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PREFACE

During the last two years, there has been a technical renaissance
in radio technology. Progress has been swift, but the literature of
the subject—at least, in so far as books are concerned—has lagged
behind. ‘

1t was with the idea of repairing this omission that it was suggested
that the records should be garnered in some permanent form.
This volume is the result.

Between the stiff covers of this Manual—its size rather belies its
name—will be found a summary, supplemented by criticism when
it has been {felt necessary, of the whole modern technique of broad-
cast reception.

No pains have been spared to include every development of
recent date or which is credited with being of recent invention.
Iron-cored high-frequency inductance coils, Pentagrid wvalves,
electrolytic condensers, metal-rectifier detectors, high-frequency
variable-mu pentodes, metal receiving valves, Class B and Q.P.P.
amplification are all described. A very comprehensive account is
given of the supersonic-heterodyne—the most popular type of
commercially-made receiver, and several subjects such as automatic
volume control are dealt with more fully, as far as the present
writer can judge, than in any other work so far published. Modern
progress is exemplified by typical circuits of up-to-date set designs.

The actual printing of this work has been greatly expedited so
that the usual long delay between the writing of a book and its
publication has been avoided. This has made it possible for the
volume to include details of the technique of 1933-1934.

The usefulness of the book, however, does not rest solely on its
record of modern radio technology. It is also a text-book on the
thermionic valve and should place the reader in a position to
understand readily any future developments or present analysis.
The very many illustrations should contribute to its value to
students.
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It has been assumed, in order to widen the scope of the Manual,
that the reader knows nothing whatever about radio or even of
electricity. Only very occasionally, if he reads from cover to cover,
will he have to leave a paragraph to a second reading. The style
of writing, it is hoped, has avoided equally the Scylla of ponderous-
ness and the Charybdis of looseness and inaccuracy.

The future of radio reception will be darkened by greater com-
plexity, but the triumph of radio technology will be the more
resplendent.

If this Manual of Modern Radio assists readers to understand
or grapple with the problems of the present and the complexities
of the future, it will have served its purpose.

JonN ScOTT-TAGGART.

LoNDoN,
October, 1933.



CHAPTER 1

A SIMPLE INTRODUCTION

ow and where to start is a great problem which faces
H any writer who sets out to explain wireless to the non-
technical reader.

My own plan is to explain only sufficient of the basic scientific
principles underlying radio to enable the average person to under-
stand the practical operation of wireless receivers. It is my in-
tention in this book to concentrate on the different kirds of circuits,
how they may be built up, their advantages and disadvantages,
their operation, and their practical embodiment in actual sets.
Elementary electrical principles are required to give one an ade-
quate understanding, but a course in physics, chemistry and
mathematics is quite unnecessary. It is my intention to explain
only sufficient *‘ theory "’ to enable a reader to proceed to the next
stage he has to consider.

There are several facts which no doubt every reader of this
book will already know. One, for example, is that there are two
kinds of stations in broadcasting. One of these is the transmitting
station, which sends out a programme by wireless, and the other
is the receiving station in the home, usually with its loudspeaker
for providing the entertainment. What is going on at the trans-
mitting station is not known to the layman, except that there is a
band or a lecture or someone trying to make a joke. At the
receiving end the person ignorant of wireless only knows that there
are batteries, wires, an aerial, a loudspeaker and various things
that one has to turn. Why these various things are required
is unknown, and a few simple explanations are obviously called
for.

A broadcast transmitting station sends out music and talks
which are received by literally millions of broadcast receiving
stations in private homes, but it is clear to everyone that the sound
does not come direct, for the simple reason that it is not possible
to hear a band, for example, for more than a few hundred yards or,
at the most, a mile or thereabouts, Moreover, we know that sound
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is greatly obstructed by buildings. The yodellers of Switzerland
can communicate over a valley because of the absence of obstacles
between (Fig. 1). If an ordinary
person or even a yodeller desires
to speak to another person a con-
| siderable distance away, he will
find it necessary to use some
other method than shouting.
The telephone is a solution, but
N R AS AR | not the only one.
Fig 1—Sound waves will travel long In the case of the telephone
distances if there is no obstruction the sound does not actually
travel along some electric wire, although it is possible to carry on
a conversation over a distance of, say, one hundred yards by joining
two cocoa-tins by a piece of string, one person speaking into his cocoa-
tin and the other placing %ss tin over his ear (Fig. 2). This simple
form of telephone involves the actual passage of sound along the
string, the human voice causing the ' transmitter "’ cocoa-tin to
vibrate, these vibrations passing along the string and making the
bottom of the other cocoa-tin vibrate in sympathy. These vibra-
tions produce a sound which is identical in form but weaker than
the original sound.

Ordinary talking through air is an excellent means of communi-
cating with someone else ; it suffers several disadvantages, how-
ever. It is not private in the first place ; the only way to prevent
others from hearing a conversation is to whisper in the ear of the
“receiving " person. Even this has its disadvantages in that
everyone else’s hearing immediately improves. Moreover, one
cannot speak except over short distances and even then one neither
obtains privacy nor permits it to other people.

If someone is talking in a room, others may be disturbed even
though they may not want to listen to what is being said. Ordinary
speech, therefore, is broadcast ; it is distributed in all directions,
not perhaps equally loudly in all directions, but nevertheless in
such a way as to make a considerable number of people sit up and
take notice. Think how much more useful it would be if we could
communicate our thoughts privately to people, and thus obtain
secrecy in public at the same time not interfering with the pleasure
of other people.

Private direct communication, however, also has its disadvan-
tages For example, at a public meeting it is very convenient that
a single speaker on the platform can be heard by hundreds in the
audience. This applies even more so where music is concerned.
Eroadcast entertainment occurs in every theatre and the medium

Souno Waves
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through which one hears sound is the air. If a political meeting
were held in a hall in which all the air had been removed by a
pump, all the people in it would require to have special breathing
apparatus providing them with air or oxygen; but although
everyone would be able to breathe and see, it would be impossible
to hear any remarks by the speaker. Political meetings of this
kind would probably do a great deal of good ; but, unfortunately,
it is too well recognised that air forms a vital link in the chain of
communication between speaker and listener  Air is by no means
the best conductor of sound, but it possesses one very valuable
property and that is that it completely fills empty spaces.

Sound Waves.—How is it that speech can be communicated
at all through air? The reason is that when a person talks the
vibrations in his throat set up movements of air which are known
as waves. When one speaks, the complicated sounds cause a
movement of the air outside the mouth. The air, so to speak, is
given a nudge. The air around the mouth nudges, in turn, the
air in the immediate neighbourhood, and this zone of air passes
on the nudge to the air beyond. This process takes a little time,
and the nudges—or waves, as they are called—get weaker and
weaker When, however, the waves reach the ear of the person
who is listening, the stretched ear-drum of that person is set
vibrating by the air in its neighbourhood, i.e., by the sound waves,
and the nerves communicating with the brain enable one to * hear.”

7;2:;7/»/5»//775?

Frceivere

Fig. 2—Sound waves may be sent along a wire for comparatively short distances

Sound travels through air at the rate of about 1,000 ft. per second.
It would, therefore, take about five seconds for a sound to reach
someone a mile away. All the air in the neighbourhood would be
disturbed, and any ear within a mile would be able to hear the
sound, although ‘‘signals” would be stronger in the direction
in which one was shouting.

The action of a sound wave is very similar to that of the ripple
of water on a pond produced by dropping a stone in it. When the
stone reaches the surface of the water it displaces it; in other
words it gives it a nudge, and the displaced water rises up as a
ridge which, in collapsing, pushes up another ridge or ripple. The
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ripple, therefore, proceeds in an ever-widening circle until it reaches
the banks of the pond. The point to notice is that although the
ripple is moving outwards from the central point where the stone
was dropped, the water in movement at the edge of the pond does
not consist of the same particles as the water moved by the dropping
of the stone. In other words, although the waves have travelled,
the water forming the part of each wave remains more or less in
the same place. When talking over a considerable distance it is
not the actual human breath that travels but simply the variation
in pressure of the air between speaker and listener. If the air
between speaker and listener were removed it would not be possible
to carry on a conversation because there would be no medium in
which the waves could be formed If, however, the cocoa-tin
telephone is arranged between two people, a substitute for the air
is obtained and the string or stretched wire, which would be used
instead of string, will act as the connecting link, the sound vibra-
tions being communicated through the particles of matter in the
string or wire. Quite ordinary conversational tones will be carried
by such a primitive telephone over much greater distances than
the ordinary voice would carry, and there is the further advan-
tage that the conversation is comparatively private, being confined
to the wire or string.

The Telephone.—The electric telephone is, of course, a big
advance on the simple cocoa-tin arrangement described. It
enables one to communicate over huge distances with a con-
siderable degree of secrecy and privacy; other people are not
bothered by the conversation, especially if one is speaking from one
of the quasi-Turkish bath cabinets so thoughtfully provided by the
Post Office.

A great advantage of the electric telephone is that the speech
may be communicated round corners; moreover, weather con-
ditions do not affect the transmission of speech in this way

How does the electric telephone work ? It does so by virtue
of an electrical current which is varied in strength by a person
speaking into a mouthpiece—or microphone, as it is technically
termed. The electric current travels along the wire, and at the far
end is made to operate an earpiece, or telephone receiver. The
microphone consists of a disc of material which is caused to vibrate
by the sound waves of the speaker striking it (Fig. 3). The vibra-
tion of the microphone diaphragm, as the disc is called, produces
currents of varying strength which pass along the wires and are
made to cause another diaphragm, or disc, to vibrate at the receiving
person’s telephone. The vibrating of this second diaphragm sets
up sound waves which are heard by the second person. Thus
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the bulk of the work is done by an electric current which reproduces
exactly the same variations as those existing in the sound waves.

The Ether.—\Vhen it is desired to communicate a concert
or a speech, or other form of
amusement or boredom, so that
a very large number of people
cansimultaneously hear, the tele-
phone is no use, because the

~ Doapmencir currents are confined to the wire,

Fig. 3—Sound waves impinging on a  and each person’s receiver would

diaphragm which vibrates insympathy  have to be connected to this wire.
The expense of doing this would be very great, and the idea of us
all having wires to all the broadcasting stations of Europe is too
absurd to bear consideration Fortunately, we have to our hand
a medium which pervades everything and which is only too pleased
to act as the link between the broadcasting station and a receiving
station. This all-pervading medium is not air, but is known as
the ether. This substance, if it may be so called, permits certain
kinds of waves to be formed in it. It ought to be explained that
the ether is a most mysterious substance ; it cannot be seen and
it cannot be weighed; it remains when all matter has been
removed from a space and it pervades all matter just as air pervades
a sponge when the latter is dry. We may feel more at home with
the ether when we realise that it allows light to travel through it,
and light is communicated by waves which travel at the rate of
186,000 miles per second. We see the sun because the sun sends
light waves to us, the time taken by a wave to reach us being eight
seconds. When we see something, it simply means that light waves
are reaching our eyes from that object, and the light waves originally
probably come either from the sun or from some artificial source
of light, such as an electric lamp; the object we are looking at
may itself actually radiate light, although this is not usually the case.
An example of direct radiation is a coal fire or an electric lamp,
whereas an ordinary object, such as a book, or this page before
you, reflects light from some other source, and is thus seen.

Air is not necessary for the passage of light, and we can even
see better through a vacuum. The space between the earth and the
sun, for exarple, is, for the most part, a vacuum with nothing in it
but ether, and it is this ether which allows the passage of light waves.

The sun, of course, can be seen by millions of people at the same
time on the earth, but it is not as good a broadcaster as the B B.C.
A wireless transmitting station used for broadcast purpoeses sends
out electric waves through the ether, but these waves really do
go in all directions, and may be picked up by anyone -vithin a

Sowwo Waves
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certain radius of the station whether he is on the ground,
flying in an aeroplane, or below the surface of the ground (although
in this latter case the waves are greatly weakened).

Wavelength.—Light waves and wireless waves differ from
each other in their properties, and these properties are governed
by the length of the wave. Wireless waves are usually from
200 yards long to 2,000 yards long. The length of the wave, it
should be explained, is the distance between two equivalent points
on two successive waves, e.g., the distance from the crest of one
wave to the crest of the next. The length of waves forming light
is about 00002 inch. The length of the waves varies with the colour
of light; for example, red light has a longer wavelength than
violet light, and these longer waves are not so readily interfered
with by objects placed in their path. Red light, for example, is
more effective for penetrating fog, which consists of particles of
moisture which would act as a greater barrier to violet light. The
waves usually used for wireless purposes are much more practical
for that purpose than light waves since they are not so susceptible
to interference by material objects. A thin piece of black paper
will stop the passage of an extremely powerful light, but huge
buildings often only have a very small effect on wireless waves,
especially if there is very little metal in the building.

Why are wireless waves at all necessary ? There are several
reasons, but the first one that occurs to us is that ordinary sound
will not travel the distance and go to the places where we want it.
This is a good thing, because otherwise the world would be a very
noisy and annoying place to live in, and people would be hearing
all kinds of noises which they do not want to hear. Things are
bad enough as they are.

It is very important to realise at the very beginning that wireless
waves only act as carriers of the spoken word or of music. The
sourd waves produced by musical instruments or by the human
larynx are made to vibrate a diaphragm of some kind in a micro-
phone, and this microphone is then used to vary the strength
of wireless waves which pass to the receiving station and are there
made to cause vibrations in another diaphragm which may be
attached to a telephone receiver or a loudspeaker.

Broadcasting, therefore, somewhat resembles the telephone in
that electrical means are used. If an electric current could be used
instead of wireless waves, it would no doubt be employed for wire-
less communication. Some of the earlier inventors who tried to
communicate from point to point without wires arranged to have
two metal plates inserted in the earth at a distance of, say, one
mile ; they passed an electric current between these plates, and
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varied its strength by means of a microphone. The receiving
station consisted of a similar set of plates inserted in the ground,
and these picked up or tapped some of the transmitted currents.
The varying current thus received was made to operate telephone
receivers. A similar arrangement was used during the war for
communicating between front-line trenches and the rear, but the
scheme is not a practical one for general use. For one thing, the
range is very strictly limited, whereas wireless broadcasting by
means of ether waves can be carried on over ranges of as much
as 2,000 miles or—if very short waves are used-—over far greater
distances.

How the Telephone Works.—A few general words about the
operation of the ordinary household telephone would not be out of
place at this stage. Fig. 4 shows a simple telephone circuit. There is
no great need to go into the theory of electricity at this stage.
In the first place, no one knows exactly what electricity is; but
we do know what it does. A direct current of electricity is one
which flows in a given direction all the time. Just as water
requires some channel or pipe in which to flow if it is to be properly
controlled, so in the case of electricity we use metal wires, usually
of copper, and allow the current to flow through these. The copper
wire is said to be a conductor of electricity, while substances which
do not permit electricity to flow through them are called non-

conductors, or zuswulators. Air, cloth, ebonite, cotton, silk, are all
insulators.

The simplest form of

electric telephone con- L cmeacy | I8

sists of a microphone, - :

an electric battery for e Copmacr._|

providing the electric < WAT Fuare

current, line wires for Bamser
connecting the trans- e

mitter to the receiver,  Fig. 4—The Lgﬁlplest electric telephone in

anda telephone receiver which sound waves vary the microphone current

or loudspeaker at the receiving station. Fig. 4 shows the com-
plete arrangement, the dotted lines representing the line wires
through which the electric current flows. The whole arrangement
is called a circuit because the electric current from the battery
flows through the microphone along one of the line wires, through
the telephone receiver T, and back through the other line wire.
All the reader needs to know at this stage about the telephone
recesver is that when a varying current passes through it, it alters
the position of the diaphragm which is made to vibrate in accordance
with the varying electric current. This vibration will produce
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sound waves in the air. The usual microphone can be briefly described
as a conductor whose conductivity can be varied by sound waves
striking it. The result is that the current through the microphone
varies in strength according to the nature of the sound waves.

The microphone in a very simple form consists of a kind of
pill-box at the bottom of which is a carbon disc or plate to which a
wire is connected. The box is then filled with carbon granules or
pellets. The top of the box is covered with a thin carbon disc
which is called the diaphragin. When the microphone is in circuit
an electric current flows from the diaphragm through the carbon
granules to the contact plate. When sound waves are directed
towards the diaphragm the latter will vibrate and will compress
the carbon granules. As these are momentarily squeezed closer
together, they make firmer contact and a larger electric current
flows through them. The word resistance is used to describe the
opposition which a conductor offers to an electric current. Even
the best conductors offer some resistance, and the microphone is
really a variable resistance, the value of which is altered when
sound waves cause the diaphragm to vibrate.

The current through the telephone receiver T will be a fluctuating
one, the fluctuations occurring at the rate of several hundred per
sccond, the exact frequency depending upon the note of music or
the sound of a particular part of a word in speech.

Wireless Transmission.—In the case of a wireless transmitter
andreceiver the linkbetween microphone and telephone receiveris the
ether and the current from the microphone is changed into electric
waves which will traverse the ether between transmitter and
receiver. 'When the wireless waves reach the receiver they set up
electric currents which are ultimately arranged to operate a tele-
phone receiver or its modern equivalent—the loudspeaker.

Let us now consider the meaning of the term allernating current.
It has already been explained that a direct current is one which

Dirccr CURRENT flows in a given direction ; for example,

4 ———= g inFig. 5 a current which flows steadily
IR {om A to B along a wire is called a
direct current (abbreviated to D.C.).

AcrernaTinG CuRRENT Dynamos, accumulators, dry batteries,
. S ustrating  the (difler- are all producers of direct current. If,
nating current in a wire  however, the current—instead of flowing
from A to B—first flows in this direction and then reverses and flows
from B to A and continues to change direction regularly, this is
allernating current. The complete flow and reverse flow is called a
cycle of current, and the number of ¢ycles per second is called the
frequency of the alternating current. The electric mains supply to
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most houses in this country consists of alternating current
and the frequency is usually 50. This means that the current
makes a complete back and forth journey fifty times per
second. The flow in one direction is called the positive
half-cycle while the flow in the opposite direction is called the
negative half-cycle. Actually the currents due to an A.C. apparatus
do not remain at full strength all the time, but wax and wane;
for example, the current starts flowing from A to B at weak strength
and gradually builds up to a maximum, after which it begins to
fall off until it reaches zero. At this point the current reverses and
starts flowing from B to A but only gradually at first, building up
to a maximum and then falling off to zero again, when the process
is repeated in the opposite direction. The current thus reaches a
peak at each half-cycle.

An alternating current may be illustrated in the manner shown
in Fig. 6, where a snake-like curve illustrates two complete cycles
of alternating current. The portion of this current above the
horizontal line AB represents the flow of current in a positive
direction. The line AB really
represents a time base, and at
any given fraction of a second
we can see what is happening
to the current flowing through
the wire. It will be noticed that
I have drawn the alternating
current to hgveafrequency 0f 50 2 ol R
per second; in other words, fora Secono
complete cycle AB to be com- ST, cmelte cyles of aer
pleted takes sth of a second, a are negative current
half-cycle taking t}4th of a second. The height or depth of the
hump indicates the amplitude (i.e., strength) of current flowing.

High-Frequency Oscillations.—Alternating currents play a
great part in wireless transmission and reception, and a very wide
range of frequencies is employed. The currents which operate a tele-
phone receiver or loudspeaker, for example, are called low-frequency
currents, or audio-frequency signals. The amplitude or strength
of the currents will govern the loudness of the signals, while the
frequency determines the pitch of the note. A drum, for example,
will produce frequencies somewhere around 200 per second, whereas
the top note of some musical instrument is equivalent to 15,000
cycles (sometimes called 15 kilocycles).

If the current changes direction very rapidly the currents are
said to be of high frequency, or radio frequency, and by this we
asually imply currents having a frequency of over 20,000. Actually,

L Pran Prax
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the high-frequency currents used for broadcast transmission usually
have a frequency of from 150 kilocycles to 1,500 kilocycles. These
high-frequency currents are fed to an aerial and earth and waves
are produced in the ether.

Aerial and Earth.—An aerial in its simplest form consists of a
length of wire supported as high as may be convenient from masts,
towers, trees, etc. Fig. 7 shows a typical aerial supported between
two masts and insulated from the masts by insulators at each end.
These insulators are frequently
made of porcelain and are to pre-
vent the leakage of any current
from the aerial to themast. One
end of the aerial is shown con-
nected to the transmitting or
receivingstation,as the case may
, : be, by means of another wire
B =l which is known as the down lead

== S which becomes the lead-in as the
wire enters the building. An
- aerial at a transmitting station
Fig. 7——A transmitting aerial showing  usually only differs from that of
how the wire is insulated at each end the receiving station as regards
its height and size and improved system of insulation, What is
known as the earth frequently consists of a sheet of metal buried
under the ground and having connected to it a wire lead which
enters the building where the transmitting or receiving station is sit-
uated. When high-frequency currents are fed into an aerial system of
this kind the current, when flowing backwards and forwards along
the lead-in and aerial proper, will set up an electric strain in the ether
which results in waves being radiated from the aerial. These waves
may travel hundreds of miles and will influence any aerial and
earth system over which they pass.

The ordinary domestic wireless receiving station consists of an
aerial, an earth, a wireless receiver and the batteries required to
work it. But the actual energy of the incoming signals is derived
from the waves which pass over the aerial and set up high-frequency
currents in it which are identical in character and frequency to those
occurring in the transmitting aerial. The only difference is that the
currents are, of course, only a very small fraction of those occurring
at the transmitter. It is possible for millions of aerials to pick up
a small proportion of the energy transmitted from the broadcasting
stations. What we do with these high-frequency currents is for
later consideration, but at this stage the reader should note that
the strength of the high-frequency current in the aerial is varied

X INSULATORS
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by the microphone, and that the waves radiated produce currents
of a complex nature in the receiver. Fig. 8 shows a complete trans-
mitting and receiving system in most simple form. Note that
symbols are used to indicate the

. . SNV ANRANAAANAAAN
various pz_xrts. No atten_1pt 13 Aces Aeend
made at this stage to explain how
the microphone alters the charac-
ter of the oscillations in the “% [Fereren Teansw-cem | M
transmitting aerial, or how the
oscillations in the receiving aerial Sarry £arrH

are made to influence the loud- Fig, 8—A skeleton sepresentation of a trans-
speaker. The present book is mitter sending to a receiving station
chiefly concerned with what we do with the high-frequency
oscillations in the receiving aerial.

Tuning.—Since wireless stations tend to radiate their signals in
all directions, we shall have the disadvantages as well as the advan-
tages of broadcast transmission, The disadvantage, of course,
is that when there are a large number of stations working together,
they will tend to interfere with one another, a receiving station
picking up all the different waves at the same time. A great deal
of the technique of wireless reception consists in being able to
sort out one signal from others, and we speak of a wireless set as
being selective or else poor in selectivity. There are various methods
of obtaining selectivity in a wireless receiver, but the basic one of
all is that of tuning.

It has been explained that the high-frequency currents generated
in an aerial will send out electric waves. These waves have a length
which bears a definite relationship to the frequency of the high-
frequency current. For every complete cycle of high-frequency
current in the aerial, i.e., a rush of current up the aerial and down
again, a single wave is flicked off the aerial and is sent travelling
on its way. These waves travel in all directions, much in the same
way as a ripple on the surface of a pond will spread until finally it
1s too weak to be seen. The ripples possess two noticeable features :
there is, first of all, the size of the wave or ripple, and then there
is the distance between the crest of any two waves. This distance
between crests—or, to put it more generally, between any two
similar points on two successive waves—is called the wavelength.

The speed of waves through ether is the same for ali wave-
lengths, viz. three hundred million metres per second (the metre
being the French unit a little larger than a yard). If the frequency
of the oscillations in the transmitting aerial {an oscillation being
equivalent to a complete cycle) is one million, there will be one
million waves established in the ether within one second, The first
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wave will have travelled three hundred million metres (since this
is the velocity of waves) by the time the last wave is sent out by
the aerial. Since there are a million waves in the three hundred
million metres, it follows that each wavelength is three hundred
millions divided by one million, which equals three hundred metres.
Each wave, therefore, takes up three hundred metres in the ether,
and this is known as the wavelength of the station. It matters
little whether we speak of the wavelength of a wireless station or
the frequency.

The actual frequency chosen for wireless transmission does not
make a great deal of difference within certain limits. Generally
speaking, communication is more reliable on the longer wave-
lengths above, say, 400 metres, but every wavelength has usually
some merit or demerit. There will, however, be no difference in
the operation of waves of such lengths as 400 metres and 410
metres.

The problem of selectivity and the prevention of different stations
from jamming each other is overcome largely by giving each
station a separate wavelength
on which to work. That station
will then only use high-frequency
current of its allotted frequency,
and although the ether will be
full of waves of all sizes travel-
ling init, yet a suitably designed
receiving station will be able to
pick out any wave it desires, and
soreceive thewireless programme
from the particular station re-
quired. The farther apart stations
are in wavelength, the more easily can they be separated on a
wireless receiver.

The system of tuning a wireless set really consists in effectively
choosing the particular station required and avoiding the influence
of signals on neighbouring wavelengths. The problem is a compli-
cated one, and a final solution has not been attained even after
nearly forty years of radio.

The radiation of a particular frequency, and its selection, has a
parallel in sound waves. A tuning-fork, for example, is a method of
producing sound waves of a given frequency which is marked
on the tuning-fork. The strength of the waves will depend on the
violence with which the fork is struck, but the frequency will
always remain the same. In Fig. 9 are shown two tuning-forks,
B and A, The one on the right, A, is first struck, and the sound

Fig, 9— A tuning

fork will set an

exactly similar fork
vibrating.
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waves from A are made to impinge on the fork B. If this fork is
one which has been designed for the same frequency as the fork A,
then the sound waves will set B vibrating ; and if we then stop A
from vibrating (e.g., by gripping the prongs firmly), we shall hear
the same note being emitted from the fork B. The reason the fork
B responds to A is that it is tuned to the same wavelength or
frequency. If there were several tuning-forks all close together,
and they were all vibrating at different wavelengths, it would be
possible to pick up the waves from any of the forks by the use of
another fork tuned to the desired wavelength. This is exactly
what we do in a wireless receiver, and the equivalent to a tuning-
fork is a tuned circuit.

Tuned Circuits.—A tuned circuit consists of an énductance coil
shunted by a condenser. An inductance coil, or inductance as it is
usually called, simply consists of a coil of wire which, when dealing
with high frequencies, is usually cylindrical in shape and wound on
a former, or cylinder, of insulating material. The wire is insulated
with silk or other material, so that the turns may be wound close
together without any danger of leakage of current between them.
A condenser is also a very simple picce of apparatus, and normally
consists of—in its simplest form—two metal plates or sheets placed
opposite each other within a short distance, and having between
them some insulating material, such as air, waxed paper, mica,
glass, etc.

In wireless receivers, the condenser is usually made adjustable,
and the plates are capable of being separated to a greater or less
extent. There are various ways
of making a condenser variable,
and the wusual one involves
rotating a moving vane into
or out of a pair of fixed vanes
which are connected together.
The moving vane is, therefore,
the filling in a sort of sand-
wich. To obtain a “ bigger”
condenser, several vanes connected together move in or out
several fixed vanes, also connected together. Fig. 10 shows a
tuned circuit consisting of an inductance coil L and a variable
condenser C. On the right of Fig. 10 is a pictorial representation
of the circuit, shown symbolically on the left. In the pictorial
drawing the inductance is marked L, the fixed plates of the
variable condenser are marked F, and the moving plate is M.
This terminal (i.e., connecting point) M is on the metal frame of
the variable condenser and, through the bearing, is connected to

Fig. 10—The simple tuned cir-
cuit consists of an inductance
and variable condenser
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the moving vanes ; the fixed vanes are insulated from the frame,
It is only the portion of the moving vanes inside the fixed ones
which serve a useful purpose.

It will be noticed from the left-hand circuit of Fig. 10 that the
condenser is represented by two straight lines parallel to each
other, and the fact that the condenser is variable is made clear by
.the arrow which crosses the two lines. The condenser serves as a
means of storing electricity, and the greater its capacity the more
electricity will it store. The capacity of a condenser depends on
the size of the plates opposite to each other, the distance between
the plates and the nature of the insulator between them. The
larger the surface area of the opposing plates the greater will
be the capacity; the shorter the distance between the plates
the greater will be the capacity ; and the greater the specific inductive
capacity of the dielectric (i.e., the insulator between the plates)
the greater the capacity.

Most variable condensers for tuning purposes have air between
the plates which, while it does not give a big capacity, makes the
condenser more efficient, i.e., have less losses. Fixed condensers
for high-frequency purposes usually have mica dielectrics, while
condensers for low frequencies usually have a paper dielectric.

In order to avoid having large areas of sheet metal in a con-
denser, it is customary to use smaller sheets and to arrange them

Pz » sandwich fashion as shown in Fig. 11.
O—-I Z-0 In this illustration the top sketch shows
Pz . three plates, P2 and P3, being joined

together, while Px is placed in

— between the others. This arrange-
o= :::]—"0 ment, although it only involves a
Fig. 1 Condensers with fixed total .of three plates, has twicg Fhe
plates intermeshed to increase capacity of an arrangement consisting

capacity only of Pz and P1. The lower sketch of
Fig. 11 shows a total of five plates and the capacity of this con-
denser is twice that of the condenser in the upper sketch.

That a condenser will hold electricity may be demonstrated by
arranging the circuit shown in Fig. 12, where a battery B of, say,
100 volts charges the condenser C when a switch K is closed. By
closing a switch we mean that a break in the circuit is closed up
so that an electric current can flow. The terms “ battery ” and
““ volt " have not been explained, but the reader can assume that
a battery is a means of supplying direct current, e.g., for lighting a
lamp, and the voltage is the ‘‘ pressure ” that governs the amount
of current which is passed through the lamp or other circuit. Voltage
is the amount of pressure or electro-motive force in the battery
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and it is measured in volts just as length is measured in feet, or
weight in tons. The “ voltage ” of the average flashlamp bulb is
four and a half, and the voltage of the mains which supply our
electric light is usually about two hundred and twenty volts.

The nature of an electric current, as we shall see later, has sug-
gested the electron theory which regards an electric current as made
up of the flow of millions of almost infinitesimally small particles
called electrons, each of which is supposed to be a bit of negative
electricity. The terms ‘‘ negative ” and * positive ”’ in electricity
mean respectively an excess or shortsige of electrons, and the negative
pole (i.e., terminal) of a battery will supply large quantities of
electrons which will flow through the Barrery
circuit across the battery terminals o_m
and back to the positive terminal of K 5
the battery where they are welcomed
with open arms owing to the shortage ¢
there. A flow of current into the
condenser C wil‘l therefore be regarded Fig. 12— Showing  condenser
as a flow of electrons from the charged up by current from
negative terminal of the battery B battery
to the switch K and along the wire to the bottom plate of C which
thus becomes negative, while the upper plate becomes relatively
positive. Beyond the initial surge of current into the condenser C,
there is no actual passage of direct current through the condenser C.
A condenser can thus be charged by direct current, but the insulating
material between the plates prevents any direct passage through it.

If we now disconnect the battery B from the condenser C, e.g., by
opening the switch K, we can treat the charged condenser C as
a source of direct current. It will be found charged to the same
voltage as the battery, and if we join the terminals of the con-
denser C together by wire it will be found that, at the moment of
completing the circuit, a spark is obtained and the condenser C
is thus discharged. The spark is caused by the impatient electrons
jumping the tiny air gap and heating the air white hot. The
current is only momentary because a condenser rapidly gives up
its charge and it has no way of renewing the charge. A battery,
on the other hand, owing to the chemical processes which go on
inside it, will maintain its voltage even while current is being
withdrawn from the battery.

Let us now charge up the condenser C and then disconnect all
apparatus from it. Now connect across it an inductance coil L,
as shown in Fig. 13(a). The moment the inductance L is con-
nected across C, the electrons on the bottom plate of the condenser
will surge through the inductance L and, owing to the special

Ak
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property of an inductance coil, the
condenser will not only be dis-
charged but there will be an addi- .
tional spurt of current in the same L
direction, and this will charge up +IC
the condenser in the opposite
direction to what it was previ-
(A) ously., The result is that we (8)
Fig. 13(a)—Con- have the condition of affairs Fig. 13(b)— Con-

denser discharging . . . denser discharging
through an induc- illustrated in Fig. 13(b), where ia opposite direc-
tance the top of the condenser C is tion

now negative and the bottom positive. When this happens, the
condenser decides to discharge itself through the inductance in the
opposite direction and the electrons take the path of the arrow.
This time, the current again over-shoots itself and charges up the
bottom plate of the condenser C. The result of this process, which
is repeated several times, is that the condenser produces a scries
of alternations. These in radio work are generally termed oscilla-
tions and, in the particular example given, each oscillation will be
weaker than the preceding one owing to the various losses in the
circuit. Usually the oscillations rapidly die out, but here it is
important to notice that although the strength (or amplitude)
of the oscillations rapidly decreases, their frequency remains the
same. In this respect the tuned circuit reminds one of the swinging
of a pendulum. If one has a ball on the end of a piece of string
and draws it to one side, the ball will swing to and fro until it
finally becomes stationary. The initial amount of energy is dis-
sipated or wasted in overcoming the resistance at the point of
suspension and the resistance offered by the air to the moving
pendulum. Although the swing of the pendulum becomes shorter
and shorter, the time taken for the pendulum to swing from one
extreme side to the other side and back again remains always the
same. If, however, we increase the length of the pendulum, then
the time taken for the oscillation of the pendulum will increase.
The current in an oscillatory circuit behaves in a manner similar
to that of a pendulum, or perhaps a better example is a steel blade
M~ having a metal bob on the end, as
v oo Weehr shown in Fig. 14. The blade is springy
and is supported at one end on a table.
If we pull down the bob and then
release it, the steel blade will not only
return to its horizontal position but
Flg. 14—A steel blade with weight will over-shoot itself and then return.
=% oscillates, if flicked Although the movement of the bob
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will become less and less at each swing, the time taken for the
swings is constant and the object of these explanations is to em-
phasise the fact that a tuned circuit has a given frequency irres-
pective of the strength of the current in that circuit.

The circuit is said to be resonant to a given frequency, and it will
now be clear to the reader that, if we can feed such a circuit with
currents from the aerial of a wireless receiving station, current
will be set up in the circuit when it is tuned to a frequency the
same as that of the in-
coming signals. A com-
plete aerial circuit is
shown in Fig. 15, the
left-hand sketch show-
ing the theoretical cir- ¢ 1
cuit while the arrange-
ment (B) is a pictorial T pennoe
equivalent. It will be
seen that the tuned cir-
cuit is connected be-
tween the aerial and = &% ’ —
earth.  The e?rth i‘n Fig. 15—The simplest tunaer:‘:.:;’iil circuit consisting
the pictorial circuit is of inductance and variable condenser between aerial
represented by a water- and earth
pipe, since most people use a water-pipe as the earth connection
instead of burying a metal plate in the ground. As a water-pipe is
made of lead and ultimately reaches the ground, it is very commonly
employed as an earth connection.

The aerial of a wireless recciver is therefore employed as a
collector of high-frequency energy, the current in the aerial circuit
being set up by the passing waves.

Of course, if an aerial were connected straight to earth, currents
set up in the aerial by the waves would pass down to earth, but
this arrangement provides us with no means of operating our loud-
speaker, and, moreover, there is no arrangement for enabling us to
tune to any particular wavelength. The important point about a
tuned circuit is that it will not respond strongly to any frequency
other than that to which it is tuned. A great advantage of the
arrangement is that it will strengthen the incoming oscillations by .
building them up. A child on a swing can start swinging slowly
and work up to a very high swing indeed, or a person by giving
the child’s swing a push at suitable moments can build up big
“ oscillations " of the swing. There are numerous examples of the
effectiveness of a series of regular impulses which accumulate and
produce a very strong effect even though the individual impulses

Aregise
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may be quite weak. Most of the bridges across the River Thames
have a notice on them instructing officers in charge of troops to
give orders to their men to break step; instead of the rhythmic
march of a large number of troops causing a vibration which
could build up and finally damage the bridge, the soldiers are
ordered to break the rhythm by marching as they please so that
half of them are putting their left foot forward while the others
are putting forward their right foot. As a matter of fact, I have
marched large bodies of troops in step across all kinds of bridges
for the purpose of seeing whether there was any building-up effect,
but I did not notice any special vibration. This reprehensible
experiment is perhaps a testimonial to the bridges rather than to
my caution. Probably in the cases that have come to my notice
the natural period of resonance (or natural frequency) of the bridge
did not coincide with the frequency of the steps of the men in my
charge.

Another example of the building-up effect of resonance is the
fracture of a glass by the playing of a violin on a given sustained
note to which the glass happens to be tuned. This spectacular
experiment is also one I have never seen carried out successfully,
although certain articles in a room often vibrate audibly on certain
notes and spoil broadcast reception.

Motorists will experience a peculiar form of resonance on certain
roads of a bumpy character. When going at a certain speed the
rough surface of the road may cause the whole car to bounce on
its springs to a most unpleasant degree. This is because the natural
frequency of the car on its springs coincides with the jolts given to
the car by the irregularities of the road. By increasing the speed
of the car it is possible to increase the frequency of the jolts and,
since these no longer coincide with the natural frequency of the
springs of the car, excessive bounce is removed.

A tuned circuit is, therefore, very valuable in a wireless receiver,
since it builds up oscillations of the same frequency as itself, but
the built-up effect is not experienced on any other frequency.
Hence the arrangement will select any desired station if the operator
makes its natural frequency coincide with the frequency of the
desired station.

Methods of Tuning.—Both an increase in the value of the
inductance coil and an increase in the capacity of the condenser
will increase the  wavelength ” of the circuit. Or, if you wish
to look at it from the point of view of frequency, an increase of
inductance or of capacity will produce a decrease in the natural
frequency of the circuit.

It is not an easy matter to vary the number of turns of the
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inductance and so produce a variation of the inductance of the
coil. It is much more convenient to tune the circuit by altering
the value of the variable condenser. The various ways in which
the aerial circuit in the wireless receiver may be tuned are dealt
with in a separate chapter and we shall assume for the moment
that the arrangement employed consists of an inductance and
variable condenser connected between aerial and earth, as shown
in Fig. 15. This, as a matter of fact, is not the most selective
arrangement, and stations working on wavelengths even consider-
ably different from that to which the circuit is tuned will force
themselves into the circuit, even though the resultant oscillations
are not as strong as those of the desired station. Under these
circumstances znferference occurs and both stations would be heard,
the undesired one coming in as an annoying background to the
other.

Detection. — Having obtained our desired oscillations by
tuning the inductance and condenser to the desired wavelength,
our next problem is to detect these currents and to make them
audible. At present, they consist of high-frequency currents which
may be changing direction a million times per second. No ordinary
apparatus will respond to the high frequencies involved at a receiving
station. Nor, in fact, is it desirable that they should, because the
high-frequency current really represents only the carrier waves
which carry the low-frequency currents produced by the microphone.
The electric waves, after all, are merely for the purpose of con-
veying the rather complex alternating currents of audio-frequency
which are produced by speech and music, the maximum frequency
of which never exceeds about fifteen thousand per second, and for
all practical purposes rarely exceeds eight thousand. It is these
variations which are carried on the back, so to speak, of the high-
frequency oscillations. At a wireless broadcasting station we
generate very high-frequency alternating currents and supezimpose
on them the audio-frequency currents so as to produce a mixture
of the two. This mixture is then fed into the transmitting aerial,
and produces waves of a similar mixed character. These waves
are capable of traversing great distances, and, when they come to a
receiving aerial, set up complex high-frequency oscillations which
contain the desired low-frequency currents. Our problem is really
to sift out the high-frequency component (i.e., part) of the incoming
oscillation, leaving the desired audio-frequency current. What we
require to do is to distil, so to speak, the mixture and recover
the original L.F. (low-frequency) currents which we can then apply
to a loudspeaker—usually after magnifying them by means of
special apparatus. The process of regaining the original current
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produced by speech or music is known as defection, and various
devices have been used for detecting the signals and making them
operate telephones, a loudspeaker, or some other device.

The earliest method of detection consisted of a small spark-gap
connected across a tuned circuit. When signals were received, a
stream of tiny sparks passed across the gap and messages could be
sent in the Morse code by sending out short or long groups of waves.
This crude arrangement then gave place to the cokerer, which
consisted of metal filings into which were poked two contacts; an
electric current was passed through this heap of filings, but the
current was very small indeed under normal conditions. When,
however, the incoming oscillations were applied to the filings,
they cohered or stuck together, and so provided a much better
path for the current from a local battery. The resultant current
was passed through a tape machine, which would record dots and
dashes. Another scheme consisted in making the high-frequency
current demagnetize a moving loop of magnetized iron wire. The
process of demagnetization was made to produce a noise in a pair
of telephone receivers worn by the operator.

A big step forward was made when the process of rectification
was applied to the received oscillations. The system of rectification
involves the change of alternating current into direct current, and
it may be carried out by applying these currents to some form of
one-way conductor.

There are several types of one-way conductors or devices which
operate in such a way as to give the impression that they are one-
way conductors. The earliest device was probably the two-elec-

trode wvalve, which consists of a metal

filament heated to white heat in a vacuum

As containing also a metal plate to which
external connection could be made. This
device will allow electrons to flow through
the valve from filament to plate, but not in
o the reverse direction. Full details of this
L device are given later. A crystal detector

% é ‘ prior to 1914 (and revived in the early
¢

days of broadcasting) was also an- extremely
¢ 7 )j popular rectifier, and it was used then to a
e much greater extent than the valve. Fig.

[‘ 16 (a) and Fig. 16 (b) show in theoretical
=

r

form and also pictorially a simple wireless
receiver using a one-way conductor such as

Fig. 16 (a)— A simple the CrYStaL
crystal-detector receiver It will be seen that the crystal detector D,
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as well as telephone receivers T, are connected across the tuned
circuit L C1, whilea small fixed condenser, C2, is connected across
the telephones.

In this arrangement the telephones T constitute the device for
turning low-frequency currents into sound, and it would be as

\_\-—0._—=_—_’~=’——"
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¢ Fig. 17—Currents vary
the strength of the mag-
netism and so cause
diaphragm movements

Fig. 16 (b)—Pictorial representation of the simple
receiver shown in Fig. 16

well to explain how the telephones operate. Fig. 17 illustrates
the simplest form of telephone receiver. It consists of a bar magnet
of steel around which is wound a coil L of insulated wire. Close
to the end of the magnet is placed a flat disc D of iron, which is
supported all round its edge. Under normal conditions the magnet
will cause the disc or diaphragm to sag a little in the middle, owing
to the attraction between the magnet and the iron disc. If now
we pass an electric current through the coil L the strength of the
magnetism in the magnet will be either increased or decreased,
according to which way round the coil is wound. Let us assume
that the magnetism is increased. This will cause the middle of
the diaphragm to approach still closer to the end of the magnet.
If the current supplied to AB is now reversed, the magnetism will
decrease and the magnet will no longer have the same force on the
centre of the disc which, therefore, moves farther away from the
magnet and tends to become flatter instead of sagging in the middle.
It will thus be seen that, by passing an alternating current through
the coil round the magnet, the diaphragm, i.e., the disc, can be made
to move up and down. This movement is usually very small
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indeed, but it is quite sufficient to set up sound waves in the air
above it and the frequency of these sound waves will be the same as
the frequency of the alternating currents applied to AB. We
have here, then, a method of converting alternating electric current
into sound waves, and the higher the frequency of the current the
higher pitched will be the note given off by the diaphragm of the
telephone receiver. If the frequency of the altérnating current is
further raised, a point will ultimately be reached when the device
ceases to operate. In the first place the diaphragm cannot be made
to move faster than a certain speed of vibration; but, even if it
were possible to make the diaphragm vibrate a million times per
second, the human ear would not be able to hear the sound vibrations.

In order to operate a telephone receiver (or a loudspeaker—which
works on a very similar principle), we require to apply audio-
frequency currents, and these are obtained from the complex high-
frequency oscillations in the receiving
circuit by the one-way detector.

Fig. 18 shows graphically how the
one-way rectifier of Fig. 16 works. The
top line shows the nature of the
alternating current in the tuned re-
ceiving circuit. It will be seen that

2N ﬂ[\n Na A,‘nﬂﬂ ﬂ N, the currents are of radio frequency,
Avoio FREQUENEY but that they vary in amplitude.

The currents shown, of course,
/\/—\ only represent a very small fraction
Fig. 18—To illustrate the rectifica- of a second’s-worth, but it will be
tion process in reception seen that the amplitude or strength
varies. These currents are applied to the crystal detector D, and
the small condenser Cz2—Ilike all condensers—allows the passage of
the high-frequency voltages so that they are applied across the
detector D.  This detector only allows those portions of the currents
which flow in a certain direction to pass; for example, the detector
may only allow positive half-cycles to pass through it, and these
currents will flow round the inductance L and into the condenser Cz
and through the telephones T, which act as a discharge path for
the condenser C2. The second line of Fig. 18 shows the unidirec-
tional pulses which occur at a high frequency, but which are all
in the same direction., The telephones T will not respond to each
individual impulse for reasons already given, but they will respond
to the average effects of all these impulses, and the bottom line of
the figure shows how these impulses produce an average direct
current of low frequency which is capable of operating the tele-
phones and producing a note.

AtoouratE0 Raoio FREQueNcy

RecTIFIED RADIO FREQUENSY




CHAPTER 2

AERIAL CIRCUITS

If we connect a resistance between the aerial and earth, incoming
wireless signals which influence the aerial will set up currents of an
alternating nature in the aerial system and these currents will
travel through the resistance. When a current passes througha
resistance, or impedance, a potential difference (i.e., difference in
electrical pressure measured in volts) is set up across it, and in
the present case this will take the form of alternating electromotive
forces (abbreviated to e.m.fs.). Electromotive force is also much
the same thing as ‘ voltage.”

In Fig. 19 the em.fs. may be “ drawn off ” at the points AB
and made to operate the detector. The pictorial arrangement of
Fig. 19 is given in Fig. 20, and in several cases I propose to give

AE
A
R
- £
Fig. 19—An aperiodic aerial circuit, Fig. 20—A pictorial equivalent of -the
Voltages are developed across R, No aperiodic aerial circuit. The system is
selectivity is obtainable rarely used

pictorial illustrations so that the reader can familiarize himself
with symbols as used in cireuit diagrams.




30 THE MANUAL OF MODERN RADIO

The very simple aerial circuit of Fig. 19 is known as an aperiodic
circuit because the resistance R acts impartially towards all
Incoming signals, no matter what their wavelength may be. Not
only does the resistance R act impartially and therefore prevent
the circuit from being at all selective, but this inability to ** tune *
to a particular station only is combined with the heavy losses of
energy due to the resistance itself.

Another form of aperiodic aerial circuit is shown in Fig. 21, in
which, this time, an induct-
ance coil L is connected
between aerial and earth
and the potentials set up
across the impedance of this
inductance coil may be led
away to a detector. By
impedance we mean the
total opposition offered to
alternating currents. The
inductance L now acts as a
choke. It is not selective,

but it responds rather differ-
] == . ently to different wave-
Fig. 22—Pictorial torm of Jongths. The higher the

wavelength the lower will
be the frequency of the alternating currents set up in the aecrial
circuit, and the e.m.fs. set up across L will be lower because the
impedance {(or opposition) will be lower. In the case of short
wavelengths, which produce higher - frequency currents, the
potentials across L will be greater.

Both arrangements of Fig. 19 and Fig. 21 are occasionally used
in wireless receiving sets, but only rarely.

The Tuned Aerial Circuit.—If we connect an inductance
coil across aerial and earth and have some means of inductance
variation (such as sliding contacts capable of making contact with
different turns) we shall be able to fune the aerial circuit. This
will make it selective to the signals to which the circuit is tuned,
and so we can pick up stations at different wavelengths simply by
altering the value of the inductance.

It may be wondered where the circuis is formed. It consists of
the inductance and the capacity formed by the aerial wires and
the earth. This is clearly shown in Fig. 23, dotted lines showing
the capacity between aerial and earth. The same arrangement is
shown more diagrammatically in Fig. 24, where the dotted lines
show the condenser effect which represents the aerial to earth

Fig. 21—Use of
choke as aperio-
dic aerial circuit
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EarTH> Fig. 25—This is what
Fig. 23—The tuned circuit is com- = the aerial circuit vir- .

pleted” by the aerial-earth capacity Fig. 2 4—-Dotted‘1vines tually is

show the equivalent
of the aerial capacity

capacity. The circuit may, in effect, be redrawn more simply as
in Fig. 25 where the variable inductance L is shunted by the
condenser C to form a single tuned circuit.

There are all sorts of ways of varying the inductance of an
inductance coil. A common method is that shown in TFig. 26,

Y@s
>A

Fig. 26—A rotating contact
gives rough tuning by vary- Fig. 27—A pictorial equivalent of the tapped
ing the mductance used inductance method of aerial tuning

where various tappings T, T2, T3, etc., are taken from the coil.
These tappings simply consist of wires taken from different points
along the coil and connected to metal studs Tx, T2, T3, etc., while
the switch arm may be rotated so as to make contact with any
individual stud. The amount of inductance included in the aerial
circuit is that between AE and the stud used. The remaining
portion of the inductance does not affect tuning since no currents
pass through it. Actually, this overhanging portion of inductance
is a disadvantage and does absorb energy, and it is usual to
short-circuit it by connecting stud T6 to earth.
" Fig. 27 shows a pictorial form of Fig. 26. A knob turns a
switch arm over various studs connected to tappings on the coil.
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The disadvantage of a tapped inductance is that a very large
number of tappings would be required to get accurate tuning—in
fact, every turn would require a tapping taken from it, and this
would mean many studs, perhaps 50 for medium waves and 150 for
the longer waveband used in broadcasting. Moving contacts are
notoriously unpractical and inclined to be noisy in operation, bulky
and difficult to screen. (This last objection will be understood
when valve circuits are dealt with later on.) Moreover, tuning on
every turn would not be accurate enough.

The Variometer.—A much smoother working device is a
variomeler, which consists of two inductance coils which may be
moved with respect to each other so as to produce a variation of
inductance. The two coils are connected in series and one is
usually rotated so that its magnetic field either opposes or helps the
other coil. When a current flows through an inductance, magnetism
is produced ; a magnetic field (i.e., area) is produced and an
alternating current will produce an alternating magnetic field.
Now, if a coil of wire is placed in such an alternating magnetic field,
alternating currents will be set up. These in turn tend to produce
a magnetic field which will influence the original inductance. If an
alternating current is passed through two coils % series (i.e., so
that the current passes through one and then the other) the
resultant magnetic fields may help or oppose each other according
to the relative positions of the coils; since “* inductance ”” depends
on a magnetic field, the inductance will vary.

The variometer scheme of tuning is illustrated in Figs. 28 and 29.

>
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Fig. 28-—A variometer gives
very accurate aerial tuning

Fig. 29—The variometer here consists of
one coil rotating inside another
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The ““field” of the rofor, or moving coil, can be reversed by
turning the coil inside the outer coil.

The disadvantage of the variometer is that it is expensive, has
inconvenient moving parts, is bulky, is difficult to screen, and has
a high resistance to H.F. currents when the total inductance is at
a small value.

All variable inductance methods of tuning also suffer from the
great disadvantage that they are dependent upon the aerial capacity
for the range of wavelengths to which the set will tune. It is
desirable in all modern receivers to be more or less independent
of the aerial capacity, which would vary in every home.

The usual method of tuning an aerial circuit is to keep the
inductance fixed for a wide range of wavelengths, and to effect a
change in tuning by the use of a variable condenser which usually
has a maximum capacity of '0005-mfd. The variable condenser
may be connected in one of two positions, and these are shown in
Figs. 30 and 3z.

In Fig. 30, which
is known as the ]

\l/AE series aerial tuning §
arrangement, the \
-L c variable condenser
- C is connected

[ .
between the aerial
and the top of an

L inductance coil L,
the bottom of
which is connected

: 8 to earth. This
= circuit really con-

sists of the in-
Fig. 30—Tuning ductance coil L

with series aerial ghynted by two
condenser

"~ Fig. 31—A plctonal form of the circuit
condensers in of Fig. 30

series, one of which is the aerial capacity and the other the
variable condenser C. By varying C we vary the total capacity
across the inductance L, and can therefore tune to the desired
wavelength. In the case of high-capacity aerials, the arrangement
is capable of giving a fairly wide range of wavelengths, but on a
very small aerial the condenser C will not enable large variations
of capacity to be effective across L, and the scheme of Fig. 32,
which involves a parallel condenser, is more generally used
although it suffers somewhat from the disadvantage that the
greater the capacity across the inductance L, the lower will be the
B
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e.m.fs, drawn
from the points
A and B. These
letters, incident-
ally, will be used
throughout the
series of subse-
quent circuits to
show the points
on the aerial
circuit which are
= connected to a
hd detector or am-
Fig. 32—Parallel

aerial condenser Phﬁer arrange-
tuning method  ment.

In the case of the average Fig. 33—The same arrangement as Fig. 32,
aerial, the arrangement of Fig. 32 but shown in picture form
will give the widest range of wavelengths, but this simple circuit
is not, in practice, used to any large extent. The Fig. 34 scheme

b 5

_=&
~ £
Fig. 34—Use of a small Fig. 35—The Fig. 34 method, which gives
series condenser greater selectivity, is shown pictorially

will enable a very wide range of wavelengths to be covered, but
this time two variable condensers C2 and Cr are employed, the
former varying the effective capacity of the aerial, while the latter
tunes the inductance L in the ordinary way. This arrangement
has been used on several of my own receivers, and has two great
advantages : one is that by reducing the capacity of Cz to about
‘00004 mfd., the effective capacity of all aerials is made low. and so
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using the set on different aerials alters the tuning to only a small
extent, and the condenser Cr across the coil L enables a very
wide range of wavelengths to be obtained (e.g., from 180 metres
to, say, 650 metres with a single coil, or with a larger coil a range of,
say, goo metres to 2,000 metres).

Apart from this technical advantage, there is also great merit
in that, by reducing the capacity of the condenser C2, the aerial
load is reduced. The aerial, it should be noted, not only feeds the
signals to the tuned circuit, but also acts as a brake on it; any
oscillations which are set up in the aerial system have, obviously,
to occur in the aerial. By increasing the capacity of Cz, we increase
the strength of the signals received (assuming C2 has not too large
a maximum) ; but we also increase the aerial load, and this has
the effect of making the whole circuit less selective. Tuning is,
therefore, broader, and to get more selective results we have to
reduce the capacity of Cz. Of course, the greatest selectivity would
occur when Cz2 was at zero, equivalent to the aerial being dis-
connected, in which case the selectivity would simply be that
of the circuit L Cr1 ; but this arrangement, of course, is not practic-
able, because no signals would arrive at the tuned circuit.

The condenser C2 is made variable and, having a low minimum
capacity, is thus a convenient method of altering the selectivity
of the aerial circuit and adjusting the signal strength As a volume
control it has many advantages.

Instead of making the condenser Cz variable, it may be fixed
(Fig. 36) and left at, say, "ooo1 mid., or a lower value. Its selectivity

—»8
= £

Fig. 36—A small fized
condenser is in series
with aerial

Fig. 37—This is a sketch of Fig. 36
translated into components
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15 greater than with the Fig. 32 arrangement, a wider range of wave-
lengths is covered by the condenser Cx, and the wireless receiver
is less dependent on different kinds of aerials.

Aperiodic Aerial Coupling.—A very popular way of applying
the incoming signals to the first tuned circuit of the receiver 1s
that shown in Fig. 38. The circuit L2 Cx consists of an ordinary

[a=a

N
AE \
L ;é
L2
—-—»B
— L

Fig. 38 — An aperiodic

aerial coupling system,

An untuned inductance is
coupled to a tuned coil

Fig. 30—Pictorial form of the circuit

of Fig. 38
inductance tuned by the usual variable condenser. An inductance
coil L1 is included between aerial and earth, and is coupled to (i.e.,
placed near so as to influence) the inductance L2—i.e., it is wound
over Lz or close to it, so that its magnetic field influences Lz. Any
oscillations in the aerial circuit are now passed on to the circuit
Lz C1 by the principle of ¢uduction. The aerial circuit itself is not
actually tuned directly, since the inductance L1 has to suffice for
the whole of a waveband (e.g., from 180 to 640 metres, and perhaps
for amuch wider waveband). The arrangement is called an aperiodic
coupling because the coil L1 is assumed to be aperiodic, and capable
of operating quite effectively for different wavelengths.  The
advantage of the Fig. 38 circuit is that it is substantially independent
of aerial capacity, and enables the condenser C1 to tune Lz over a
very wide range of wavelengths. The scheme has the same advan-
tages as Fig. 34.

These advantages may be accentuated if one can vary the coupling
between L1 and Lz, and this is usually done by having tappings
on the inductance L1 or making Lt movable in regard to L2z (see
Figs. 40 and 41). For example, Lt might consist of a rotor coil
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Fig. go0—Variable coupling
is effected by moving the
aerial coil

Fig. 41—Usually this is done by rotating
the coil inside the other
rotating inside L2. Any degree of coupling from the aerial is thus
obtainable. Small coupling, of course, provides greater selectivity
and weaker signals. Tight coupling, on the other hand, produces
stronger signals but ‘“ flatter 7 tuning (i.e., less selectivity). It
should be noted, however, that with reference to both the capacity
feed system of Fig. 34 and the aperiodic coupling of Fig. 38 that
frequently a tighter coupling ceases to make any increase in signal
strength beyond a certain point and, in fact, may be detrimental
to signal strength. In the case of weaker couplings, however. it
may be definitely stated that an increase of coupling will increase

signal strength and vice versa.
é > —@"""'2‘5"-
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Fig. 42—Here greater selec- ’
tivity is obtained by varying Fig. 43—In practice, the coupling between the
the feed to L1 by C1 tuned circuits is usually fixed
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Variable Selectivity.—A certain method of obtaining variable
selectivity and signal strength is illustrated in Figs. 42 and 43,
where a condenser Cr has been added to the circuit of Fig. 38.
This condenser is usually a “ solid dielectric ”’ variable condenser
of ‘0003 mfd. maximum capacity, and its object is to isolate or else
to bring into action the aerial to a greater or lesser extent. The
effect is not dissimilar to that obtained by moving the coil L1
way from Lz, low values of C1 weakening signal strength but
reducing the load imposed by the aerial on the tuned circuit L2 Cz,
therefore giving greater selectivity. It is not the object in this
arrangement to tune the aerial circuit by means of C1 ; the aerial
circuit still remains aperiodic, and the condenser C1 may be set
at any position between minimum and maximum on any wave-
length received. As in all arrangements where there is a series
aerial condenser, it will be found that settings corresponding to larger
values are necessary when receiving the longer waves.

In coupled circuits such as Fig. 42 it will be usual to “ earth ”
the bottom end of the secondary circuit as shown by the dotted
line.

Auto-Coupled Aerial Circuits.—Instead of using a separate
inductance coil as a primary, it is possible to tap a single inductance
and to connect the aerial to a tapping on the coil. Fig. 44 shows a

sample of this arrangement in which the
AL tapping T may be taken to one of several
points along the inductance coil. The nearer
the tapping T is to the bottom of the coil
(i.e., nearest the earth end), the weaker will
2 # be the signals, but the less will be the load
c of the aerial on the circuit L C, and the less
will be the effect of the aerial on the tuning
g of L C. If the tapping is made to the top of
— the coil L, the circuit, of course, is no different
A from Fig. 32, while if the tapping is taken to
Ficzior cﬁrﬁe;aggggﬁgiegal the bottom of the coil no signals at all would
g be received. For sclectivity, the tapping
should be low down ; for signal strength, it should be higher up.
But, as previously explained, there is usually a degree of coupling
beyond which it does not pay to increase it. Although, in practice,
one may prefer to havea variable tapping, it frequently happens
that one has to arrive at a compromise tapping to give the best
all-round results for selectivity and sensitivity.

Instead of varying the tapping (such alterations are not very
convenient, especially in the case of screened coils—one method
being to move a ““ crocodile clip * contact, as in Fig. 45), a small
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Fig. 45—This is Fig. 44 in pictorial
form. A movable clip is used

variable condenser, usually of the
solid dielectric type, can be con-
nected in the aerial lead as shown
in Iigs. 46 and 47. This condenser
may be used in conjunction with
an average fixed tapping or with
a variable tapping, and it pro-
vides a smoothly adjustable
means of altering the selectivity
of the circuit I Cx. Tt acts in a
similar capacity to the previously

AE
—— |
(o3
ToL #C 7]
———*—8

Fig, 46—Combined tapped
coil and series feed
condenser

mentioned condensers, and whilst  Fig. 47—Pictorial form of Fig. 45.

it may alter somewhat the tuning
of the circuit L C1, it is not itself in-
tended as a means of tuning, but only of
altering selectivity and signal strength.
In the case of many commercial coils, a
couple of tappings only are provided
and taken to terminals.

Use of Differential Condensers.—
A refinement in coupling condensers on
aerial circuits involves the use of a
differential condenser of, say, -ooor-mifd.
capacity. Fig. 48 shows such an arrange-
ment in which Cz is a “ differential,”
its moving set of plates P1 being capable

Note solid dielectric condenser

AE
A
£
Py
l L
Py C’
R

(-4

Fig. 48—Use of differential con-
denser for feeding circuit
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of being placed opposite fixed plates Pz or fixed plates P3. In the
position opposite Pz the whole arrangement is identical with Fig. 36.
When Pr, however, is opposite P3, the aerial is theoretically
disconnected. No signals will now be received by the set except
for any high-frequency currents which leak over from P2 to Pr.
This leakage occurs to some extent in all circuits using differentials.

The disadvantage of an ordinary variable condenser in the
aerial lead as a means of varying selectivity is that a reduction
of its capacity will alter the tuning of the receiving circuit, since
the effective capacity of the aerial is reduced. By the use of the
arrangement in Fig. 49, any variation
of the fixed plate P1 is accompanied
by bringing into action the condenser
C3, which is adjusted to have a

[
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Fig. 49—Differential
condenser to avoid alter~
ing tuning

capacity equal to that
of the aerial. What-
ever the position of
P1 may be, the tuning
of L Cx will not vary

N Fig. so—Pictorial iorm of Fig. 49. A preset con-
much, because while denser is inserted where shown to replace the

aerial capacity

the aerial capacity
may be in process of
reduction, the effectiveness of the capacity C3 is increased. The
arrangement is shown pictorially in Fig. 50, which illustrates the
components (i.e., parts) involved.

Waveband Switching.—A variable condenser of -0005-mfd.
capacity will only ““ cover ”* a certain range of wavelengths, and if
we desire longer wavelengths we must increase either the inductance
or the maximum of the variable condenser. It is undesirable to
increase the condenser capacity because the e.m.fs. established
across the inductance decrease as the condenser capacity is in-
creased and the arrangement ceases to become efficient ; moreover,
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a Jarger condenser will be necessary, and this is not very practicable
as an air dielectric condenser is already large, and there would be
the additional difficulty of obtaining a fine adjustment of the con-
denser for tuning purposes.

When it is desired to cover a band of longer wavelengths, such
as from 1,000 to 2,000 metres, it is usual to have a separate in-
ductance which may be switched into circuit in place of the coil
used for the medium wavelengths. There are three ways of switch-
ing this coil into circuit. It may be (a) connected as an entirely
separate coil, the medium waveband coil not being used at all,
or (b) it may be connected in series with the medium wave-
band coil so that the two coils together add up to provide the
equivalent of a single large inductance, or (c¢) the two coils
may be arranged so that for long wavelengths the long-wave
coil is used alone, whereas when it
is desired to switch on the medium
waveband the smaller coil is connected
in parallel with (i.e., across) the long-
wave coil. This brings down the total
inductance to something less than the
smaller of the two coils. Of these three
methods the last is, perhaps the most
cfficient but not the most convenient,
and a series arrangement is usually

employed, as is illustrated in Fig. 51, 3

and pictorially in Fig. 52, a commercial

coil being used. Here we have a

switch S connected across the induct- Fig. 51—A simple wave-
band switch which shorts

ance Lz, which is a separate long-wave the long-wave coil

Fig. s2—Illustration of typical commonly-used com-
ponents wired to conform to Fig, 51



42 THE MANUAL OF MODERN RADIO

coil usually wound with finer wire than the coil L1, which is the
medium-wave coil. When the switch S is closed, the long-wave
inductance Lz is short-circuited, leaving the coil L1 for medium-
wave reception.  When the switch S is open, the inductance Lz is
in series with L1. and the set is now tuned to the long waveband.

A similar form of switching is illustrated in Fig. 53 (and pic-
torially in Fig. 54), a tapping T1 being
now used to obtain greater selectivity
on the medium waveband. This tap-
ping may conveniently be half-way
along the smaller inductance L. When
the switch S is closed, the inductance
I.1 is shunted by the condenser Cz,
and selectivity is obtained both by the

Ag
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Fig. 53—Selectivity is
obtained especially on

long waves by Cx
g f 11 (Cenrre Tap or
MEDIUM WRvE

Fig. 54—Pictorial form
of the circuit given
above

tapping on the coil L1 and by the use of the variable condenser
C1, which may be either a preset variable (i.e., semi-variable) or a
solid dielectric variable condenser, if it is not desired to use an
ordinary air dielectric variable condenser.

Although the tapping T1 will definitely give greater selectivity
on the medium waveband, the position is altered when the coil L2
and L1 are used together for the reception of long waves, because
now the position of the tapping is equivalent to being very high
up on the single long-wave coil, and therefore the degree of selec-
tivity obtainable is less. On the long wavelengths, therefore, most
of the selectivity comes from the fact that a condenser Cz is in
the aerial lead. A merit of the Fig. 53 arrangement lies in the fact
that the condenser C1 can be set at approximately the same value
for the same amount of selectivity on long and medium wave-
lengths, whereas in the case of the Fig. 51 circuit it will be found
that a larger value of capacity is required for the longer wavelengths
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to give a similar compromise between strength and selectivity.
The reason for this is that a given capacity in the aerial lead will
offer a much higher reactance (i.e., opposition) to the longer wave-
lengths.

Fig 55 shows the equivalent of Fig. 53 with the switch S closed.
It will be seen that we ignore the long-wave inductance which has
been short-circuited. Fig. 56 is the Fig. 53 arrangement with the
switch open showing the medium and long-wave coils in series.
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Fig. 55—Equivalent circuit Fig, 56—Conditions when Fig. 57—How a three-point
when on medium waves receivinglong waves. Coils switch is used with H.F.
are in series transformer

H.F. Transformer Switching.—A slightly more complicated
switching arrangement is necessary when aperiodic transformer
coupling is used. Fig. 57 shows how a three-point switch S may be
used to short-circuit the long-wave windings simultaneously. The
switch consists of three contacts which are brought into contact
with each other by the movement of a knob; a push-pull switch
is frequently used for this purpose, all three contacts being brought
together when the switch is pulled out. (Sometimes one of the
contacts is permanently connected to the moving metal part, but
this makes no theoretical difference to the circuit.) When the switch
is open, the aerial current goes through the condenser C1, through
the primary inductance LI, through the primary inductance Lz,
and so to earth.  The secondary inductances L3 and L4 are also
in series, the inductance L3 picking up the current from L1, while
L4 picks up that from L2. The effect, therefore, is the same as if
L1 and L2 were one single inductance coil coupled to another single
inductance coil. This is the arrangement for long-wave reception.
When, however, the switch S is closed, the inductance Lz is short-
circuited and L4 is simultaneously short-circuited. This leaves
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simply the inductance L1 in the aerial circuit and the inductance L3
in the secondary circuit. The arrangement is now ready for medium-
wave reception. It will be noted that the bottom end of the induct-
ance Lgq is connected to earth. It is common practice to connect
one side of a secondary circuit to earth and in the present case it
enables us to use a three-point instead of a four-point switch.
Fig. 58 is a pictorial equivalent of Fig. 57 using a commercial
type of coil.

To obtain a pro-
per transfer of
energy from the
primary to the
secondary circuit,
more turns are
necessary in the
primary winding
when receiving
long wave lengths,
but this arrange-
ment is not always
used, and a single
coil may be em-
ployed with quite Fig. 58—The above pictorial form of Fig. 57 shows how

both long-wave coils are shorted

good effect as a
primary winding, provided it is more tightly coupled to the
long-wave secondary than to the medium-wave secondary. Fig. 59
shows a circuit in which the inductance coil Li is coupled
AE to both Lz and L3. In practice, Lz and
L3 are usually wound on a cylindrical
former, with the coil L1 wound in slots
-—3=A between the two windings, so that it
Lo will affect both. When the switch S
ng short-circuits the coil L3, known as the
# long-wave winding, the incoming signals
L3 Co only influence the medium-wave wind-
}s ing L2. But when the switch S is

Ci

open, the coil L1 affects both Lz and
L3. These two latter coils are wound
in such directions as to help each other
and so really form one single coil;
so that when receiving long waves, the

% coil Lz is virtually coupled to a single
Fig. s9—An aperiodic-coupled  Jong-wave winding. Fig. 60 is a pictorial

circuit with  wave - change e
switch form of Fig. 59.
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Special Tap-
ping.—A simple
but effective
method of wave-
change switching, so
as to preserve a
middle tapping on
both the medium-
wave coil and the
long-wave coil, is
illustrated in Fig.
61. The inductance
coils now consist of

a winding Lx which  Fig. 60—Pictorial form of the preceding circuit which
constitutes half the employs a single aerial coil for both wavebands

medium-wave inductance, a long-wave coil L3, and another coil
L2, which represents the other half of the medium-wave coil.
The aerial is connected through the condenser C1, to the middle
point of the inductance L3, and this
middle point is also connected to one
of the points of a three-point switch S,
the other two points of which are
connected to the ends of L3.

With the switch S open, the aerial
is connected to the middle point of
the long-wave winding, and therefore
to the middle point of all the induct-
ances which act in series when long
waves are received. When, however,
the switch S is closed, each half of the
inductance L3—i.e., the one above the
= tapping T and the portion below the
Fig, 61—Scheme for ensuring a tapping T—are short-circuited, so that
middle tapping on both wavebands {1, 5 0rja] is connected to a half-way
point between L1 and Lz. This, of course, is equivalent to a
middle tapping on a single medium-wave coil; the inductance
L3, being short-circuited, can be ignored. The same idea may
be used for “ wave-changing ”’ H.F. transformers.

Loose-Coupled Receiving Sets.-—The circuits so far considered
are simply variations of a single circuit consisting of inductance
and capacity, and the maximum selectivity is theoretically only
that produced by an inductance and condenser by itself freed from
the damping effect of an aerial. Much greater selectivity, however,
is obtainable if two tuned circuits are brought together so that
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each is resonant to the incoming frequency, the first circuit passing
on the current to the second.

Fig. 62 shows a simple aerial circuit L1 Cx, with an aerial feed
condenser C3 in the aerial lead. The inductance L1 is coupled
to a secondary inductance Lz which has across it a variable con-
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Fig. 62— Loose-coupled input
tuner for selectivity
inductance L1 will set
up a fluctuating mag-
netic field which will
influence the inductance
Lz, and set up similar
currents in the circuit
Lz Cz2—but only pro-
vided that circuit is also
tuned to the incoming
signals. The condenser
C3 may be of the preset

€2

Fig. 63a—Further selectivity is
obtained by tap%ing the aerial
col

denser C2. The terminals A Bare taken
to the detector or amplifier belonging
to the remainder of the receiver, with
which we are not concerned at this
stage. The circuit L1 C1 C3 is tuned

by means of C1, so as to build up
oscillations due to the desired waves,
and these oscillations going through the

Fig. 63—Components arranged to conform to the
Fig. 62 loose-coupled tuner system

type, and the circuit is shown pictorially
in Fig. 63.

Resonance Curves.—A very con-
venient way of illustrating the selectivity
of a tuned circuit is by means of a
resonance curve. This is obtained by
feeding the tuned circuit with high-
frequency current, to which the circuit is
accurately tuned. The current flowing
in the circuit is now measured in some
way, and further measurements are
taken to find out the strength of the
current when the frequency is altered
by certain fixed amounts. Fig. 64 and
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Fig. 65 show two approximately-drawn resonance curves; the
first is for a single tuned circuit and the second for two circuits
coupled together.
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Fig, 64—Resonance curve of single Fig. 65—Curve showing overall
circuit giving poor selectivity selectivity of two tuned circuits

These are not actual resonance curves but are drawn to show
approximately what a resonance curve is like. It has been assumed
that the incoming frequency is 1,000,000, corresponding to 300
metres. The height of the curve is an indication of the strength
of the current flowing in the tuned circuit, or in the case of Fig. 65
of the current flowing in the second tuned circuit. The figures
on the left-hand side of each drawing (or graph) indicates signal
strength, i.e., the current actually flowing in the circuit ; but the
scale is arbitrary, i.e., it does not represent, say, microamperes,
but is just a convenient way of showing different strengths.

The currents supplied are of constant strength, but it is assumed
that we have a means of varying their frequency. When the
frequency is 1,000,000 the maximum current of just over six is
produced in the tuned circuit, and one therefore makes a mark
at the point A on the graph. As we increase the frequency in
steps we find a falling-off in the current produced inthetuned circuits,
_and by measuring this current at different frequencies and marking
it on the graph we get a down-hill curve. If now we decrease the
frequency below 1,000,000 we will also get a falling-off in the current
set up in the tuned circuit. The reason for the falling-off, of course,
is that the circuit is tuned to 1,000,000, and therefore will respond
fairly readily to the frequencies very close to it ; other frequencies
will produce some result because the currents are being forced into
the circuit, but the currents will be weaker. The more sharply
a tuned circuit is the more it will object to having different fre-
quencies pushed into it, and therefore these currents due to fre-
quencies other than the resonant frequency will be greatly reduced.

By looking at a resonance curve we can see how selective a
circuit is, the broader a curve is, the flatter the tuning and the
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greater will be the interference experienced. The tuning of a single
circuit having a resonance curve similar to that in Fig. 64 is very
flat, while a resonance curve such as that of Fig. 65 shows much
greater selectivity and less interference from frequencies differing
from 1,000,000 ; the curve has a sharper peak, although the example
given does not, even now, show a high degree of selectivity.

The resistance of a tuned circuit causes flat tuning and poor
selectivity. By resistance one means various losses which occur
in a tuned circuit, and these are principally the high-frequency
resistance of the coil and the dielectric losses in the condenser.
A nearly perfect inductance coil shunted by a nearly perfect con-
denser would naturally produce a very sharp curve and give a very
high degree of selectivity.

A great deal can be done to sharpen the selectivity of a single
tuned circuit, but the use of coupled circuits is a very popular
method of sharpening tuning.

In a circuit of the Fig. 62 type, it is some advantage to be able
to vary the coupling between L1 and Lz, ie, the primary and
secondary winding. The further these coils are apart the less will
be the coupling (called mutual inductance), and the sharper will be the
overall resonance curve of the two circuits. If the coupling between
L1 and Lz, however, is made too loose, there will be a great loss of
signal strength, whereas if they are too tight tuning will be broad,
signal strength will fall off, and other complications arise. To
get the best selective results the couplings should be as loose as
possible without producing excessive reduction of signal strength.

It is not now customary to have an adjustable coupling between
Lx and L2, for various practical reasons. One big disadvantage
of a variable coupling is that a movement of either coil will alter
the tuning of each circuit and a great deal of fiddling becomes
necessary in order to tune correctly. It is much more usual to find
the two coils fixed at a suitable distance from each other so as to
produce a reasonable peak on the resonance curve.

Band-pass Tuning.—Coupled circuits are sometimes called
band-pass filters, because the idea is that they shall only pass a
certain band of frequencies and that other frequencies will produce
no appreciable response. The ideal band-pass tuner would respond
equally to a narrow band of frequencies, say 4,500 cycles per
second above and below a middle point corresponding to the
frequency to which the band-pass tuner is tuned. This effect may
be obtained to a certain extent successfully by taking advantage
of a peculiar property of a coupled circuit of the kind given in
Fig. 62. If L1 and L2 are closely coupled it will be found that the
resonance carve of the arrangement does not consist of a single
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peak, as in Fig. 63, but as a peak with a dent in it, as shown in
Fig. 66. There are really two peaks fairly close together. The
tighter the coupling between the coils (i.e., the closer they are
together) the further apart will be the
two humps or peaks, whereas the looser 8-
the coupling the closer will be the 7
humps until finally they merge together
into one single peak. Between the two
extremes of the single peak and the
double hump there is an intermediate |
resonance curve similar to that of |

Square Peak

Fig. 66, where to all intents and e
purposes, the resonance curve has a m3RIL] 385+ Caues
broad peak at the top and steep sides. Fig. 66—Suitable coupling '

This means that the so-called band-pass ~ Producesa band-pass tuning
arrangement adjusted to give this kind )

of square peak is responding to 5,000 cycles above or below the
incoming frequency.

It might be asked why it is desired to produce a tuner to respond
to any frequency but the desired one (in our example 1,000,000).
The answer is that the high-frequency current set up by the recep-
tion of wireless broadcasting consists of a band of frequencies
and not merely the carrier or main frequency. The subsidiary
frequencies are called side-bands and are waves of different fre-
quencies. A broadcasting station usually radiates a band of
frequencies 10,000 above and below the main carrier-wave frequency.
An L.F. note of, say, 3,000 would produce side frequencies of
1,003,000 and 997,000.

If the receiving circuits are so selective that they will only
respond to the carrier-wave and frequencies one or two thousand
above and below it, then we shall lose the frequencies corresponding
to the higher notes in the speech or music being broadcast. Methods
may be adopted, however, for using ultra-selective circuits and
then compensating for the reduction of the high notes. Meanwhile,
however, we will simply consider coupled circuits and band-pass
arrangements. The simple double-circuit tuner of Fig. 62 may be
modified in a score of different ways, and a few examples of different
methods of coupling two tuned circuits will now be given.

Fig. 63a shows the same arrangement as Fig. 62, except that a
tapping has been taken off the aerial inductance L1 and preset
condenser C3 inserted in the aerial lead. It will be obvious that
any of the simple aerial circuits previously described may be
employed, by simply coupling in some way or another a secondary
circuit (sometimes called a closed circuit).
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Auto-Couplings.—Instead of having two separate inductances
coupled together it is possible to use a single inductance which is
common to both aerial and closed circuits, and Fig. 66a shows
an example of this, the inductance 1.3
forming part of the aerial circuit Lz
L3 C1, and also of the closed circuit
L2 1.3 C2. 1i the aerial current has
to pass through L3, there are set up
potentials across L3, and these will
energise the closed circuit L2 L3 Cz.
The larger the inductance L3 the
greater will be the coupling effect,
and this is equivalent to bringing the
two coils in our original circuit closer

Fig. 66a—Auto-coupling using  together. If, however, the inductance

inductance common to both 73 j5 made smaller, the coupling

between the two circuits will be weaker
and therefore the selectivity will be greater and a sharper
resonance curve obtained. If the coil L3 consisted, for example,
of only one turn, there would be practically no coupling between
the two circuits.

A point should be noted here that the amount of coupling provided
by the inductance does not simply depend upon the number of
turns of the inductance itself, but upon the frequency of the broad-
cast signals received. If the incoming signals are of short wave-
length and thus produce currents of higher frequency, quite a small
inductance coil will provide a strong coupling between the two
circuits ; but if we now switch the receiver over to the long waves,
the same inductance coil will provide less coupling. The reader will
appreciate that for a given inductance coil the potentials established
across it will be much less the lower the frequency of the current.

In circuits of the Fig. 66a type and, in fact, in nearly all coupled
circuits, it is better to screen the coils (i.e., cover them with metal
canisters which are themselves earthed). This prevents undesired
couplings between the coils.

Capacity-Coupled Circuits. —Instead of having a common
inductance, we can use a common capacity to couple the two
circuits, and Fig. 66b is a typical example of this popular arrange-
ment. Its pictorial equivalent is given in Fig. 66c. It will be seen
that there is an aerial circuit C3 L1 C4 C1, and a closed circuit
L2 C4 C2. These two circuits “ share " the condenser C4, which
has a capacity of about ‘06 mfd. It is usual to employ a non-
inductive condenser in this position to ensure that it will act as
far as possible as a capacity,
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The three condensers in the aerial
circuit all act in parallel with L.  ¢5Y«
First of all, the condenser Cr is in e
series with C4, these two condensers
being theoretically replaceable by a L
variable condenser of slightly smaller #
capacity than Cx. We then have in 7/fc ca
addition two capacities, viz. C3 and
the capacity of the aerial in series s
with each other and capable of being
replaced by a variable condenser con-
nected in parallel with Cr. The Fig 6b—Tapaciy-coupled band-
secondary circuit is likewise theoretic- denser common to both circuits:
ally capable of simplification. Coils are not coupled

The condenser C4 has the effect of reducing the maximum
capacity of Cz2. Since, however, C4 has a large capacity, it makes
little difference to the tuning range provided by the two variable

- condensers Cx and
’_‘_ﬂ,o-—""Az Cz. Nevertheless,

' since the aerial cur-
rents pass through
€4, they will set up
potentials across it
which will energise
the closed circuit
Iz C4 C2. The
larger the capacity
of C4, the weaker
will be the poten-
tials  established
across it and there-
fore the coupling
-?’ effect will be re-

Fig. 66c—Pictorial form of Fig. 66b. A preset aerial  duced. This is

condenser gives greater selectivity on the aerial circuit equivalent to
meoving the coils farther apart in the previous inductively-coupied
arrangement of Fig. 62. If, on the other hand, the condenser
C4 of Fig. 66b is reduced in value, the potentials established
across it will be greater at all frequencies and the coupling will be
stronger. A reduction of capacity will increase signal strength but
reduce selectivity, whereas an increase of capacity will reduce
signal strength and improve selectivity, We are here ** up against ”
the usual compromise.

In all inductively-coupled circuits, whether of the loose-coupled

>

e



52 THE MANUAL OF MODERN RADIO

type using separate coils or the auto-coupled arrangement of
Fig. 66a, the effective’ coupling is greater as the frequency of the
signals increases, i.e., for shorter wavelengths. The opposite
effect is obtained in capacity-coupled circuits. Assuming we keep
the condenser C4 unaltered, the coupling effect will be less as the
frequency is increased and greafer as the frequency is decreased.
In other words, there will be more coupling on the longer waves than
on the shorter. It is the exact reverse in the case of the inductively-
coupled circuit, It is possible, however, by combining capacity and
inductive coupling to make the two effects level out so that the
circuit behaves in a similar way whatever the frequency received
may be. Some suitable schemes are described later.

Meanwhile, it is interesting to look at Fig. 67, which shows the
Fig. 65 arrangement divided into two
separate circuits. This is for the purpose
of showing how the condenser C4 is
really part of both of the circuits.
The condenser C4 now becomes C3 in
the aerial circuit, and C4 in the secondary
circuit,

Fig. 68 is another modified capacity-
coupled circuit, in which an aerial tap-
ping is employed, while Fig. 69 shows

Fig. 67—Shows how capacity- an aperiodic aerial coil L1 coupled to
°°"pledg§i;c‘t¥oci;c‘$§s°1ved La. ¥t has alregdy b.een explained that

any kind of aerial circuit may be used
on coupled circuits and the reader should be capable of building
up a large variety of circuits,

Ly
A
Ca
a8
Fig. 68—Capacity-coupled Fig. 69—Here the capacity-coupled
band-pass with tapped aerial band-pass circuit is supplemented
coil by aperiodic aerial coupling

Electrostatic Coupling.— We have so far considered thte
use of a large capacity common to both circuits, but it is possible
to produce capacity coupling by the arrangement shown in Fig. 7o,
where a very small condenser C4, which may have a value of
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*000005 mfd., is connected across the top ends (i.e., remote from the
carth) of the two tuned circuits, the bottom ends of the circuits
being joined together by a wire. The potentials established
across L1 C1 are now communi-
cated through C4 to the circuit
Lz Cz, and this arrangement is

1
: > A

sometimes known as electrostatic 4 A i

coupling. 1 By '

The greater the capacity of #é, : c;#' ‘2

the condenser C4 the greater '

will be the coupling between the : >3
t

two circuits, but it is important
to screen the primary from the ig70_ Elecuiatccoung by meanso
secondary circuit to avoid any

stray coupling which would interfere with the coupling effected by
C4. If we keep C4 fixed, the coupling between the two circuits will
Increase with the frequency of the signals to be received. In other
words, the coupling will increase as the frequency increases. This is
the exact opposite of the effect obtained with the capacity-coupling
system of Fig. 66b. It has therefore been suggested that the two
systems could be combined together with advantage in a band-pass
unit, and this arrangement is shown in Fig. 70 where coupling is
carried out both by the larger condenser C4 and the very small
condenser C3.

Mixed Couplings.—Since inductive couplings are most effective
on the shorter wavelengths, and the capacity couplings on the
longer wavelengths, a simultaneous use of both methods suggests
itsclf and gives good results. It is to be noted that the different
degree of coupling is not only noticeable when changing over from
the medium waveband to the long waveband of a broadcast
receiver, but even as one tunes to a different wavelength on either
waveband ; thus, the effect at the top end of the tuning condenser
will be different from that at the half-way position or at the bottom
end, The difference in coupling is particularly a disadvantage in
hand-pass circuits where it is desired to keep the band of frequencies
passed constant at all wavelengths, There has consequently come
into wide use mixed couplings in band-pass circuits, and Fig. 71 is
a very typical example. Not only are the primary and secondary
circuits coupled by means of a condenser C4 common to both, but
the inductance L1 is coupled to the inductance L2. It requires, of
course, considerable accuracy in the design of the two couplings
to obtain a suitable band-pass effect at different frequencies,
Another popular circuit is that of Fig. 72 where the inductive
coupling is now obtained by a link circuit which consists of twe
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o
13 cac”]
L z
#C: E Ca
o i >0

Fig. 71—Mixed band-pass filter, Transfer
is by capacity and also by inductive
coupling

and C3 provide the couplings.

Resistance Coupling.— A
special form of loose-coupled
tuner is illustrated in Fig. 74,
the aerial circuit being coupled
to the secondary circuit by
means of a resistance R of about
100,000 ohms. This is a non-
inductive resistance and serves
as a means of communicating
the potentials established across

Fig. 73—A mixed capacity-coupled
band-pass filter with an aperiodic
aerial coupling coil

MODERN RADIO

inductances in series, namely
13 and Lg; L3 is coupled to
L1 and the currents circulating
in L3 L4, which is an aperiodic
circuit, are passed on to the
secondary circuit by means of
a coupling between Lg and L2.
It is customary to arrange for
the transformer Lz L3 to be
screened in one metal can,
while the transformer L4 Lz is
enclosed by another screcning
can,

A mixed capacity band-pass
arrangement is shown in Fig.
#3, and has been previously
described. The condensers C4

S=cs

.y - |
' =4

Fig. 72—Another form of mixed band-
pass filter, a link providing inductive
coupling

Lx Cr to the circuit Lz Ca.
The degree of coupling depends
upon the value of the resistance
R. The greater this resistance
the less will be the coupling, and
the more selective the circuit.
This arrangement is theoretically
independent of frequency for its
operation, the coupling being
approximately the same for all
wavelengths. It is usual in
such coupled circuits to enclose
the inductances in separate
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shielding cans to prevent any coupling other than through the
resistance R, because it must be remembered that two coils near
to each other will influence each other both inductively and capaci-
tatively to some extent. In Fig. 75 a much smaller value of

X
ok

C3
s
é » A
' R
Ly A boghe
! 1
i L #
| Ct b R C2
% 1 S ‘
<o Cz 2
¥ ~- 53
] . .
T 8 =
""'-.—?—" } Fig. 75—An unsatisfactory
arrangement in which a
Fig. 74—Resistance coupling is efiected by small resistance is common
a resistance of about 100,000 ohms to both circuits

resistance R produces a coupling effect between the aerial and
secondary circuits but the disadvantage of this arrangement is that
the resistance R introduces losses into both circuits, thus reducing
the selectivity of each circuit. In resistance-coupled circuits, as in
all coupled circuits, the tuning will be sharper on the second circuit,
while that of the first circuit will be comparatively flat, although
it may be greatly improved by lessening the load of the aerial in
the various ways already discussed.



CHAPTER 3

HOW THE VALVE WORKS

The whole technique of wireless was changed when the thermionic
valve became popular during the war. Actually, however, the
valve dates back to 1904, when Fleming applied a bulb containing
a filament and a metal plate to the detection of wireless signals.

The word ‘“ valve” is a mechanical term which implies that
gases or liquids can only flow through it in one direction. The valve
of a bicycle tyre, for example, allows the passage of air into the
tyre, but not out. It is thus a one-way device, and we have seen
that one method of detecting wireless signals is to rectify them so
that a varying high-frequency current is changed into an alternating
current of low frequency or into a direct current fluctuating at low
frequency.

A thermionic valve contains a surface of material which when
heated will give off electrons, this surface (or cathode, as it is called)
being surrounded or having near to it one or more other electrodes
usually in the form of metal plates, grids, etc. Different kinds of
valves are used for different purposes, and modern radio technology
really consists in the various applications of different types to the
reception or transmission of wireless waves.

The first type of valve to consider is the two-electrode valve or
diode, as it is sometimes termed.  This was the first type of valve
used in radio, and it consists simply of a metal filament or cathode
and an anode usually in the form of a metal
plate near to but not touching the filament.
These two electrodes, the filament and the
anode, are placed inside a glass bulb and the air
removed. Inmodern valvesa very high vacuum
indeed is usually considered desirable and such
valves are known as hard valves.

Electrons.—Fig. 76 is a theoretical diagram
Fig. 76—Filament Of a filament inside a vacuum, the filament
heated to incan-  being heated to incandescence, i.e., tored heat

descence and .
emitting electrons  OF White heat, by means of the current from a
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battery.  The leads to this battery are taken through the bulb
in which the vacuum exists. This arrangement is really an ordinary
vacuum lamp but, although we can see the light given off by the
filament, something is occurring inside the vacuum which no one
can see, but which becomes very important when we take advan-
age of it. This effect is known as eleciron emission.

All matter is supposed to be built up of atoms, and each atom
consists of a central core and usually a considerable number of
almost infinitesimally small particles called electrons. When a
metal is heated there is a great deal of agitation which causes some
of the electrons to be shot out of the filament. The hotter the wire
the greater will be the emission of electrons. In an ordinary lamp
the electrons are of no practical use and either return again to the
filament or settle on the inside of the glass bulb. In the ordinary
way an electron shot off from the filament will tend to return to
it much in the same way as a stone thrown in the air will return
to the earth. In Fig. 76 the electrons are shown as a cloud sur-
rounding the filament, Instead of allowing them to go to waste
we can collect them by inserting a metal plate inside the bulb close
to the filament (as in Fig. 77) and connecting a battery across the

plate and filament
PLAre so that the plate is
made positive with
respect to the

& trecrrons filament. The plate
FILAMENT is now called an

. . anode, and in Fig. 78

o Weotucing it will be seen %hgt

of a metal plate 4 4w of electrons
takes place from the filament to the
anode round through the battery Bz, Fie. 78— Anod tis oro-
through the ammeter M (a direct- A by ;‘;’pfyﬁi‘g"inpoii’}ﬁe
current measuring device) and so to voltage to anode
the filament. The flow of the electrons round the circuit constitutes
an electric current and, since all electrons are negative charges, any
positive potential or veltage on the anode will tend to attract the
clectrons emitted by the filament, and these attracted electrons
will flow round the anode circuit of the valve. The strength of
the anode current usually depends upon two things : first, the
number of electrons emitted from the filament and, secondly, the
voltage of the battery Bz connected across anode and filament.

If, instead of connecting the positive terminal to the anode of
the valve we reverse the battery, making the plate negative, we
will have the arrangement shown in Fig. 79, and now the ammeter
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NoCURRENT M will register no current at all because the
plate instead of attracting electrons will repel
them. Thisisbecause the plate is negative and
the electrons are also negative, and two similar
charges will always repel each other. It will
thus be seen that the valve containing a plate
and incandescent filament will allow an
electron current to pass from filament to plate
but not from plate to filament. It is thusavalve.
) Characteristic Curves.—To understand the
Fig. 79N ‘;mdi‘;‘e‘(’idi? operation of a two-electrode valve it is very
anode is negative useful to draw a characteristic curve in the
form of a graphical representation of the effect of anode,
voltage on anode current. It has already been explained that as
the anode voltage, i.e., the voltage of the battery B2 in Fig. 78 is
increased, so will more and more electrons be drawn to the anode
and therefore the anode current as measured by M will increase.
Fig. 8o shows a simple character- 9 5a0
istic curve of a two-electrode . 8] ﬁT.‘ég'?;fN
valve. It will be secn that when g9 ;]
there is no voltage on the anode &Q 6
there will be no anode current. 6\5'
As the anode voltage increases so g a4
does the anode current (shown o3 5
in milliamperes, i.e., thousandths < 32

of an ampere, the unit of current), '

int i ima ; g ; v
but a point is ul_tl nately reached A A A
when a further increase of anode Anmoos Vorrs

current produces practically no fﬁ%w’igg‘g‘;’tag‘a‘;‘i‘a‘; curve of diode
difference to the anode current. current,
This point is known as saturation point, and occurs when all, or
nearly all, of the electrons emitted from the filament are drawn to
the anode. The only way of increasing anode current now is to
increase the emission by applying a greater voltage to the filament
of the valve and so heating it to a higher temperature.
Space-Charge.—It may be wondered why, when a high
voltage is connected across anode and filament of the valve, the full
electron emission is not at once passed from filament to anode.
The reason is that tie cloud of electrons surrounding the filament
constitutes a very considerable negative charge which tends to
repel any electrons emerging from the filament. The newly-born
electrons, so to speak, find in front of them a mass of negatively-
charged electrons which tend to repel it, and this repelling effect
opposes the attractive force of the positive potential on the anode
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By increasing the anode voltage, however, it is possible to counter-
act the repulsion due to space charge, and so an increased potential
on the anode produces a larger anode current.

The unwanted electrons which are repelled by the space charge
normally return to the filament ; and a good analogy is illustrated
in Fig. 81, which is a mechanical
representation of what goes on
in the two-electrode valve. Ttwill
be seen that a fountain is repre-
sented, the water being sprayed
through a rose such as is used on
a watering-can. The water is
pumped up from a trough by
. means of a pump (not shown),

Fig. 81~Shows a mechanical analogy  wWhich corresponds to the filament-

in which a fountain sprays water poating accumulator of a valve
(usually called a filament baiiery). Above the rose is a funnel
connected to a pipe which goes to a motor-driven pump which
creates a strong draught of air which sucks up some water
sprayed from the rose. This water follows the direction of
the arrows and ultimately goes back into the trough. The
motor-driven pump corresponds to the anode battery, the
rose to the filament, and the funnel to the anode of the valve. It
will be seen that the funnel does not suck up all the streams of
water, although the greater the force of the motor-driven pump the
more water will be sucked up into the funnel. The whole arrange-
ment, therefore, corresponds very closely to what happens in the
case of a two-electrode valve.

The Diode as Rectifier.—The wunilateral conductivity of
the valve (i.e., the fact that it conducts current in only one direction)
is taken advantage of in various ways in modern wireless receiving
apparatus. It is used for rectifying the alternating currents of
our electrical mains and providing currents at suitable voltages
for working our wireless receivers. It is also used for rectifying the
high-frequency currents received in an aerial —
circuit—or more usually after several stages of | |A4Zeerarn~e
magnification by another type of valve. Fig. 82
illustrates a source of alternating current sup-
ply connected across anode and filament of
the valve, a direct-current meter M being con-
nected in the circuit. It will be seen that there
is a deflection of the needle of the meter M
due to the passage of the current through

. . N Fig. B8z.— Illustratin,
it, but this current will not be absolutely steady di‘ode acting a: ?e{.ﬁ,%ef
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and, direct but will consist of a series of pulses all in the
same direction. The source of alternating current will make the
anode of the valve alternately positive and negative at a frequency
of, say, 50 times per sccond. When the anode is positive, an electron
flow takes place from I' to A, down through the alternating supply,
through M and back to the filament. When, however, the anode is
made negative, no current whatever flows in either direction.
To prevent the flow of direct current from being pulsating, we
can store the pulses in a reservoir, and a large capacity condenser is
used for this purpose. Tig. 83 shows
A how a condenser C is charged up by
means of a valve rectifier, which is fed
7 2 with alternating current by means of
8 the transformer T1 T2, the terminals
CETE A B of which are connected to the
mains. By suitably designing the
¢ ¢ windings T1 and T2, any desired voltage
Fig. 83—Use of reservoir con- may be applied to the valve rectifier.
denser to store rectified current  Here apain, when the anode is made posi-
tive therc is a flow of electrons from the filament to the anode round
through T2 and to the left side of the condenser C. The negative
half-cycle makes the anode negative, and this produces no current
in either direction. The condenser C stores the direct current
pulses and lets the current out in a steady stream to the terminals
YZ across which the output circuit is connected. The condenser
C may have a capacity of 4 mfd. or more, and its action is rather
similar to that of a reservoir of water which supplies a constant
flow of water for household purposes but receives its own supply
from streams and intermittent rainfall. If we had to rely for our
water on streams, the supply would be very irregular; but if we
allow the streams to run into a reservoir,
we shall no longer be living, so to speak,
from hand to mouth. A reservoir pro-
vides a current even during dry seasons
which correspond to the negative half- A
cycles of alternating current. 1 P
High-frequency currents may also be —— RN
rectified by the vaives, and Fig. 84 shows
a simple circuit in which the condenser L n F
Cz is charged with rectified pulses of | -
direct current, C2 feeding the telephones _]_ U

T with current of a similar character to T
the microphone current at the transmit- Fig. 84—Diode in use as a

ting station. wireless detector
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A more comprehensive account of the rectifying action of the
diode is given in the chapter on detectors. The actual construction
of a diode varies considerably with Serms

different makes. Fig. 85 shows one with Aroct

a cylindrical anode. It will be seen that Bums
the filament is supported at the top by

a spring to keep it tight when it expands Framens
under heat and at the bottom by an

anchoring wire fixed into the glass pinch, o ermm Povces
as it is called. The anode in the form

of a metal cylinder is also supported by

a wire which is fixed in the pinch. %7 [, Aooe
Three leads go to the electrodes, a small iy 5o Shows construction
portion of platinum wire being sealed in of simple diode valve

the pinch between the supporting wires and the leads. The
platinum has the same co-efficient of expansion as the glass
(i.e., it expands to the same extent with heat), and it is im-
possible for air to leak through the seal. Cheaper substances,
usually metallic alloys such as nickel-iron, are commercially used
instead of platinum. The portion of the valve which supports the
electrode is usually called the stem and is made, first of all, from a
funnel of glass, as shown in Fig. 86 (a). The supporting wires,
together with the lead-in wires and the links of platinum, are passed
through the .

funnel, Sorme 2
which is then -
heated till Awooe
the glass Peare
melts, the
top of the
funnel being 1
(a) (8)  then squeez- fuamenr| N = Fromenr
Fig, 86—The supporting €0 together, g o 4 oocs  valves

wires are embedded in a thus formmg have flat electrodes and zig-

glass **pinch * the pinch. zag filaments

This is shown in Fig. 86(b). The electrodes are then mounted on
the supporting wires. Sometimes the anode is in the form of a
flat rectangular box in which a W-shaped or V-shaped filament is
arranged. Fig. 87 shows one flat side of an anode with a W-shaped
(or M-shaped) filament which may have a supporting anchor in
the middle and springs to take up the slack when the filament
expands due to the passage of a carrent through it.

Sometimes two diodes are mounted in the same bulb for full-wave
rectification, which will be duly explained later.




CHAPTER 4
THE THREE-ELECTRODE VALVE

The two-electrode valve, although applied to wireless in 1904,
proved of very little value when one considers the huge strides
made when in 1907 Lee de Forest introduced a third electrode
into the bulb. The three-electrode valve, or #riode consists of a
cathode, a grid, and an anode. The cathode in the case of battery
valves is usually a filament heated by the current from an accumu-
lator, while the grid can take many different forms. In the simplest
case the grid consisted of
a zig-zag wire placed be-
tween the filament and
the plate. Fig. 88 shows
the symbol for a three-
electrode valve and also %
the general position of

Freanenr the parts. The electrons
ﬁgicizzi;M:th&i Of pass between the filament
clectrode valve.  and the plate, and in  FuAameEnT
doing so have to travel Fig. 89—Open mesh grid
. = . which controls electrons
between the wires of the grid.

Fig. 89 shows another arrangement in which the grid consists of a
piece of wire gauze between filament and anode. In these
arrangements the whole of the electron current does not come
under effective control of the grid, and therefore it was proposed at
o= quite an early. stage
L, amenr to forIr% the grlq an.d
anode into cylindri-

Anooa Anooe

G

Sorine

Anooe calshapeconcentric,
and surrounding the |n
filament (Fig. go). 1
Most modern three- i;
electrode valves, I
however, are ar- p. f§Ql anoos
Supporr

ranged on the lines *°= /
£ of Fig. o1, the fila- fody
Fig. go—Construction ment consisting of ooon

of cylindrical type of . ) Fig. 91—A more modern
valve. a wire M-Shaped (01' gconstmction of valve,
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otherwise arranged to present as large a surface as possible) enclosed
in a flat rectangular anode, while the grid is of similar general
shape. In the case of valves for mains operation the cathode is
usually indirectly heated and consists of a tube coated with
electron-emitting material and heated by a filament which passes
through the centre of the tube. Such valves require a different
style of construction, but the general principle of all these valves
is the same.

The introduction of the grid was not properly understood at first,
but very soon it was realised that it served as a means of controlling
the electron current from filament to anode. Fig. 9z shows a
complete three-electrode valve circuit in which a battery Bz of,
say, 100 volts is connected across the anode and filament, a milli-
ammeter being connected in the anode circuit so that we can note
changes in anode current. The battery Bz is usually termed the
high-tension battery (usually abbreviated to H.T.). The low-
tension battery B1 is usually called the L.T.

Rreovceo

Fig. 92—The grid voltage Fig. 93—A negative potential
controls the anode current on the grid is reducing the
of the valve anode current

Tt will be seen that an electron current is flowing from the filament
to the anode and producing a medium deflection of the needle of M ;
some of the electrons emitted by the filament are not sufficiently
attracted by the anode and the space-charge already explained
causes them to return to the filament.

If, now, we connect a battery across the terminals I N of Fig. g2,
we shall produce a change in the anode current of the valve, and
this change may either be an increase or a decrease and its extent
will depend upon the voltage applied across I N, In Fig. g3, for
example, the battery BI is so connected as to produce a negative
potential on the grid. This negative potential will repel negative
electrons which otherwise would have gone to the anode, and
therefore there will be a decrease of anode current. If. as in
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Fig. 94, we increase the battery Br1 so that a high negative potential
is given to the grid of the valve, all the electrons may be repelled
and the anode current will fall to zero. It may be asked why the
anode current should fall to zero when
there is a strong positive potential on the
anode. The explanation is that the grid
is nearer to the filament than the anode
and that its effect on electrons is therefore
very much greater. The comparative
effect of a given voltage on the anode
and on thegrid is known as the amplifi-
cation factor of the valve. Thus, if one
volt on the grid produces the same anode
Figt; 3?;gin:gga‘;‘ilvr;e3;1f:gte°ﬁ current change as ten volts on the anode,
then the amplification factor of the valve
isten. By making the grid of very fine mesh and placing it close to
the filament, amplification factors running into a thousand or two
may be obtained in special valves.

If, instead of applying negative po-
tentials to the grid of the valve,we apply
a positive potential asshown in Fig. g3,
then the anode current will increase,
since the grid is now helping the anode

— '
to draw up electrons toit. The electrons, '[ 8 'l
however, do not stop at the grid but -

shoot through the spaces in it; a few S
of them do, however, actually stop and M
set up a grid current which flows in  Fig. 95—Positive voltage on

the external circuit from grid to filament, ~ 8fid increases anode current
When, however, the grid is made negative there is no flow of

INCRERSED
Currenr

GrID VoLTS | ANODE CURRENT grid curr(j,nt. . .
By using a potential divider
- or potentiometer (an arrangement

—7 o Milliampere . . [
—5 4 ., using a resistance for adjusting
-3 I3 " voltage) and varying the voltage
L g:g " of the grid both in a negative
41 64 . and a positive direction, we can
+3 87 ” take a series of readings of the
ig g-i anode current and prepare a
table such as that of Fig. ¢6.

Fig g6—Table showing effect of different From this table we can construct
grid volts, A curve may be drawn from this a characteristic curve or graph-
ical representation of the effect of grid volts on anode current
in milliamperes.  Such a characteristic curve is shown in
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Fig. 97, and is useful for illustrating what happens in a
triode. It will be seen that the characteristic curve is straight or
approximately so as regards its
middle portion but at the bottom

£ end it begins to bend as it ap-
Sazumanien iroaches zero anode current. This
is popularly known as the bottom

bend, while the bend at the top end

is known as the saturation bend.
Saturation occurs in the triode

when the grid is helping the anode

' to draw up a maximum number
87654321 0123456%8  of electrons, and under these

”56'4’"’5 ve Posirive  conditions practically the whole

Fig. 97*%3,;3{;“5‘;3“ of a three- Of the electrons emitted from the

electrode valve filament are going either to the
anode of the grid, and therefore an increase of grid volts will produce
no increase in anode current ; it will, in fact, ultimately result in a
decrease of anode current owing to the grid robbing the anode of
some of its supply of electrons.
The top bend is, however, of little
importance these days. Modern
filaments give such a copious
emission of electrons that, in any
case, saturation is not easily
obtained.

A Mechanical Analogy.—
The previous analogy of a motor-
driven pump which draws water
from a rose, may be applied to
the three-electrode valve, and
Fig. ¢8 shows a mechanical
arrangement which operates in pig, gg— A mechanical analogy to explain
a manner very similar to that of the action of the triode
a three-electrode valve. We have now introduced a propeller or fan
which is driven by a belt and may be caused either to produce an
up-draught to help the suction exercised by the inverted funnel, or a
down-draught which will tend to prevent any water being sucked
up the funnel. When an up-draught is produced, this corresponds
to a positive potential on the grid of the valve, while the down-
draught corresponds to a negative potential on the grid,

Space-charge Theory.—The action of the grid maybeexplained
on the space-charge theory which has already been touched upon.
In Fig. 99 a cloud of electrons is shown between the filament and

C

0
9
8
7

o ot v o o ooh T

s
4
3
2
/




66 THE MANUAL OF MODERN RADIO

ANOM; the anode, this cloud being more concen-
9 9 %9 trated around the filament. The grid is
% 95 % 2 close to this space-charge, and therefore any
0;;?% § 22 {kaq, potentials on the grid will have a large effect
oogoogig:{z,ﬁ%?"- on it. When the grid is rpade negative,
: % more electrons are repelled into the space-

charge, and this accentuates the difficulty
electrons experience on leaving the filament.
To them the anode seerns very distant and
Fig. 9o—A cloud of electrons  of little attractive power, while the increased

form a space-charge space-charge is very near, and overwhelming
in its action. If, however, the grid is given a positive charge, this
will attract electrons from the concentrated area and will largely
counteract byits positive potential the repelling effect of the negative,
space-charge. Different values of grid potentials will cause different
variations of effect on the space-charge, and therefore on the
current going to the anode.

Low-Frequency Amplification.—One of the earliest circuits used
in connection with the three-
electrode valve is that illustrated
in Fig. 100, in which the rectified
surrents from the crystal detector
D charge up a condenser Cz and
the fluctuating potentials across
this condenser are applied across
the grid and filament of a three-
electrode valve acting as an i
amplifier.  The varying grid ' ) 7 T
potentials produce exactly similar == ‘
anode current changes which Fxg 100~—Crystal detector followed by a
operate the telephones. It is simple L.F. amplifying valve
called an amplifier or magnifier because small voltage variations
will cause large anode current variations, and the device, moreover
is a potential-operated one; that is to say that the grid-circuit
absorbs no energy in the ordinary case, and only requires potential
variations to be applied to it. Consequently a 500-kilowatt dynamo
giving 10 volts applied to the grid will not produce any greater
change of anode current than a small 10-volt battery which could
be held in the hand. The arrangement of Fig. 100 operates the
valve as a low-frequency amplifier or L.F. amphﬁer It is also
called an audio-frequency amplifier, the word * audio ” implying
sounds one can hear. Fig 100 is not a practical circuit.

Stepping-up Voltages.—Since it is primarily voltage that counts
in a low-frequency amplifier, it is a simple matter to step-up an

Q000000
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alternating current into one of higher voltage, and the circuit of
Fig. 101 will give an improvement of several times over that of
Fig. 100. Inanarrangement such
as that of Fig. 101 the low-
frequency current variations pass-

ing through the primary Tz of the k)
step-up transformer T1 Tz pro- o

duce similar variations of poten- % 7
tial across T2, and these are &
applied across the grid and fila-

ment of the three-electrode valve.
The amount of voltage step-up iS Fig. 101—A step-up transformer in.
approximately the ratio of the creases the voltages applied to the grid
turns of Tr to the number of turns in T2. Thus, if T2
has three times as many turns as Tr, then the voltage
across Tz will be three times that across Tx. The actual current in
Tz will, however, be small, since the transformer cannot multiply
energy. An improvement feature of the circuit is the battery B3
which is known as a grid-bias battery, and in practice has a value of
anything up to 18 volts, according to the type of valve in use. The
object of the grid-bias battery is to make the grid normally negative
so that no grid current is set up when signals are being amplified.
It has already been explained that when a grid becomes positive
a grid current is established and this grid current will introduce a
load on the transformer secondary and will not only damp down
signals but will cause a distortion effect ; for example, if the grid were
normally at zero potential, positive half-cycles applied to the grid
would cause electrons to be attracted
to it. This would prevent the full
positive half-cycle voltage being deve-
loped on the grid, although, of course,
Amocirco  quite a considerable voltage would be
“reuT  applied to the grid and produce an in-
crease of anode current. The effect of a
negative half-cycle, however, would be
greater, since no grid current would be
set up and the full negative voltage
would be developed It has, therefore,
come to be recognised as a first principle
& of low-frequency amplification that no
N1 grid-current shall be permitted, and this
npur Grio VoLrs is ensured by giving the grid a negative
Fig. 10z—Pure reproduction pbjgs (i.e., normal voltage) to start with,

requires operation on the : . §
straight portion and never applying more input volts

Anooe
CURRENT
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than the voltage of the grid-bias battery ; the grid consequently
will never become positive.

The characteristic curve of the triode has already been explained,
but it is reproduced in Fig. 102 to show the conditions under which
low-frequency amplification takes place. The grid is given a negative
bias of V1 volts, the anode current now being C1. If an alternating
potential is applied to the grid, the grid will first become more
positive (although still negative) and then will become more negative
than V1. In the figure, the applied alternating current is in the
form of a complete cycle, i.e., a positive half-cycle followed by a
negative half-cycle. The positive half-cycle at its peak value
causes the grid volts to become V2, which is less negative than
before. This causes a rise in anode current to C2. The negative half-
cycle now causes the grid volts to become more negative and to reach
V3. This causes a drop of anode current to C3.  On the right of the
diagram is illustrated an amplified output cycle of alternating
current which is exactly the same shape as the input cycle, but
larger. No matter what the shape of the input curve may be, the
output curve will always be exactly the same, but will be a larger
edition of it. The conditions for this state of affairs are that no
grid current shall be set up and, secondly, that the used portion of
the characteristic curve shall be straight.  The portion C3, C1, Cz in
the example given is straight, but if we selected a more negative
grid bias we should be operating at or near the bottom bend of the
characteristic curve; not only would poorer amplification be
obtained, but the changes of anode current for a positive half-cycle
would be greater than that for a negative half-cycle and conse-
quently the output would be distorted.

Class B Amplification.—The disadvantages of a grid current are
very considerable, but by the use of a special transformer of low
resistance and designed to supply power to the grid circuit of the
L.F. amplifier, it is possible to overcome some of the disadvantages
of a grid current and a special form of amplification known as
Class B has been developed, and involves the establishment of grid

current. The technique and

theory of Class B amplification is
discussed in a separate chapter.

2% ‘ L.F.Output Circuits.—Instead

- of having telephones in the anode

L.5.¢ircuit ofa valve, we can, of course,

use a loudspeaker, and since these

are of various types it may be

Fig. x03—Use of output transformer to necessary to use a tranSf-O rmer to

"‘match valve and speaker connect the anode circuit of the
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valve to the loudspeaker in the most effective way (Fig. 103) ; the
moving-coil type of loudspeaker, for example, requires a step-down
transformer, converting the output current into low voltage heavy
current electricity. There are various other types of output
circuit and these are discussed in a separate chapter on low-
frequency amplification.

Mutlti-Stage Amplification.—In place of a step-down output
transformer, one could use a step-up transformer and apply the
stepped-up voltages to another low-frequency amplifying valve.
This is known as multi-stage amplification and is dealt with in a
later chapter.

High-Frequency Amplification.-—Since electrons in a valve
containing a vacuum respond with extreme rapidity, and since the
time taken for the electrons to pass from filament toanode is so very
small, it is possible to amplify current of very high frequency
indeed without any lag or delay. A positive or negative voltage
applied to the grid of a valve, even though it be applied only for a
fraction of a second, will produce an instantaneous effect on the
anode current; we therefore can obtain effective high-frequency
amplification (or radio-frequency amplification as it is sometimes
called) and so strengthen the
oscillations received before they
are applied to a detector.

Fig. 104 shows a circuit in which

a tuned circuit L2 Cz is connected Y
in the anode circuit of the valve, Ly
while the H.F. potentials across ¢, z

the aerial circuit L1 Cr are
applied across grid and filament ;
if desired, a grid-bias battery is
inserted in the grid circuit to =
reduce damping. The amplified Fig. 104—A high-frequency amplifier
oscillations flowing in the anode using a tuned anode circuit
circuit of the valve will energise the circuit Lz C2, provided this is
in tune with the incoming signals. The arrangement not only results
in greater high-frequency current but also gives a greater degree
of selectivity as the valve provides a means of coupling the two
tuned circuits together. A full consideration of H.F. amplification
is given in a scparate chapter, and it only need be noted here that
several stages of high-frequency amplification can be arranged,
usually by connecting the terminals Y Z in Fig. 104 across the grid
and filament of a second H.F valve.

Relative Merits of H.F. and L.F. Amplification.—It may
be wondered why two kinds of amplification are so often used in a
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radio receiver. Radio-frequency amplification magnifies the input
oscillations before they are applied to a detector, while L.F.
amplification is used for amplifying the signals after they have been
detected. The latter system is considerably simpler since it involves
no tuned circuits, and it is generally employed where a loud signal
is desired. On the other hand, H.F. amplification is resorted to
when the input signal is not sufficiently strong to operate the
detector efficiently and without distortion. All detectors require
a certain minimum input signal to operate them effectively;
consequently, unless signals produce strong high-frequency oscil-
lations in the aerial circuit, it is customary to amplify them by one
or more H.F. valves before applying the current to the detector.
An additional advantage of radio-frequency amplification is that it
serves as a means for giving greater selectivity, Where the input
signals are sufficiently strong, radio-frequency amplification is
unnecessary, but it would still probably be resorted to as a con-
venient means of providing greater selectivity.

The Valve as Detector.—The three-electrode valve has had
a great vogue as a detector, although its operation in some cases is
really equivalent to that of a two-electrode valve followed by a
three-electrode valve L.F. amplifier. The whole question of the
valve as a detector is covered by a separate chapter, and the reader
is advised to refer to this. Meanwhile, it can be stated that the
three-electrode valve can operate as a detector in two main ways :
We can apply a steady negative potential to its grid so as to work
at the bottom bend of its characteristic curve ; this is known as
bottom-bend rectification. The second and most popular method is
called leaky-grid-condenser rectification or simply grid-condenser
rectification. In a common form of this system a grid condenser
of ‘ocor-mid. capacity is connected between the top end of the
tuned circuit and the grid of the valve; a resistance of, say, 1
megohm (one million ohms, the ohm being the unit of resistance)
is now connected across the grid condenser or, if more convenient,
across grid and the positive side of the filament “ battery.”

In both methods, the H.T. current in the anode circuit of the
valve is varied at L.F. by the incoming signals, the desired audio-
frequency currents having thus been ‘‘ extracted” from the
oscillations.



CHAPTER 5
HIGH-FREQUENCY AMPLIFICATION

Aperiodic Couplings.—The oscillations in an aerial circuit
are usually weak, and it is clearly advantageous to amplify them
by means of a valve which will reproduce the currents exactly in
their original form but of greater strength. A three-electrode valve,
a screen-grid valve, or an H.F. pentode is usually employed for
high-frequency amplification. but whichever is used the circuits
are very much the same, and to explain the action of a valve for
high-frequency amplification, the three-electrode valve will be
assumed to be used in most of the circuits.

y  Let us first consider the simple
arrangement of Fig. 105, where the
high-frequency currents are fed to the
terminals A B which are respectively
connected to the grid and filament of
the high-frequency amplifying valve.
Any of the aerial circuits or preliminary
tuning arrangements previously con-
sidered may be connected to the ter-

> minals A B. Intheanodecircuitof the

Fig. 105—Varying voltages across VIV€ isconnected a resistance R of say

AB will establish amplified T00,000 ohms, and a high-tension

voltages across R battery Bz of say, 100 volts. Witn the
grid of the valve at zero potential, there will normally be a steady
anode current flowing through the resistance R which will give the
terminal Y a steady negative potential with respect to Z; but as we
are not concerned with steady potentials but only with high-
frequency currents, we can ignore the potential drup across the
resistance R for the time being. In any case, its effect can be
eliminated by simply connecting a fixed stopping condenser between

the top of R and the terminal Y.

When the grid of the valve is made positive, there will be an
increase of anode current which will flow through R ; this will tend
to make the terminal Y negative with respect to Z, i.e., still mure
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negative than it already is. If, however, the grid is given a negative
half-cycle, the anode current will decrease, and this means that the
normally steady voltage across R will decrease, making Y less
negative than it was before. This is equivalent to Y becoming
positive with respect to Z. If the grid has H.F. applied to it, there
will thus be high-frequency potentials established across Y and Z,
superimposed upon the steady potential across R, which can be
ignored for our present purpose. If the H.F. potentials applied to
A Brise and fall in strength, exactly similar currents but larger ones
will occur in the anode circuit of the valve, producing larger e.m.fs.
across Y Z.

The amount of amplification will depend upon the type of valve
used, the value of the resistance R and the value of the battery Bz.
The whole scheme is not a particularly efficient one for high-
frequency amplification, and it is particularly inefficient for ampli-
fying high frequencies corresponding to the lower wavelengths.
The reason for this is that there is always some capacity in shunt
across the resistance R, such as the self-capacity of the resistance,
the capacity of the various leads, and the anode-fo-filament
capacity of the valve. These various capacities can all be repre-
sented by capacity C2 connected as shown in Fig. 106, and this
capacity will have the effect of short-circuiting to a large extent

R
T Ly

Fig. 107—An H.F. choke coupling

Fig 106—Various stray capacities A .
£ &Y apas system is better, but not efficient

affect the efficiency of resistance
coupling for H.F,

the high-frequency potentials which the valve would otherwise
establish across R. The arrangement, however, is aperiodic and
capable of operating over a wide band of wavelengths, the best
amplificatior being obtained on the longer waves. There is, how-
ever, no benent such as is obtained from a resonant tuned circuit.
In place of a resistance R, an air-core choke Z may be connected
as shown in Fig. 107. The high-frequency currents now pass through
the choke Z, which is really an inductance of large value and,
owing to its reactance (i.e., opposition effect), potentials are estab-
lished across it and may be led away from the terminals Y Z. This
arrangement is also aperiodic, but the reactance increases with



HIGH-FREQUENCY AMPLIFICA [1ON 73

frequency, so that greater amplification will usually be obtained
on the shorter wavelengths. On the other hand. if the choke has
self-capacity or capacities vitually across it, the choking effect
will be less on the lower wavelengths and amplification may be less.
It is possible, incidentally, to connect an air-core choke in series
with the resistance to cover a wider range of frequencies.

Aperiodic H.F. Transformers.—Instead of using an H.F.
choke, it is possible to arrange an aperiodic output transformer
consisting of an inductance coil L1 coupled to another inductance
coil L2, as shown in Fig. 108. It is sometimes advantageous to
make the coil L2 with a larger number of turns so that a step-up
effect is obtained between L1 and Lz. Although this output
transformer is aperiodic, it will usually operate best over a limited
band of wavelengths

Tuned H.F. Couplings.—Aperiodic H.F. couplings are certainly
simple and involve no adjustment, but they are not very popular
because the degree of amplification is smaller than that obtained
when the output circuit is tuned, and, moreover, one of the advan-

tages of high-
frequency ampli-

vy fication is that it
enables an extra

42 tuned circuit to

2 be very simply
arranged, ‘-and
the more tuned
circuits there are
in a receiver the
greater will be the selectivity.

The simplest tuned coupling of all is known as the tuned anode
coupling, and it is illustrated in Fig. 109, where an inductance L,
shunted by a tuning condenser C, is connected between the anode
of the valve and the positive
of the high-tension battery. The
amplified oscillations in the
anode circuit of the valve are now
used to set up oscillations in the
circuit L C, and the effect of the
resonant circuit is to produce
stronger em.fs. across the
terminals Y Z, which can be con-

i

Fig 108—Sometimes an aperiodic
H.F. transformer is used for H.F,
amplification

e

Fig. 109— The tuned anode
method of H.F.amplification
which gives good results

Fig. 110—A complete wireless receiver
employing tuned anode H.F. coupling and
a crystal detector

nected either to another stage of
high-frequency amplification or
to some form of detector. A
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complete tuned anode circuit operating a crystal detector is illus-
trated in Fig. 110 where the tuned aerial circuit is connected across
the grid and filament of the valve and a crystal and telephones
are connected across the tuned anode circuit.

Tuned Transformer Couplings.—Instead of connecting the
tuned anode circuit directly in the anode circuit of the valve,
it is possible to couple it by means of a separate inductance,
as shown in Fig. 111. Here we have an inductance L1, usually
of rather smaller size than the inductance L2 but coupled to it.
The coil Lz is tuned by means of a condenser C to the wavelength to
be received, but it is, of course, essential that this be tuned ac-
curately. Usually, the coupling between the inductance L1 and L2
is fixed to some efficient value, but by varying the coupling between

Y ¥
L Jé ¢ # L
1 Lo 2
L

i i 2

o - Ls
Fig. 111-H.F. intervaive coupling,

using an H.F. transformer with Fig. 112—The primary of the H.F,

aperiodic primary transformer is here shown tuned

L1 and L2 we can vary the degree of amplification given by the
valve. If the coupling between Lt and Lz is very weak, there will
be little amplification, but, on the other hand, the selectivity of the
circuit Lz C will be greater. A loose aerial coupling made for
greater selectivity because the aerial load was reduced. In this
case, the anode load also decreases the selectivity of the tuned
circuit Lz C. the worst condition, of course, being obtained when a
tuned anode circuit is employed. It is therefore quite common
practice to reduce the anode load by means of a transformer
coupling as in Fig. 111, even though there may be some loss of
signal strength.

Another transtormer-coupled arrangement is illustrated in
Fig. 112, where, this time, the primary is tuned while the secondary
coil L2 is coupled to L. Usually the coil L2 is made so as to have a
larger number of turns than L1, with the theoretical intention of
obtaining a step-up effect. This form of transformer coupling is not
used to any large extent.

Tapped Tuned Anode Circuits.—We can reduce the load effect
ot the anode circuit of the valve (which load could be represented
by a resistance) ; there is no need to include the whole of the tuned
anode circuit, but only a portion of it, and this can be carried out
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in the manner shown in Fig. 113, where a tapping T is taken on the
coil L. The lower the tapping T, the fewer will be the turns of the
inductance L directly included in the anode circuit of the valve,
and therefore the load will be less. This improves selectivity, but
will also reduce signal strength. An additional advantage of the
tapping is to render the valve more stable and less likely to oscillate
of its own accord, due to unintentional coupling between the tuned
circuit associated with the anode circuit, and the grid circuit,

Y Y
A
ek, ]
[
1 L
pp——= .
Fig. 113—Tapping the tuned " X e
an%de 3circu£p gives greater Fig. 114—Tapping the grid circuit results

selectivity and stability in less grid circuit damping

which should be connected across the terminals A B. This form of
instability is due to inherent reaction, which is explained later.

In the ordinary way, the terminals Y Z would be connected to
some form of detector, such as a crystal or valve, and this detector
will usually absorb energy. It will therefore have a damping
effect on the tuned circuit I C. The effect would be similar to that
obtained by connecting a resistance across the circuit L C. To
reduce this damping effect one frequently takes a second tapping
T2 on the inductance L (see Fig. 114), and connects this to the
detector, so that only a portion of the inductance L is connected
across the energy-absorbing detector. It would appear at first
sight that tapping down on the inductance L in this way would
reduce the total voltage available to operate the detector, but
there is an advantage in that by reducing the load on the circuit
L C stronger H.F. oscillations will flow in that circuit. If this
happens, the tapping-down on the inductance frequently results
in a negligible loss of signal strength while, since a considerable
amount of damping is removed from the circuit, selectivity will be
much better.

Parallel-fed Tuned Anode.—Instead of connecting the tuned
anode circuit direct in the anode circuit of the valve we can arrange
for parallel feeding. In this case, no direct current flows through
the tuning inductance. The direct anode current is made to pass
through a resistance or H.F. choke, and the potentials established
across this choke are made to energise a tuned circuit. I'ig. 115
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the direct anode current and the
e.m.fs. developed across R en-
ergise the tuned circuit LCr, a
R L 1 condenser C2 acting -as the
coupling condenser. Condenser
Cz prevents any direct current

. " L y Shows how a resistance R carries
cz

llll‘l‘ll é dsshmie-z flowing through the coil L but it
Fig. 115—A parailei-red tuned anode circuit, offers a ready passage to the
using resistance high-frequency current. The

disadvantages of a resistance
include the loss of efficiency due to the stray capacity across R,
which militates against effective amplification of the higher
frequencies. and a further disadvantage is that a resistance greatly
drops the anode voltage if the resistance is to be at all effective.
This in turn requires a much higher value of high-tension battery ;
this is not always convenient.

A much more technically efficient and commonly used arrange-
ment, especially in connection with screen-grid valves, is illustrated
in Fig.116, where an H.F. choke
Z is included in the anode circuit — “ |
of the valve, while the tuned Ce
circuit L C1 is coupled to it
through a condenser Caz. #
Fig. 117 is a slightly modified zg 4 =
arrangement. Note the position B2
of the inductance L and the ”l”'l -—
tuning condenser Cr; instead
of being connected directly B, 3 e eait is ed from a choke
across the choke Z, they are

Y

connected across the anode and
filament of the valve. This
really means that they are con-
# nected across both the choke Z
G and the high-tension battery.
The arrangement has the big
-2 advantage that practically no
high-frequency current passes
Fig, 117—A practica. arrangement which through the hlg h—t_ensmn
employs an H.F choke feed system battery and the tuning con-
denser has one side connected to earth. A more familiar drawing of
the circuit is shown in Fig. 118. It will be noticed that the second
valve is also shown in part, a condenser C3 and the resistance R
providing leaky-grid rectification (described elsewhere).

peii-Y
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Hr The arrangement of Fig. 118
is sometimes called a tuned grid
Ce coupling since the tuned circuit
h Cz is in the grid circuit of the
I second valve : but since it is the
H.F. output circuit of the first
L #c, ® valve, it is really a parallel-fed
tuned-anode circuit.
Fig.118—Parallel-fed tuned anode coui:l'mg, The extent to which the
sometimes called tuned grid coupling tuned-anode circuit may be in-
corporated, as it were, in the anode circuit is governed by the value
of the choke Z, and the capacity of the condenser C2. The greater
the capacity of Cz, the closer will be the arrangement to the ordinary
tuned anode circuit, and the tighter will be the connection between
the anode circuit of the valve and the tuned-anode circuit. The
lower the value of the capacity Cz, the more loosely connected
will the tuned circuit be to the anode of the valve and the greater
the falling off in signal strength; but on the other hand, since
the anode load is reduced, the selectivity will be greater. When
trouble is experienced due to a tendency of the H.F. amplifying
valve to oscillate (i.e., generate oscillations itself due to inherent
reaction), a reduction of the value of the coupling condenser will
increase stability.
The parallel-fed tuned-anode circuit is very popular when a
screen-grid valve is used, and the connections are shown in Fig. 119,

oL

Fig. 119—Use of screen-grid valve Fig. 120—Use of anode and grid tappings
in parallel-fed tuned-anode coupling to improve the selectivity

from which will be seen that they are the same as before, except
that a positive potential is applied to the screen in the valve. This
circuit also shows an adjustable feed condenser Cz. The use of
parallel feeding may be combined with any of the other arrange-
ments described and Fig. 120 shows how a tapped tuned circuit
may be employed in conjunction with a choke-fed system where
the tapping T1 is taken down on the inductance to give greater
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selectivity and to increase the stability of the circuit, while the
second tapping T2 is taken down on the coil to prevent the grid
current from the second valve introducing excessive damping on
the tuned circuit and thereby causing lack of selectivity. The
condenser Cz may. of course, be made variable if desired, as was
shown in Fig. 119. The usual capacity for this condenser is from
0001 mfd. to -0003 mid.

Use of Differential Couplings.—A differential condenser
consisting of two sets of plates between which a third moving set
operates may, with advantage, be used in high-frequency amplifying
circuits, and the present writer has developed two methods of
doing this. One is illustrated in Fig. 120a, which was used in the

“S.T.300,” ““ S.T.400 " and “S.T.500 ”’
circuits, The anode of the valve is
connected to the moving plates Pr of
the differential Cz, which has a capacity

_—— of, say, -0oo1 mifd. for each half. One

set of fixed plates P3 is connected to

# earth, while the other half, P2, is con-

Ci nected to the top end of the tuned

circuit L C1. When the moving plates,

Fig. 1208 Diffecenual ;dze P1, are directly opposite P2, the whole

coupling for greater selectivity arrangement works in exactly the same

and control way as the simpler arrangement of

Fig. 118. When. however, P1 is opposite P3, the tuned circuit is

theoretically completely isolated, and all the high-frequency output

from the choke Z goes to earth and is wasted. Actually, in practice,

a certain amount of H.F. current does drift over to the circuit L Cr,

but, generally speaking, by the use of a differential in this way
one can control the amount of energy fed into the circuit L Cr1.

The chief merit of this is not, however, so much as a volume
control but as a means of adjusting the stability of the high-frequency
amplifying stage, and, far more important still, varying the load of
the anode circuit on the tuned circuit L C1. Thus selectivity will
improve as P1 is brought opposite to P3, although, simultaneously,
there will be some reduction in signal strength. Alteration of the
moving plates will cause some alteration of tuning of L C1, and it
will be necessary toretune on the condenser C1 when the differential
isaltered. It will be noticed that there is not only capacity between
P2 and P1 and between P3 and P1, but there is a devious capacity
of a stepping-stone type between P2 and P3, the moving plates Px
acting as an intermediate plate. It is as if the capacities P2, P1
and P1, P3 were connected in series and that this composite con-
denser were connected across L Cx. Changes in Px will vary the
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stepping-stone capacity across L Cx. This stepping-stone capacity
is absent when Pr1 is opposite P3 or opposite P2. It is to be
noticed, however, that when P1 is opposite Pz there is the additional
capacity of the anode of the valve and its associated apparatus,
and this tends to make the circuit LCx tune to a greater wave-
length than when P1 is opposite to P3.

If the differential condenser is reversed, as in Fig. 121, so that the
moving plate is now connected to the circuit L Cr alterationsin tun-
ing can be made less. When Pr is opposite P3 there is a capacity
across L Cr1, but this is made equal to the capacity of the anode

——

fic

4
£

ea

Fig. 121—A reversed form of differential Fig. 122—Use of differential anode couplinz
coupling possesses certain advantages with H.F. transformer coupling method

by inserting a preset condenser C3 between P3 and earth. The
result is, that whichever plates P1 is opposite, the additional
capacity will be the same, and when P1 is at an intermediate
position the two capacities (Px, Pzand P1, P3) will remain more or
less the same. This arrangement, therefore enables an adjustable
degree of coupling to be obtained without alteration in tuning of
the circuit L Cr.

Fig. 122 shows how a transformer-coupled set may be fed through
a differential condenser from a choke. This arrangement produces
practically no variation in tuning of the circuit Lz C1. There is
some advantage in providing for a path for the unwanted high-
frequency current developed in the anode circuit of a valve, and so
the arrangements in Fig. 120 and Fig. 122 are of value. A reverse
reaction effect is obtained on a preceding circuit, namely the grid
circuit of the high-frequency amplifying valve when there is no tuned
circuit associated with a choke in the anode circuit of the valve.
This reverse reaction effect, known as Miller Effect, reduces the
amplitude of the signals in the grid circuit of the amplifying valve
and reduces the selectivity of that circuit.

The arrangement of Fig. 120a is shown applicable to a three-
electrode valve, but Fig. 123 shows the arrangement when a screen-
grid valve is employed. It will be seen that the arrangement is
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really identical. It does not
matter which way the fixed
plates of the differential are
-==) connected; the only difference
will be that the operator of the
receiver may have to turn the
a1 ] differential condenser anti-
Fig. 123—Screen-grid valve, followed by clockwise instead of clockwise
differential anode coupling in order to obtain the effect he
desires. Usually, one would arrange the connections so that
turning the knob to the right will cause an increase of coupling.

Reaction effects may be introduced on any of the tuned anode
circuits or other circuits between two valves. (See chapter on
reaction.)

Loose-coupled Tuned Circuits Between Valves.—Instead
of having a single tuned circuit between a couple of valves, it is
possible to obtain all the advantages of greater selectivity by using
two tuned circuits, and we have a large variety of arrangements to
choose from. These have already been discussed in connection
with band-pass circuits and loose-coupled arrangements generally.
These were dealt with under the heading of aerial circuits, but the
arrangements may equally well be used for coupling an H.F.
amplifying valve to either a detector or another H.F. valve. Fig.
124 shows a simple arrangement in which two tuned circuits, L1 Cx
and Lz C, are coupled together by means of the inductances L1

AAA -
VVVY

[~]

Y ) A "c »Y
# ’ é () é ECZ
C ’
1 L/ Lz c L’ La
(ool ~z i z
Fig. 124—Loose-coupled tuned circuits Fig. 125—The tuned circuits are coupled
between valves give greater selectivity only by a small condenser C

and Lz which form a transformer. It is usual to make these two
inductances the same size and to have the coupling fairly loose.
The looser the coupling the greater will be the selectivity, and the
reader is referred to previous remarks on loose-coupled circuits.
Fig. 125 shows an arrangement where two tuned circuits are
covpled together by a very small capacity C, while in Fig. 126
a resistance R of 100,000 ohms is used for coupling the two circuits.
In Fig. 127 we have a band-pass arrangement in which a
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»Y 17 ) -y
R
Lz
A o] Ca! A Ct
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L Lo
ICZ
8 8 )
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Fig. 126—Use of a resistance of about Fig. 127—A large condenser common
100,000 ohms for coupling to both circuits couples the two circuits

condenser C3 of, say, -06 mfd. capacity, is used for linking the two
tuned circuits, while in Fig. 128 a similar effect is obtained by means
of a small inductance, L3, common to both circuits. All these
arrangements will give greater selectivity than a single tuned .
circuit, and a band-pass effect is easily obtainable with most by
suitably adjusting the couplings. For still greater selectivity
(acrmcmg the band-pass effects) the couplings should be made
v still looser. The mixed couphngs

. described in connexion with

A ¢ ke input circuits may equally well
#c, -'7'-%2 be used in intervalve circuits.

L3 All the above circuits may be

o ]'M' »» used with screen-grid valves,

- . L the only alteration to the circuits
ig. 128— Inductive coupling is here . . .
effected by an inductance common to  being the connection of a posi-
both circuits tive potential to the screen of
the valve. The only reason screen-grid valves are not shown is
that they do not affect the explanation of the circuits. It is con-
sidered preferable to keep the circuits as simple as possible.



CHAPTER 6

LOW-FREQUENCY AMPLIFICATION

The three-electrode valve is capable of being used for either
high-frequency amplification or low-frequency magnification. It
is proposed now to consider the various ways in which it can be
used for amplifying low frequencies—i.e., those which are produced
when an incoming signal is rectified and converted into the kind
of current originally produced by speech at the broadcasting
station.

Fig. 129 shows a complete low-frequency amplifying outfit. It
consists of an input step-up transformer T1, T2, a grid-bias battery
B1, a valve, a high-tension bat-
tery Bz, and a loudspeaker L.
The grid-bias battery may have
a value of anything up to about
16 volts, while the high-tension
battery will usually have a
voltage of 120.

The currents to be amplified
are taken from the detector and
Fig. 129—The simplest form of low- applied to the primary Tx. The
frequency ar;né)tlé:i:r i note grid-bias  secondary T2 usually has about
v Bk three times as many turns as Tt
in order to obtain a voltage step-up effect. Since the three-
electrode valve works as a potential-operated device, we are not
concerned about current in the secondary of the transformer, but
are only anxious to obtain high voltages developed across Tz.
The low-frequency variations are applied to the grid G of the
valve, and amplified variations of exactly the same character are
produced in the anode circuit Ar, L, Bz, F of the valve. The
object of the grid-bias battery Br1 is to keep the grid G negative,
and so prevent any grid currents flowing. The effect of grid
currents would be to damp down the input voltages and produce
distortion. The valve is operated on the steep, straight portion
of its grid-volts/anode-current curve.




LOW-FREQUENCY AMPLIFICATION 83

Fig. 130 is a small modification in which the grid-bias battery
is shown adjustable, and a step-down transformer T3 T4 is con-
nected in the anode circuit of
the valve. A moving - coil
speaker is presumed to be in
use, and the purpose of the
output transformer is to match E
the valve and speaker. It is

-]
necessary to convert the out- &
put currents into signals of |M|M|
exactly similar characteristics, Fig, 130—Shows use of output trans-

- . former feeding the loudspeaker
but of lower voltage and higher
current values.

Auto-Transformer Connections.—In place of a step-up
transformer having two absolutely distinct windings, it is possible
to use an auto-transformer, as shown in Fig. 131. The input
signals are fed to the terminals A and B, A being connected to a
tapping point Tz of the choke
coil T, T2, T3. The input
currents use the portion of the
coil between Tz and T3, but
the varying magnetic field in-
fluences the whole of the coil
which acts as the secondary; a
step-up effect is thus obtained,
the actual amount of stepping-
up depending wpon the ratio of

Fig. 131—This illustrates a step-up  the portion T2, T3 to the whole

auto-transformer in grid circuit coil TI, TZ, TB Thus, if a
tapping T2 is half-way up, there will be a step-up of 1:2. By
suitably joining the primary and secondary windings of an
ordinary L.F. transformer, it is possible to use it for auto-
coupled circuits. Circuits are given later.

Choke Couplings.—Probably the simplest {form of feeding the
input low-frequency current to
the grid circuit of the valve is
to employ a choke coil Z, as 4
in Tig. 132. This is an iron-
cored choke, (i.e., an inductance
coil wound on iron) and the z
passage of the input currents
through it sets up e.m.fs. across
it, and these are communicated ie 12— The erid Sis'tame and done
to the grid and filament of the  densar C enable bias to be applied
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valve. Instead of a grid-bias battery being connected in the usual
way so that its potential is communicated to the grid through the
choke coil Z, a modified arrangement is illustrated because it is
frequently used in technical circuits. A fixed condenser C of large
capacity (say, -006 mfd. and upwards) is connected between the top
of Zand the grid ot the valve. Across the grid and filament of the
valve we have a resistance of, say, 100,000 ohms to I megohm. The
condenser C allows the low-frequency potentials to be communicated
to the grid without alteration, but it prevents the choke coil Z
short-circuiting the battery Bx. The object of the resistance R,
in this case, is to present a high impedance (i.e., opposition) to the
low-frequency current ; if R were absent and the battery B1 were
connected across the grid and filament, the L.F. potentials would
be short-circuited through the battery Br.

In place of the resistance R, one could use a low-frequency choke
similar to Z, but of greater inductance ; a resistance, however, is
cheaper and behaves to all frequencies in very much the same
way.

Resistance Coupling.—A third method of feeding low-fre-
quency potentials to the grid of the valve consists in passing them
through a resistance, as shown in Fig. 133. The input circuit
now consists of the terminal A, the resistance R of about 50,000 to
100,000 ohms, and the terminal B. In passing through R, the
currents set up varying potentials across R and these are applied

R
Ba
& s
Fig. 133—Simple resistance coupling. Fig. 134—Use of stopping condenser
The size and direction of Br may and grid resistance to ensure correct

be modified grid bias

across grid and filament of the valve, the grid-bias battery Cx
being inserted in the grid circuit to give the grid G a suitable nega-
tive potential. Without making any appreciable difference to the
operation of the circuit, we can modify it in the manner shown in
Fig. 134, where a condenser C of ‘006 mfd. upwards is inserted
between the top of R and the grid, a grid resistance R2 being
connected between Rz and the negative of the grid-bias battery Bx
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The object of the grid condenser and grid leak of Fig. 132 and
Fig. 134 will be seen when we come to practical receivers. It may
be stated here that the object of the condenser C is purely that
of a stopping condenser to insulate the grid from any sfeady voltage
across RI and from the high-tension battery positive. It might be
thought at first that the resistance R2 would reduce the grid-bias
potential applied to the grid of the valve, but when it is remembered
that the grid, when negative, takes no current at all since it repels
any tendency of electrons to flow to it, there will be no grid currents
through Rz to set up a back-e.m.f. across it. The full voltage
of the grid-bias battery is, therefore, communicated to the grid of
the valve.

Parallel-fed Output.—We have seen the loudspeaker con-
nected directly in the anode circuit of the valve, or connected
to it by means of a step-down transformer. A modified form
of this latter arrangement is shown in Fig. 135, where the loud-
speaker L is connected across a portion of an output choke T. This
output choke is now virtually acting as a step-down transformer.

A very common arrangement is the parallel-fed output circuit

Fig, 135—Tapped output choke equivalent Fig. 136—Parallel-fed output arrangement.
to a step-down auto-coupled transformer No D.C. passes through the loudspeaker
illustrated in Fig. 136. An iron-core L.F. choke coil Z is con-
nected in the anode circuit of the amplifier, a stopping condenser
C being connected in series with the loudspeaker L ; condenser and
speaker are across the choke coil Z. 1In the figure they are actually
connected across the choke coil Z and the high-tension battery Bz ;
this is because the battery possesses a small impedance itself. It
is desirable, for several reasons, that one side of the speaker should
be at earth; one reason for the Fig. 136 arrangement is that one
cannot receive a shock from the H.T. when the speaker terminals
are touched. When the whole circuit is not receiving any incoming
signals, there is a steady anode current which flows through Z,
the H.T. battery and the filament-to-anode path in the valve.
No direct current flows through C and the speaker, since C actsasa
stopper to direct current. When signals, however, are received,
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the choke Z offers a very considerable impedance to the fluctuating
currents. These alternating currents find it much easier to pass
through the condenser C and the loudspeaker L, so they pass
along this easier path and operate the loudspeaker. It is possible
to consider the choke Z as providing the alternating potentials
which establish a current through the circuit C L. The parallel-
fed output circuit prevents any direct current going through the
loudspeaker, enables the loudspeaker to be kept at earth potential,
and greatly reduces the tendency for fluctuating potentials to be
set up across the high-tension battery and influence in an un-
desirable way the anode voltages of other valves in the receiver.

An extension of the parallel-fed output scheme is shown in Fig.
137, where a tapping T is taken on the choke coil Z and connected
to one side of the condenser C. The loudspeaker L is connected
between the other side of C and the filament of the valve. The

i

2]

ajajali-

Fig. 137—Tapped output choke which Fig. 138—Resistance-fed loudspeaker.
gives step-down effect ; speaker is This arrangement possesses several
parallel-fed disadvantages

whole of the arrangement now acts as a step-down transformer, with
the loudspeaker insulated from the direct voltage of the H.T.
battery. Instead of using an output choke for parallel-feeding a
loudspeaker, a resistance R may be used, as shown in Fig. 138. This
scheme, however, is not popular. It will be appreciated that any
resistance in the high-tension battery circuit will tend to reduce the
anode voltage of the output valve, whereas an iron-cored L.F.
choke ot low resistance would have little effect on the anode voltage,
but will offer a desirably high impedance to the alternating currents
which are being amplified.



CHAPTER 7

MULTI-STAGE L.F. AMPLIFIERS

Resistance-coupled Amplifiers.—Since onevaivewill amplify,
it is a simple matter to apply the output current to another valve
acting in a similar way, thus obtaining two stages of amplification.
To obtain a practical and convenient circuit a certain amount
of thought must be given to the problem. Let us first of all con-
sider a two-valve arrangement using resistance coupling. Fig. 139
shows the anode AT of the first
valve connected through a resis-
tance R and high-tension battery
B2 to the filament Fi. By
applying the incoming low-
frequency signals to the ter-
minals A B we shall get a
fluctuating voltage set up across
the resistance R ; by connecting
the terminals Y Z across the
second grid Gz and second Fig. 139—Theoretical resistance-
filament F2 we obtain a coupled L.F. amplifier
second stage of amplification, the final doubly amplified signals
appearing in the loudspeaker L. The disadvantage of this ar-
rangement is that, when no signals are being received, the steady
anode current of the first valve flows through the resistance R,
thereby setting up a potential difference across R. This steady
e.m.f. may be as much as 20 or 30 volts, and is in such a direction
that the grid of the second valve is made negative in respect to its
filament. This negative potential is far too great to make the
second valve operate at a proper position on its characteristic curve,
and the circuit is really given to bring out its unpractical nature.

Students who wish to remember how to find out the nature of
the potential applied to the second grid, should remember that
electrons flow from F1 of the first valve to A1, and round
through the resistance R, from top to bottom and back through
the H.T. battery. Since the electrons flow {rom the top

/NDESIRABLE=ION GRID
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of R to the bottom of R, it follows that the top of R is
negative while the bottom of R is positive, since electrons always
flow from negative to positive. When alternating signals are
applied to the terminals A B, the steady potential across R will be
varied up and down ; the grid GI. when positive, produces an in-
crease of anode current and therefore makes the terminal Y more
negative with respect to Z. When, however, the alternating signals
make the grid of the first valve negative, there will be a decrease
in the anode current of the first valve, and therefore there will be
fewer electrons flowing through the resistance R.  This means that
although the terminal Y will still be at a negative potential with
respect to Z, it will be less negative than before.

Fig.140—Use of battery Bg to prevent Fig. 141—Insertion of H.T. in position
excessive negative grid voltage shown requires a grid battery Bs

To overcome the disadvantage of a steady voltage drop across
the resistance, we can insert a special battery Bs, as in Fig. 140, in
the grid circuit of the second valve. This is so connected as to
oppose the steady voltage across R which tends to make the grid
of the second valve too negative. It is, of course, desirable that
the battery Bs should be so adjusted that a small suitable negative
potential still remains on the grid of the second valve.

Another modification is illustrated in Fig. 141 where the high-
tension battery Bz is connected in the first anode cu cuit. 1t is also
a part of the grid circuit of the second valve. There is now a
negative potential, due to R, tending to make the grid Gz
negative, but the high-tension battery B2 is tending to make the
same grid positive and this voltage is considerably greater than the
other, so that when we insert a battery Bj in the grid circuit we must
connect it so that its negative terminal is connected to G2. The
object of putting the high-tension battery in the position shown is
partly because the battery has a certain internal resistance of its
own, and since e.m.fs. will be set up across the battery due to alter-
nating potentials on the grid of the valve, we might as well take
advantage of them to assist in the amplification. The arrange-
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ment, however, is really shown as a step in the simplification of

the whole circuit.

It will be seen that there are two accumulators heating the

filaments and that there are two high-tension batteries. In practice,

we can combine both accumula-~

tors and high-tension batteries

and the circuit is now illus-

trated in Fig. 142. The con-

ditions necessary for using one

H.T. and one L.T. battery are

(a)that the high-tension battery

must be next to the filaments

of the valves and (b) that its g 145 The L.T. and

negative terminal must be con- H.T. batteries are now common ; a grid

nected to the same side of battery remains necessary

each filament accumulator (in this case the negative side). In

Fig. 142 a battery Bj is still necessary in the grid circuit of the

second valve to keep its potential at a suitable value. The ar-

rangement, however, is a nuisance for the following reasons: The

use of a large battery involves expense, the battery itself will offer

an impedance which may become uncertain after a time owing

to the battery getting old, the battery will have a capacity to

earth and the resistance R will, therefore, be shunted by an un-

desirable capacity. The voltage of the battery Bs would also have

to be altered as the high-tension battery Bz altered in voltage owing

to use, and the difficulty of insulating the battery Bs would present
a problem.

We overcome these disad-
vantages by using a stopping
condenserto prevent the steady
voltage (due to the wvoltage
drop across R in opposition to
the H.T. voltage), getting to

the grid of the second valve
which we only want influenced
by the alternating current being

Fig. 143—By using a grid condenser, X .
the steady, undesirable grid voltage amphﬁed. Flg. 143 shows a

is removed complete and practical example

of a resistance-coupled amplifier. The battery B35 has now been
replaced by a stopping condenser C ; a grid resistance Rz and grid-
bias battery B3 are connected across grid and filament of the
second valve. The amplified alternating currents passing through
R1 now set up alternating potentials at the point Y and these are
readily communicated to the grid Gz of the second valve. The
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grid-bias potential from B3 is communicated through the resistance
R2 (which may have a value of 1 megohm). It is true that this
grid resistance Rz tends to short-circuit to a slight extent any
potentials developed across the main resistance R1, but as the grid
resistance R2 has a value of 10 to 20 times that of Rz, the loss 1s
small.  The coupling condenser C offers a certain reactance (oppo-
sition) to the alternating potentials applied to the grid Gz, but here
again the loss is small since we can make the condenser C con-
veniently large. It might be advisable to point out, however,
that the condenser C will offer a greater reactance to lower notes
than to the higher frequencies. It is, therefore, possible to obtain
a certain amount of fone control by reducing the value of the conden-
ser C, thus lessening the amount of amplification of the lower notes.

A more subtle way of looking at the operation of this circuit is
to regard the condenser C and the resistance Rz as being in shunt
to the main resistance R1 and acting as a potential divider across
it. There will thus be a drop of L.F. potential across C and across
Rz. Except in the case of very low notes, almost the whole of the
potentials will be developed across Rz which is what we desire.
By making C very much smaller, however, a very appreciable
potential drop will occur across C when very low frequencies are
being amplified and consequently the potentials developed across
Rz will be correspondingly less.
_____.J Since it is the potentials across

-;— R2 that are amplified by the
t 82 second valve, there will thus be

a falling off in the low notes.
A more common way of
drawing the Fig. 122 circuit is
shown in Fig. 144.
Transformer-Coupled
Amplifiers.—We can repeat

Sy
O o
Fig 144—A complete and practical resist-
ance-coupled low-frequency amplifier

with low-frequency step-up 4
transformers what we have
already done with resistance
coupling. and Fig. 145 shows
two valves coupled together
by means of a step-up trans-
former T1 T2 having a ratio
of, say,1:3. Theinput signals Fig. 145—A theoretical circuit showng
are fed to the terminals A B of step-up transformer for coupling valves

the first valve and produce exactly similar but larger currents
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which flow through T1 and are stepped up by the transformer and
taken to the grid and filament of the second valve. The second
grid is given a suitable negative potential by means of a grid-
bias battery B5. The doubly amplified signals appear in the loud-
speaker L.

The circuit in practice is sim-
plified as shown in Fig. 146,
where a single accumulator Bx
feeds both filaments, and a single
high-tension battery Bz feeds
both anodes.

Combining Resistance and
Transformer Couplings.—It & |
is possible to use several stages of ~ Fig. 146—A single L.T. and a single

. . . H.T. battery are now employed

low-frequency amplification in

which the couplings between the valves are either resistances or
transformers. It is, however, most common to find a combination
of the two arrangements; the first valve, for example, may be
coupled to the next by a resistance, and the second valve coupled
to the final output valve by a step-up transformer. Such an
arrrangement in
simple theoreti-
cal form is given
in Fig. 147. The
first valve VI in
this case is shown
operating as a
leaky-grid detec-

 —— tor, the process
Fig. 147—A combined amplifier using both resistance i i
and transformer methods of coupling the valves bemg €xp lained

inthe chapter on
Detection. When high-frequency potentials are communicated to the
terminals A B (which could be connected to any of the aerial circuits
already discussed), the grid of the first valve becomes negative to an
extent which will vary with the modulation (i.e., variation in
strength due to speech or music) of the incoming signals. Similar
amplified low-frequency currents will flow through the resistance
Rz, and amplified potentials of varying character will be passed on
to the grid and filament of the second valve, which also acts as a
low-frequency amplifier. Magnified low-frequency currents will thus
flow through Tz and will set up similar e.m.fs. across the secondary
Tz. The output valve, V3, acts as a final low-frequency amplifier.

Fig. 148 shows the same circuit simplified, using a single filament
accumulator, a single high-tension battery and a single grid-bias
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Fig. 148—A single accumulator and H.T. battery
are shown in this practical circuit

different valves may
require  different
anode voltages and
different  grid-bias
potentials,these bat-
teries are provided
with tappings in the
form of movable
plugs fitting into
sockets to give
different  voltages.

A first valve for resistance-coupling can have a high amplification
factor and fairly high impedance ; the signals it will have to handle

will be weak.

impedance, the grid voltage *

«

The second L.F. valve will usually have a lower
swings ”’ being larger.

Some Special Arrangements.—Fig. 149 shows a simple

two-valve receiver in
which the first valve
acts as a detector, and
the second as a low-
frequency amplifier.
{Incidentally, when a
three-electrode valve is
used as a detector in this
way, low-frequency am-
plification is really oc-
curring in the valve as
well.) It will be seen

R4
-

Fig. 140—Simple circuit in which the first valve
is detector and the second an L.F. amplifier

that the terminals A B are connected across an aerial circuit,

L
L
Y
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Fig. 150—A crystal detector followed by a stage
of resistance-coupled L.F. amplification :

and the terminals
could be connected
across any kind of
circuit in which high-
frequency oscillations
are taking place.

Fig. 150 shows a
resistance-coupled am-
plifier which is fed by
a step-up transformer,
the primary of which
is connected in a crys-
tal detector receiving
circuit. Here again
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the reader can connect the primary Ti of the input step-up
transformer Tx T2 to any source of low-frequency current. It
will be noticed that a wire connects the negative of the filament
accumulator to earth. This helps to stabilise the valve part of the
receiver. The iron core and any shielding cover of the L.F.
transformer is also commonly connected to earth.

Fig. 151 is a straightforward
two-stage low-frequency ampli-
fier employing two step-up trans-
formers. It may be used for
amplifying any low-frequency
current whether from a crystal or
valve detector. In all L.F, am- ¢ L
plifiers of the multi-stage type ' Tt
it will be wusual to provide 3
“bigger ” wvalves in the later Fig. 151 — A complete two-stage L.F.
stages: as these valves are amplifier. Note separate grid-bias voltages
handling amplified currents, the swings of grid voltage will be
larger and therefore more negative bias will be required for correct
operation.

g Y
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CHAPTER 8
REACTION

Perhaps the most interesting and certainly one of the most useful
applications of the three-electrode valve is its use for producing
the effect known as ‘‘ reaction,” This effect consists in taking a
portion of the amplified high-frequency currents occurring in the
anode circuit of the valve and feeding it back into the grid current
50 as to strengthen the oscillations already existing there.

The arrangement of Fig. 152 will
make plain what is happening. Across
the grid and filament of the valve we
have a tuned circuit L1 Cr in which
it is assumed that oscillations are
taking place produced, say, byincoming
signals. The anode circuit of the valve
contains an inductance coil L2, and in
the ordinary way when the valve is
used as an amplifier the high-
frequency oscillations in L1 Cr will be
amplified by the valve, and the current

Fig. 152—The simplest reaction Passing through Lz will consist of ex-

method with movable reaction actly similar oscillations, both as

coil

regards frequency and general char-
acter. They will, however, be of greater amplitude or strength.
If now we bring the coil Lz close to the coil L1 the strong
oscillations in Lz will induce further oscillations into the induct-
ance L. By arranging the connections to the coil Lz the right
way round, we can ensure that the induced oscillations in L1 Cx
{i.e., those fed into the circuit by L2) coincide with those already
flowing in that circuit. If this is done, the original oscillations
will be greatly strengthened. If, however, the inductance coil L2
(which is known as a reaction coil) is coupled the wrong way round
relative to L1, then the induced oscillations will be in an opposite
direction to those taking place in the circuit L1 C1. This isknownasa
“reverse’ reaction effect, and the oscillations arereducedinstrength.
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It is important to adjust the coupling between Lz and L1 cor-
rectly, (The arrow in Fig. 152 indicates that the coils are
coupled.) If the coupling is too loose, there will be very little
reaction effect, but as we tighten the coupling so does the reaction
effect increase, with a consequent increase in current strength. If,
however, the reaction coil is brought too close to L1, the valve will
oscillate of its own accord (i.e., the valve will itself begin to generate
alternating currents of a frequency determined by the inductance
L1 and capacity Cx). These continuous oscillations, as they are
called, will occur independently of any incoming signals, so that
even though we remove the original source of oscillation, the valve
will continue to oscillate of its own accord.

This property of self-oscillation is extremely valuable and is
used by broadcasting stations for the generating of the continuous
waves which, after modulation, convey music or speech. In
wireless receivers also, oscillating valves are employed, especially
in the superheterodyne.

Having obtained the reaction effect, which is adjusted just
below the state of self-oscillation, the next question is how to
employ the magnified oscillations. We can either use the original
tuned circuit L.1 C1 and connect a detector in some way to it, or
we can draw off the oscillations from the reaction coil L2. We can
even tune the reaction coil L2 by adding a variable condenser
across it, although this tends to add complications. It is possible
to obtain a reaction effect in scores of different ways, all of them
however, having this in common ; that energy is transferred from
the anode circuit to the grid circuit in such a direction that the
oscillations existing there are strengthened.

The most generally-used arrangement employing reaction consists
in using a valve simultaneously as a detector and as a means of
obtaining reaction,and Fig. 153
shows a simple single-valve re-
ceiver  working on this
C3 L Lo -
] principle. An aperiodic aerial
coil L1 is coupled to the closed
circuit L2 Cx of the receiver,
which is connected across grid

and filament of the valve.

“Fig. 153—Complete reaction receiver,  10€ grid circuit contains the
the reaction coil being movable with  grid condenser C2 and grid
respect to Lz leak R to enable the valve to

operate as a detector. The anode circuit of the valve contains a
reaction coil L2, telephone receiver T, and a high-tension battery
HT. Telephones are used because the signals will not be strong

N

k-4
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enough to work a loudspeaker. A condenser C3 provides an easy
path for the high-frequency oscillations, to save them having to go
through the telephones T and battery H T.

The detector action of the valve has already been mentioned, but
it is important to note that although the grid fluctuates at a low-
frequency in accordance with the modulation of the music or speech
due to the rectification effect, high-frequency potentials are also
superimposed on the grid. In the ordinary way these oscillations,
if there were no reaction coil, would not be used in any way what-
soever in this circuit ; they would, in fact, be a nuisance rather than
otherwise. By making them pass through a reaction coil, however,
and coupling this coil L2 in the right direction to L1, we are able
to strengthen the oscillations in the circuit Lz C1. It is usual to
make the reaction coil rotate inside the coil L2, and its correct
position is found by actual- experiment while listening. If the
coupling is too tight the valve will oscillate, there will be violent
distortion of the incoming signals and a whistle if the condenser
Cr is varied. Incidentally, this oscillation will cause a great deal
of interference to neighbouring receiving sets, since the valve has
become a miniature transmitter.

The benefits of reaction are not confined to increasing the signal
strength of the oscillation in a tuned circuit. The effect of reaction
is equivalent to reducing the resistance of the circuit and a con-
sequent reduction in the losses. Inefficient coils or condensers will
introduce damping into the oscillatory circuit, and it is very difficult
to reduce the losses beyond a certain limit, and it certainly becomes
an expensive matter. It is little wonder, then, that reaction is
used to compensate to some extent for the damping of the circuit.
The reader will have understood that any reduction in losses, and
consequent improvement in efficiency in a tuned circuit, will
improve its selectivity. The second and perhaps the most important
merit of reaction is that it improves the selectivity of the circuit to
which it is applied.

The phenomenon of reaction may be illu-
strated by considering a pendulum swinging in
air. This is illustrated in Fig. 154. The bob
of the pendulum is drawn to one side and then  Snewa-
released. Tt will, after a short time, come to
rest, the reason being that there is friction at __ <
the point of suspension and also considerable TR
resistance offered by the air. If, however, we
can compensate for these losses by giving the
bob of the pendulum a tap at a suitable moment Fig. 154—Keeping a

. endulum swin, b;
on every swing, we can keep the pendulum P orrect] -ﬁmegl ?f ol
g y P
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A DOUBLE LOUDSPEAKER, ONE SPEAKER FOR HIGH NOTES AND THE
OTHER FOR LOW NOTES
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swinging for an indefinite period. It is to be noted that these taps
must be correctly timed, as it would never do to tap the bob
while it was approaching one’s finger. Reaction is automatically
correctly timed because the valve anode circuit contains oscil-
lations of exactly the same frequency as the original oscillations
in the grid circuit, but it is quite possible to reverse the reaction
coil or have a wrong connection to it so that the reaction acts
in the opposite way and damps down the original oscillation.
There are many mechanical analogies for reaction, such as the or-
dinary steam engine where the flywheel represents an oscillatory
circuit. Originally, the steam engine was operated by a small boy
who let steam into the cylinder by means of a tap which he turned.
The rush of steam pushed the piston out and the flywheel turned
round half a turn. The steam was then switched off and the fly-
wheel carried-the piston back to its starting point. The steam was
then switched on again and the process repeated. The story goes -
that the boy noted that he had to turn on the steam at a
certain particular position of the flywheel and, by connecting a rod
between the steam tap and the flywheel, he was able to make the
whole engine automatic in operation. The “ output circuit "’ of
the steam engine is the flywheel and the input is the steam-tap,
and reaction is thus obtained by coupling the output to the
input.

A clock having an escapement is also a form of reaction, since the
balance wheel arranges to allow the power of the spring to operate
at regular intervals to keep the balance wheel working. These
analogies, however, correspond to self-oscillation of a valve, whereas
in reaction we do not desire the feed-back to be sufficiently great
to produce oscillation.

Methods of obtaining Reaction.—Reaction may be obtained
in various ways, all of which have this in common : that energy is
fed back from the anode circuit to the grid circuit. A reaction coil
is the usual method adopted, but here we have many ways of
varying the amount of high-frequency current transferred from
anode to grid. The system in which the reaction coil itself is moved
with respect to the grid circuit inductance is perfectly effective, but
the movement of the coil relative to the other tends to produce quite
large changes in the tuning of the grid circuit, so that every altera-
tion of the reaction coil requires an alteration in tuning of the
circuit. As a matter of fact, a slight readjustment of the tuned
circuit is almost inevitable in any form of reaction, but it is desirable
to use some form which produces a minimum of change of tuning.
A further disadvantage of the moving coil is that it is difficult to
screen, and moving parts of this kind are in any case undesirable.

L
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Fig. 155 shows an arrangement by which the reaction coil Lz is
fixed with respect to L1, and the resistance R of variable value
is connected in the anode circuit, By varying the value of the

Lz HT+

Fig. 155—The reaction is varied by an  Fig. 156—The variable condenser Cz
adjustable resistance in the anode circuit modifies the choke effect of Z

resistance Ri1, the H.F. voltage drop across Lz can be varied ;
the greater the value of Rx the less will be the high-frequency
current flowing through Lz, and therefore the less will be the
reaction effect. One of the most popular forms of reaction adjust-
ment is that illustrated in Fig. 156. A reaction coil Lz is fixed in
respect to L1, but an H.F. choke Z is included in the anode circuit
and is shunted by a variable condenser Cz usually connected from
one side of the choke to the filament of the valve. The high-
— frequency current through Lz

é ia 17T s greatest when the condenser
Cz istat maximum. When Cz

is at a minimum, the reaction
current has to travel through
7 the choke Z, and this greatly

Te reduces the current through
] the reaction coil Lz.

Fig. 157—The impedance of a resistance Fig‘ 157 shows a similar
is counteracted by a variable condenser Cz . . .

arrangement in which a resist-
ance Rz is employed for the same purpose.

Choke-fed Reaction Coils.—The system of parallel feeding
may be adapted to reaction circuits and Fig. 158 shows an extremely
common and popular arrangement in which a choke coil Z
is included in the anode circuit. Across anode and filament is
connected a small variable condenser C2 of, say, -0001 to -0003-mfd.
capacity, and a fixed reaction coil L2 coupled to L1.  The inductance
coil Z will cause any high-frequency currents to prefer to pass
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through C2 and the reaction
coil Lz which only has a small
inductance ; but the amount of
high-frequency current fed into
the reaction coil L2 will depend
upon the value of the coupling
condenser C2; when this is at
a maximum, the most H.F.
current will pass through the
Fig, 158—One of the most popular and reaction coil. When the reac-
successful methods in use to-day tion condenser Cz is at a low
value very little reaction cur- Hior
rent will travel through Laz. éz
Fig. 159 shows a similar
arrangement, but this time the
reaction condenser Cz is con- >
nected so that one side of it is & £2 £
-
<

-L

connected to the filament. This =
tends to lessen hand-capacity

effects, since only one side of c2
the condenser is at high-fre-

quency potential, whereas in Fig. 150—This is similar to Fig. 158,
Fig. 158, both sides of the but hand-capacity effects are reduced
condenser are at H.F. potential. Fig. 159 will produce spurious
undesired oscillations and improper reaction control, unless Lz is
kept near the ‘“earthy” end of LI, thus minimising capacity
coupling.

Fig. 160 is the same as Fig. 159, except that a fixed condenser
C3 is now connected across the anode and filament of the valve.
This condenser frequently has a value of -0003 mfd., and its object
is to by-pass and largely short-circuit the high-frequency potentials
produced across the choke Z, when the reaction condenser Cz is at
zero and no reaction current is flowing through L2. The reason for

-—=_ passing the H.F. currents to

z8 earth when they are not re-

E quired for reaction purposes is

this: Owing to the capacity

e 1 - between grid and anode of the
valve inside the wvalve, the

y ;.'c‘: - potentials across Z will tend to

= ~ C?r influence the tuned circuit Lx

Cr in a reverse reaction

‘ e manner, thus weakening th
F.g. 160—A condenser C3 reduces adverse ' $ ening - the

Miller effect when reaction is at zero signals and increasing the



100 THE MANUAL OF MODERN RADIO

damping of that circuit, thereby impairing the selectivity. This
effect is known as the Miller Effect and the condenser C3 is inten-
ded to remove it. The condenser C3 should not be so large as to
starve the reaction coil of current; it may be necessary, in any
case, to use a fairly large value of Ca.

Fig. 161—A differential reaction circuit Fig. 162—A special form of differential
of great popularity ; unwanted reaction reaction to avoid mistuning
currents are earthed

Use of Differentials for Reaction.—A differential con-
denser may be used for obtaining reaction, and it may be connected
in the manner shown in Fig. 161. Here the plates P1 may be ar-
ranged to come opposite P2 or P3, or in any intermediate position.
When opposite P3 the maximum reaction effect is obtained, while
when opposite P2 no reaction is obtained and the H.F. currents
are by-passed to earth as explained in connexion with the con-
denser C3 of Fig. 160. At intermediate positions of the moving
vanes, different degrees of re-
action may be obtained. A
reverse differential may be used
in the manner shown in Fig.
162, which is a scheme which
has been adopted by the pre- 8,
sent writer. Here the moving
vanes P1 may be connected
to the reaction coil La. It is por e o i on seheme for
to be noted that the small pre- reducing hand-capacity effects affecting
set condenser C3 is connected tuning
between P3 and the filament of the valve. Whatever the position
of P1 may be, the capacity connected to the top end of the reaction
coil Lz will be approximately the same. This arrangement causes
little alteration to the tuning of the grid circuit. Another use
for a differential condenser is illustrated in Fig. 163 where the
reaction coil is connected across the fixed plates. The movement




REACTION 101

of the rotor vanes varies the coupling between the reaction coil and
the choke which feeds it.

Fig. 164 shows how a reaction coil and fixed condenser C2 pro-
vide the reaction, while a condenser C3 partially short-circuits the
choke Z and so controls the amount of high-frequency current fed
to the reaction coil.

z

L Lo l l
C3
cz2
¥

Fig. 164—Parallel-fed reaction coil Fig. 165—A single-circuit reaction method.
with choke effect varied by C3 Reaction is applied to one end of coil

Tapped Grid Circuits.—By taking a tapping on the tuned
grid circuit feeding the valve, as shown in Fig. 165,it is possible to
introduce reaction e.n.fs. to the farend of the coil (i.e., the bottom
end) by means of a variable condenser C2. This is a convenient
way of feeding reaction in the correct phase (direction) and Fig. 166

L¥'

Ci

-

%
T

Fig. 166—A modification ot Fig. 165 Fig. 167-—Instead ot a tapping on the
using a differential reaction condenser coil itself, two condensars are used

shows how a differential condenser may be used to carry out the
same operation. In Fig. 167 the input circuit is split by means
of two small condensers, this being more or less equivalent to a
tapping on the inductance coil.



102 THE MANUAL OF MODERN RADIO

Use of Variable Resistances.— A variable resistance may
be used to vary the amount of reaction applied to a circuit. The
resistance may itself add damping to the tuned circuit, thus varying
the effectiveness of a fixed amount of reaction, or the resistance
may be used for varying the amount of reaction passing through
the reaction coil. The first type of circuit is illustrated in Fig. 168
where the fixed amount of reaction is supplied by the reaction coil

o Lz, coupled to L1. A resistance
" R of, say, 30 ohms is inserted
2

somewhere in the tuned circuit.
The greater the value of the

resistance R the less will be the
, effect of reaction applied to the
! " ! circuit L1, C1, whereas if the
L I I resistance R is reduced to zero or
nearly zero, the valve may be
#C made to oscillate. Instead of

]

L

i,/v,\f\,v using a small value of resistance
* in series with the tuned circuit

a larger resistance may be con-

Fig. ‘68;%32‘;352’; JFmed reaction s nected in parallel with it as shown
in Fig. 16g. These arrangements,

however, are not to be recommended and considerable difficulty would
be experienced in obtainingavariable resistance freeof self-capacity.

Lo SR

o o —

R ‘ ! Jl ) 4
/ é
.'-7'-'647 il 7]

Fig. 160—A paran.el variable resistance Fig. 170—A fairly practical system of
varies damping of circuit, thus altering controlling reaction by a variable resis-
reaction tance

A more practicable arrangementis that set out in Fig. 170 in which
a resistance R is connected across the reaction coil. Here again,
~ however, the disadvantages almost inseparable from the use of a
variable resistance (noisiness, self-capacity, etc.) come into play.
It will be appreciated that very smooth reaction is desirable and
the variable condenser has proved the most popular wav of con-
trolling reaction effects.
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Reaction from H.F. Valve. —Although the circunits given
are highly economical in the sense that the valve introducing
rcaction is also used as a detector, these conditions are not essential
and reaction may be obtained from a high-frequency amplifying
valve by coupling its output to the input in some variable manner.
An example of this is illustrated in Fig. 171 where a very small
condenser C4 is used for coupling the anode circuit L3 C2 to the
grid circuit Lt Cx. These arrangements arc not generally success-
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Fig. 171—Reaction may be obtained
by capacity coupling between tuned Fig. 172—A link circuit is here used
anode and grid circuits to couple the anode and grid circuits
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tul since the whole set is designed to prevent capacity coupling
between the anode circuit and the grid circuit. The technique of
screen-grid amplification is intended to overcome the natural
capacity coupling inside the valve between the metal anode and
grid. This coupling has a natural reaction result which will make
a set unstable and likely to oscillate of its own accord.

- An inductive reaction scheme

A1 i N
nr " of the kind illustrated in Fig. 172
o] has been used with success by
/“/ the present writer. It will be seen

-l that two inductance coils L4 and
T o=z Ls are coupled respectively to
4 the anode inductance L3 and
Qaé R the grid inductance Lx. The cir-

—— cuit Ls L4 C3 is intended to be
T aperiodic while the condenser C3
‘XE,_S ) will vary the strength of the

current communicated from the
¥ anode circuit to the grid circuit,
Fig. rézggggpzﬁqgg tH-l’- p;lnp!iﬁegtwith It is of course essential that the

PP 0 aenal clreud connections to the coils should
be correct, otherwise reverse reaction will be obtained.
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A type of circuit popular in portable receivers is that illustrated
in Fig. 173 which shows a choke coil connected in the anode circuit
of a screen-grid valve. This choke acts as an aperiodic H.F.
coupling between the first valve and the detector valve which
follows. Reaction may be introduced into the circuit L1 C1 by
means of a small variable condenser C4 which feeds the reaction
coil L3. The merit of this arrangement is that high-frequency
amplification is still obtained although only a single tuning con-
denser is employed. The use of a choke in this manner is not as
efficient as if a tuned circuit were associated with the anode of the
screen-grid valve.

External Reaction.—The reaction effect may be obtained from
an entirely separate valve specially arranged for that purpose and
Fig. 174 shows a satisfactory
arrangement. It will be seen %
that a tapping on the aerial in- L% v,
ductance is taken to the grid of v 2
a three-electrode valve whose &
anode circuit contains a reaction S
coil Lz coupled to the aerial %
inductance L1. A grid condenser
and grid resistance is associated =
with the grid of the reaction _ v -
valve but only as a convenient Fig. ‘7‘},';51‘;3“:2;?32?: s applied by
method of applying a negative
poteritial to the grid of this valve from a grid-bias battery. The
ideal conditions are a comparatively tight coupling between the
reaction coil and the aerial inductance and a low tapping on the
aerial inductance L1.  This will result in only a small portion of
the characteristic curve of the reaction valve being used and
greater constancy of reaction will thus be employed, whereas if a
large portion of the characteristic curve were used, the amount
of reaction applied would probably vary with the signal strength




CHAPTER 9
RECTIFIERS AND DETECTORS

Most valve detectors to-day operate on the principle of the
simple two-electrode valves which in 1904 were first applied to the
rectification and detection of wireless signals. A more detailed
consideration of this type of valve will therefore not be out of place
at the beginning of this chapter.

In Fig. 175 an alternating current is fed by means of a trans-

Possrive Hack-CYCLES
4] Fea 23

Base Line

S Dt

N N,
Nelirive HardZCveiss V5

& A A A

Fig. 175—Alternating current Fig. 176—Graphical representation of the recti~
being applied to diode, which fication process ; only positive half-cycles
rectifies it pass

00000

former Tx T2 to the anode A and filament F of the two-electrode
valve V. In the anode circuit of the valve is connected a direct-
current measuring instrument M. When the filament F is switched
off, there will be no current through the meter M, but when the
filament is ‘‘ alight’’ a reading will be obtained on the meter.
The reason for this can be explained by Fig. 176, which shows a
number of cycles of alternating current. The positive half-cycles
P1, P2z, P3 will all make the anode of the valve positive, and this
potential will attract electrons from around the filament. The
negative half-cycles will make the anode negative and this will
repel the electrons emitted from the filament. There will thus be
no electrons round the anode circuit during the negative half-cycles.
It is assumed that the measuring instrument will only measure
a direct current and therefore if the valve conducted both positive
and negative half-cycles, these—if following each other rapidly—
would neutralise each other in their effect on the meter M.
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The negative half-cycles, however, are non-effective. The
positive half-cycles have a cumulative effect since they produce a
series of pulses through the measuring instrument which responds
to them as if there were a fairly steady direct current passing from
anode to filament or, in other words, as if there were a steady
stream of electrons flowing from the anode through T2 and through
M. This steady current is indicated by P in the third line of Fig.
176. )

In place of a measuring instrument, we can use telephone re-
ceivers, and instead of the low-frequency transformer T1 Tz we
can employ the input circuit of a wireless receiver containing
high-frequency oscillations. A direct current would not, of course,
influence telephone receivers, but the high-frequency oscillations
from a broadcasting station vary in amplitude, and so produce
after rectification a fluctuating current which will produce sounds
in the telephone exactly similar to those which modulate at the
broadcasting transmitter.

Fig. 177 shows a complete wireless receiver of very primitive

N
Fig. 177—The Fleming or diode Fig. 178—Complete A.C. rectifier
al ¢ circuit used as a wireless circuit with a reservoir condenser
detector which becomes charged as shown

form. It will be seen that telephones T are included in the anode
circuit of the valve, and that the high-frequency alternating current
potentials are supplied by the circuit L2 C1. The condenser C2
across the telephones allows a passage of high-frequency current
to the filament of the valve. It also has an infegrating effect in
that it adds up the little pulses of high-frequency positive half-
cycles and gives up to the telephones a pulsating current of low
frequency. As we principally use loudspeakers the simple arrange-
ment of Fig. 177, besides being insensitive, will not provide a
sufficient power output and one or more stages of low-frequency
amplification would be required.

To understand how we can withdraw low-frequency potentials
for further amplification, a study of Fig. 178 will repay the reader.
Here we have the alternatmg currents fed to the terminals I N,
the transformer T1 T2 passing them on to the anode and filament
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of the valve V, the condenser C allowing the passage of the alter-
nating e.m.fs. but acting as a bar to the rectified direct currents.
When the anode A of the valve V is made positive, electrons leave
the filament F, travel to A, round through the winding Tz, and on
to the left-hand plate of the condenser C. Unless we discharge the
condenser C in some way, the electrons will pile up on the left-hand
side of this condenser, making the terminal Y negative with respect
to the terminal Z. The condenser C will charge up to the peak
value of the input voltage.

The unidirectional properties of the two-electrode valve, or
diode as it is sometimes called, are illustrated by a characteristic
curve showing the relationship between anode current and anode
volts. Such a curve is prepared by simply varying the voltage of
a battery connected across anode and filament and measuring the
change in the anode current as registered by a meter in the anode
circuit. The curve is usually nearly straight, although it may have
an initial curvature of a concave character at the beginning. This
initial curvature was in the earlier days of wireless taken advantage
of in the manner shown in Fig. 179, where a potentiameter R is

Y
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Fig. 179—Fleming wvalve with positivs Fig. 180—An exaggerated
bias on anode for more sensitive detec« anode current curve of diode
tion to show rectification at bend

used for the purpose of giving the anode of the valve a small initial
positive potential, This causes the valve to operate on the bend
X of the anode current curve, which has been specially exaggerated
in Fig. 180. Positive half-cycles of high-frequency current will
cause a larger flow of current through the telephones. Negative
half-cycles, however, will produce less effect. The average effect
will be an increased current.

Amplifying Rectified Signals.—The condenser which is
charged up by the rectification of high-frequency signals, must be
discharged in some way, otherwise the valve would cease to act as
a rectifier and the voltage output from the device would remain
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constant. It is usual to connect a resistance across the condenser
which is being charged by the rectified current. Fig. 181 shows
a simple rectifier valve V1 which feeds a condenser Cz with the
rectified current, a leak R being connected across the condenser
Cz2. The application of oscillating potentials of varying strength
to the anode of the valve will now have the effect of producing
low-frequency e.m.fs. across the resistance R, the terminal Y
being made negative to a varying extent with respect to the ter-
minal Z. The potentials across the terminals Y Z are now com-
municated across the grid and filament of a three-electrode valve

. . Fig. 182—The connection shown above
Fig. 181—The L.F. potentials across R results in H.F. on the grid of V2
are passed on to the L.F. valve

-

Ca

V2 which has in its anode circuit a loudspeaker ; probably a further
stage of amplification would usually be used.

The reader may prefer to regard the resistance R as the apparatus
across which the rectified e.m.fs. are developed due to the flow
of current through R, the condenser C2 serving as a by-pass for
the high-frequency potentials communicated across Ar and Fr,
and also serving as a means of integrating and smoothing out the
rectified pulses of H.F. into an average low-frequency pulse. Fig.
182 is similar to Fig. 181 except that the resistance R and the
condenser Cz are connected in the lead going to the anode. The
anode of the rectifier valve VI is connected to the grid of the low-
frequency amplifying valve V2. The low-frequency potentials
established across R or across Cz2 {whichever one cares to regard
as the essential piece of apparatus) are communicated to the grid
of the second valve, but it will be noticed that the tuned circuit
L1 Cx is virtually across grid and filament of the second valve,
There is, theretore, across the grid and filament of the valve not
only a source of low-frequency potentials, but also a source of high-
frequency potentials. This means that the grid of the second
valve will certainly attempt to amplify both high- and low-
frequencies. This, as a matter of fact, will not matter very much in
simple cases, but it is bad practice for high-frequency currents to be
produced in the anode circuit of the valve V2, although advantage
is taken ot the fact in many reaction circuits. ’
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The arrangement of Fig. 181 is tainted with the same defect to
some extent, because the low-frequency pulses established across
R are also mixed with the high-frequency potentials which pass
through the condenser Cz, and, unless this capacity is large, appre-
ciable high-frequency potential differences across the terminals
Y and Z are produced.

Whichever connection is used, some form of high-frequency
filter is indicated, and Fig. 183 shows how a choke coil Lz and a
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Fig. 183—Use of H.F. choke to keep Fig. 184—The output resistance is now
H.F. from the output L.F, in parallel with the input circuit

small capacity C2 are connected across the leak R so as to filter
out the high-frequency currents before they can influence the
grid of the second valve. A resistance of, say, 1 megohm is often
used in place of the choke. A full explanation of the action of filters
of this kind is given in a separate chapter.

Parallel Output.—There is no need for the resistance {across
which we are to develop the low-frequency potentials) to be directly
in the input circuit to the valve. It may be connected in parallel
with it, as shown in Fig. 184. The oscillating currents in L1 Cx
are now communicated across the anode and filament of the valve
through the fixed condenser Cz. If no leak R were connected
across anode and filament, the anode would become more and
more negative as it accumulated electrons which could not leak
away through the condenser Cz. Finally, the anode would become
so negative that its potential would equal the maximum H.F.
potential applied to it and then no more electrons would be drawn
up from the filament. If, however, a leak R is connected across
anode and filament in the manner shown, the condenser Cz will
discharge through it.

The values of Cz and R are so chosen that the device remains
sensitive as a detector and does not become paralysed. We could
connect the top end of R to the grid of a second valve, and the
bottom end of R to the filament of a second valve, but we would
have the trouble of high-frequency potentials being passed on. If,
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however, we use the arrangement illustrated in Fig. 185, we can
insert a choke L2 between the

Anooe Unuseo grid of the valve and the leak R.

“cz G This choke will have the effect

L élz S of practically preventing any
#c, " high-frequency potentials being
Lz, i setupacross R, especially if R is

Gl £ ’ o= shunted by a small condenser

Fig. 185—Another way oi keeping the C3; almost the whole of the

H.F. out of the L.F. circuits H.F. potentials- will now be

established across Lz. The

presence of the H.F. choke L2 does not, however, prevent the

resistance R acting as a low-frequency leak and the L.F. potentials

established across it can be communicated to the grid of the
second valve.

In Fig. 185 a three-electrode valve is shown in use as the rectifier,
the anode not being used. It therefore acts as a diode.

Fig 186 shows a similar arrangement in which high-frequency
currents  are
fed to the
diode and a
variable tap-
ping is taken
on the grid
leak R which
may conven-
iently have a
value of one-
half megohm. The second valve V2 acts as a low-frequency amplifier
as does the third valve V3 which may operate the loudspeaker. The
half-megohm leak will serve as a volume control, since any pro-
portion of the L.F. potentials developed across it may be passed on
to the grid of the second valve,

Fig. 187 is a slight modification, but still uses a three-electrode
valve. This time the high-
frequency potentials are con-
nected across the anode and

=we) filamment while the grid of the
valve is connected to the
positive side of the filament
battery. A preset condenser
C3 is shown connected across
Fig, 187-—Another diode detector circuit Rx to enable adjustments to be

with H.F. choke and grid stopper made to give the best results,

Fig. 186—A practical diode rectifier circuit using three valves,
first as detector, second as L.F. amplifier
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A further refinement is the connection of a resistance Rz of, say,
100,000 ohms in the grid circuit of the second valve ; its object is
to act as a further H.F. filter. The operation of such a grid stopper
is also explained in the chapter on filters.

Full-wave Rectifiers.—Instead of wusing a single rectifier
valve, it is possible to use two so that both half-cycles are utilised,
and an arrangement is illustrated in Fig. 188, where a middle tapping
T is taken on the inductance L of

the tuned circuit. The tapping ¢ A A2

is taken through the usual leak #

R to the filament, while the two | 7 C;

ends of the inductance L are F

connected respectively to a Cs <

couple of anodes Ar and Az in I"““‘l

the special valve. WW\ ”:
The operation of the full- c2

wave rectifier is briefly as L2

follows: The anode A1 may be  Fig. 188—Full-wave rectifier using a
assumed to be given a pOSitiVe double diode for detection
potential due to the high-frequency signals. Simultaneously the
anode Az will be negative, since the two ends of the inductance
L will—at any given instant—be at opposite potentials. The anode
A1 being positive will draw electrons from the filament, and these
will flow through the top half of the inductance coil to the tapping T
and thence through the leak R to the filament. When the current in
the circuit L C1 changes direction, the anode Az will become pos-
itive, while A1 becomes negative. The anode A2 now draws electrons
from the filament and these flow to the tapping T and through the
resistance R. It will thus be seen that no matter which anode is
made positive, a current will flow through the leak making its left-
hand side negative with respect to the right-hand side. A choke
coil Lz and condenser Cz is shown in use for the purpose of filtering
out any high-frequency potentials established across the resistance
R. A by-pass condenser C3 connected across R also helps to resluce
the H.F. potentials across it.
A.C./npur This condenser evens out the rec-
/\N /\ /\ tified impulses into L.F., but if
\/ \/ \/ too large, the higher notes of the
Fins Wave Recrieicarion L.F. currents will themselves be
levelled out and lost; we ob-
viously do not seek to produce a
OC Ovreur steady D.C. output.

— —=>  Full-wave rectification in

Fig. 1890—Graphical tati £ .
G e i entation o hich both half-cycles produce a




112 THE MANUAL OF MODERN RADIO

rectified current is graphically illustrated in Fig. 189, where the top
line shows the alternating current input while the second line
shows that the bottom half-cycles have now been reversed and
appear between two successive positive half-cycles. The third line
shows the approximately D.C. output from the arrangement. It
will be understood, of course, that in actual practice the high-~
frequency signals do not take the form of a steady alternating
current but vary in amplitude,and so the output instead of being
pure D.C. is of a unidirectional character which varies in amplitude
at audio frequency: in other words, we obtain low-frequency
potential variations which are then amplified by subsequent valves.

Leaky-Grid Rectification.—Although the diode system
of rectification is becoming increasingly popular in the more power-
ful commercial receivers, it has not proved popular with the con-
structor and amateur because it requires two valves to
operate effectively, one being the detector valve and the other
an amplifier.

The earliest use of the three-electrode valve was as a detector
operating on what is known as the leaky-grid condenser system of
rectification. The simplest form of this circuit is illustrated in
Fig. 190, where a three-electrode valve has telephones connected
in its anode circuit and a tuned circuit L2 C1 connected across grid
and filament. In the grid circuit, however, is a condenser C2
shunted by aresistance R. The grid condenser, as it is called, usually

Y
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" S o Fig. 191—This represents the Fig. 190
Fig. 190—Circuit tor obtaining leaky- circuit arranged as two valves
grid-condenser rectification in wire-

less reception

has a capacity of from -00005 to ‘0003 mid.. while the leak R may
have a value of trom 250,000 ohms to 5 megohms. The arrange-
ment of Fig. 190 really consists of a diode detector followed by a
low-frequency amplifier, and Fig. 191 shows how we could get the
same effect by the use of two valves. It will be seen that the grid
G1 and filament F1 of the first valve constitute a diode and
that the condenser C2 and grid resistance serve the same purpose
as they do in the ordinary diode detectors just described. The
L.F. potentials across the resistance and Cz are not actually
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passed on to the grid and filament of a separate valve as in Fig. 191,
but already exist on the grid which controls an electron stream
between filament and anode. The grid therefore of a valve operat-
ing as a leaky-grid-condenser rectifier is acting partially as an anode
for rectifying purposes and partially as a control electrode of a three-
electrode valve low-frequency amplifier.

We virtually have two valves in one, and it is little wonder that
the scheme has proved extremely popular as a simple, reliable and
efficient detector. The arrangement, however, does not lend itself
to the rectification of very large high-frequency inputs and more-
over suffers from the disadvantage that high-frequency currents
occur in the anode circuit and require
filtering out in some way so as to pre-
vent them from becoming mixed np with
the subsequent low-frequency stages
which are almost invariably employed.

Instead of connecting theleak directly
across the grid condenser as in Fig. 190,
the scheme of Fig. 1g1a isvery commonly
employed and operates on exactly the

. . ] . same principle, the only disadvantage of

F‘g-gi:egrf 2‘;2‘5‘%1‘ ‘So,‘,‘iféi‘é";‘;": ¢" the Fig. Igrg arrangemsént being ’chagtr the

leak introduces a little more damping

into the tuned circuit. On the other hand, it enables one side of

the tuning condenser to be connected to the negative of the
L.T., which terminal is usually earthed.

The Westector.—The arrangement of a diode detector
followed by a stage of low-frequency amplification is not
fundamentally different from the use of a Westector. The Wes-
tector is a metal rectifier which is much more robust than a crystal
detector, will handle larger inputs, and which gives a rectified
output current which is proportionate to the input. A Westector
may be connected in the manner shown in Fig. 192. A resistance

Lé

Wesrecror

%
hgaim‘
. SEEm— Fig. 193—An unusual valve
Fig. 192—The Westector—a metal rectifier detector circuit which relies

—is here shown as a wireless detector on grid damping
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R serves as the output impedance, while an H.F. choke Z and con-
denser C2 serve as a filter for cutting out the high-frequency currents
which would otherwise influence the grid of the amplifying valve.

Another Form of Valve Detection.—An interesting but little-
used system of detection is that illustrated in Fig. 193, where
the tuned circuit is connected across grid and filament of the valve.
it will be seen that the bottom side of Lz Cr1 is connected to the nega-
tive side of the accumulator Bx. The operation of this arrangement
is as follows: When the grid of a three-electrode valve is made
positive a grid current flows, but when the grid is made negative the
grid repels electrons which would otherwise go to it. When high-
frequency potentials are applied to the grid and filament of a valve,
the positive half-cycles will draw electrons to the grid while the
negative half-cycles will have no effect at all. The positive half-
cycles will be

- Inpur OsCiLt ATIONS
. /. damped out to
é /’ some extent, /\ /\ /\
5 but the neg-
S ative half- \/ \/
9 cycles produce
IR SV S JUN0 S | : Oy
b NEGATIVE Posirive no gnd current Postr/v%/g;i;: EC;YCLES
Greo Vorrs and so cause A AN
Fig. 104—Grid current curve to a substantial
explain grid rectification effects
decreaseof
anode current. Fig. 194 shows what a
grid current curve is like, while Fig. 195 P c .
NOOE L URRENT

shows how the bottom half-cycles of
input oscillations are productive of a ¥_______./
large drop in anode current while the pos- Fig. 195—Graphical representa-
itive half-cycles only produce a small ton of grid damping detection
increase. The average effect therefore, of oscillations applied to the
grid and filament of the valve will be a decrease in anode current.
There will thus be a rectification effect, as shown in Fig. 195.
Anode-bend Rectification.—The methods of rectification
so far considered depend upon the production of rectification
effects in the grid circuit, the anode circuit merely serving as part
of the amplifying arrangement. By using what is known as anode-
bend detection (or anode rectification, as it is sometimes called)
it is possible to do the whole of the rectification on the anode current
curve, relying upon the curvature at certain points of the anode
current curve to produce the asymmetrical effect desired. The
curve A X B Y C of Fig. 196 is that of a fairly typical three-
electrode valve, and it will be seen that while the portion between
Y and C is perfectly straight, that between Y and A is concave.
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1f we arrange a circuit as in Fig. 197 and give the grid G of the valve
an appropriate negative potential by means of a grid-bias battery
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Fig. 197—Typical anode-bend circuit ; an
adjustable negative bias is given to the grid

:

Fig. 196 — Characteristic curve

showing how anode-bend detec-
tion works in a receiver

Bi1, we shall be operating the valve at some such point as B on its
characteristic curve, i.e., at what is known as the bottom bend,
With this arrangement the input oscillations are in no way altered.
since no grid current flows. The positive half-cycles, therefore,
remain of the same amplitude as the negative ones and the whole
of the rectification effect is obtained on account of the fact that
equal potentials in a positive and negative direction produce en-
tirely different changes in anode current.

This is very clearly seen in Fig. 196 where the positive half-cycle
will carry the operating point to Y on the curve corresponding to a
arge increase in anode current, whereas a negative half-cycle will
only carry the operating point to X, which represents a com-

Ivpur OSCrLATIONS paratively small decrease of anode

current. The curve LM N P Q has
/\ /\ [\ been drawn to show the amplified com-
plete oscillation consisting of a positive
and negative half-cycle. It will be seen
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Fig. 198—An approximate Fig. 199—A complete two-valve
graphical representation of receiver circuit using anode-bend

anode-bend detection rectification
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that the positive half-cycle is much greater than the negative half-
eycle. The average effect, therefore, of one cycle will be to cause
an increase in the anode current. Oscillations will, therefore, be
rectified by this arrangement. Fig. 198 shows graphically how an
average increase in anode current is produced by a series of input
oscillations. The increase of anode current will vary in time with
the low-frequency modulations of the incoming high-frequency
signals.

Fig. 199 shows a complete 2-valve receiver operating on the anode-
bend principle. It will be seen that a single grid-bias battery Br
serves to provide suitable negative bias both to the grid of the
detector valve and to the grid of the L.F. amplifier.

Anode-bend rectification of this kind does not withdraw energy
from the tuned circuit L1 C1, and therefore imposes no damping
on that circuit which consequently provides a high degree of
selectivity. Grid-leak rectification, on the other hand, absorbs
energy and is less selective. Anode-bend detection, however, is
somewhat less sensitive and is generally regarded as giving rather
inferior quality as compared, not so much with the ordinary grid-
leak rectifier as with power-grid rectification which has become very
popular in recent years on more powerful sets.

Anode-bend rectification is not confined to the bottom bend.
It is possible to obtain saturation in a valve, especially if the filament
current is sufficiently reduced. A curve such as that shown in
Fig. 200 is thus obtained, the saturation
bend D occurring at a point equivalent
to a small negative potential on the grid.
If we work the valve at a point D on
the bend, the incoming high-frequency
oscillations will produce an average
decrease of the anode current. Modern
valves are usually less sensitive at the
upper bend than the lower bend and
the lower bend form of rectification
' possesses the advantage that the anode

Fig. 200—The upper bend may  current is less than that required for
also be used for rectification 1,0 hend rectification and leaky-grid-
condenser rectification, where the anode current required may be
equal to that of a low-frequency amplifier.

Power Grid Detection.—Power grid detection is a form of
rectification usually used when it is desired to obtain a high degree
of purity of reproduction combined with the ability to handle large
inputs. In power grid detection one employs a high anode voltage
wsually of ahout 200 volts, a small grid condenser of, say, -0ooo1-mfd.
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capacity and a grid-leak of much lower value than that normally
used ; the usual value of a grid-leak for power grid detection is
250,000 ohms as against 1 megohm or more for ordinary grid
detection. The circuital arrangement is the same in both cases.

Power grid detection requires substantial inputs, and it is not a
very sensitive arrangement; a further disadvantage is that it
absorbs considerable energy from the preceding circuit and there-
fore impairs the selectivity. Power grid detection is now being
replaced on many sets by diode detection, the two-electrode valve
being frequently arranged in the same valve and using the same
filament as another valve used as an L.F. amplifier, such as a pentode
or triode. The increasing popularity of antomatic volume control
calls for larger voltages and these are readily obtainable by using
diode rectifiers into which are fed highly amplified high-frequency
currents.

Grid Current Curves.—TIt has been stated that the bottom end
of the tuned circuit in a leaky-grid rectifier receiver is connected to
the positive side of the L.T. The reason for this is that rectification
is most efficient at a bend in the grid current curve. Sometimes
the grid current begins at zero grid volts, sometimes when the grid
is slightly positive and at other times—as in the case of mains in-
directly heated valves—with the grid slightly negative. Sometimes
one operates the detector valve at the point where grid current
begins but sometimes a little farther up the curve when the rise in
grid current begins to become more rapid ; in the latter case, the
theory of operation may be compared to that of the positively
biased diode of Fig. 179.

A grid leak connected to the L.T. positive will pass a small grid
current which will produce a negative potential acting in opposition
to the larger positive potential; the result is a small suitable
positive potential on the grid.



CHAPTER 10

DECOUPLING, FILTERS & SMOOTHING
DEVICES

The fact that alternating currents and direct currents behave
differently towards different types of apparatus, such as condensers,
resistances and inductances, is extremely important and enables
many useful effects to be employed in wireless receivers. It is
proposed in this chapter to deal with this subject and show how
decoupling, smoothing, filtering, etc., are linked by a few elemen-
tary principles.

A direct current, such as is provided by a high-tension battery,
will pass through a resistance and a potential difference will be
established by it across the resistance ; a direct current will like-
wise pass through an inductance but there will be no potential
drop across the inductance unless the coil also possesses some
resistance which, of courve, in practice it always does, although
for nearly all purposes in this chapter we can ignore the fact. A
direct current will not, however, pass through a condenser at all.

Alternating currents in \wvireless receivers are mnearly always
either high-frequency currents due to oscillations in the aerial
or else low-frequency currents which are the product of rectifying
the high-frequency signals. The L.F. alternating currents are of
varying strength and frequency corresponding to the voice or
music at the transmitting station. These low-frequency currents
may vary in frequency from about 60 per second to 15,000. The
high-frequency signals usually used for broadcasting have a fre-
quency of from 150,000 (150 kcs.) to 2,000,000 (2,000 kcs.)

It is important to note how different apparatus acts towards
different frequencies. A pure resistance having no inductance
and no self-capacity (i.e., no condenser effect across its ends) behaves
in much the same way to currents of all frequencies. The condenser,
however, while allowing all alternating currents to pass through
it, possesses reactance which is the opposition in ohms (the unit
of *“ opposition ") it offers to alternating currents due to its capacity.
The reactance depends partly upon the capacity and partly on
the frequency of the currents which we desire to pass through the
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condenser. The reactance will be greater the lower the frequency
of the currents, and vice versa.

An inductance coil also offers reactance to alternating currents,
this reactance being greater the greater the frequency; thus a
given inductance will offer greater opposition to high-frequency
currents than to currents of lower frequency. Putting it another
way, if we pass a given alternating current through an inductance
coil, the em.fs. set up across it will be greater for a higher
frequency than for a lower frequency This is just the opposite to
what happens in the case of a condenser, where the higher the
frequency the readier passage does the condenser provide and
the lower the potentials established across it.

An inductance coil in practice has a certain amount of self-
capacity due to the proximity of turns which provide a leakage
path when high frequencies are applied to the coil ; the inductance
also possesses a certain amount of resistance, as we have seen.

A condenser is also not usually a pure capacity, but provides
losses which may be represented by a resistance. The total
opposition given by an inductance and by a condenser is in each
case usually termed the impedance of the coil or of the
condenser

Potentiometer Effects.—In Fig. 201 is shown an alternator (i.e.,
source of alternating current). A feeding alternating current of
voltage V to a resistance R and a condenser C.  In passing through
the resistance, the alternating current sets up a voltage V1, but V2
across the condenser. These two will always equal the voltage
of the alternator, but the proportion of the two voltages will
depend upon the frequency of the current supplied by the alter-
nator and the value of the resistance and that of the condenser.
In Fig 202 an iron-cored L.F choke (ie., one of many turns
and therefore of high inductance) L is connected in series with
the condenser C ; the choke will “ drop ™ a very considerable voltage
V1, even to low-frequency current, but it will
always offer a higher
reactance to currents
of higher frequency
(assuming it is a pure |
inductance). The
condenser C, how-
ever, will in this, as

b
in the previous case, ;- -
b

o )
drop a lower g, 202—The total A.C,
Fig. 201 — Potentiometer voltage as the fre- voltage is divided across
effect of resistance and . the iron-core inductance
condenser in series quency Increases. and the condenser
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In Fig. 203 the iron-cored choke is replaced by an air-core H.F.
choke, and its action is similar to that of Fig 202 All these circuits
are commonly used in wireless receivers, the air-core choke being
usually used when high-frequency currents are involved, and the
iron-cored chokes when we are concerned with low-frequency
LrrsE /Nucm/vcs
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R Y 77 (1
-% LarGe CAPACITY

Fig, 204—Most ot the alternating current
voltages will be developed across the inductance

currents  The recent development of special iron cores for HF.
coils, however, removes the definite distinction. When the choke
is illustrated with lines through it, this means it is designed to
have a high inductance suitable for L.F. circuits

Let us first assume that the alternating current is of steady
frequency ; we shall now consider the effects of different induct-
ances, condensers and resistances. In Fig. 204 a large inductance
is connected in series with a large capacity ; the large inductance
will set up large voltages across itself, while the large capacity will
clearly offer a low-reactance path to the alternating current. There
will thus be only a small voltage drop across the condenser. If the
input voltage is 10 volts we may readily get ¢ volts developed across
the inductance, and only one volt across the condenser In Fig 203
A a resistance has been substituted
for the inductance, but here
again we may easily get g volts
across the resistance and only 1
volt across the large condenser.

Let us now, however, reverse
the conditions and use a small
inductance and a small ca-
pacity. The small inductance
will now offer very little

——0Z

Fig. 203—The voltages across C
will be small for high frequencies

O
8 LARGE CapAaciry

Fig. 205—The voltage across the
condenser will be small compared to
voltage across resistance

OZ reactance

to the alternating
current and the voltage may
easily be 1 volt as against g volts
against the small condenser,
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notes Fig. 207—A resistance and small condenser

will give a greater output of low notes

which is now offering a high reactance to the current (Fig. 200).
Fig. 207 shows how the use of a small condenser in series with a
resistance may result in g volts being developed across the condenser
as against I volt across the resistance. By using different values
of resistance and condenser, or inductance and condenser, we
can thus divide the input potential in any desired proportion.
Different Effects of L..F, and H.F.—Let us now keep the induc-
tance and condenser unaltered, and simply vary the frequency of
the currents applied to them. Fig. 208 shows the same circuit, fed
on the left by an

L.F. alternator and ; -3 -
on the right by an i iy 9‘
H.F. alternator. The @ ! y A s v
low-frequenc - ov  ov--1 --4

quency  cur l | ‘

s

rents find it a com- ! 9y ! ——— .
i !

paratively easy v lz ! v Qg___;_

matt?r to gEt through Fig. 208-—The identical circuit may give a large or
the inductance, and small condenser voltage according to frequency

so they only set up 1 volt across it, but when they come to the con-
denser they find it offers a higher reactance, and so g volts are
established across the condenser.  If now we increase the frequency,
it may well be that the inductance now offers a very much higher
rcactance, while the condenser offers a very much lower one, and

; x the voltages may be
| ~F | - reversed so that that
! 1 ! across the inductance
‘ Iv l 9V is now g volts and that
d /OV ’
@ : -*j lov “‘% across the condenser
' | v only I volt.
! l } J’/ l Iv In Fig. 209 the left:
2 _4 hand circuit shows a

Fig. 209—~The same resistance and condenser
behave differently to L.F. and H low-frequency alter-
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nator feeding a resistance and condenser, while on the right is a high-
frequency alternator feeding the same values of resistance and
condenser. In this case, the resistance does not behave any
differently towards high- or low-frequency currents, but the con-
denser does. In the case of the low-frequency currents, the voltage
established across the condenser may be g volts, leaving 1 volt for
the resistance, while, when high-frequency currents are applied, the
condenser offers an easy path and only T volt is developed across it,
the remaining g volts being developed across the resistance. It is
to be noted that in all these examples the total voitage applied is
10 volts, and that this is distributed across the inductance and
condenser, or the resistance and condenser The two pieces of
apparatus, in fact, operate as a potential divider, the two sets of
voltages always adding up to I0.

H.F. and L.F. Filters.—The different behaviour of inductances
and condensers to different frequency currents enables us to filter
out either the high or the low trequencies where there are two kinds
in a receiver. In wireless reception it often occurs that there are
present in the set both high-trequency currents (i.e., of radio-fre-
quency) and low-frequency currents (i.e.. of audio-frequency).
Fig 210 is a simple example of a filter
which, in this case, is being used to separate
a desired low-frequency signal from an
undesired high-frequency current. Two
alternators, one providing 10 volts of
H F. and another providing 10 volts of
L F., are connected in series across an
air-core inductance coil L. and a fairly
%ig. 210—HL.F. is filtered out l1arge condenser C. Considering the high-

by this arrangement frequency currents first, it will be seen

that they wili produce a big voltage drop
across the inductance L, and a small voltage drop across the
condenser C. It is a very simple matter to arrange the values of
the inductance and capacity so that this effect is obtained, and it
is assumed that the voltage drop across L is g volts and that
across C is T volt  The low-frequency currents, however, behave
in an exactly opposite way The 10 volts of LF are now
chiefly dropped across the condenser C, there being g volts of
LF and only 1 volt of L.F across the inductance coil L.

Results of this kind but slightly differing as regards proportions,
will be obtained under the following conditions - Let the inductance
have a value of 1o millihenries and the condenser a value of -0001
wmfd It now. we apply a low-frequency current of 50 cycles, it
will be found that the voltage across the condenser is ten times
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that across the inductance. If, now, we substitute a high-frequency
current of 500,000 cycles, we will find that the voltage across the
condenser is only one-tenth of that across the inductance. These
examples show that, in the arrangement given, the output will
consist mostly of the low-frequency current, the high-frequency
current having been filtered out.

If, however, we desire the high-frequency current and not the
low-frequency current, then we must withdraw the currents from
across the inductance L instead of across the condenser, and then
we have the arrangement of Fig. 211. The potentials across Y Z
will now be almost entirely due to the
high-frequency current, the low-frequency
current producing only a small drop in
%’;’j‘g potential across the inductance (which
#F  having an air core will have a comparatively
low inductance, and therefore small re-
actance towards L.F.) We can now use
either the Fig. 210 or the Fig. 211 arrange-

. . . ment to deliver high-frequencies or low-
ﬁginigi;]ffg‘;ieza;,‘:%‘}{; frequencies at the output terminals.

output Although not quite so effective, a
resistance and condenser combination will also act as a filter, and
an example is shown in Fig. 212. By suitably choosing the
values of the resistance R and the condenser C, it is possible to
make the voltage drop across the condenser C for high-frequencies
only 1 volt as against g volts across the resistance R. The

condenser C will
offer a higher re-

IVLE actance to low-
R SVHE frequency currents

than to the high,
oWLF m,,,so that we may
1WKE HoTTLY easily get 9 volts of
L.F. across C and
Fig. 212—Connections to only 1 volt of L.I. Fig. 213—The same circuit

give an L.F. output across R. The ter- with H.F. output
minals Y Z will

therefore supply an output consisting chiefly of low-frequency
current.  Fig. 213 shows the terminals Y Z connected across
the resistance R, and in this case most of the output consists
of H.F.

Filtering H.F. from L.F.—A very common circuit in which
high-frequency currents are a nuisance in that they get mixed
up with the desired low-frequency currents is that shown in




124 THE MANUAL OF MODERN RADIO

Tig. 214, where a valve detector, working on the leaky-grid principle,
is coupled to the next valve through a resistance coupling. When
leaky-grid condenser rectification is employed a varying negative
charge is developed on the grid at a frequency corresponding to the
original low-frequency current used for modulating the trans-
mitting station. But at the same time the grid is having H.F.
potentials supplied to it and these will be amplified to some extent
by the valve since there is a resistance in the anode circuit. In
fact, the resistance is sometimes used for amplifying high-frequency
currents, although it is not very efficient—partly because of its self-
capacity and the valve capacity which is in parallel with it. Never-
theless, high-frequency currents do get into the anode circuit
and tend to be passed on to the next valve. Here they are liable
to cause distortion through overloading the next valve when low-
frequency currents are to be amplified, and they also tend to cause
instability in the receiver as well as hand-capacity effect (alteration
of tuning, reaction, etc. when the operator’s hand approaches a
control knob). Also the H.F. currents which drift over may be-
come rectified and produce unwanted L.F. currents.

To get rid of the high-frequency currents before they reach the
next valve is our object, and various forms of filters may be
employed.

The simplest arrangement of all is to shunt a condenser across
the points which are not to receive any high-frequency currents.
For example, in Fig. 214 a condenser C2 of -0003 mfd. is connected
across the grid and filament of
the second valve, or to be a
little more accurate, across the
resistance Rz, The fact that
this condenser does not actually
have its lower side connected
to the top end of Rz does not
matter, because as regards
alternating current the top end
of Rz (which is connected to
Fig. 214—Use ot condenser Cz to- short the high-tenSion positive) is at

circuit undesired HF. in LF. amplifir the Same potential as the

‘ filament of the valve. That is
because the passage of alternating current through the high-tension
battery produces only small potential differences across it. High-
frequency currents which are unintentionally amplified by the
first valve will find themselves partially short-circuited by the
condenser C2. There is, of course, this disadvantage about the
condenser C2: it will, to some extent, short-circuit the low-fre-
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quency currents, but since we have an average frequency of perhaps
one thousand per second as compared with the one million per second
of the high-frequency current, it will be seen that the condenser
will do a good deal to prevent high-frequency currents from going
on to the grid of the second valve. It is important not to make
the condenser Cz of too large a capacity, otherwise it will start
interfering with signal strength and unduly cutting down the
desired low-frequency current. In fact, the condenser C2 is likely
to reduce somewhat the higher musical or speech frequencies. It
follows that the condenser Cz will be more effective for shunting
high-frequency currents due to stations on the medium waveband,
than those on the long waveband which have a lower frequency.

In order to reduce the undesired high-frequency currents in the
LF. side of the wireless receiver, a choke coil and condenser may
be arranged as a filter, as shown in Fig. 215. This is an improve-
ment on the previous figure,
The choke coil L is an air coil
inductance and the mixed L.F,
and H.F. currents are applied
between the points X and Z1.
The coil L and condenser Cz
may be considered as a potential
divider, being virtually across

; ¢ the source Rz; the desired
F.g. 215—Use of HF choke and LF. pOte_ntialS are drawn off
condenser Cz to keep out H.F. the terminals Y and Zi. The

high-frequency currents, flowing

through L and Cz, will produce a large voltage across L, while
the voltage across Czwill be small. On the other hand, the low-
frequency currents will produce only a small drop across L, and
almost a maximum voltage across C2. It will thus be seen that
across the terminals Y and Zr we shall have almost pure L.F.

The arrangement may be redrawn in the form of Fig. 216, where
alternators supplying both L.I\.
and H.F. are connected, as
shown across a wuétwork (i.e.,
combination of apparatus offer-
ing different paths for current)
in which Rz represents the
anode resistance, L the air-core . .
choke, and C2 what is generally Fig. iff,;ﬁi“&‘iﬂ?f;‘f“ lI:"xagle gtxsto the
known as a by-pass condenser.
As previously explained, the potentials developed across Y and
Z1 will be mostly L.F.

x
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A filtering effect is obtainable even without a special by-pass
condenser, and the Fig. 217 arrangement is of interest in this
connection. The inductance L is now connected between the
anode of the first valve and the grid of the second. The choke L
now chokes batk the H.F. current while having little effect on those
of low-frequency. Putting it another way, we can consider the

c2
s Gg
ndww g'?/D
.TC'5 APRCITY
.R31 Fe

Fig. 217—Sometimes an H.F. choke . . .
by itself is us s " Fig. 218—This shows the
y itself is used as a stoppe network corresponding to the
circuit given in Fig. 217

inductance L, the grid condenser Cz, and the grid resistance R3
(itself shunted in turn by the capacity between grid and filament
inside the valve, and shown 2s the dotted line condenser C3) as
being a complicated network connected across the resistance Rz.
The arrangement is shown theoretically in Fig. 218. It will be
seen that the voltages developed across Rz are distributed over the
inductance L, the condenser Cz, the resistance R3 (which is shunted
by the grid capacity). Nearly all the high-frequency potentials
available will be developed across the inductance L and very little
across the terminals Gz and Fz2. Little H.F. will therefore get to
the grid of the second valve. The L.F. currents, however, will
produce only a very small voltage drop across L, a comparatively
small voltage drop across C2 (which is of large capacity) but a large
voltage drop across R3 (which has a value probably of 1 megohm).
The grid-to-filament capacity of the second valve will have very
little effect indeed on the low-frequency currents since the capacity
is minute. The arrangement we have just discussed is not as
effective a filter as the Fig. 215 arrangement.

H.F. Resistance Stoppers.—A plain resistance of, say,
100,000 ohms may be used as a “ stopper ” of HF One use of
such a resistance is shown in Fig. 219, with its corresponding
theoretical equivalent Fig 220. Here the high-frequency potentials
developed across Rz are distributed through the resistance R3,
the large condenser Cz and the grid resistance R4 shunted by the
grid-to-filament capacity in the valve. This tatter, when very
high frequencies are involved, is a much readier pass than the grid
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—— 'C5
- b d ! F2
Fig. 219 Use of grid-stopper resistance Fig. 220 —The network of resistances
to keep H.F. from grid of L.F. valve and capacities eqliivalent to Fig. 219

resistance R4, The theoretical operation of this circuit is similar
to that given in connection with the inductive stopper but the
results may not be as effective.

The actual position of a choke coil for filtering purposes may
be varied and in Fig. 221 the choke L is connected in the grid
circuit of the second valve, which is coupled to the first by means
of an intervalve L.F. transformer Tr Tz. It has been assumed
that high-frequency currents have drifted over into the secondary
T2 of the transformer and, unless we get rid of them in time, they
will affect the grid of the second valve. By inserting the choke L
in the position shown we shall choke back the H.F. currents. A
better way of looking at it is to
consider the choke L and the grid-
to-filament capacity of the valve
as being connected across the
secondary T2. The H.F. and L.F.
voltages supplied by Tz will dis-
tribute themselves across the

Fig. 221—Showing use of choke as points X and Y and across Y and

“a means of filtering out H.F. Z. Because the capacity Cz (that

of the grid in the valve) is very

small and the inductance L also small towards low-frequency cur-
rents, we can ignore the effect of the choke on L.F. As regards
high-frequency currents, however, most of the potentials will be
developed across the inductance and the potentials developed across
Y Z by the high-frequency currents will be comparatively small.
Hence little H.F. will be applied to the grid. We can accentuate
the effect by putting an actual condenser Cz of small capacity
across the grid and filament of the valve. This will make the drop
across the terminals Y Z due to high-frequency currents still smaller.
The arrangement is shown in Fig. 222, but it is generally unwise
to use even a small condenser across grid and filament of the valve
because the low-frequency potentials developed across the secondary

L4
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of the L.F. transformer will be weakened by the presence of this
condenser, especially in respect of the higher musical notes.

Fig. 222—A condenser C2 increases Fig. 223— A grid resistance stopper

filter effect but affects top notes of L.F.  of 100,000 t0 500,000 ohms is popular

A very common arrangement, however, is to include a grid
stopper consisting of a resistance R inserted between one end of
the intervalve transformer secondary and the grid of the second
valve, as shown in Fig. 223. This resistance usually has a value
of from 100,000 chms to 500,000 ohms, and its operation is best
understood by regarding it as being in series with the grid-to-
filament capacity path and forming (with that capacity) a potential
divider across the secondary of the transformer. The greater
proportion of the H.I. potentials available is dropped across the
resistance R, and less across grid and filament of the valve. On
the other hand, the low-frequency potentials are not materially
affected. As in all these cases, however, there is some slight cutting
down of the top notes on the audio-frequency signals; the grid
stopper arrangement is sometimes used when the second valve is a
pentode valve, which tends to accentuate high notes. A certain
reduction of them is therefore not undesirable.

It is, on the whole, more advisable in the case of L.IF. transformers
to cut out the H.F. on the primary side and Fig. 224 shows one
method of doing this. The choke coil L is connected in the position
shown between the anode of the first valve and one side of the
primary of the transformer. A condenser C is connected across
the primary. Any high-frequency currents from the anode circuit
will now pass through L and C, and most of their ““force” will be
wasted across the inductance L.
The high-frequency potentials
produced across the condenser C
will therefore be small. Exactly
the opposite applies, of course,
to the desired low-frequency
currents. Fig. 224 produces
Miller effect and is not advised.

The %rrangeme nt ma y Fig. 224— Here the H.F. choke is
be modified by connecting directly in the anode circuit
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the condenser C straight to the
_ filament of the valve, as shown
in Fig. 225. This provides a
rather more direct path back to
the first filament for the high-
S —— == b = frequency currents, whereas in
i —~——  the Fig. 224 arrangement the
Fig. g2g-Use of HE.i%ei U high-frequency currents pass
through the high-tension battery.
Inductance-Resistance Filters.—If an inductance of fairly
low value is connected in series with a resistance, the combination
will act as a filter if suitable values are
chosen. The greater part of the available
H.F. potentials appears across the termin-
als of the inductance and a smaller part
across the resistance. The opposite will
occur when low frequencies are being dealt
with, the voltage developed across the
choke being small, while that across the .
resistance is large. TFig. 226 shows the f;f;nzgim he °i;§utc;a‘;;§ef
combined arrangement, resistance filter
Alternative - Path Filters.—A very commonly employed
filtering arrangement consists in providing two paths for the
mixed currents and making a particular type of current prefer one
path to the other. A good example is illustrated in Fig. 227,
where an alternator is supplying current to two paths in parallel.
The first path consists of an inductance
L and s measuring instrument for indi-
cating the current passing through L.
The second path consists of a condenser
C which also has in series with it an
instrument for measuring the current
passing through it. The current supplied
by the alternator will now divide up
LARGE between L and C, and we shall assume in
Current : S NP
Fig. 227—A.C. prefers large t1€ following description that this circuit is
condenser to large induct- not tuned but simply consists of a choke L
ance and the condenser C. Both the inductance
L and the condenser C will offer a certain amount of reactance to
the alternating currents, but if L is large and C is large then the
currents will prefer to pass through C instead of going through the
choke. In the case of low frequencies it is, of course, possible that
the condenser C will offer a higher reactance than would an
inductance L, in which case the low frequencies would prefer to

E
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pass through L. It all depends upon the
relative values of L and C, and of the fre,
quency of the applied alternating current
If the inductance is always kept high for
the particular frequency desired and the
capacity is kept also high, we can say that
the alternating currents will always prefer
to pass through the condenser. An example
of alternative paths is given in Fig. 228,
Fig zzsfg:::tag{:?% where the alternating current is made to pass
condenser across inducte through an impedance Z and then has the

ance alternative of passing through either a large
condenser or a large inductance, which latter will, if we are dealing
with low-frequency currents, be an iron-core choke; the currents
will prefer to pass through the condenser.

Alternative paths sometimes consist of a resistance and a
condenser ; here, again, the preferred path will be the one which
offers the least impedance to the particular frequency of the alter-
nating current. (The current, of course, never chooses one path
only but divides itself in the preferred proportion. Two paths,
even if one is a poor one, enables a greater fofal current to pass
through the network. A large resistance and a large condenser
ensure that in most cases the alternating currents will prefer to go
through the condenser. This is illustrated in Fig. 229.

CURRENT

L AarGe CURRENT - :
Fig, 229-—A.C. will pass through  Fig. 230—H.F. currents will prefer to pass
a large condenser in preference through the condenser C2

to a large resistance

In Fig. 230 we have a method for reducing the amount of high- -
frequency current getting into the inter-valve transformer and so
on to the grid of the second valve. The scheme is extremely simple
in that the condenser Cz is connected across anode and filament
and forms a by-pass for any high-frequency currents; they
prefer to pass through Cz rather than go through the primary of
the inter-valve transformer which acts as a choke. The condenser
C2, however, must not be of a high capacity, otherwise it will also
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by-pass some of the low frequencies; a commonly used value is
from .0001 to -0005-mfd. The arrangement is not ideal, however,
because the primary of the L.F. transformer does not act as a
perfect choke to H.I.; there is a considerable amount of self-

: capacity in the transformer

¢ primary, and sometimes a con-
l_. foyerd denser is actually incorporated
7 in the transformer. If we wish

cz

to keep H.F. entirely away from
N T the transformer, it is better to
Fig. 237 Practical method of insert a high-frequen_cy choke in
using H.F. choke and by-pass the manner shown in Fig. 231,
condenser where an inductance L is con-
nected between the anode of the first valve and the primary of the
L.F. transformer. A condenser Cz is now connected across the
anode and filament of the first valve. The H.F. currents now have
two paths open to them, one of which
is the choke L and the primary of the
transformer, and the other is the con-
denser Cz; they naturally choose the
latter. Fig. 232 shows the theoretical
arrangement of an L.F. alternator and
an H.F. alternator, both supplying
currents to the network consisting of
a condenser Cz, choke L, and the
primary Tr of the transformer. The _ O
Fig. 232~—Theoretical network
condenser C2 passes much H.F. and (orresponding to the Fig. 231
little L.F., while the inductance L arrangement
permits little H.I'. but much L.F. to pass.
A further improvement is shown in Fig. 233, where a further
filtering process is carried out by a second condenser C3 connected
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Fig. 233—The best method of Fig. 234—Theoretical network
keeping H.F. out of L.F. circuits corresponding to the circuit of

Fig. 233
in the position shown. Any small amounts of H.F. current which
get through the choke L now pass to the first filament (usually
earthed) through the condenser C3, and there is little chance of
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H.F. getting into the inter-valve transformer. The complete network
is illustrated theoretically in Fig.234. It will be seen that the
- condensers Cx and C2 pass H.F. but very little L.F. The inductance
L and the condenser Cz act as a potential divider which passes
out L.F. with little alteration.

This class of filter is frequently used in resistance-coupled ampli-
fiers, and a good example of such a circuit is given in Fig. 235,
where a choke coil L is inserted between the anode of the first
valve and the beginning of the coupling resistance Rz. The junction
point between the choke and the resistance R2 is connected to a
condenser C3 to the earth filament. The connection to the grid
of the second valve is made in the usual way. It will be seen

PassSES HE ~
Oasrrucisif .
L P2 Y
Mosrey
C Tk
h
]
] &Z2, s Z
Fig. 235—Use of H.F. choke and Fig. 236—Simple arrange-
condensers in  resistance-coupled ment for filtering out low-
amplifier frequency currents

that the H.F. gets two chances of being filtered out in this circuit.
Low-Pass Filters.—We have so far been chiefly concerned
with filters which are designed to suppress high-frequency currents
and to pass on low-frequency currents or potentials, but sometimes
we desire the reverse effect and Fig. 236 shows a simple arrangement.
A high-frequency choke L is connected across the sources of
H.F. and L.F,, and a condenser C is connected in one lead to the
output terminals Y Z. The inductance L will allow the low-
frequency current to pass through, while obstructing the H.F.,
which is made to go straight on through C.
This condenser, however, while it allows the
passage of the high-frequency currents, will
R impede those of low-frequency; terminals Y Z
L will therefore supply mostly high-frequency
currents.
Sometimes we desire to prevent excessive
C l passage of the higher audio - frequencies
b through an inductive piece of apparatus, such
as a loudspeaker or the choke feeding a loud-
Fig. 237—Arrangement gpeaker, or a transformer used for the same

for reducing the higher . .
netes = purpose. The arrangement of Fig. 237 is then
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commonly employed. Across the iron-core inductance is connected
the resistance R (which may have a value of, say, 10,000 ohms)
and the condenser C, having a capacity of -o1 mfd. Under normal
circumstances, the lower frequency currents will prefer to travel
through the inductance L rather than through the parallel path
R C, because R in the first place is high, and C certainly offers a
considerable reactance to low-frequency currents. If, however, the
frequency supplied by the alternating source rises above a certain
frequency it will produce excessive voltages across L ; the safety
circuit R C now provides an overflow, because on the higher fre-
quencies the reactance of L. becomes so great that the parallel
path R C become much more attractive. The arrangement is
frequently used as a tone-control for the purpose of cutting down
high-note response, especially when pentodes are in use. With
these valves, moreover, dangerously high voltages may be set up
across the inductance L, and the resistance R and condenser C form
a safe alternative path.

A resistance and inductance in parallel would of themselves
constitute a filter. In the case of low
frequencies, the currents would distribute
themselves between R and L, as shown in
<Ac Fig. 238, but most of the currents would

N,

probably go through L. As the frequency
is made to rise, however, the inductance
L offers an increasing reactance and more
and more current will tend to pass through
R, which continues to offer the same
Fig. 238—A resistance Obstruction at all frequencies, and therefore
alone will reduce high notes becomes a relatively easier path as the
alternating frequency rises. The disadvantage of the simple
resistance across the inductance is that the resistance will pass
current at all frequencies, whereas the addition of a condenser
in series with it, as in Fig. 237, prevents excessive currents flowing
at low frequencies. A condenser alone in place of the resistance R
in Fig. 238 has already been discussed, but as a tone-control
device and safety arrangement it suffers from the disadvantage that
it permits the passage of high notes all the time. In most tone-
control schemes the resistance is a variable one.

Multiple Filters.—LEffective filtering may be accomplished by
using suitably sized chokes and suitably large condensers, but the
former are difficult to make so as to be free from a self-capacity
which would minimise their effectiveness, while in many circuits a
large condenser cannot be used at all, since it would also caut down
the audio-frequency signals. A better solution consists in connecting
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filters in series, so to speak, so that after filtering most of the high-
frequency currents, the remaining mixture is subjected to a second
or third filtering process, each filtering stage cutting out, say,
9o per cent of the H.F. applied to it.

A double filter of this kind is illustrated in Fig. 239, where a
potential divider filter
consisting of an in-
ductance L1 and con-
denser C1 is capable,
we can assume, of
reducing the H.F.
across the condenser
C1 to one-tenth of the
Fig. 239—Use of two filters total H.F. voltage Fig. 240—Two resistance-

in series supplied by the alter- capacity filters

nator. The terminals of C1 have connected across them a
second inductance L2 in series with a condenser C2, so that this 1 velt
of H.F. is further reduced, the final H.F. wvoltage across Cz
showing only one-tenth of a volt. “By the use of two similar filters
we have cut down the H.F. to 1-100th of its former value, whereas
if low-frequency currents were passed through the filter simul-
taneously they would only be affected slightly by the second
condenser C2. This scheme is particularly useful where it is not
desired to cut down the audio-frequency currents.

The resistance-capacity filter previously described also lends
itself to duplication. Fig. 240 shows a double resistance-capacity
filter. If we assume that the condenser Cr and the resistance R1
divide up the A.C. potential available so that only one-tenth of it
is to be found across the terminals of C1, then by adding a similar
filter across CI we can repeat the process, so that the total A.C.
voltage across the output terminals is only
1-100th of the original voltage. This scheme
may be used for separating high- and low-
frequency alternating currents, but it is largely
used for separating D.C. and A.C.

Fig. 241 shows a battery B providing D.C.
{direct current) which it is desired to draw off
at the terminals Y Z. In series with the
battery B is a source A C of alternating
currents. The problem before us is to get rid

Fig, 241-—Separating the . h
AC from a D.C. supply of this alternating current and draw off only

the D.C. The solution consists in connecting
a resistance R in series with a condenser C. If we make C of large
capacity (and we can make it as large as we like, say, 2 mfd. in
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this case, since no D.C. can pass) then practically the whole of the
A.C. potential is developed across the resistance R, which is
“outside "’ the terminals Y Z. Such alternating current as passes
through C will produce practically no potential difference across it,
with the result that the terminals Y Z will supply almost pure D.C,
The most usual example of this filter consists in the D.C. supply
system of an A.C. wireless receiver or mains unit, where the alter-
nating current from the mains is rectified and produces a direct
current output which is not strictly pure, but which has mixed in
with it a certain residual ripple of alternating current. It is essential
to get rid of this ripple, which will produce a hum in the receiver,
and a resistance and a capacity filter is very commonly employed
for this purpose.

The disadvantage of a resistance is that not only are the alter-
nating potentials developed across it but there
is a certain loss in D.C. voltage across the
resistance, since the direct current has to
pass through it. A more expensive but more
cffective arrangement is to use an iron-core
inductance in place of the resistance, and if
this is wound with reasonably thick wire, the

O OZ D.C. voltage loss across it will be small while

Fig. 242—Use of won- the A.C. potentials developed across it will
core choke filter :

belarge. The arrangement is shownin Fig. 242.

Tig. 243 shows multiple-filter systems suitable for passing on
low frequencies but not high frequencies. In the first case (a)
iron-core inductances are shown in use, and large condensers Cr
and C2 are employed. This filter will only allow the passage of very
low frequencies and direct currents. Direct currents will also pass
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Fig. 243—Three forms of filter which pass on the low-frequencies and tend to ‘* short-
circuit ** the higher frequencies
through both of the other two filters, although there will be con-
siderable reduction in voltage in the case of the filter (c).
Filter (b) is suitable for discriminating between H.F. and L.F,,
the latter being allowed to pass through.
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The filter (c) is very commonly used for allowing a passage of
D.C. but cutting out practically all alternating currents of what-
ever frequency. Naturally the effectiveness of all these arrange-
ments for given frequencies depends upon the sizes of the condensers
and chokes or resistances.

Fig. 244 is a high-pass filter. If mixed H.F. and L.F. currents

LY L2 43
8— 2z
-0
Fig. 244—This combina-
tion of condensers and Fig. 245—Use of two L.F. chokes and one
mductance; ;;?sses on the condenser for special cases

are applied to A B, the H.F. currents will go through the condensers
C1, C2,and C3to Y Z; the low-value inductances will act as chokes
to the H.F. but will short-circuit the L.F.

Sometimes it is desirable to include a choke or resistance in each
lead instead of only in one lead when desiring to cut out alternating
currents. Fig. 245 shows the use of a choke L1 and a choke Lz and
a capacity C. This is sometimes used for cutting out low-frequency
ripple from a D.C. rectifier. The chokes should have little effect on
the D.C., but in conjunction with the condenser C, form a potential
divider across the alternating current. Some of the potential is
developed across L1, practically none whatever across C, and the
rest across Lz. The same potential is developed across Lz as
across L1, and the effectiveness of the filter is no different than if
one inductance only were used having twice the size of L1. The
arrangement, however, is useful in preventing hum in certain cases
where leakage of one kind or another would occur from the
terminal Z.

Decoupling.—The word decoupling is used normally to convey
the by-passing of alternating currentg of high or low frequency to
earth instead of letting them pass through an undesirable channel
such as a high-tension battery, a grid-bias battery or a mains unit,
The currents to be by-passed usually go to earth but not necessarily
so. They may go to the filament of the battery valve or the cathede
of an A.C. valve, but both are usually connected to earth except,
perhaps, for some D.C, potential with respect to earth. We, there-
fore, speak of ‘ earthing,” through a condenser, certain points of
a circuit. The symbol for an *“ earth " is used, but this does not mean
a separate earth, but simply an earthed point on the receiver.
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X o b2 o v Fig. 246 shows a good example of
IPORIPAS decoupling to prevent high-frequency
# currents getting into the high-tension
battery. It will be seen that a screen-
grid valve is being used as an H.F.
amplifier. The anode circuit of the
F Ortns valve contains an inductance L1 tuned
o— Jz by a condenser Cr1 ; in the ordinary way,
Fig. 246—Decoupling the anode the top end of the inductance would be
circuit of an H.F. valve connected to the positive of the high-
tension battery, which would mean that high-frequency currents in
the anode circuit of the valve would pass through the high-tension
battery. Thisis undesirable, because the hattery itself has a certain
internal resistance, and the high-frequency currents passing through
it would set up potential difference across the battery. Thisis par-
ticularly disadvantageous when the high-tension battery, asit usually
does, feeds a number of other valves, because it means that high-
frequency em.fs. are communicated to the other valves and
cause instability and other troubles. Another disadvantage of
letting the high-frequency currents get into the H.T. battery is
that stray couplings occur between the wires going to the battery
itself and other parts of the receiver ; in fact, H.I'. currents would
tend to be floating about all round the set, causing instability and
lack of selectivity. 4

We can connect an H.F. choke Lz and a condenser Cz of large
capacity across the points X and Z. The high-frequency currents
will choose the path of least resistance, i.e., through Cz, and only a
small proportion of the high-frequency current will ever get to the
high-tension battery.

Actually, in a circuit of this kind the condenser C2 should be as
large as possible, and may have a value of 2 mfd., but as larger
condensers are more expensive, condensers of o-x mfd. or even
-o1 mfd. would quite effectively decouple the high-tension battery
from radio-frequency currents. The condenser should be of such a
size that its impedance is not more than one-tenth of that of the
choke.

The inductance L2 should have as little self-capacity as possible,
because the self-capacity will itself provide an alternative path in
parallel with Lz, thus reducing the reactance of this path which
should really offer as great an obstruction to the H.F. current as
possible.

In place of the inductance L2, we could use a resistance R (shown
in a dotted line), although it has the disadvantage that it will
reduce the high-tension voltage on the anode. We can, however,
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use quite a small value of resistance with good effect, provided the
condenser C2 is made large. For example, if the resistance had a
value of 1,000 ohms it would make little difference to the anode
volts of the screen-grid valve. If we make the condenser C2 of
1-mfd. capacity, the reactance of it will only be {th of an ohm when
dealing with high-frequency currents corresponding to signals of
300 metres wavelength ; it is easy to see that the high-frequency
currents will much prefer to pass through a path having an opposi-
tion effect of only th of an ohm as compared to 1,000 ohms. In
designing any decoupling circuit, it is important to find the re-
actance of the two paths for the particular frequency of the currents
to be decoupled ; for example, the decoupling in this case is much
more effective for a wavelength of 300 metres than it would be
for a wavelength of 1,600 metres.

If we were trying to decouple low-frequency currents of a fre-
quency of, say, 1,000, we should need a choke of much higher value
or a resistance of much higher value,
say, 20,000 ohms. We could, of course,
as an alternative use a much larger con-
denser, but this is not usually a practical
or economical method.

Fig. 247 shows how the screen of a
screen-grid valve may be decoupled. If
the screen were connected directly to a
o - tapping on the high-tension battery, any

Fig. 247--Decoupling the screen hioh frequency currents set up in the
screen circuit due to high-frequency

potentials on the grid would get into the high-tension battery and
perhaps make a nuisance of themselves. Also the screen itself would
have its potentials altered at high frequency, even though the
voltage variations might only be slight. It is quite common
practice to connect the screen to a tapping on the high-tension
battery, and to connect a 1-mfd. condenser across screen and fila-
ment. This would effectively by-pass any H.F. on the screen, but to
make doubly sure, a small resistance R is often connected in the
screen circuit ; the resistance may have a value of 600 ohms or
1,000 ohms, or, in general, some small value which will not produce
an undesirable or excessive drop in H.T. voltage applied to the
screen. If a resistance is used, the condenser Cmay be reduced in
value to, say, o't mfd., but it is rather interesting to notice that any
variation in H.T. voltage due to the influence of other valves is
prevented from influencing the screen if more adequate decoupling
is employed. A value of 1,000 ohms and o-1 mid. will effectively
decouple the screen from any H.F. potentials set up across the H.T.
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battery by any other valve in the receiver, but these values will
not be sufficient to decouple the screen from low-frequency potentials
established across the H.T. battery. In fact, in the case of low fre-
quencies below 500 cycles, the decoupling would be poor, and it
would be desirable to use a 1-mfd. condenser and perhaps 20,000
ohms for the resistance. This, in turn, would mean that a larger
H.T. voltage applied to the battery would be required. It is not
customary to decouple an H.F. valve so effectively.

The Fig. 247 arrangement could be modified by substituting a
high-frequency choke in place of the resistance R, but such an
arrangement can only be used for decoupling high-frequency
currents. It may be stated with confidence that where resistances
are used for low-frequency decoupling, the same circuit will decouple
the high frequencies even more effectively. It is important, how-
ever, that for the latter purpose the resistances should provide a
path having small self-capacity. Special composition resistors are
quite satisfactory for high-frequency decoupling.

Eliminating ‘H.F. from Mains.—In the case of mains receivers,
it sometimes happens that the mains themselves pick up signals
or stray currents of high frequency and these may influence the
various circuits of the receiver. These currents may be prevented
from getting to the receiver by inserting an air-core choke L in one
of the leads and employing a by-pass condenser to provide a short-
circuiting path. Such an arrangement is illustrated in Fig. 248,

- STOOO0 . P51 71VE R AN D¢
F T SreorbC LY PenSue DCMans l 2gocs *
UnALTERED WiRELESS
SIGHALS o ViaLve
[+ Anoos me
Rerziven L o
TUARY
FOR WIRELESS
SiGNALS £ meer
_ Nzcarve . .
- o OC. Fig. 249—Another method which
Fig 248-—Method of cutting out H.F, picked however, causes a drop in the

up by D.C. mains H.T. voltage

which is shown applied to D.C. mains. This may be readily explained
by using the potential divider theory asappliedtoLand C. Fig. 249
shows a similar arrangement in which a 20,000-ohm resistance
and a 2-mfd. condenser is used for decoupling the receiver on the
D.C. supply. This arrangement, incidentally, will smooth out the
D.C. supply, cutting down hum. The resistance, however, will
also greatly reduce the H.T. voltage. The condenser is sometimes
best connected on the other side of the choke in Fig. 248; or a
condenser to earth (sometimes a separate outside earth) may be
taken from each side of the choke. Sometimes a choke is con-
nected in each lead. If only one choke is used it should be inserted
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in the D.C. mains lead which is not earthed by the electricity
company.

L.F. Decoupling.—The most popular form of decoupling
undoubtedly is that used to prevent low-frequency currents from
getting into the high-tension battery and producing varying
alternating potentials across it, these potentials being lable to be
communicated to the anodes and grids of the other valves and so
cause low-frequency instability or distortion. The problem is
very definitely acute when mains units are employed or when the
receiver is an all-electric one operating off A.C. mains. The reason
for the necessity of decoupling in the latter cases is that the rectifier
unit has a high impedance.

Even a high-tension battery will have a high impedance when it

Rz - . is getting old, as the
20000 Honwendy internal  vesistance
«2MFO 2ao000ms | hecomes high (it

may reach a value
, == | of 2,000 ohms).
|" N oy g A typical de-

Al coupled circuit is
illustrated in Fig.
250, where the high-
tension battery is

| shown as contain-
Fig. 250—A three-valve circuit in which two circuits il]g a resistance Rr

are decoupled which is intended
to symbolise the internal resistance of the battery. The circuit
is really a simple three-valve arrangement which can be con-
nected to any aerial circuit to form a complete receiver. The
first valve is coupled to the next by means of a stage of resist-
ance-coupling, while the second valve is coupled to the third by
means of transformer coupling. Modern valves are so efficient
that if there is any transference of potentials from the anode
circuit to the grid circuit of the valve or to a preceding grid circuit,
there will be a chain of reaction or reverse reaction which will
either produce low-frequency oscillation (generally known as mofor-
boating) or else distortion. The more efficient the transformer
on the lowest frequencies such as 50 cycles, the greater will be
the tendency for motor-boating, which is so called because of the
pop-pop-pop which is heard in the loudspeaker. This reaction
is due to the resistance of the battery forming a coupling between
one valve and a preceding one; for example, the low-frequency
potentials on the grid of the last valve will produce amplified low-
frequency currents in the H.T. battery ; if this has a high resistance
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quite considerable potential fluctuations will occur across the
battery, causing a raising and lowering of the H.T. voltage. Since
this voltage is supplied to the anodes of the two preceding valves,
changes in those two anodes are likely to occur, and these in turn
will ultimately cause variations in the grid potentials of the last
valve. If these potentials tend to strengthen the original voltage
variation on that grid, low-frequency oscillation will occur. If,
however, the reaction effect is in a reverse direction, there will be a
falling off in signal strength and also distortion. It is therefore
desirable to prevent any fluctuation of H.T. voltage getting to the
anodes of either valve, and this can be effectively stopped by the
use of a decoupling arrangement. In Fig. 250 a decoupling resist-
ance R4 of 20,000 ohms with a by-pass (or decoupling) condenser
Cr of 2 mid. is used for decoupling the anode of the first valve,
while the anode of the second valve is decoupled by a similar
resistance by 20,000 ohms and the condenser C2 of 2 mfd. Parallel
feeding of the loudspeaker of the last valve or decoupling the anode
circuit of this valve (though not shown) will also contribute to the
stability of the whole arrangement.

It is to be noticed that the resistances of 20,000 ohms tend to
cut down the anode voltages of their respective valves. Iron-cored
chokes might be used in place of resistances, but they have to be of
good quality and are expensive; in addition, they have usually
an cxternal field which may give rise to trouble in a compact
receiver, although this is not very likely.

To improve the decoupling, if it proves necessary, both resistance
and by-pass condenser should be increased in size. Where it is
not possible to increase the value of the resistance without unduly
decreasing the anode voltage, the condenser should be increased
in capacity or multiple filters employed.

Multiple Decoupling.—An example of a multiple decoupling
arrangel?lent . is Dovae Decouriina
shown in Fig. PR a0 g pu
251, which has o ; ¢s
been drawn to werngee
illustrate
numerous
methods of de-
coupling and
filtering. It will
be seen that GeoBiss Decournss
two resistances, 1o

S

R
Rz and R3, are Fig. 251—Very complete deroupling is applied to both anoed
. employed to and grid circuits
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decouple the anode of the first valve. The resistance R1 is the only
resistance coupling, while a filter L1 and Cr1 is used to keep out high-
frequency currents from the subsequent valves. It will be noticed
that the grids ot the second and third valves are served from a
common grid-bias battery. This battery also may develop a high re-
sistance, this resistance forming a coupling between valves which is
liable to set up instability or distortion. We thus find the grid-bias
battery sometimes decoupled and the scheme is very common practice
in A.C. sets. The grid of the second valve has a grid resistance
R8 for the usual purpose, but in addition there is a grid-bias de-
toupling resistance Rj of, say, 50,000 ohms, and a by-pass condenser
C5 of 1-mfd. capacity. A similar resistance R6 and condenser C6
is used for decoupling the grid circuit of the last valve. Actually,
one may here use very large decoupling resistances, e.g., T megohm,
since they pass no current; this enables us to use smaller and
cheaper condensers. say -0o1 mid.

The anode circuit of the second valve is decoupled by a resistance
R4 and a condenser C4 having values of 20,000 ohms and 2 mfd.
respectively. The grid circuit of the last valve has a grid stopper
R7 which is for the purpose of still further preventing any high-
frequency currents getting to the grid of the last valve. The anode
circuit of the last valve has an iron-core L.F. choke Z (of, say, 50
henries) and a condenser C7 of, say, 2 mfd., which feeds the loud-
speaker. This parallel feeding arrangement prevents the low-
frequency current from getting into the high-tension battery,
practically all of the alternating current passingthrough Cy to the
loudspeaker instead of going through the high-tension battery. A
final refinement is a condenser C8 of, say, 2 mfd. or more, connected
across the high-tension battery. This further tends to stabilize
the voltage of the H.T. battery. The whole circuit should be
studied as an example of good decoupling technique in modern
receivers.

A useful way of regarding all decoupling arrangements is to
consider the system as similar to that of a by-pass arterial road
built to divert traffic from the narrow busy street of a town. Itisas
if the town authority has provided this easy path for motor traffic
and made it particularly more pleasant than for motors to pass
through the town. For example, if a corporation made no effort
to provide a good road through the town and 