still remains a tendency on
the part of certain radio amateurs to put-off the
final touches to a job on the score that results have
been moderately successful. The newcomer as
well as the experienced worker should realise that
for consistent electrical results a sound mechanical
construction is of paramount importance.

SOLDERING

Primary consideration has been given to soldering,
because a good soldered joint is the basis of every
piece of radio and electrical apparatus.

When we pause to consider the number of
soldered joints in a modern receiver and the slipshod
way in which many amateurs make their joints, it is
surprising that poor soldering does not cause more
trouble, for it only needs one bad joint to produce
a fault which may take a week to locate. Further,
it is not always possible to find a bad connection by
means of a test meter since the joint may behave
quite normally when an appreciable current is
flowing, yet its action under a minute R.F. current
is that of a high, variable resistance. The moral,
therefore, 1s to see that all soldered joints are
properly made in the first instance.

Radio is a good servant but a very bad master.
You can be perfectly certain that whenever you
decide to chance an item, be it a minor component,
a doubtful resistor, or a poor soldered joint, it will
fet you down. Take no risks but do the job
properly the first time.

The Use of Flux 3

We all know why a connection is soldered, but
few ever stop to consider what happens during
the process. When we solder we endeavour to
produce a continuous metallic connection of very
low resistance between the tag and the wire. We
want the solder to form a microscopically thin alloy
with the two parts to be joined. Unfortunately all
metals in common use oxidise rapidly when heated
in contact with the air, and it is to prevent oxidisa-
tion that a flux is used which covers the joint
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to form an airtight seal under w e solder
can flow. The fiux also has a er very im-
portant function to perform 1 ting the
cleaning process. All fluxes are atly rrosive
when hot, some more so than others. Z: loride
(“* killed spirits ') is the best flux for most mietals,
but as it is very corrosive, even whe , and

difficult to remove it must be prohibited for all
electrical work. There are, of course, a number of
proprietary fluxes sold which are excellent for
radio joints, but the finished connection should be
cleaned with a rag damped with methylated spirits.
By far the best and safest flux is pure resin, although
it 1s more difficult to use and needs greater care if
dry joints are to be avoided. Resin, being a solid
at all normal temperatures and insoluble in water,
is safe to use since there 1s no fear of the flux
causing corrosion. It is only a very mild cleanung
agent when hot, therefore all parts to be soldered
must be scraped scrupulously clean, otherwise the
solder will not flow under the flux. Watch the
blob of hot solder flowing off the iron. If it forms
like a globule of water on a greasy plate then the
joint is pot clean enough and must be scraped
again. The solder should flow in a thin even film
over the hot metal; the thinner the solder flows
the better the joint will be.

Solder and Resin

Solder is sold in various grades from a very coarse
type containing about three parts of lead to one
part of tin which is used for plumbing, to very
fine blow-pipe solders contairung one part of lead
to four parts of tin. Fortunately the makers of
electric soldering irons, which are now in almost
universal use, have produced a very satisfactory
resin cored solder which should always be used
with these irons. In addition to the resin in the
solder a small tin of resin should be kept handy on
the bench. Resin can be bought at most chemists’
shops, but only the best pale straw-coloured lump
resin should be purchased. Refuse the powdered
resin since it is often of inferior quality. A pound
costing about 8d. should last a year under normal
amateur conditions.

Soldering Hints

In order to praduce a good soldered joint certain
conditions must be fulfitled.

1. All parts to be soldered must be absolutely

clean.

2. Some suitable flux, preferably pure resin. must

be used to assist in cleaning and to p'revent
oxidisation of the parts to be soldered,



3. All the parts to be soldered and the solder
itself must be heated to a temperature slightly
higher than the melting point of the solder.

4. The heat must be applied long enough for the
solder to run into all the crevices of the joint.

5. The soldering iron must have the point
properly tinned in order to convey the heat
from the iron to the joint.

6. A ccllass of solder suitable for the job must be
used.

7. The soldered joint must be kept perfectly still
until the solder has had time to solidify.

8. All surplus flux, particularly if a paste or fluid,
must be carefully remaved when the joint is
cold.

Cleaning

This sounds very simple, but it is where most
beginners go astray. Cleaning does not mean
polishing with a metal polish, it means mechanically
scraping with a proper scraper (it 1S not unknown
for a beginner to try cleaning parts to be soldered
with a metal polish!). The most useful cleaning
tool is a small three-cornered scraper which can
either be purchased from a tool dealer or made
from a 4” dead smooth single-ended triangular
saw file. Grind the teeth away for 13“ on all
three sides until the end forms a point. The
grinding should be done on a wet grindstone,
finally finishing the edges off on an ocilstone. Do
not use excessive pressure when grinding towards
the point, or the heat of grinding will draw the
temper as indicated by the point going blue in
colour. Files are tempered to what is known as
‘“dead hard,” since they are required to cut all
other metals; for the same reason we require our
scraper to be dead hard. If, in grinding, the
temper is ‘‘ drawn '’ it will become soft and will
require resharpening too often. Under no circum-
stances should a high speed carborundum type of
wheel be used, as it is almost certain to soften the
tool. Besides its use as a scraper this tool makes a
good pricker for wood screws, the tapering triangu-
lar hole formed, giving an excellent start for the
thread.

Tinning the lron

A soldering iron is useless until the point has
been tinned, because it is only through the tinning
that the heat can be conveyed from the iron to the
joint. The film of oxidised copper and dirt which
inevitably forms on an untinned iron acts as an
efficient insulation to the heat. To tin the iron,
heat it until it will just melt the solder, file one
face clean and, before it has had time to discolour,
rub it in a small heap of resin and bits of solder in
a tin lid. Repeat the process with the other faces
of the iron till the point is completely covered with
solder for about 2” up. Once an iron has been
properly tinned it should hardly ever need re-
tinning provided it is not overheated and resin is
used exclusively as the flux. The surplus resin
which finds its way on to the bit burns, to form a
black scale. which can be wiped off with a cloth,
leaving a bright tinned surface underneath. An
excellent way of tinning a gas or coal heated iron
is to have a tin containing scraps of solder and
salammoniac into which the hot iron is plunged.
This method should not be used indaoors since the
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fumes are most objectionable, also the iron must
be nearly red-hot, so it 1s useless for an electric
iron. With the salammoniac method there is no
need to clean the iron at all, just plunge the hot
1ron into the mixture and the salammoniac will do
the cleaning. Some of the paste fluxes have the
disadvantage that they attack the solder on the
iron, making frequent retinning essential, but with
resin this should never be necessary.

Making a Soldered loint

Let us now proceed to solder a so-called “ tinned
soldering tag ’ to a wire. If any attempt is made
to make use of this so-called * tinning ”’ the result
is most likely to be a perfect specimen of a dry
joint | Treat the tinning as a dirty surface and
scrape it away until the metal is laid bare under-
neath. It is not enough to produce a few streaks
of brass, scrape till the whole of the part to be
soldered shows clean brass. Pick up a small piece
of solder on the iron, plunge it into the tin of resin
and transfer the iron quickly to the soldering tag.
The resin will run down the tag followed by a film
of saolder which should appear as though it wants
to meet the brass of the tag. If it behaves like a
spot of water on a greasy plate then the tag is not
clean. Never touch anything which has just been
cleaned for soldering, as the grease from the hand
is quite enough to prevent the solder running
properly. Now having cleaned and tinned both
sides of the soldering tag make the end of the wire
into a small hook, put it through the hole in the
tag and nip it up with a pair of pliers to make a
mechanical joint. Pick up a small piece of solder
and some resin on the iron and transfer them
quickly to the joint. After the solder has run all
through the joint hold the iron underneath to drain
off the surplus solder. It is a common fallacy to
imagine that the strength of a soldered joint de-
pends upon the amount of solder used. It does not.
A good soldered joint should have the parts to be
joined, in as close a contact as possible with just
sufficient solder left to prevent them moving.
That is why it is always best to make a mechanical
joint first. Curiously enough, although the tinning
on many components is often of a very doubtful
quality, tinned copper wire takes solder readily
without nmiuch cleaning. It is as well to pull the
wire through a clean cloth to remove the surface
dirt and straighten the wire. If the wire is very
old or dirty then pull it through a piece of emery
cloth or glass paper.

A very common method of soldering is to lay
the wire on top of the tag (uncleaned of course),
smear them both with flux, drop a large blob of
solder on with the iron and wait until it sticks.
This class of joint gets exactly what it deserves—
trouble at a very early date. A light jerk would
pull the joint apart, for the solder has not been
given a fair chance to adhere to either the tag or
the wire. The foundation of all good soldered
joints should be a sound mechanical joint as a
beginning.

DESIGN AND LAYOUT

Like everything else in this life designing a
piece of radio apparatus is a compromise between
many factors, and to obtain the most successful
result it is necessary to strike a balance between
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them. Radio circuits become more and more
complicated every year until the average amateur
despairs of ever keeping pace with developments
and buys his apparatus ready made, losing all the
joy of designing and building.

Modern circuit diagrams may be complicated,
but they can be resolved into a number of simple
sections, each one performing its own function with
respect to the remainder. Thus, to take the case
of a four-valve broadcast type of superheterodyne
receiver, the circuit might be a frequency changer,
an LF., a double-diode pentode and a full-wave
rectifier. Draw out the basic circuit and it appears
quite simple. Now add A.V.C., a tooe control,
coil switching for four wavebands, a gramophone
pick-up and switching for an external speaker, and
we have a formidable circuit diagram, but, knowing
the functions of the various parts, we can dissect
it easily. The various sets of coils round the
frequency changer valve teil us that the receiver
1s intended to work on a number of wavebands,
the gramophone pick-up and switching for the
external speaker are obvious, but it might take
longer to find the reason for the tone control and
A.V.C. components.

The reverse process takes plice when we start to
design our own apparatus. We know what we
want and we know, or should know, a good deal
about the functions of the various compooents.
Given a fairly good working knowledge of modern
radio apparatus there is no reason why the home-
made set should not compare very favourably with
the purchased article, particularly transmitters.

The Basic Circuit and Components

In starting to build a new set the first thing
necessary is to draw out the basic circuit diagram.
Start with a block diagram—that is, show each
valve as a square connected to the next square by
the appropriate coupling symbol. Then add the
type numbers of the valves, their filament, anode
and screen voltages, and currents which it is esti-
mated that they will require.  From this sketch
the full circuit diagram can be drawn and the
power supplies estimated. Now comes the problem

)

7Mc 14 Mc 2BMc
350v 500v 500v
25mA 3JOmA SCmA
500 v
105mA

# 523

: Fig. L.
When commencing (o lay oot a job stmrt with a block
disgram.

of fixing the sizes of the various components, such
as grid-leaks, coupling condensers, screen-dropping
resistances or potential dividers and by-pass con-
densers. Some can be calculated from Ohm's Law,

e B e

but in the case of screen-dropping resistances in
trausmitters where the current cannot be predicted
accurately, resistors with an adjustable tap are
advisable.

By-pass condenser values are often the cause of
confusion. The by-pass condenser is intended to
remove the R.F. component in a circuit, leaving
only the D.C., hence it should have a very low
impedance to the frequency of the R.F. This
naturally implies the largest capacity possible, but
unfortunately all condensers have inductive
reactance besides the capacitative reactance, and
this inductive reactance increases with the capacity.
If too large a capacity were to be d then the
inductive reactance would predominate, causing
the impedance to rise, thus defeat the object
of the condenser. A very interesting article
describing some tests on by-pass condensers for
56 Mc appeared in The Wireless World dated
September 29th, 1933, where it was shown that
the most suitable size for this frequency is -0003
wF. For other frequencies the size should vary
approximately inversely as the square of the
frequency. This must be taken as a rough rule
only and for lower frequencies the values can vary
within relatively wide limits.

Transmitter grid-leaks also vary in wvalue, but
should be higher if the valve is used as a frequency
doubler than if operated as a straight amplifier.
Here the value depends upon the valve and the
amount of drive available, and is best determined
finally by experiment.

Transmitter coupling condensers can usually bte
taken as about 0001 uF, although some designers
use up to 001 pF.

When considering tuning circuit L/C ratios it
should be borne in mind that the capacity is the
capacity of the whole circuit, including the valve,
valve base, connecting wires, coil-holder, etc., and
not just the capacity of the tuning condenser. This
can make a considerable difference on 14 Mc and
higher frequencies, where the stray capacities are
apt to be large. Instead of calculating the capacity
required it is better to design the inductance from
a reliable formula such as *“ Radio Data Charts ™ by
R. T. Beatty, M.A., B.E., D.Sc., and published by
The Wireless World, or from the Abac given in
Chapter 24. This will ensure that the L/C ratio
is correct. In badly designed transmitters it is
frequently impossible to make them operate above
14 Mc, when the only cure is a complete rebuild,
using more suitable components.

Before discussing actual layout it must be
pointed out that components are not selected to
work as one item by themselves, but as a part of the
whole set. Thus a grid-coupling condenser in a
speech amplifier must be considered in relation to
the anode resistance and the grid-leak, which in
turn depend upon the types of valves to be used,
these in their turn buing selected according to the
gain required. Considerable latitude is usually
permissible for most components, but in cases of
doubt it is instructive to consult all the literature
avaijlable dealing with the instrument under con-
sideration, and to tabulate the values specified,
taking careful note of the operating conditions.

Having settled upon the design of the set, draw
out the full circuit in ink, adding the component
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values in red ink so that they can be seen easily.
From this drawing an accurate estimate of the cost
can be obtained, not forgetting such items as valve-
holders, stand-off insulators, dials, knobs, terminal
blocks, etc.

Layout

Now comes the important matter of the actual
layout, on which success or failure so often depends.
A word of sound advice—it pays to devote con-
siderable time and care in determining the best
position for every component. All too frequently
the parts are grouped to give a nice symmetrical
panel layout irrespective of the arrangement inside.
A neat panel can accompany a sound electrical
design, but the chassis should receive first con-
sideration.

If all the components are to hand, spread them
out on a sheet of drawing paper or piece of board
slightly larger than the estimated chassis size. If
the chassis is intended for a rack then mark two
parallel lines to represent the ends. Play a game
of chess with the componeats until all grid and plate
leads are short, valves and condensers are out of
the fields of coils, and R.F. chokes are in ‘ safe”’
positions. It will be necessary to play this game for
the top of the chassis and also for the under side,
remembering that the latter will be of the opposite
hand. This sounds very simple, but neither the
first nor the second attempt is likely to be satis-
factory. Light a pipe and sit down to consider the
result, then sweep all the parts to one side and do
it again without trying to remember the previous
arrangement. It 1s surprising how many arrange-
ments can be found, most of which appear quite
good but usually have one or more bad points.
Curinp one poor arrangement often leads to other
undesirable features, but it should be possible to
obtain what 1s wanted with a little patience. If all
the parts are not available use small objects of
similar size like match boxes, wire spools or coins
to represent the missing parts. Strong brown
paper templates cut out to size are very useful,
especially for the panel layout.

Before disturbing the *‘ chess game,” make a
scale drawing, either full size or on squared paper,
showing the positions of the large holes for valve-
holders, dials, meters, coil-holders, switches, out-
lines of transforiners, valves, etc. Wiring holes
should not be shown or the drawing will become
oo confusing. Coupling condeansers, small re-
sistors and by-pass condeasers can be ignored,
but they should not be forgotten.

To do the job properly two drawings should be
prepared, first a plan showing all the components
in outline, and second a complete drilling plan, but
these demand a certain amount of draughting skill.
Celluloid stencils for I-watt resistors, paper
tubular condensers and R.F. chokes are easily cut
with a sharp knife, and these will be found very
useful in drawing out a complicated circuit. By
using them it is possible to see at a glance whether
or not an item will fit without drawing it.

Do not attempt to decide upon the chassis size
or to drill a single hole until the drawing is com-
plete, otherwise it may be found that some vital
component has been forgotten. Remember, it is
very difficult to alter a metal chassis.
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Stencil Cutting

To assist those who wish to make stencils,
basic outlines of sotne popular components are
given in Fig. 2. Suitable thin, clear celluloid sheet
can be obtained from a coachbuilder. Mark the
outline with a sharp scriber, drill the corner holes
with a twist drill rotated between the thumb and
first finger, cut the straight lines with a sharp pen-
knife, and finish off with a small smooth file. In
the drawing the wire leads have been omitted from
the resistors, since these leads can be bent easily
to any shape, but they have been shown on the
R.F. choke.

Wiring Up

Although, strictly speaking, wiring a set pertains
to the actual construction rather than to the
design, the positions of the various wires must not
be overlooked on the drawing. It is as well to
start with the less important leads, such as heater or

S

~ e
fWATT CAST END
T YPE

17 %

TUBULAR COND,

RF CHOKE

MOULDED MICA TYPE
CONDENSER

Fig. 2.
Stencll outllnes for small components.

filament, screen and suppressor-grid connections.
These should be laid flat along the under side of the
chassits, if possible in the corners, where the capacity
to the chassis will have no effect, leaving all the
available room ‘‘ up in the air* for the ‘° hot*
grid and platc leads. These latter should be as
short and as direct as it 1s possible to make them.
Further, they should have no more insulation,
other than air, than is absolutely necessary. If
insulation is essential, such as when passing through
a panel, see that it is ample and of a suitable type
if the conductor is to carry high frequencies. Small
porcelain stand-off insulators make excellent feed-
through insulators if a2 hole is cut in the panel
slightly larger than that in the base of the tnsulator,
so that there is no chance of the wire touching the
panel or chassis.

Circuit Detalls

An oscillatory circuit comprises only the coil and
condenser, consequently it is very important that
the connecting wires should not be smaller in cross-
sectional area than that of the coil, othenwise the
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connections will introduce undesirable resistance
into the circuit. The lead from the anode of the
valve can be of thin rubber-covered flex, since it
only carries the D.C. (plus the flick impulses) and
not the very high oscillating currents of the tuned
circuit. Further, if the anode lead is made the same
size as the connecting wires, then it will impose an
undue strain on the anode cap of the valve if a top
anode valve is used.

It is very bad practice to wrap the connecting
wires of the tuned circuit round the condenser
terminals. Use soldering tags of ample size and
see that the soldered joint is well done. Wires that
are wrapped round terminals only present a {ine
contact and will come locse in time, whereas a
soldering tag which is properly tightened up will
never work loose unless there is excessive vibration.

R.F. Chokes

R.F. chokes should be placed outside the field
of inductance and well away from each other,
otherwise they are liable to cause magnetic coupling
between two circuits, a fault which they are
intended to prevent. If a choke has to be located
near to a coil then see that it 1s at the centre and
that their axes are at right angles. In modern
practice with the coil mounted on top of the chassis
the choke is best placed underneath, where the
chassis will act as an efficient screen.

Push-Pull R.F. Circuits

In order to function with the maximum efficiency,
a push-pull R.F. circuit must be arranged sym-
metrically, both with respect to earth and also with
respect to the two halves of the circuit. This
point is often overiooked, and the majority of push-
pull amplifiers are far from symmetrical. Draw a
pencil line along the chassis and treat this as the
datum point from which all components should
be set off at equal distances both vertically and
horizontally. The result will be a more efficient
and a better-looking set.

Condensers

In transmitters, small-sized mica moulded con-
densers can be suspended from the wiring, if care
is taken to see that they are not liable to vibrate,
but by-pass condensers are best screwed to the
chassis. When metal-cased condensers are used
for R.F. coupling they are best mounted on two
small porcelain stand-off insulators, otherwise the
capacity of the case to earth will by-pass a con-
siderable proportion of the current. Small ceramic
type condensers are particularly efficient at high
frequencies and are excellent for coupling purposes.
Curiously enough, they are not so efficient as mica
at low frequencies so should not be used in audio
amplifiers.

Ceramic condensers can be obtained in capacities
up to about -001 uF with a test voltage of 1,500
volts A.C., so they should be quite capable of
withstanding a working voltage of 500 volts.
Either moulded mica or tubular paper condensers
are quite suitable for screen by-pass purposes.
Remember to keep all coupling condensers well
away from the chassis or other connections. At
least 1” spacing should be considered the bare
minimum.

Resistors

Resistors should never be used in any circuit
carcying an R.F. current without either a series
R.F. choke or a by-pass condenser, or both, to
divert the R.F. component away from the resistor.

Transmitter grid-leaks should have a pood choke
in series on the grid side, otherwise the resistor will
form a low impedance parallel path for the driving

voltage, resulting in most of i1t being wasted.
Further, the grid-leak will overheat a possibly
fail.

Switches

3 All switches have some resistance, n
siderably greater than that of the connecting wire,
and unless there is ample surface contact the losses

will be very high indeed, resulting in low efficiency.
Switch contacts will always oxidize, due to the moist
atmosphere, and this oxide is a poor conductor,
but if the switch is operated regularly the contacts
will keep fairly clean. The insulation should be
specially designed for high-frequency work, other-
wise this will introduce further losses.

Small toggle switches which are designed as
mains switches to carry about 3 amperes at 250
volts are quite unsuitable for R.F. purposes. The
contacts are much too small, the insulation is un-
suitable, and the capacity to earth 1s grossly
excessive. Only the best switches, specially de-
signed for the job, should be used.

ALUMINIUM CHASSIS WORK

In the days when wood baseboards and ebonite
panels were the fashion, construction was a simple
matter, but with the modern all-metal vogue many
amateurs have been compelled either to buy their
chassis ready-made or else make the best of wood.
Now for a production job the manufacturer uses
plated steel, but this material is hardly suitable for
home construction, because all the holes are
punched and the edges bent with big power presses.
Fortunately, aluminium can be worked fairly easily
and is by far the most suitable material for amateur
use. As a conductor it ranks second to copper,
it is relatively cheap and is not likely to crack when
bent ; further, it can be cut, drilled and bent easily.

Box-type Construction

A box-type chassis can be cut out of one single
sheet and bent, or the sides can be cut separate
from the deck and joined with §° by 4~ angle
brass and 6 B.A. screws. The former method 1s
quicker, cheaper and easier, but it is not possible
to get square edges where the metal is bent, not
that this is a disadvantage. Fixing the sides
with angle brass is a wearisome task, but for a
first-class job there is nothing to equal it.

For chassis up to 18° square, which is large
enough for most purposes, &“ sheet aluminium
is the best thickness to use. If there are any
screening partitions these can be made from 20
S.W.G. sheet to save weight and expense, but if
there are no screening partitions it is often advisable
to fit a strengthening rib in a large chassis.

Front panels can also be cut from 4“ sheet,
but they look better if they are made $° thick.
Do not attempt to bend a long side in 2 vice, or the




result will show all too plainly that it has been
bent a little at a time. Two pieces of hardwood
(oak, beech, walnut or hard mahogany), 3° by 2° and
6" longer than the total length of the unbent sheet,
make excellent clamps for bending. The wood
should be planed straight and square on all edges
and the panel clamped between them, using a §°
thtwo_rth bplt at either end. Ordinary carriage
bolts with wing nuts and washers are ideal, since
the square under the head prevents the heads from
turning.  Prior to drilling the holes for these bolts
make sure that the top faces of the two pieces of
wood are flush.

Before attempting to bend the chassis it should
be marked out and all the larger holes drilled, as

Fig. 3.
An alumlolum cbassis, deilled ond clamped for bendiog .

it is not always easy to cut large holes after bending ;
furthermore, it is frequently possible to fit an extra
clamping bolt through one or more of the chassis
holes. If this is not possible, then a stiff clamp
must be fixed across the centre to keep the two
hardwood battens up to the alumimium.

Bending the first two sides is easy. but consider-
able ingenuity has frequently to be exercised in
order to bend the remaining two sides. Cut two
more pieces of hardwood the length of the last two
sides to be bent and clamp these through two holes
in the chassis. If no holes, or only one, are available
then the hardwood pieces will have to be gripped
in a stout vice. The best tool for bending is a
rubber hammer, since it will leave no marks,
although an ordinary steel hammer can be used,
provided the face is not marked and great care is
taken to see that all blows are struck true. The
marks left by a steel hammer can be considerably
reduced afterwards, but this demands some skill.
Having clamped the aluminium sheet tightly at
the line where it is to be bent, start by bending the
flap all along through an angle of about 20°. Carry
on bending it a little at a time until it is square with
the deck, using light blows of the hammer. A
little at a time and light blows, is the golden rule
for a good job.

47

WORKSHOP PRACTICE

Working Aluminium

When drilling, tapping, sawing or filing alu-
minium always use turpentine as a lubricant since,
if any attempt is made to work it dry, the swarf will
clog the tool, causing drills and taps to break in the
work. Engineering text-books suggest rubbing the
file with a block of chalk to prevent the filings from
adhering, but lubricating the file with turpentine
works better. The filings can be brushed out of
the teeth with ease, whiist if a dead smooth file is
used the finish will be like glass. For small holes
up to J° or even 4° diameter, ordimary twist
drills can be used, but a small pilot hole of about
4° should always be drilled first, otherwise the
large drill is liable to wander. Holes from §° to
1}° can be cut with an ordinary old-fashioned
type of joiner’s centre bit.

Very large holes for meters and dials are best
cut with a fretsaw and metal cutting blade ; even
an ordinary wood fret-saw blade will cut aluminium,
but the teeth are rather too widely spaced. A tank
cutter is another useful tool for cutting meter holes,
but the 3° twist drill centre should be replaced
with a short length of steel rod, otherwise the
flutes of the drill are liable to open out the centre
hole, causing the cutter to wander.

Use a wood chisel to remove the spew frorn the
underside of a drilled hole, taking care that the
back of the tool is kept flat against the panel,
otherwise the corner of the chisel will leave a deep,
ugly scratch.

When cleaning a hole inside a chassis the bevel
of the chisel must be kept flat against the chassis.
This treatment is rather hard on a good tool, but
a cheap chusel costing about 6d. can be bought
and kept for the job. Select a chisel with a flat
back, otherwise it will have to be ground down on
an oil stone, which is a long, tedious job. Small
inaccessible holes can be cleaned with a larger-
sized drill, which is better than a countersink bit,
since it cuts the spew away instead of bending
it down, as the countersink has a tendency to do.
Never leave the spew in any hole through which a
wire will pass. It is advisable to protect all such
holes with an ebonite bush or rubber grommet.

Finlshing and Polishing

As supplied, sheet aluminium has a highly
polished surface, but it is almost impossible to
obtain it without scratches. Further, this polished
surface 1s very easily marked, so that it is hardly
suitable for a finished panel. Matt finished
aluminium has a beautiful appearance, and it is
nothing short of a crime to paint it. The com-
mercial way of producing the matt surface is to dip
the panel in a hot strong solution of caustic soda,
but as this method necessitates a large vat or bath
it 1s rarely possible for home use.

The wavy lines, or what is called ‘‘ watering,”
often seen on an exhibition motor-car chassis, are
produced with a flat scraper, but it requires con-
siderable skill to attain the necessary wrist action.
A mechanical method for obtaining the matt
appearance of the caustic soda treatment makes
use of a stiff wire scratch brush revolving in a
jeweller’s polishing head. The panel is held up
to the rotating brush and moved quickly backwards
and forwards unti] the surface skin on the aluminium
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is scratched away. The brush must be kept ro-
tating in the same direction and great carc must be
taken when working near the edges of the panel.
otherwise the brush will throw the panel across
the room.

When the panel has been evenly scratched all
over it should be painted with a thin coat of trans-
parent cellulose lacquer and all the surplus lacquer
wiped away with a cloth, well moistened with a
mixture of amyl acetate and acetone. Tlus
apparently removes the lacquer, but actually a
very thin film is left which 1s quite sufficient to
prevent the panel from marking. It also smooths
gown the roughness and washes away the aluminium

ust.

TOOLS AND THEIR USES

The amateur workshop varies from a corner of
the sole table in lodgings to a large separatc room
with a bench, lathe, drilling machine and in-
numesrable hand tools. The range of equipment
naturally depends upon the space available, but it
is surprising how much work can be accomplished
with even a small box of tools.

Choosing Tools

Before describing the various tools and their
uses, there is one rule which applies when pur-
chasing any tool, and that is, buy the best that can
be afforded. Many tools can be bought for a price
varying from 6d. to more than a pound, and to
the novice the difference in outward appearance is
so slight that he is tempted to buy many cheap
tools rather than a few first-class ones. Wood saws
are an excellent example. The cheaper types
may cut wood for a time, but they usually require
** driving,”’ whereas a good saw should cut with
practically its own weight. If it binds, the cheap
saw will probably buckle, while the blade itself
may be 1oo soft to keep a cutting edge, or too hard
and crack. A good workman cannot do good work
with a bad tool, whilst the beginner has no chance to
improve.

Wood Saws

Wood saws can be divided into many categories.
For example, the “ rip *’ saw used for cutting along
the grain, the * crosscut ** saw for working across
the grain, and the ** panel *’ saw all come within the
handsaw class, and all have long, thin, tapering
blades varying from 20° to 28° in length. The
only practical difference between them is in the
pitch of the teeth, therefore a handsaw about
26° long, with 6} teeth per inch (or, as it is called
in the trade, 6f points), will do all our work.
* Dovetail ' and * tenon’' saws are smaller, with
rectangular blades ranging from 8° to 16° long,
and made with a steel or brass back to stiffen the
blade. These are used for making fine cuts across
the grain, such as dovetails or tenons for joining
two pieces of wood. They have much finer teeth
than those in the handsaw class, as they have to
make a cleaner cut without tearing the fibre. Brass-
backed types are the more expensive, but a good
steei-backed saw is an excellent tool. For amateur
radio work a steel-cutting hacksaw will do most of
the jobs which require the use of a wood tool.

Like all other tools, saws will not give of their
best unless they are well looked after. Keep the
blade clcan and polished, smearing it with a film
of vaseline after 1t 1s used. A rusty saw is an
abomination.

When using a saw hold it with the last three
fingers and thumb, the first finger being extended
along the handle, pointing towards the end of the
blade, in order to guide and control its opcration.
Maintain a steady, even motion of atout 65 strokes
per minute for a handsaw, and a little faster for a

tenon saw. Don't try to saw fast. Saws need
sharpening from time to time and this is an
expert's job, it 1s as well to let a good joiner do 1t.
The two horns at the end of the le are
placed there so that pressure may be brought to

bear on either the heel or toe of the

Metal Saws

The “ hacksaw *’ is the universal inetal-cutting
saw in the amateur workshop. The replaceable
blades can be obtained in lengths from 8" to 127,
and with varying numbers of teeth. Special fine-
tooth double-edged blades are made for cutting
tubes. The coarse blades, with 14 or 18§ teeth per
inch, can be used for ebonite or bakelite, but the
medium blades, with about 22 teeth per inch, are
best for most metals except thin sheet, when fine
biades with 32 teeth per inch should be used. Asa
general rule harder metals demand the finer blade.

A “fretsaw’’ is a particularly useful tool,
especially when used with metal blades for cutting
out dial and meter holes. When operated properly
the surrounding metal 1s not marked.

Another handy tool not often seen 1in an amateur
workshop is a jeweller’s ““ shitting *' saw, which is
like 3 miniature brass-backed tenon saw having a
very thin blade about 4° long with correspondingly
fine teeth. The blades are replaceable and cost
about 4d. each. Yet another useful jeweller’s
tool is the “ piercing ”’ saw. This is a small rigid
fretsaw which takes material up to about 4° inside
the frame. Incidentally, both these tools are
excellent for cutting screws in inaccessible positions.

When replacing saw blades, remember that hack-
saw blades must have the teeth pointing towards
the tip of the saw, whereas the teeth of fretsaw blades
should point towards the handle, in order to keep
the work pressed on to the cutting table.

Hammers

Hammers vary slightly in hardness: the softer
types are inclined to mark on the face, a disadvan-
tage when sheet metal has to be flattened, since
the hammer then marks the material, whilst the
very hard types are liable to chip or split. There is
an old trick for testing the hardness of a pair of
hammers by taking one in each hand and hitting
them together to see which is marked. The latter
is discarded as being soft.

Hammers are sold according to the weight of the
head, a useful size being a |-1b. * ball pane.” Ball
pane refers to the knob, and this is used for riveting.

When using a hammer, grip the shaft at the end
and let the head follow through like a golf club
keeping the wrist loose and supple.



Files

A file is one of the simplest tcols and, without
doubt, the most difficult to use skilfully.

Good files are cheap; therefore there is 1o
excuse for buying inferior ones. Hand-made filcs
are considered superior to those made by machine,
since the former type has a very slight irregularity
in the teeth which makes it cut better; but,
naturally, they are slightly more expensive. Files
are sold in lengths from about 147 to 4~ long and
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The right and the wrong way of grinding the tip of a
screwdriver blade.

tn various cuts. These cutsare defined asrough,
middle, bastard, second cut, smooth and decad
smooth. The shapes also differ, being parallel or
taper, and in cross-section they may be flat, three-
square or triangular, round or rat-tailed, kmfe,
half-round, or square. When one edge is left uncut
the file is said to be ** safe-edged.’’

There is available a very useful set of files which
are sold on a card and called needle files. These
are particularly handy for small jobs.

File handles are always sold separately, and no
file (except a needle file) should ever be used without
a handle, since there is always a danger of the file
slipping and causing serious injury. To fix a file
handle, drill a small hole i1n the centre to give the
tang (or pointed end) a start, place the tang in the
hole and bring the file handle down on to the
bench with a smart smack so that it drives its own
way into the handle. Do this two or three times
until the handle is secure. Never hammer a file
into its handle because there is a danger of the file
splitting. Further, never heat the tang, as this will
inevitably draw the temper and ruin the file.

In using a file, grasp the handle firmly in the
right hand, with the thumb on top, and let the
left hand rest on the tip to guide it. As the file
proceeds across the work in the forward cutting
direction, pressure must be eascd off the left hand
and transferred to the right hand.". Draw the file
back with the minimum of pressure. Always clean
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a file with a wire file brush atter, and often during,
work, in order to remove the filings which stick
in the teeth. Filings which are firmly lodged in
the teeth can be removed with the corner of a piece
of tinplate. It is useless to expect 3 clogged file
to cut; even if it does, the work will be badly
scratched.

Files should be used first on copper and brass,
then when they are too dull to cut brass they can
be used on iron and steel, but 1f they are used on
stcel first they will be next to useless for brass. A
dull file is quite satisfactory for aluminium.
Ebonite has a certain amount of semi-abrasive
material in its composition and plays havoc with
files and drills, so that ** elderly ** files only should
be used. Aluminium has a habit of sticking in the
file teeth, but if it is lubricated with turpentine
there will be much less difficulty in removing the
filings. Unfortunately, turpentine oxidises in
contact with the air, so it is as well to keep one or
two special files for this material, rubbing them as
dry as possible after use.

Screwdrivers

Screwdrivers call for little comment, but the
tip is of importance if the screw heads are to remain
undamaged. The tip should fit the screw head
properly, so that the turning moment is evenly
distributed. As these are relatively cheap tools
it pays to buy a number of different sizes, including
a ratchet type. The blade can be sharpened with
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The method of grinding ond sharpenioy a8 wood chisel.

a smooth file, care being taken to see that the end
is square and the tip nearly parallel. If the tip
is filed to too great an angle it will tend to jump out
of the screw, damaging the sawcut. On the other
hand, if it is filed too thin it will be weak and hable
to break under force. (See Fig. 4.)



THE AMATEUR RADIO HANDBOOK

Wood Chisels and Gouges

Wood is not used a great deal in radio work
to-day, but it is just as well to have one or two
chisels handy and to know how to look after them.
Once again it pays to buy only the best, and to take
care of them. There is no tool which gets quite
so much ill-treatment as a wood chisel. The
cutting edge must be kept sharp and the back of
the chisel must be ground flat and kept flat, other-
wise i1t will be impossible to pare wood.

Most amateurs avoid sharpening chisels, yet it
is not difficult even if it demands some skill. If
a chisel is badly chipped, the first step is to grind
out the chips on a wet grindstone until the edge is
square and true. (See Fig. 5.)

Never attempt to grind wood tools on a high-
speed carborundum type of wheel, since the grind-
ing produces intense local heat which destroys the
temper of the tool. The water on a wet grindstone
keeps the tool cool, preserving the temper. Having
removed the chipped edge, grind the bevel evenly
until there is the thinnest hair line of untouched
metal at the very tip of the tool. Now give the
bevel of the chisel about a dozen rubs along the
whole length of a Washita oil stone which has been
covered with a film of thin, non-drying oil, holding
the chisel at a slightly greater angle than was used
for grinding. If the finger is now run down the
blade the edge should feel as though it has been
rubbed over. This is called the ** feather edge*”
and must be removed by rubbing the back of the
chisel three or four times along the oil stone, taking
great care to keep the chisel flat on the stone.
Some of this feather edge will have vanished, but
the remainder will be felt on the bevel side. To
remove all traces, and also to give the final, lasting
cutting edge, the chisel must be stropped on the
palm of the left hand. Hold the chisel in the right
hand and draw the blade across the palm of the
left hand, first the bevel side and then the back.

Planes

Wooden planes are practically obsolete and have
been replaced by adjustable steel planes, which are
easier to use, especially in inexpert hands. A
British-made steel smoothing plane with a 2}°
blade is about the most useful size for general use
because it is heavy enough for large jobs, yet not
too clumsy for small work. Plane irons are
sharpened in exactly the same way as chisels, but
the edge should be very slightly rounded so that
the corners of the blade only just touch the wood
without marking it. Don't try to take a heavy
cut, especially when finishing hard woods. * The
lighter the cut the better the finish "’ is a good
adage to adopt. When finishing a board always
plane *° with *’ the grain, otherwise the fibres will
be torn out, leaving a very rough surface. With
some woods, particularly mahogany, the grain is
apt to run in different directions in the same piece,
in which case it is necessary to plane first one way
and then the other. This demands skill.

To make a steel plane work easily rub a wax
candle along the bottom to act as a lubricant. In
the same way wooden planes should be rubbed on
a pad soaked in linseed oil. To preserve wooden
planes and make them work sweetly, a joiner first
removes the iron, plugs up the mouth bottom and

then fills the rest of the mouth with linseed oi
t1ll the plane body will absorb no more oil.

Twist Drills and Bits

Twist dnills are made of either carbon steel or
high-speed steel. The former are much more
common and are usually supplied unless high-speed
drills are specified. The latter, as thewr name
implies, are designed to run at high speeds, but
they have the further advantage t they are
harder and will retain their cutting edge much
longer than the other types. Nat y, being
better, they are the more expensive

Twist drills can be purchased in fr: al inch
sizes,advancing by ', ”,0r in a numbered and lettered
series, starting with the finest, No. 01357)
ta No. | (-2887), and starting again w the letter

“A” (-234) 0 " Z" (*413°). The most useful
set is from No. | to No. 60, which can be purchased
in carbon steel on a stand complete for about 20s.
High-speed drills cost more than twice this price.

The sharpening of twist drills 1s bes ne on a
small high-speed carborundum typ {f wheel.
Although this task is not difficult, 1t 1s far from
simple to describe or to follow. In large imachine
shops, twist drills are ground on a special machine
made for the job, but they can be ground on an
ordinarywheelgrinder. The three R.H. sketches (Fig.
6) will probably give a clearer 1dea of the various
angles of the cutting edge. The chief angle is
the cutting edge, and this has been found from
practice to be 59°. The minor angle called the
‘* back rake,” need only be sufficient to prevent the
tool from rubbing, about 4° is ample ; a greater
angle will weaken the tool. The third angle is
obtained automatically but the centre of the line
“X" must coincide accurately with the centre
line of the drill, otherwise the drill will tend to
make a larger hole than intended. Hold the drill
up to the side of the wheel as shown in the L.H.
sketches (Fig. 6) and rotate it slowly for about
1 wurn, taking great care not to let the other
cutting lip come into contact with the wheel. Grind
slightly more off the back than the cutung edge
in order to produce the back rake. Grind a little
off one cutting lip, then do a little to the other until
the drill is sharp and ground central.

Sharpening twist drills is not difficult with a
treadle-operated wheel, but is next to impossible
single-handed with a hand-driven grinder. An old
sewing machine treadle and a jeweller’s polishing
head make an excellent cheap grinding equipinent,
whilst, if a fairly stout polishing head is selected,
it can be used for innumerable operations quite
beyond the intentions of the maker.

Wood-working bits are of many types, the two
most useful being centre bits costing about 6d.
each, which are satisfactory for shallow holes, and
twist bits costing about Is. 6d. each, which will
drill long holes true. An adjustable bit costing
about 7s. 6d. will drill any size from §° to 1},
and this can often be made to replace a series of
cheaper bits and 1s therefore a good investment.

Hand Drllls

If there is.one tool with which Great Britain
would appear to take second place to the U.S.A.



it is the hand-drill. American drills are neater
and better finished, yet quite strong enough for
light work. One of the best known is the Goodall-
Pratt No. 54. Although rather expensive, it has
two speeds, will take up to §” in the chuck and has
a useful amount of leverage in both the large gear-
wheel and handle. The Millers Falls Company
make an excellent range of smaller drills.

The brace for the wood bits should have a ratchet,
since this is invaluable for working in confined
spaces. Square shank twist dritls can be obtained
to fit the brace and are particularly useful for sizes
over {°. A screwdriver bit to fit the brace is very
handy for persuading stubborn screws to move.
Few screws can resist such an instrument ; they
either turn or break.

A small hand-operated drilling machine is useful
for the larger workshop, as jobs can be done with
it which would be quite outside the scope of a
hand-drill,garthicularly if the machine takes up to §”
¢ drills.
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Ilustrntes ot right the angles of the cutting edge of a
twist drill. The left-hand sketchies show method of
grinding.

Reamers

Reamers, or rimers, are used in engineering
practice to produce more truly circular holes than
can be obtained by drilling. The hole produced
by an ordinary twist drill is far from circular, and
it is customary to drill out the hole slightly smaller
than required and then to insert a parallel reamer.
These reamers are similar in appearance to twist
drills, except that there are five or more flutes which
twist very slightly and in the opposite direction to
a drill. The cutting is of course done by the flutes
and not by the point, which is blunt. Parallel
reamers can be obtained in sizes from about §“ in
diameter up to 14“ or over, the prices ranging from
a few shillings to a few pounds. For the amateur
constructor they are 3 luxury tool, but a §” parallel
reamer can be very useful for cleaning out condenser
bearings.

Taper reamers are much more useful and are
intended for ‘tapering a hole to take a taper pin.
Both parallel and taper reamers have a square head
so that they can be rotated with a tap-wrench, but
the taper reamers can also be obtained with a square
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head to fit a joiner's brace. They are only made in
the smaller sizes and cost 3s. or d4s. each. A set
of three or four reamers taking from }” to }° are
invaluable for enlarging holes in sheet metal.
The fact that the hole is taper is of no consequence,
as the material is rarely thicker than }”.

Broaches

Broaches are a cheap form of taper reamer, and
are made in smaller sizes than reamers. They are
taper pieces of steel with five flats ground as cutting
edges instead of the flutes of the reamer. Broaches
cost but a few pence and can be obtained as small
as diameter.

Pliers, Meta!l Shears and Spanners

A good selection of pliers are very useful, but
these can be accumulated over a period. One good
type 1s the long-snouted pliers, which are invaluable
for picking nuts out of a mass of wiring. A pair
of heavy, insulated 7° square-nosed pliers, a pair
of 6 side cutters and a pair of 4} round-nosed
pliers would do to commence with.

Metal shears are frequently dispensed with in
favour of the household scissors, but this is hardly
fair to the scissors [ Buy a pair of shears not less
than 9° long with straight blades. There are
some fancy shears with curved blades but these
are best left alone, and smaller shears are not
powerful enough. When using shears see that the
cutting face of the bottom blade lies flat along the
piece of the sheet which is being cut. The waste
piece will then curl away nicely, leaving a straight,
true edge.

Spanners, not pliers, should be used for tighten-
ing nuts. B.A. box spanners can be obtained in
sets of three to take nuts from | B.A. to 6 B.A,,
whilst a set of five double-ended B.A. steel spanners
costs about 2s.

Vices

The chotice of a vice depends upon the kind of
bench available. A good stout bench demands a
7° quick-release joiner’s vice and a 4° engineer’s
parallel vice, preferably on a swivel mounting.
For the temporary workshop there is nothing to
equal a Record Imp vice, which can be clamped on to
a table when required.

Vice jaws are serrated in order to hold the work
firmly, but for small delicate work a pair of clams
should be put over the jaws to protect the work.
These clams can be made from two pieces of sheet
brass each about 2” long and the width of the
jaw. Grip the two pieces of brass in the jaws about
the half-way line, bend one over the moving jaw
and the other over the fixed jaw, hammering them
down to the contour of the jaw. Clams can also
be made from sheet lead in the same way and are
also made of fibre, but these latter need special
clips made to fit over the jaws. Vices for light
work should be ‘fixed at a height so that the
operator’'s elbow comes on a level with the top of
the jaw, but this demands a very high bench.
Vices for heavy work should be slightly lower, so
that more pressure can be brought to bear on the
tool.
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Taps and Dies

Taps and dies are probably a refinement, except
for the inveterate constructor, but there is no doubt
that 2 much better and neater finish can be given
to a set if components are fitted with screws tapped
into the panel or chassis instead of the incvitable
nut and screw. Tapping holes takes longer, but
the result is well worth the time spent. To hold
properly, the length of the tapped hole should be
at least equal to the diameter of the screw, but for
very light work a #° aluminium panel will
stand a No. 6 B.A. thread quite safely.

All B.A. dies are made in the }° diameter
‘ button *' type, which is a standard size. Taps
are made in three types—taper, second and bottom.
A taper and second or bottom of each size are quite
sufficient for all radio work. The taper is used to
start the thread, which is then finished off with the
second or bottom tap.

Taps should be used in an adjustable tap wrench,
but for light wark they can be used in a drilling
machine or even a hand-drill if care is taken not to
strain the tap. Since taps are tempered very hard
in order to be able to cut hard material, they are
very brittle and snap under the slightest bending.
When tapping thick matenal, they must not be
rotated but given half a turn, then a slight move
back to dislodge the swarf, then half a turn and
another slight turn back.

Rules, Squares and Scribers

When buying steel rules choose those of the
rustless variety, as they are much easier to read
after they have been in use for some time. Get
accustomed to working in metric dimensions as
well as in inches. It is only a matter of practice,
but once the method becomes familiar it will be
found more convenient than the awkward fractional
scale. If it is remembered that |1° equals approxi-
mately 2-54 cm. and that 4° is very nearly |0 cm.,
conversion from one to the other will be easy.

For marking out it is essential to have some means
of drawing lines at right-angles, and a proper
engineer’s steel square with a 5° blade is a con-
venient tool to start with. Quite a good square
can be bought for about 3s. 6d., which 1s accurate
enough for most work. A large joiner’s square with
a 12° blade is handy for marking off panels and
chassis.

A pocket scriber, a pair of spring dividers and,
possibly, a pair of outside calipers are about all
the marking-out tools required. The calipers and
dividers should be of the nut adjustable type,
since they are easier to use than the old-fashioned
friction model. A micrometer reading up to 1°
is a luxury which few will want, but is essential for
crystal grinding.

Oll Stones

It is necessary to have some meaans of sharpening
wood tools, and there is a considerable range of
abrasive stones to choose from, some natural stone
and others synthetic. A Washita o1l stone is the
best for giving the final finish to a tool, whilst a
double-faced .Carborundum stone with one coarse
and one medium side can be made to do much of
the rough grinding which should be done on a

’

wet grindstone. Carborundum s probably the
sharpest cutting material known, but the finish from
an oil stone lasts longer.

Always see that the stone has a fiim of thin
non-drying oil on it when it is in use and wipe this
off after use to prevent the accumulation of dirt.
Keep the stone in a tight-fitting box, preferably of

wood. Plane irons should be sharpened along the

whole length of the stone, but smal ise ould

only be sharpened at the ends in order that they

should not wear grooves and hollow t tone.
HARDENING AND TEMPERIN

Silver steel 1s a high-grade of carbon which

is much used for making small hand tools. It
does not contain silver, the designation being given
to it because of the highly-polished fi of the
ground bar. Silver steel is sold in are and
circular bars 12° long in sizes varying from

to 1%, the sizes being true to -0005”, the pre-war
price of the }° diam. size being about er foot.

As supplied, silver steel is soft and easily cut
with a file, drill or hacksaw, but before it can be
used as a cutting tool it must be hardened and
tempered. Softening (or annealing), hardening and
tempering are all heat processes. If steel 1s heated
to a dull cherry red and allowed to cool very slowly,
as, for instance, when covered with ashes, it will be
very soft, but if the cherry red steel is plunged into
cold water the steel will be very hard, yet too brittle
to be of any use as a cutting tool (except as a
scraper). To make the tool fit to cut, some of the
hardness must be ‘* let out,” and this process is
called * tempering.”

Different classes of tools require different degrees
of hardness, and fortunately it is possible to tell this
hardness by the colour of the oxide scale which
forms when the tool is being heated for tempering.

As an example, let us assume we have made a
special screwdriver and wish to harden and temper
it. Table 1 tells us that the colour for a screwdriver
should be dark blue. Having forged and ground it
to shape we should first- harden it by heating the
tip to a bright cherry red and plunging it into cold
water. As we only require the tip to be hard, only
that part should be heated. There will be sufficient
metal in the body of the blade to take the stress
without hardening. If we now try to file the tip we
shall find that the file slips over without cutting,
showing that the tip is very hard, but if we were to
use it in this state it would break at the first attempt,
consequently it must be tempered. Take a piece
of emery cloth and polish the tip. Now hold the
screwdriver blade a few inches above a medium gas
ring or bunsen burner so that the tip of the flame
(but not the flame itself) play$ on the body and
watch for the colours forming on the polished steel.
First comes a very light straw colour, which
deepens to a light brown, then to a purple brown,
light purple, dark purple, and finally a dark bluc.
Just before the correct colour is reached the screw-
driver must be plunged into cold water as quickly
as possible before any more heat can reach the
tip and soften it further. All this process takes less
time to do than it does to read, and with a little
practice is quite easy. If the toal is found to be too
soft, it can be hardened and tempered again, but
this should not be done too often, otherwise the
steel will spoail.
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Forging and Grinding Tools

Small flat drills, screwdrivers and flat scrapers
can be forged in any kitchen fire ; the only tools
required for forging are a hammer (about |-lb.), a
block of iron and a pair of large but old pliers to
hold the work. Heat the steel to a dull red and
with a few deft blows hammer it out to a hittle larger
than the required size. Any superfluous metal
can be removed with a carborundum or emery
wheel.

Hardness Colour Use
Very Cherry red .. For preliminary hard-
hard ening only
Soft .. Paleblue .. Too soft for any
practical purpose
Dark blue Springs. Screw-
drivers, circular
saws (metal), wood
chisels.
Elastic< | Dark purple.. | Cold chisels (metal),
axes
Light purple Wood drills and bits
Yellow purple | Plane irons, metal
drills
Brown yellow | Gouges, reamers,
punches
Dark straw .. | Taps and screw- |
] cutting dies
PR '| LMizgxtu:r:ga‘v? Machine tools ,
{| Very palestraw Hammer faces and
scrapers for brass
L

‘Table 1°
Tempering table showing relatianship between herdness
and colour

It should be remembered that the group of
materials called ** mild steel '’ are hardly true steels
at all, but are more nearly iron. Mild steel cannot
be hardened in the same way that a tool steel can be
treated, although heating has some effect on mild
steel.

Treatment of Other Materlals

The heat treatment of silver steel has already
been mentioned, but it is not always realised that
the non-ferrous metals such as brass, bronze,
copper and aluminium can have their physical
characteristics altered by heat treatment. Briefly,
to harden steel, it is heated and cooled rapidly,
whilst to soften or annea! it the heating is carried
out slowly. The non-ferrous metals can be
softened by heating and cooling, but the speed of
cooling has not the same effect on their ultimate
hardness as it has on steel. The only way to in-
crease the hardness of the non-ferrous metals is to
¢ cold work ’* them, and in the case of sheet metal
this is achieved by rolling the sheets cold. In the
same way hard-drawn wire and tubes are drawn
through dies whilst cold. If they are ordered
 soft,'” then the metal is heated in a furnace and
allowed to cool. Brass, copper and bronze can

'Tahn from A Text-Book of Meckanical Engincering,”
by Wilfrid J. Lincham—Chapman & Hall, 1918,

WORKSHOP PRACTICE

be heated to a dull red, but great care must be taken
not to overheat aluminium (or its alloys), as its
melting point is below a visible red heat.

The action of rolling a sheet of metal imparts
what is called a *’ grain,”’ and if the hard metal
is to be bent it must be bent across this grain,
otherwise it is almost sure to crack. As the grain
runs lengthwise down the sheet it can be considered
as parallel to the minute scratch lines which are to
be found on a sheet of hard rolled metal. If in
doubt cut a strip of metal and try bending it in two
places at right angles, when it will be almost sure
to crack along the grain.

Brass and bronze should be cut without any
lubricant, and the drilling speed can be fast. Cop-
per should be drilled carefully, as the swarf is
inclined to stick to the drill, causing it to bind and
break. A special lubricant is usually used for
cutting copper, but as a makeshift a thick oil can
be used. Turpentine is the best lubricant for
aluminium, but it leaves a sticky resinous deposit
which is difficult to remove, and for work where
this deposit cannot be tolerated paraffin oil should
be used as a substitute. Alternatively thin sewing
machine oil can be tried.

SCREWS AND SCREW THREADS

There are many types of screw threads in use
to-day, but the only one most likely to be needed
for radio work is the British Association (B.A.)
thread. This thread is numbered from 0 to 10,
the largest (No. 0 B.A.) being slightly under }°
in diameter, whilst the smallest in common use
(No. 10 B.A.)) i1s ‘067 in diameter. For most
radio work Nos. 2, 4 and 6 are quite sufficient, but
some component manufacturers use the odd sizes,
particularly No. 5 B.A. Table 2 gives a list of the
B.A.numbers from 0 to 10 B. A. with the clearing and
tapping drills. In certain cases two drills are
specified for the tapping size, and the choice
depends upon the material to be tapped.

Metal Screws

Metal screws are of two types, rolled thread and
cut thread. Rolled threads are much cheaper to
produce, but whilst they are fairly satisfactory for
light work their appearance cannot be compared
with a good cut thread screw. Rolled thread

B.A. Clearing Tapping
No. Drill Drill
0 $° 9 or 10
1 20r3 I8 or 19
2 10 or 11 25 or 26-
3 18 or 19 30 or 31
4 26 or 22 33 or 34 |
5 29 or 30 39 or 40 |
6 32 or 33 44
7 38 or 39 48
8 42 or 43 51
9 46 or 47 53
10 49 or 50 55

Teble 2.
B.A. sizes ®nd drilis
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screws are never found in first-class radio or elec-
trical instruments and should be avoided. As
their name implies, cut thread screws are turned
out of the solid bar in an automatic machine.
The threads are clean and sharp, giving a better
grip to the nut, whilst the head looks more attrac-
tive.

Metal screw heads are of various types, such as
cheese head, countersunk head, round head and
raised head. Each has its own particular use. The
hole for the head of a countersunk screw must be
countersunk, yet how often are screw heads seen
sticking up above a panel, when a few minutes’
work with a countersinking drill would have
imparted a finish to the job.

Where countersinking 1s impracticable, a cheese-
headed screw looks more workmanlike than a
round head. Round-headed screws should be
used very sparingly ; in fact, they can nearly always
be replaced with advantage by the cheese-headed
variety. Round-headed screws are rarely used in
engineering work for the reason that they have a
weak head and the saw cut is very lhable to be
damaged by the screwdriver slipping when tighten-
ing.

Needless to say, brass (plain or plated) is the only
permissible material for radio screws and nuts.
Steel screws are stronger, but suffer from the serious
disadvantage that they rust. When rustless steel
screws become available for amateur use at reason-
able prices, the brass types will become a thing of
the past. Nickel, or preferably chromium-plated,
screws look better than brass on an aluminium
panel, but where no plated screws are available
brass screws with their heads thinly tinned make
a very good substitute.

Nuts

Nuts are also of two types, those stamped from
a sheet of metal, usually brass, aod those turned
from solid hexagon bar. Stamped nuts should be
avoided at all costs. Nuts are made in two thick-
nesses, described in the trade as half nuts and full
nuts. In engineering practice half nuts are used
to lock a full nut where vibration is anticipated,
and the half nut is always run on first. In radio
practice half nuts are sometimes used alone,
usually when there is insufficient room for a full
nut.

There is a right and a wrong way to put on a
full nut. One side of the nut has the tops of the
edges turned off, and this side is always the outside.
Again, following engineering practice, a washer
should be placed under the nut to prevent the edges
from biting into and marking the article being
gripped. B.A.spanners, both box type and double-
ended flat steel, are very cheap, and there is no
excuse for tightening nuts with a pair of pliers.
Pliers are not intended for tightening nuts and
only cause damage, thereby making a job look

unsightly. Where nuts are liable to work loose or
are subject to vibration, spring washers, either of
the helical or serrated tooth type, should be used
instead of plain washers. Do not use both spring
and plain washers, as the latter will defeat the whole
object of the former.

When it is desired to make a connection to a
screw passing through ebonite or a similar insulator
it 1s not advisable to place a soldering tag between
the nut and the ebonite. Put a washer and half
nut on first, follow with the soldering tag, and
finally use a full nut to grip the soldering tag.
If the soldering tag is gripped between the nut
and ebonite, there is always the risk of the ebonite
shrinking, thus allowing the soldering tag to work
loose.

Wood Screws

It would take many pages to describe all the
types of wood screws which are manufactured, but
for amateur purposes only steel and brass screws
with either countersunk, round or raised heads
need be considered. Wood screw diameters are
denoted by numbers starting with No. | (which
has a diameter of + °), advancing in steps of J;°
The length increases by $° in the smaller sizes and
$° or 4 in the layer lengths. Countersunk screws
are measured overall, whilst round-head screws
are measured from under the head. Chromium,
nickel-plated and japanned screws are easily
obtained in all the usual sizes. Screws are made in
smaller sizes than No. |, but these are very seldom
used in amateur radio work.

Rivets

Although in commercial radio practice nuts and
screws are giving place to rivets, they are almost
unknown in amateur circles. Rivets are strong,
easy to use, very cheap, and they impart a work-
manlike appearance to any set. Small rivets
(", & orf }° diameter) can be purchased
from most model-makers in steel, copper and
aluminium with round or countersunk heads.
Naturally the material used for the rivet should
be the same as that of the materials to be joined.
The two plates should be clamped together and the
‘holes drilled and countersunk on the outer sides.
The rivets should then be inserted one at a time
and the surplus lengths cut off with a pair of
end-cutters, leaving sufficient of the rivet projecting
above the panel to fill the countersink hole.
Commence riveting with the ball of a light ball-peen
hammer and finishing off with the flat face, taking
great care never to strike the sheet itself. When
using steel rivets it is not advisable to countersink
the sheets to make the finished rivets lie flush;
steel rivets are best left with a round head on each
stde. The most successful use for rivets is in
building chassis and metal cases, whilst screws and
nuts are to be preferred for fixing components.




Chapter Four

RADIO RECEIVERS

Sensitivity — Selectivity — Signal to Noise Ratio — Detection—
Reaction — Amplification — Straight Receivers — Superheterodyne
Receivers—Frequency Changing—I.F. and R.F. Selectivity—Choice
of I.LF.—A.V.C.—Single Signal Reception—Signal Strength Meters

—Noise Suppression—Superhet Converters—Super-regenerative

Receivers—Construction.

HE choice and design of any receiver will

depend upon the duties which it is expected to

perform and in turn this performance can be
most conveniently expressed as a combination of
certain properties which a receiver niust possess
in varying degrees. The principal properties are
set out in the following paragraphs.

GENERAL REQUIREMENTS
Sensitivity

The main object of a receiver is to detect incoming
radio frequency signals picked up by an aerial, and
to reproduce them in an audible form, through a
loud-speaker or head-telephones. Some receivers
will be able to detect relatively weak signals, whalst
others will only respond to those of greater strength.
Their ability in this respect is defined as the
‘“ sensitivity ** of the receiver. Sensitivity is usually
expressed as the input between the aerial and earth
terminals which is required to produce a standard
power output to the speaker. In the case of broad-
cast and similar types of receivers the accepted
standard of sensitivity is defined as the input (in
micro-volts) required to produce an output of
50 milli-watts into the most suvitable load. The
frequency at which the test is made must be
specified, whilst the test signal is assumed to be
modulated to adepth of 30 per cent. by a pure tone of
400 c.p.s. frequency. The definition is thus purely
arbitrary, and serves merely as a standard of com-
parison between receivers. It will be noticed that
the measure of the sensitivity of a receiver does not
take account of the aeral to which it is connected.

In the case of communication receivers designed
to be used with head-telephones, a lower output
level is required, and the standard is frequently
taken as 5 milli-watts, or in some cases 2 milh-watts.
In practice, a power input of 4 milli-watts to
telephones usually represents as strong a signal as

can comfortably be tolerated. A typical sensitivity *

figure for a four-valve broadcast receiver, or a
simple type of amateur receiver would be 30 micro-
volts. A sensitivity of 2 or 3 micro-volts is good,
whilst the most highly developed commuanication
receivers may reach a figure of less than one
micro-volt.
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These figures relate to telephony. In the case
of telegraphy it is a little more difficult to obtain
accurate results, but sensitivity will usually be
higher.

Selectivity

A very sensitive receiver may be able to receive
weak signals well, but it may not equally be able to
separate them from others on adjacent frequencies.
The degree of ability to do this is referred to as the
“ selectivity '’ of the receiver, and is of particular
importance under the congested conditions of
amateur operation. Selectivity although not easily
defined in a few words, will generally be expressed
as the number of kilocycles through which a
receiver can be tuned in order to pass across a
particular transmission, or alternatively as the
** band-width * of the circuits employed. Differ-
ences of opinion exist, however, as to the point
at which a signal is regarded as tuned out. In some
cases thus is taken as a reduction in power or voltage
output by a certain factor, such as 30 dB; and in
others as a reducuon to inaudibility, which will
imply at least 60 dB. The factor is perhaps best
illustrated in the form of curves, which show how
the output to the telephones varies with frequency.
Further references to this matter will be made later
in the chapter.

Many important effects connected with selectivity
depend upon the fact that the band-width occupied
by a transmission, and hence the separation
necessary between adjacent transmissions to avoid
interference, is independent of the actual carrier
frequency. Thus for example, a frequency band
some 0 kilocycles wide will be occupied by a
typical telephony transmission, no matter whether
the carrier frequency be |7 Mc or 30 Mc. How-
ever, the proportional band width will be very
different in the two cases, being about 06 per cent.
in the former case and 0-03 per cent. in the latter.
The selectivity of resonant circuits is related to this
proportional change, and tends to be greater at
low than at high signal frequencies.

Selectivity cannot be further studied without a
knowledge of the behaviour of a simple resonant
circuit.



THE AMATEUR RADIO HANDBOOK

When a coil is tuned by a condcenser 10 1esonance
with the applied R.F. voltage, a current flows
around the circuit. This current depends on the
applied voltage and the R.F. resistance of the coil
and condenser. Obviously the lower this resistance
the greater the current at the resonance [requency,
and at the same time the smaller, compared with
the resonant current, will be the current at any
frequency other than the resonant one. The ratio
of the current at the resonance frequency to the
current at some other frequency gives a measure of
the selectivity of the circuit. In praciice the
resistance of the coil and condenser determines the
selectivity, and then the current in the cm! and
the voltage across it. Obviously the most selective
circuit will provide the mast voltage to apply to the
grid of a valve and at the same time rid or reduce
the input of any undesirable frequency (i.e.,
interference) in proportion. This resistance can be
reduced to a fairly low value by good coil and
condenser design, but a practical limit i1s reached
after which resort must be made to other methods.

If a small voltage be injected into such a circuit,
at its resonant frequency, a larger voltage will be
buiit up across the terminals of the coil or condenscr
The ratio of this voltage, to that which is induced,
depends upon the resistance of the circuit, and is a
measure of both efficiency and selectivity.

In early text books this ratio was termed the
“ magnification ' of the circuit but in recent
years the symbol ““ Q' has taken its place. The
“Q " of a circuit is defined as the ratio :—

wl. |
R T WCR

where L, C and R are the inductance, capacity, and
resistance of the circuit, and w is 2rx times the
frequency.

Signal to Nolise Ratio

Perhaps the most important property of a receiver
from the amateur point of view is the ratio of signal
strength to background noise. It is well known
that when telephones are used very weak signals
can be beard ; but such signals cannot be under-
stood unless they predominate over the extraneous
noise with which they are inevitably accompanied.
It is not essentia] therefore that the sensitivity of a
receiver be extremely high provided it has a quiet
background.

Received noise is of two types, first that which
originates outside the receiver and is picked up at
the same time as the signals; and secondly, that
which originates within the receiver itself.

External noise, which may be due to aunospherics,
interference, electrical machinery or power lines,
is largely beyond the operator’s control, and can
only be minimised by improved aerial design, or
by increased selectivity. The latter point, which is
often overlooked, can best be appreciated
if i1t is realised that such noise is usually of no
definite frequency, but is more or less uniformly
distributed ovér the spectrum. If therefore, the
band-widthh of a receiver is greater than that
absolutely necessary to pass the wanted signals,
additional noise will be picked up without any
corresponding increase in the latter.  Crystal

filters are of the utmost value in this directicn. In

addition, certain types of noise can be minimised by
using noise-suppression circuits to be described
later.

Internal noise is of a more serious nature, and
can be divided into two classes, avoidable and
inevitable noise. Avoidable noise n:ay include such
sources of trouble as A.C. mains hum, micro-
phonic or faulty valves, bad insulation of coniponents
or wiring, and excessive hiss from a beat-oscillator.
All defects of this kind can be overcome by proper
care in design and construction. Inevitable noise
which is the all-important limiting factor in receiver

performance arises principally from two causes. Thc
first of these is internal noise generated by the first
valve of the receiver, and muainly due to ifregu-

larities in cathode emission (termed the “ Shot
effect.””) The second is noise produced by the
irregular flow of electrons within the first tuned
circuit of the receiver (termed ** Thompson effect.”
or simply '’ circuit noise.”’) Both are important
mainly in the first stage only, for here signals are
at their weakest, whilst later in the receiver they wi
have been amplified to a level at which noise
represents a much smaller proportion of the whole.
Valve noise can be reduced by improvements 1n
design, and the recent aligned-grid construction
has helped materially in this respect. Circuit noise
is basic however, and at present no method for 1ts
comnplete elimination is known.

e Osram 262 is eo
indiicctly beated pentode
with e high aslope eaod
designed for use in shori-
wove recelvera or wide-
band empiifiera. The short
sen! gives improved per-
formance up to 60 DMec.

Reproduction and other Factors

In the case of broadcast receivers, and those

intended chiefly for telephony reception, the quality
of reproduction is @ factor of importance. A fair
idea of performance in this respect can be obtained
from a curve showing power delivered to the
speaker for a constant input at frequencies through-
out the musical scale.
. Communication under amateur conditions, which
is frequently conducted by telegraphic means,
seldom calls for exceptional quality of reproduction
however, so that further discussion is unnecessary
at this point. Siniilar remarks apply to perfection of
automatic volume control action, a factor frequently
specified in the broadcast case.




More important is the general question of
stability, both of electrical performance and mech-
anical adjustment. A good seceiver should be
easily tuned to the desired frequency, and free from
mechanical defects such as backlash of the tuning
dial, which frequently mar a sound electrical design.
Primary electrical requirements are that the receiver
should retain its adjustment in all respects, should
be capable of accurate readjustment to any desired
frequency, and reasonably free from the distressing
tendency for the tuning to * drift’* as the valves
warm up after switching on. A number of other
points of this nature will be commented upon later
in the chapter.

STRAIGHT RECEIVERS
Detectlon

The primary necessity of any seceiver is the
provision of some form of rectifier, commonly
termed the ' detector,” by which the incoming
R.F. oscillations (which are at frequencies much
too high for direct audibility) are converted into
a pulsating (or modulated) direct current, able to
actuate the telephones. Early receivers comprised
little more than a detector, and prior to the intro-
duction of the valve, such devices as the coherer,
the magnetic detector and the crystal detector were
the only types known. To-day the crystal detector
is still in Jimited use for local broadcast reception,
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whilst in amateur equipment it finds a place,
together with the more modern Westector, in field
strength meters and monitors.

The diode valve became recognised soon after
its introduction as a more reliable detector than any
of those which proceeded it. Subsequently it passed
out of general use in favour of the triode on account
of the better sensitivity thus obtainable; but in
recent years diode detection has once again become
common. To-day however, the diode is chosen
mainly because of its freedom from distortion, and
its ability to rectify large signal voltages without
overload when used as part of a receiver circuit in
which ample sensitivity is already provided by a
number of amplifying stages.

Detection by a triode or other multi-electrode
valve is the basis of the simplest receivers, and
single-valve circuits of this kind have proved
invaluable throughout the earlier years of the
amateur movement.

In Chapter 2 it was explained that a triode
detector can be regarded theoretically as a diode
rectifier (formed by grid and cathode only) followed
by an amplifying stage, provided by the grid and
anode of the same valve. A triode is thus no more
sensitive inherently than any of the earlier detector
arrangements, followed by a very moderate degree
of amplification. The utility of a triode detector in
the reception of weak signals is entirely explained
by the process of reaction.

RaEG =
A (0400

Fig. 1.

Four typlcal cdrcults tor obtalnlng reaction.
in (b) this ls rerlnced b
{or the higher

(2) Employe the swinging-coll Ly as originally used at low trequencies;
a Nxed coll and variable reaction condenser Cy. A Hartley circult renders (c) more suitable
requencles, whilst (d) Itlustrates cathode coupling, with reactlon controlled by variation of screen

voltage.
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Reaction

The rectifying action of any detector is never
perfect, so that in the case of the triode there will
always be a proportion of unrectified R.F. potential
upon the grid. Since the valve is an amplifier, there
will be a larger R.F. potcntial present in the anode
circuit, a part of which can be transferred back to the
grid circuit in the correct phase to reinforce the
original signals. The classical method for achieving
this is to insert a * reaction coil** into the anode
arcuit as shown in Fig. | (a), and to couple it
magnetically to the grid circuit inductance. By so
doing, the total grid potentials are increased, an
effect which not only increases the apparent
amplification and sensitivity of the detector, but
which has the same effect as lowering the resistance
of the tuned grid circuit. Selectivity is therefore
assisted at the same time. 1f the amount of amplified
energy fed back in this manner be sufficiently
increased, a point will be reached at which the
arcuit resistance becomes zero, in other words the
entire circuit losses can be regarded as cancelled.
Both grid potential and selectivity should then be
infinitely great, but as explained in Chapter 6, the
practical result of the effect takes the form of
continuous oscillation at the frequency of the
tuned grid circuit.

Provided the working conditions of the detector
have been suitably chosen however, a very con-
siderable improvement in sensitivity and selectivity
can usefully be obtained before osciflation com-
mences, whilst the latter condition is useful for the
reception of telegraphic signals by the "’ autodyne *
beat method.

Reaction can be regarded as the introduction
of negative resistance into the grid circuit, which as
the feedback coupling is increased, progressively
counteracts the positive resistance of that circuit,
a useful formula relates the grid voltage Vg pro-
duced by a reaction coupling K, if the original signa)
voltage reaching the grid was V. Itis:

Vg=V(I _‘K)

Since the performance of the triode detector
depends so much upon the adjustment of reaction,
it is not surprising that maay circuit variations have
been introduced for the purpose of improved
control. The circuit of Fig. | (a) is satisfactory at
comparatively low frequencies, but suffers from the
defect that movement of the reaction coil (to vary
magnetic coupling with the grid coil) varies the
mutual inductance and residual capacities affecting
the latter, thereby causing changes in tuning.
These effects become serious at higher frequencies.
The effect due to the movement of the reaction coil
can be overcome by the arrangement shown in
Fig. 1 (b), where the magnetic coupling remains
fixed, and the energy fed to the coil is controlled by
the differential reaction condenser C,. This circuit
is popular for the reception of broadcast and the
lower amateur frequencies; but there are good
reasons for preferring an arrangement in which no

~ variation of inductance or capacity occurs.

Improved high frequency performance can be
obtained by the adoption of the series Hartley

circuit shown in Fig. | (¢).
tapped coil leads to closer coupling and readier

The use of a single -

reaction, whilst both the inductance and feedback
condenser may be fixed, reaction being controlled
by some expedient such as variation of the anode
or screen voltage. As an example of modern
practice, Fig. 1(d) shows a circuit which takes
advantage of the high mutual conductance of
modern screen-grid or pentode valves. Here the
cathode of an indirectly heated valve is taken to a

tapping on the grid coil and, because the cathode
circuit also forms part of the effective anode circuit,
it provides reaction coupling. Reacti can be
controlled by varying the amplification e stage,
such as by the screen potentiometer illu d, or
by variation of grid bias or anode v e. The
stability of such a circuit, and its free from
effects upon tuning are markedly the

original prototype of Fig. 1 (a).

Amplification

Whilst single valve receivers making use of a
detector stage only, have given outstanding service
to the amateur, it is more usual to add further stages
of amplification. These can be added either before
or after the detector. The former is termed radio
frequency or signal frequency amplification, and
the latter low frequency or audio frequency
amplification. The two methods have distinctly
different properties, which it is important to
understand.

Of the several methods of detection outlined in
Chapter 2, the leaky-grid system is the one in most
general use. It is chosen because of high sensiuvity
to weak signals, and because it is particularly suited
to smooth control of reaction. However, even the
grid detector is not linear in action, but for small
signal voltages it shows an approximately square-
law response. This implies that the rectified output
falls off rapidly in the case of weak signals, and in
extreme cases will fall below the level of the valve

A 4-Valve All-Wave Stroight Recciver for A.C. mains.
The R.F. stage and the detector are pentodes, followed
by a trlode reslstance-coupled to nn output pentode.
Complete coverage from 116 to 2,600 metres in seven
rangea is eflected by tandem connection of two sets of
four-way coil awitchcs. The stators of the two-gang
condensera arc cach divided into a large and a small
section, the latter only being connected when any,of the
three higb-frequency ronges are ip use: the large
sections are switched In for the other ranges. Controls
are provided for R.F. gain, A,F. galn, reactioo and tone,
bealdes the combined fast and slow tuning control P A
description of this recejver appeared in the T. & R.

Bulletin doted November, 1941, but this issue is oot
now available.



noise. Low frequency amplification following the
detector acts entirely to Increase the strength of
the rectified signals produced by it, and can do
nothing to make audible signals which were
tnitially too weak for effective detection. Its use will
not therefore increase the sensitivity of the receiver
unless the incoming signals already exceed a certain
limit of strength. A single A.F. stage is generally
des_u'able in a receiver designed for head-phone use,
whilst a second stage may be added when it is
desired to employ a loud-speaker.

Radio frequency amplification on the other hand
does not materially assist the loudness of the
stronger signals, but by increasing the strength of
weak signals before detection, enables them to be
effectively rectified. It thus increases the actual
sensitivity of the receiver to which it is fitted. In
order to couple an R.F. amplifier effectively to the
detector, or R.F. stages to one another, a circuit
tuned to the incomung signals is nearly always
provided. The selectivity of thus circuit will be
added to that of the reacting detector, so that the
selectivity of the whole combination will be
improved. In special circumstances an R.F. stage
may be coupled for purposes of isolation by an
untuned circuit, the most common device being an
R.F. choke. In this case it gives no additional
selectivity, and only little amplificauon at high
frequencies. In the most typical amateur application
an untuned stage is used to isolate the detector
from the loading of an aerial, the variations of which
may lead to irregular reaction control, and *' blind
spots.”’
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Typical Desligns for Straight Receivers

Since space limitations will not permit of a
complete discussion of all the details involved in
receiver design, the most important wil! be outlined
by describing a few typical complete receivers. The
term " straight receiver "’ denotes a circuit which
contains only R.F. amplification, a detector stage,
and A.F. amplification, as opposed to more
elaborate designs. The circuit diagram of a simple
and compact two-valve receiver specially designed
for a kit bag is shown in Fig. 2, whilst Fig. 3 conveys
a clear conception of the structural layout. Radio
frequency amplification has been omitted from this
receiver 1n the interest of size and weight, thus it
is particularly necessary to provide an efficient
detector. For this reason an R.F. pentode has been
chosen. The aerial is connected via the variable
condenser C, to a plug-in coil L.. By the adjust-
ment of C, the aerial loading can be so arranged
as to permit of smooth reaction, whilst coupling
can be reduced to deal with strong signals,
or provide increased selectivity. This is an
important feature when aerials of varying size and
type are to be used. The main inductance L, is
tuned by C, and C,, the former being of relatively
large capaaty for the general coverage of wave
bands, and the latter of smaller capacity for band-
spread purposes. The coupling of the reaction
winding L, is fixed approximately for each coil,
and the fixed condenser C, acts as a stopper for the
anode voltage. Reaction is controlled by variation
of screen voltage through R,, R, and R,. The
condenser C; by-passes the screen for R.F.
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Fig. 2
Circuft dingram of a Portable Two-Valve Receiver sultable for a kit bag.

C,y 65 puF, Eddystope 978, Ra, 3 100,000 ahms.

Cy 100 4 u¥F, Eddystone 900/100, Ry 50,000 ohms potentiometer.

C, 22.5 up¥, Lddystonc 900/20. Ry 25,000 ochma.

Cy. s 100 u,F. Re .5 megohm, potentiometer.

Ce .} uF, Tubular. R, 80,000 ohms.

Croa00 .01 uF, Tubular. Ry 2,000 ohms.

Cyo .05 uF, Tubular. Vi Type 6J7.

Gt 2 aF. Vs Type 6CS.

Cra, 14 8 uF x 16 uF Vi Type 80.

Cyy 12 uF. CH Smoothing choke 14-20 H, 30 mA
1 1 megohm. LFC Low frequency choke

-z

ranstermer, 200-240 volts input, 200-0-200 volts, 20 mA, 6.3 volts, 1 amp.; S volta, 2 amps, output.
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potentials, whilst the large condenser C, is provided
mainly to prevent noise when the potentiometer R,
1s adjusted. An R.F. choke serves to keep excessive
R.F. potentials from the L.F. stage, V,. and the
coupling between the detector and the ﬁrst IAWES
amplifier is by means of resistance capacity coupling,
the coupling resistance being Ry and the condenser

Fig. 3.

Interior vicw of the Portable Receiver shown diagram-
matically in Fig. 2

C,o- The potentiometer R, across the grid circuit
of the first A.F. amplifier acts as a volume control.

The anode of V, 1s fed through the resistance R,
winch limits the anode current and also the audible
output to a comfortable level. The choke L.F.C.
ensures an ample anode load, and the potentials set
up across it are transferred to the telepiione jack
through the blocking condenser C,., which
prevents the H.T. voltage from reaching the
‘phones. By this arrangement one terminal of the
‘phones can be earthed, so that risk of shock is
minimused. The cathode resistance R, provides
bias for V,, and is by-passed by C,, so that a low-
impedance path exists, and degeneration is avoided.

The receiver is fitted with a simple A.C. mains
power supply unit of a type explained in Chapter g.
A plug and socket H, enables the recetver to be fed
from batteries when this is more convenient. The
switch S opens the heater circuit for battery
operation.

Fig. 4 shows the circuit diagram of a more
complete four-valve straight receiver (employing an
R.F. stage), designed to operate a loud-speaker.
This can be regarded as the best combination for
all-round fixed-station use. A second R.F. stage,
exactly similar in connections to that shown, is
sometimes added, but very careful screening will be
necessary if the best results are to be obtained,
since stray reaction effects can easily lead to
instability, or difficulties in handling. For these
reasons a single stage is more general in amateur
practice. An untuned or choke-coupled stage can
however be added without difficulty between the
azrial and the tuned R.F. stage of Fig. 4, and has
much to recommend it.

Reviewinz the features of this circuit it will be

.
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noticed that the aerial is coupled inductively by the
coil L, to the grid coil L, of the R.F. stage. A
variable coupling is no longer necessary, since the

effects of aerial damping on the behaviour of
the detector are overcome by the isolating action
of the R.F. stage itself.

L, is tuned with a variable condenser C, to the
required frequency. The incoming signal set up
across L, C, is amplified in the valve, and the

amplified output appears across the primary of the
R.F. transformer L;. The choke (RFC,) prevents
the R.F. from bemg by-passed via the H.T. circunt,
and the condenser C, adjusts the extent fcouplmg

between the valve anode and L,. The screen of the
valve is by-passed to earth via C,. The secondary of
the R.F. transformer L, is tuned by C G (S,
being the main tuning and C; the fine con-
denser. The second valve acts ky-grid
detector, C, R, being the grid condcnser and leak.

The coupling bemeen the R.F. amp Lgi

made adjustable in order to prever e valve
damping the coil too heavily and also t ve good
selectivity. The winding L and reaction condenser
C, are also intended to improve both the selectivity

and sensitivity of the circuit.

Reaction to the detector valve is applied through
a variable condenser C, and the coil L, coupled to
L,. The amount of feedback is controlled by
altering the amplification of the valve. The
potentiometer R, varies the screen voltage, and
reaction is obtained by utilising the screen as an
anode ; the condenser C, controlling the amount of
reaction in addition to R,. For the reception of
c.w. signals the detector valve is allowed just to
oscillate by increasing reaction, and the tuning
altered to give an audio beat or note with the in-
coming carrjer. Under these conditions the detector
is operating tn its most sensitive and selective state.

The first A.F. stage is coupled in a manner
similar to that of the simple receiver of Fig. 2, and
the anode of the first A.F. amplifter 1s coupled to
the second A.F. amplifier or output valve through
an A.F, transformer. The anode of the first A.F.
valve may also supply signals to headphones con-
nected between C,, and earth. The condenser C,,
by-passes any R.F. that may have escaped RFC,
and reached the A.F. transformer. The grid bias
for the output valve is obtained by inserting a
resistance R in series with the negative H.T. lead ;
this system obviates the necessity for using a
separate grid bias battery. It will be noticed that
Fig. 4 shows the use of directly heated or battery
type valves, and that the choice of biasing arrange
ments is therefore limited.

In the case of a mains-operated straight receiver
the circuit may be similar to the one described
above in all respects except that grid bias may be
obtained by the system known as auto-bias, which
consists of placing a resistance between the cathode
of the valve and earth as shown in Fig. 2. The bias
is obtained by virtue of the voltage drop across the

resistance caused by the anode current passing
through it. This results in the cathode becoming
positive with respect to the earth, and as the grid is
connected in effect to earth, the gnd 1S negative with
respect to the cathode. The resistance shpuld be
shunted with a condenser to prevent audio voltages
being developed acrossit : asuitable value is 25 uF,




~ Grid bias for R.F. amplifiers can also be obtained
in the same way ; if a variable . valve is used the
grid bias may be varied by making the resistance
variable and so varying the amplification. For R.F.
operation the value of the shunting condenser may
be about 01 uF, or even less.

SUPERHETERODYNE RECEIVERS

The performance of straight receivers falls short
of the ideal in certain respects, notably those of
selectivity, and high sensitivity to modulated
signals, The selectivity obtainable from a single
resonant circuit, even with critical reaction, is hardly
adequate for the crowded amateur wave-bands of
pre-war days, and is quite inadequate to reject the
signals from powerful local stations on adjacent
wave-lengths. To do this effectively a number of
circuits 1 *° cascade ' 1s necessary, and to obtain
these, with high sensitivity 1n addition, would
demand the use of several R.F. stages. Such an
arrangement would be very difficult to adjust and
stabilise, whilst it is almost impossible to obtain
the full bencht from a number of circuits, when ail
must be re-tuned for every change in frequency.
The circutts can hardly be kept ** in hine '’ with the
necessary accuracy, whilst even if this were
achieved, sclectivily is not constant, but falls off
with increasing signal frequency as has been
explained earlier.

Frequency Changing

The superheterodyne receiver differs from the
T.R.F. rcceiver in that the signal or carrier ss
amplified at the original signal frequency, and is
then changed to another frequency and further
amplified before being rectified in the detector and
applied to the audio amplifier. The second fre-
quency i1s known as the *‘ intermediate frequency *
(I.F.) and the amplifier working at this {requency
as the * LLF. amplifier.”” The reason for this
arrangement is that by changing the frequency it is
possible to choose an I.F. such that the amplification

RADIO RECEIVERS

and selectivity are just what is required ; also as _U_ll"!
frequency is fixed by the design, once the initial
adjustments have been made, no further tuning of
this amplifier is necessary, and the principal defects
of the straight receiver are avoided. In the interests
of selectivity, a comparatively low LF. is generally
chosen.

The process of frequency changing is analogous
to modulation in a transmitter, or to heterodyne
reception in the straight receiver, in fact, the valve
in which it occurs was at one time invariably
termed the * first detector,” and the true detector
which rectifies the I.F. signals to feed the L.F.
stages was called the * second detector.” The
latter term is still used, but the former is now
universally replaced by the name ** frequency
changer.”

Suppose that a straight detector be receiving
c.w. in the oscillating condition. If the grid circuit
be detuned * x ' kilocycles from the incomung
signals, a beat note of * x '* kilocycles pitch will be
heard. If this detuning be increased, ™ x ** will also
increase until it enters the radio-frequency region
when it can be amplified by tuned stages following
the detector. This note ** x '’ has now become the
ILF. of a superheterodyne receiver; and the
detector an °* autodyne ‘' frequency changer stagc.
The autodyne system was originally used in some
practical receivers, but as it was found inefficient to
detune the detector grid circuit so far from the
signal frequency, the method was replaced in time.
In modern receivers a separate oscillator is provided
to produce the necessary beat note.

Superficially a non-linear or detector type of
valve seems necessary to effect frequency changing,
but recent work has shown that similar effects can
be obtained with less attendant difficulties if a
lincar valve be employed, and the electron stream
‘“ modulated ”’ by the beating oscillator. Modern
frequency changers as described in Chapter 2,
employ this ** multiplicative *’ principle in many
cases. The original separate oscillator is retained in
some advanced arrangements, but in the interests of

——;’-‘:;Rl C9
o 8
g <+ i ¥ g
L%;:’ % 35] ¢
s§3 - R
3 Cls Ce gs <5
Fc.
3 A
Fig. 4.

Circuit of 3 Four-Valve Recelver.

Cyia 150 uuF, Special J.B.
Cirvy 200 ;i ,F, Eddystone 957.
[SETRrTRTTE PR 1 o8
Cs 22.8 jpuF, Lddystonc 900/20.
Cq 100 jusF.
Cq .8 uW,
Cyoe 13 006 uF.
12 JOO uF.
RFCy, 4.3 Short-wave chokes,
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Ry 250,000 ot ms, poteatiometer.
R, 3 megohms.

Ry 20,000 ohoss.

Ry 30,000 ohwms.

Rg 1 mepohm, poteatiometcr.

R 450 ohms,

Vi, e Type 210, SPT.

Vy Tvpe HL2.

AW Type PM2A,
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economy 1t is more usual to combine the oscillator
and mixer electrodes into a dual valve, such as the
triode-hexode, and to inter-connect them internally.

When both signal and oscillator frequencies are
applied to a mixer valve, it is found that in the
anode or output circuit both carriers appear, as well
as the sum and difference of the two carrier fre-
quencies. For example, assume a signal carrier of
1,000 kc. If the local oscillator is adjusted to
1,500 ke, then in the output of the frequency
cha:niger there are present 1,000 ke, 1,500 ke, 2,500
ke, and 500 kc. If the output circuit is tuned to,
say, 500 kc and the I.F. amplifier is also tuned to
500 kc, the 500 kc beat will be amplified. If the
original 1,000 kc signal was modulated, then the
500 kc beat will also be modulated. If the output
of the LF. amplifier is detected, the modulation
will be audible in the detector output. If the I.F.
amplifier has sufficient selectivity all other fre-
quencies present in the frequency changer output,
except the I.F., will be rejected.

Obviously, the I.F. may be higher or lower than
the signal frequency, depending on whether the
sum or difference frequency is used. For example,
commercial ** all wave ”’ receivers usuvally employ an
I.F. of 465 kc, in which case on long waves the
signal frequency is lower than the I.F. and on other
wavebands the signal frequency is higher than
the L.F.

Ganged Circuits

The local oscillator frequency is adjusted as part
of the process of tuning the receiver so that for all
radio-frequencies the sum or difference in fre-
qQuency, as the case may be, between it and the
signal carrier 1s equal to the I.LF. The condenser
adjusting the oscillator frequency is usually ganged
to those tuning the R.F. amplifier or aerial circuit,
but it is necessary to arrange that the change in
osctllator frequency during tuning occurs at a
different rate from the R.F. circuits in order that the
sum or difference I.F. remains constant. This
result is accomplished either by using specially
shaped vanes for the oscillator section of the gang
condenser or by placing a * padding condenser,”
in series with the oscillator tuning condenser, and
suitably modifying the oscillator inductance.

Coils

In the majority of amateur-built superhet-
erodyne receivers the coils for each wave-band
are of the interchangeable plug-in type, thus
simplifying construction and making the individual
lining-up of each band comparatively easy. Com-
mercial practice favours the more convement
arrangement of wave-change switching, whereby
the coils for each band, together with their asso-
ciated trimming and padding condensers, are
brought into circuit by ganged switches. These
employ a number of ‘ wafers,” each carrying a
switch assembly of up to six positions. One wafer
is provided for the oscillator, and one for each R.F.
circuit. Insulation for normal use has generally
been bakelite, but ceramic switches are now
obtainable, and are much preferable at high
frequencies. It is usual to provide switch contacts
which short-circuit all the coils not actually in use,
so that they cannot give rise to undesirable absorp-
tion effects, and can safely be mounted in close
proximity to each other.
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1.LF. Selectivity

The selectivity of a superheterodyne depends on
both the R.F. and L.F. circuits although it is usual
for the bulk of the selectivity to be in the L.F.
amplifier because this is of fixed frequency and
therefore remains constant once it has been
adjusted. L.F. selectivity is obtained by using
efficient coils or I.F. transformers of high Q,‘usually
wound with stranded wire (Litz) and fitted in some
cases with air dielectric trimmers instead of mica.
For telephony reception the coils may be arranged
for a band-pass, that is to say, the two coils fogrrung
the I.F. transformer may be tuned to slightly
different frequencies in order to transform the sharp
peak of the resonance curve into a narrow flat-
topped peak. Where extrene selectivity is requued
reaction may be applied to the I.F. amplifier in the
same way as in a T.R.F. detector. Another method
1s to employ quartz crystals in the I.F. amplifier.
Such is the increasing importance of this method
for obtaining exceptional selectivity that a chapter
on crystal filters has been included in thus edition.

R.F. Selectivity

R.F. selectivity or ** preselection '’ must be of a
reasonably high order otherwise two objectionable
types of interference may be present. The first,
known as ** second channel ** interference, is due to
the fact that there are always two R.F, frequencies
that can beat with the local oscillator and give the
required LF. As an example, if the LF. of a
receiver is 500 kc and the signal being received is
14,000 kc, then the local ascillator will be tuned
to 14,500 ke, but if there is an interfering signal on
15,000 kc that will also beat and give a 500 kc L.F.,
so that it is necessary in this case that the R.F. tuned
circuits should be able to reject the 15,000 kc signal
adequately. '

‘The second type of interference is less common,
but can take place with strong local signals when an
interfering signal gets through the R.F. circuits and
beats with the harmonic of the local oscillator. In
this case a signal on 28,500 or 29,500 kc could beat
with twice the local oscillator frequency (29,000 kc)
and give 500 kc. Another probable cause of inter-
ference is when a signal at LF. arriving on the
aerial reaches the I.F. tuned circuits. This rarely
occurs when there is more than one R.F. tuming
circuit but when it does it can be cured by fitting a
rejector, tuned to the I.F., in the aerial circuit.

Choice of I.F.

The requirements of selectivity and second-
channel rejection combine to influence the choice of
an LF. in practical receivers. A low LF. is always
helpful in obtaining good selectivity from a muni-
mum number of circuits, but since a higher fre-
quency is useful in eliminating second-chanael, a
compromise is usually reached. Short-wave super-
heterodynes have an I.F. around 450/500 kc in
order that when the receiver is tuned to say 20 Mc
the ratio is not exceedingly large. Supgrhetemdynm
especially designed for commupication purposes
may have an LF. of 465 kc or in the latest types
about 1,600 kc and those for use on the 56 Mc band
may with advantage have an I.F. as high as 4 Mc
since in this special case very high selectivity is
actually undesirable.
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A Typical Circuit

It is proposed now to follow through the circuit

of a typical 10-valve communication receiver and
consider the functions of the various component
parts. Fig. 5 shows the circuit of such a receiver,
which although not of any particular make incor-
porates features from several in order to illustrate
various details which will be described. No power
supp‘ly is shown, but the receiver may be considered
as either A.C. or A.C./D.C. operated. In any
event the power supply follows normal practice.
. The specification for such a receiver would
include one R.F. amplifier or pre-selector, a two-
valve frequency changer, two I.F. amplifying stages
with crystal filter, a diode 2nd detector, delayed
A.V.C. with noise suppression, two A.F. stages, a
c.w. beat oscillator, a signal strength meter and
H.T. rectifier (not included in the schematic).

p Plgg-ip coils are shown in order to simplify the
circuit diagram. These coils L, L,, L,, L, and L
may tn fact be mounted as one unit and plugged 1n
altogether or they may be separate or alternatively
connected by means of ganged switches as required.
Gen_emlly plug-in coils (however arranged) are more
efficient than ganged-switched coils, even if they
are considerably less convenient.

The condensers C,, C, and C, are ganged
together and form the main tuning control. Their
size determines whether a rotation of the dial
covers a wide waveband or merely one narrow
waveband such as an amateur allocation. Thé con-
densers C, and Cy act as trimmers only where the
gang condenser is intended to cover a large tuning
range. Where only a coverage of one amateur band
1s required they are supplemented by a fixed con-
denser in parallel ; in this case there will be a
condgmcr also across L, (not shown in the diagram).
It will be evident that once these condensers are
adjusted for each set of tuning coils, the correct
waveband coverage will be fixed and the coils will
all be aligned, so that trimming condensers on the
actual gang condenser are unnecessary. No padding
con_densers are shown in the frequency changer
oscillator circuit Ly C,, because for most amateur
purposes it is only required to cover one band with
each coil. When a padding condenser is used it is
connected in series with the lead from the fixed
high voltage vanes of the gang condenser to the end
of the oscillator coil, or in series with the * earthy "
end of the coil, depending on the type of oscillator
Circuit.

L,, is the aerial coupling coil, L, is the tuned
grid coil, the band being set by C, and tuned by C,.

The R.F. amplifier valve V, is a variable p
R.F. pentode. Grid bias is obtained automatically
in the cathode lead, R, being a fixed and R, a
variable resistance which acts as R.F. gain control, a
necessary feature where there may be strong local
signals liable to overload the frequency changer
thereby causing distortion or cross-modulation
interference. The condenser C, by-passes R.F. in
the cathode circuit to earth and C,, decouples the
screen circuit. The R.F. amplifier is coupled to the
frequency changer by an R.F. transformer L,, L,
and is tuned by C,, whilst C,, decouples the anode
H.T. supply.

‘The frequency changer or mixer valve V. is of
the electron muxing type and bias is obtained by

64

R, decoupled by C,. C,, and C,, are the screen and
anode decoupling condensers respectively.

The R.F. oscillator valve V; 1s an R.F. pentode
connected as an electron-coupled oscillator, the
coil L having the cathode tapped one-third of the
way up the coil, band set by C, and tuned by C,.
The grid condenser C,; and leak R, provide grid
bias (for explanation see Chapter 2). The supplies
are decoupled by R,, and C,.. The condenser C.,
from the heater to earth prevents modulation hum
and spurious signals being picked up from the
heater supply or mains. An electron-coupled type
of oscillator 1s used in order to obtain good fre-
quency stability ; a more completc description of
this circuit may be found in Chapter 6. The output
of the oscillator is taken wvia to the injection
grid of the frequency changer V.. The resistance
R, is fitted in order not to leave this grid open
from a D.C. point of view. The output i1s taken
from the cathode of V, rather than from the grid so
that any effect around V, shall not pull the oscillator

frequtency. The mixer valve must not load the
oscillator circuit heavily this would cause
frequency drift. Cathode connection a gives

a better signal to noise ratio.
AV.C

Due to the generally higher sensitivity of super-
heterodynes over T.R.F. receivers, stations suffering
from fading are more often receivable. A method
of overcoming this fading known as *‘ automatic
volume controb” (A.V.C.) is employed, in which
case the detector valve after the I.F. amplifier s a
diode. The rectified I.F. carrier (which appears as
a D.C. current in the diode load), depends for its
amplitude on the strength of the I.F. carrier and of
course originally on the signal from the aerial. This
D.C. is applied as grid bias to the LF. amplifier
valves and sometimes to the R.F. amplifier and
frequency changer as well, in such 3 way that an
incrcase in signal strength increases the grid bias
and hence lowers the amplification. In this way
the output remains nearly constant over wide
ranges of aerial input.

In some cases a small fixed voltage is arranged
to be in opposition to the A.V.C. voltage so that no
drop in amplification occurs until this voltage is
overcome. El'his is done in order that no A.V.C.
action occurs on weak signals and the arrangement
is known as ‘“delayed A.V.C."” In other cases
where exceptionally full A.V.C. is rcquired, the
A.V.C. voltage is amplified in a valve before
application as grid bias and is then known as
“ amplified A.V.C. " For delayed A.V.C. a double-
diode valve is used, one diode being employed for
audio and the other for A.V.C. as 1t is undesirable
to insert 2 delay voltage in the audio circuit.

I.F. Stages

Reverting to the details of Fig. 5, the output of
the mixer valve is coupled to the 1Ist I.F. amplifier
valve V,, via the LF. transformer T, both windings
being tuned to the I.F. by means of small trimmer
condensers. The valve V, is a variable p R.F.
pentode with grid bias obtained by the cathode
resistance R, and the variable resistance R,; which
it shares in common with the 2nd I.F. amplifier
valve V. This resistance acts as the I.F. gain
control. The grid of V, may also obtain bias from

Vs 2o oae s el o Bl o s atihhand . .



the A.V.C. line via the decoupling circuir R, and

s« The anode and screen supply 1s decoupled
with C,4 and C,, and the cathode with C,. The
reason C,, 1s made small and R, large is to give
adequate decoupling to audio-frequencies which
may be present on the A.V.C. line and yet not give
too lopg a time constant which would prevent the
grid bias from following rapid fading.

The output of the Ist I.LF. amplifier is fed into
the 2nd L.F. transformer T. and thence via the
crystal filter to Vg the 2nd LF. amplifier. The
explanation of this part of the receiver is referred to
in Chapter 5, in which its design is discussed in
detail. The components making up the filter will be
easily recognised from the description there given.
The circuit shown in Fig. 5 is designed to work with
a low impedance type of crystal, so that a step-down
input transformer T, and step-up output coil L,
are shown.

The second 1.F. stage V, is of the same type and
similarly connected to V,. It is coupled to the
detector Vg by a third I.F. transformer T,.

Ve is a double-diode, the first diode D, being
connected across the L.F. transformer secondary.
C,o is the LF. by-pass condenser having a value
such that the audio-frequencies set up across R,,,
R,, are not shunted away. The A.F. output is
set up across the potential divider comprising R,.
and R,,. The voltage across R,, passes via C,, to
the volume control R, .

V, is a triode, resistance capacity coupled, by
Ry C,s and Ry, to the output valve V,. R, and
C,, provide cathode bias for V, and R,, C,, the
auto-bias for V,. R,,, C,,, which form a decoupling
aircuit in the H.T. to V,, prevent A.F. instability.
A jack for headphones is fitted so that they may be
used instead of the output valve and loud-speaker.
C,¢ is an additional I.F. by-pass condenser in case
any LF. has reached the anode of V,; it also
removes some of the hiss due to excessive high-
frequency response or valve noise introduced earlier
in the receiver.

The A.V.C. applied to the I.F. valves, providing
the appropriate switch is operated, is the D.C.
voltage set up by rectification of the I.F. carrier
across R,y and R,,, fed to the A.V.C. line through
R,;. When no signal is being received a D.C. bias
(w‘u'ch is the drop across R,.) is supplied to the
A.V.C. line via the diode D, which has a negligible
resistance compared with the return path R}, R,
and R, to earth. The voltage applied by R, is
quite small, being of the order of 2 volts. This
voltage is applied also to D, through R;;, which is
non-conductive in this direction and as a conse-
quence is inoperative as it has a delay voltage on it.
As a resuit of this, no signals are rectified by D,,
until the LF. voltage applied exceeds the delay
voltage. This voltage corresponds to weak signals
equal to or less than the noise level. When strong
R.F. signals are tuned in, the D.C, voltage rectified
by D, exceeds the delay voltage and an A.V.C.
voltage appears across R;, and R,, together with
audible signals, This A.V.C. voltage is not by-
passed by D, because its anode is now negative
with respect to its cathode. This system is known
as delayed A.V.C. with audio noise suppression or
muting. In practice when a fixed negative bias
(R,,) ts provided to the A.V.C. line the cathodes of
the controlled valves (in this case the Ist and 2nd
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I.LF. valves) would be returneu to earth and no
auto-bias or manual L.F. gain (R,;) provided. Both
systems are shown in order to cover prevailing
methods.

When the A.V.C. is switched off the A.V.C. line
is connected via R,, to the control R,, which 1s a
sensitivity control. This control provides a
negative bias by virtue of the drop across Ry, and
R,, in series with the negative H.T. lead. For
reasons mentioned above R,, is not required when
the I.F. gain control R, is used.

Beat Oscillator

In order to receive c.w. signals a further separate
oscillator s coupled to the detector input after the
I.F. amplifier, and adjusted so that it beats with the
I.F. to give an audible frequency. It is necessary
that care should be taken in the design so that no
output of this I.F. beat oscillator feeds back to the
input of the L.F. amplifier, otherwise overloading
may result. In any case the voltage of thus oscillator
and the voltage of the average [.F. signal should be
of the same order for the best results. The LF.
beat oscillator valve V, 1s an R.F. pentode used in an
electron-coupled oscillator circuit similar to that
employed in the R.F. osallator V,, the coil L, being
tapped one-third of the way up, tuned by a fixed
condenser C,, and a small condenser just capable
of tuning the oscillator through an audible beat
with the I.LF. R,, and C., are the grid condenser
and leak, R.,, R., and C;, form a decoupling circuit
as do Ry; and C,, for the screen suppiy. The
condenser C,, is to attenuate the output to a small
value suitable for applying to the 2nd detector
through C,,. The elaborate filtering is necessary in
order to prevent any portion of the I.F. beat oscil-
lator output being picked up in parts of the receiver
other than where it is injected into the 2ud detector.

There are two ways of tuning the LF. beat
oscillator ; the first is to tune in the signal so
that the carrier falls near the centre of the 1.F. band
width, setting the oscillator say 1,000 cycles different
either side so that an audible beat note of ,000
cycles is obtained. The other method is to arrange
the tuning so that an interfering signal is well down
the 1.F. resonance curve and the wanted signal is in
the centre of the curve. This system is known as
Single Signal Reception.

Single Signal Reception

Fig. 6 which gives a graphical illustration of this
interesting method of adjustment shows that when
the selectivity curve (dotted) is broad, the beat
note will be heard over several kilocycles on either
side of zero beat, whereas when selectivity is high,
only one part of the beat note range wil| be audible,
separation of c.w. signals is thus much improved.
The use of crystal filters is most desirable, and in
fact nearly essential for a fully satisfactory single
signal response.
Signal Strength Meter

The last detail of importance shown in Fig. 5 is
the S ' meter which is fitted in order that the
signal strength of stations may be read with fair
accuracy. This meter is connected in the screen
supply to the 2ud 1.F. valve. The resistances Ry,,
R.,, R,, and R,, form a bridge circuit. The bridge
is formed by the ratio arms Ry5; Ry, and R,, in
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series ; the known resistance R,,; and an unknown
resistance which is the effective screen to cathode
resistance of the valve V,. The meter is placed
across the junction of R,; and the screen, and the
junction of R,, and R,,, assuming that R,, is at its
minimum value. When the screen current through
the valve equals the current through R,q, and when
R,; and R, equal R,; then the meter should read
zero. As the screen current is reduced by A.V.C. the
bridge becomes unbalanced and the meter will give
a reading. The meter is calibrated in ** S * units.
As there are small variations between valves the
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amplitude appreciably greater than that of the
required signal, cause the receiver to become
virtually * dead “* during the duration of the noise
peak. The effect is that instead of the noise
appearing in the output being louder than the
signal, the signal is cut off momentarily during the
noise. It has been found that for certain types of
interference (such as is caused by static and motor
cars), which consist of short duration peaks of high
intensity, a receiver can be operated at a readability
that would be impossible with a suppression circuit.
In practice the I.F. amplifi lit into two

]
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Flg. 6.

Sketch illustrating how the beat note {8 nudible over its foll range of pltch when selectivity Is low (curve XYZ), but
only over n limited pltch when selectivity is high (curve P, Q and R).

resistanice Rg, is adjusted to compensate for this
variation. If the variation is large it may be neces-
sary to modify the value of R,, slightly.

After initially balancing the meter to zero, it is
brought back to zero each time with no signal
applied and the A.V.C. off by means of the 1.F. gain
control R,, ; the R.F. gain control being set at some
predetermined value. This procedure ensures that
the receiver is adjusted to a definite sensitivity, a
condition mnecessary to ensure consistent and
accurate results.

In some cases the “ S’ meter bridge is con-
nected in the anode circuit of the 2nd 1.F. valve
instead of in the screen. In this event the bridge is
fed from the H.T. line instead of the screen supply
and the resistance R,, requires to be about 35,000
ohms instead of 60,000 ochms. This method of
connection makes the “S'’ meter considerably
more sensitive and it could be used for a receiver
having many A.V.C. controlled stages where the
current change per valve is less.

The resistances R,; and R,, form a fixed poten-
tiometer in order to reduce the 250 volts H.T. to
100 volts for the screen supply. The decoupling
condenser is C,;.

Noise Suppression

A very desirable additional fearure, particularly
in receivers used at the higher frequencies where
man-made static is common, is some form of noise
suppression circuit. Several methods of over-

coming local noise have been developed in recent
years, one, which is a form of .A.V.C., comprises
a circuit <o arranged that any noise peaks having an

channels one dealing with the signal I.F. only and
the other with the noise L.F. only. The latter is
constructed to have a very short time constant, and
may consist of an 1.F. stage feeding a diode, fitted
with a low valve of load resistance and a very small
by-pass condenser. The potentials developed by
noise impulses across this resistance are applied to
the suppressor grid of a stage forming part of the
main LF. system, and when the noise voltage
materially excceds the delay voltage, serves to cut
off the amplification of that stage. Since the noise
suppression channel acts more qQuickly than the main
detector system of the receiver, the latter is in-
terrupted before the noise is heard.

The suppression system described above is
somewhat elaborate, but a number of much simpler
systems can also prove very useful. A circuit of
particular value in c.w. reception is known com-
mercially as an ‘’ audio limiter.”” In its most usual
form one A.F. stage is replaced by a pentode
operated with greatly reduced anode or screen
voltage, so that saturation occurs at the normal
level of the audio signals. It is thus impossible for
any signal or noise potentials to exceed the satura-
tion value, and undesirable peaks are entirely
suppressed. Unfortunately the system is much
less suited 1o telephony because the limiter valve
introduces objectional distortion.

Noise Limiters

A second popular form of suppressor is the diode
noise limiter, a typical circuit of which is shown in
Fig. 7. Inthis arrangement a diode is shunted across
the A.F. input and a delay voltage is supplied in such




a way that the diode is non-conducting at low
signal levels, but when the signal or noise has a
value greater than the delay voltage'it conducts and
acts as a shunt on the audio input. D, in the ilfus-
tration 1s a 2nd detector diode, R, the diode load,
D, the noise limiter. The delay voltage is adjusted
across R,. A battery is shown but this voltage can
be obtained by any other means. The double pole
switch S.S. disconnects the battery and the anode of
D, when the limiter is not required.

The operation is as follows : when the voltage
across R, reaches a value such that the cathode
voltage of D, is more negative than the anode
voltage as set by R., D. becomes conductive and
shunts R, ; hence the A.F. input. This circuit is
also useful for c.w. reception in that 1f the signal
is adjusted so that the limiter is in operation the
output signal will remain at the same level even if
the incoming signal fades.
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Nolse limiting diode detector circult,

Noise suppressor or limiter devices can be fitted
to most existing receivers without difficulty, but it
must be borne in mind that they cannot prevent
noise peaks from overloading previous circuits and
they will not reduce the noise peaks to a lower
value than that of the signal. Several specialised
circuit arrangements of the gencral nature ‘des-
cribed have been advocated fro:n time to time, and
these are bclieved to operate with varying success.
As a rule, however, it is not entirely sufficient to
employ a single diode limuter. More perfect
suppression is possible if two diodes are connected
n push-pull, thereby limiting both the positive
and negative half-cycles of the audio signals.

The Superheterodyne Converter

It will have been noticed that the LF. detector
and L.F. stages of Fig. 5 have very much in common
with a straight receiver, in fact, they can be regarded
as a special form of straight circuit adapted to
receive only one frequency (the I.F.), and modified
to take full advantage of the convenience of fixed
tuning adjustments. The possibility thus becomes
evident of converting a straight receiver into a
superheterodyne by placing between it and the
aerial a converter unit containing a frequency
changing stage, preceded perhaps by an R.F.
preselector. The circuit of such a unit will be
substantially the same as that of the first two stages
rof Fig. 5; the first L.F. transformer T, being either
coupled to the aerial terminal of the straight
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receiver, or replaced by a choke-condenser coupling.
Thus the aerial terminal of Fig. 2 could be taken
directly to the frequency changer anode, C, forming
the coupling condenser, and L,, C, a tuned grid
coupling circuit, although it would be more satis-
factory to employ a receiver having at least one
R.F. stage rather than the simple design illustrated.

A superheterodyne converter may contain its
own power supply, or it may derive H.T. and
L.T. from the receiver with which it is used,
generally through a plug and socket connection.
The straight receiver will of course be tuned to a
frequency suited to I.F. use, and depending as
already explained upon the order of signal fre-
quency to be dealt with. As a rule this will lie
between 1,500 and 150 kc, being one at which the
receiver performs atits best, and one upon which no
powerful local signals are encountered.

The converter is particularly useful in providing
ultra-high frequency reception from a straight
receiver, which may then be operated at from 2 to
10 Mc in order to minimise second channel effects.
A further feature of the arrangement is that a very
useful vernier tuning adjustment is provided by
slightly varying that of the straight receiver, and
thus changing the effective I.F. instead of the
osciliation setting.

Double Superheterodyne Receivers

A superheterodyne converter can also be used
to proceed an existing superheterodyne receiver,
when a double-superheterodyne combination results.
This arrangement has certain useful properties
which lead to its adoption in certain co:nmercial
cases, and it is becoming of interest also in amateur
circles. By this system the frequency is twice
changed, and the compromise represented by the
choice of I.F. in most receivers can be avoided. For
example, the frequency may first be changed to a
relatively high I.F,, such as 2 Mc, in order to over-
come second channel effects. It may then be changed
to a low frequency, such as 465 kc or less, at which
figure selectivity can be readily obtained and
crystal filters incorporated. As a further valuable
feature, a very perfect form of band-spread tuning
can be achieved by varying the first I.F. over a
range of perhaps 500 or 1,000 kc. This i1s possible
since only a few circuits of moderate selectivity
need’ be controlled ; and their calibration will be
independent of the actual incoming signal frequency.
Interesting as the double-superheterodyne can be
however, it may also contain pitfalls which render
it suitable only to the advanced experimentet.

SUPER-REGENERATIVE RECEIVERS

This form of receiver employs a special type of
detector and in general is used only for ultra-short
wave reception. As mentioned earlier, when a
detector valve with reaction s used and the reaction
increased above a certain point, oscillation sets in,
and on a telephony signal there is an audible whistle
or beat with the carrier. Therefore it is normally
necessary to have the detector just off its oscillating
point to receive telephony. If the reaction could be
increased so as to pass beyond the oscillating
condition withqut an audible beat, the sensitivity
would be far higher.

This result is achieved in super-regenerative

receivers by introducing into the detector another
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voltage at a supersonic frequency (above audibility)
in such a way that oscillation ceases every half cycle
of the supersonic frequency. This frequency is
known as the ' quenching frequency."” The
quenching frequency is injected into either the grid
or anode of the detector valve and is generated in a
separate valve, or in certain cases in the same valve.
Due to the fact that a valve does not cease func-
tioning instantly when the grid voltage is increased or
the anode voltage is lowered, it is necessary that the
quenching frequency should not be too high other-
wise the oscillation of the detector may not have
time to stop during a half-cycle of the quenching fre-
quency. Conversely the frequency should not be
too low otherwise it will be audible as a high-pitched
whistle. The voltage injected must be enough to
reduce the detector oscillation to zero each negative
half-cycle. A quenching frequency of between 10
and 100 kc is suitable for a signal frequency of
around 40-60 Mc.

The features of super-regeneration are extremely
high sensitivity from a simple type of receiver (which
rapidly increases as frequency is raised), and a very
effective A.V.C, action inherent in the functioning
of the system. Its major drawbacks are very poor
selectivity, and relatively high background noise
levels, which however, decrease when a carrier is
tuned in. C.W. signals produce no beat-note in the
receiver, and cannot therefore be read unless either
the reaction is reduced to the ordinary regenerative
condition, or a weak external beat-oscillator 1s
employed. As a result of these features the circuit
is of little use until the ultra-high frequencies are
reached, when its low selectivity is of less impor-
tance. Because of its low cost, weight and size,
this type of receiver has been widely used to receive
self-excited transmissions, but it is now being
gradually displaced in amateur circles by more
advanced types.

RECEIVER CONSTRUCTION

The baseboagd and panc) method of construction
1s suitable for simple tw ee valve T.R.F.
receivers or experimental layouts but is less
adaptable to those employing more than one R.F.

stage or for superheterodynes where a metal chassis

or separately screened st are most desirable.
A chassis should be of rigid construction and
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