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FOREWORD 

HITHERTO the works published on " Radio " and " Television " in this 
country and in the United States have been of two distinct classes—works 
of an advanced nature appealing only to the comparatively few who have 
a scientific knowledge of these subjects and can readily understand a 
mathematical approach, and popular works more suitable for armchair 
reading. A work which would cover every phase of Radio and Tele-
vision Engineering from many viewpoints and which would appeal to 
radio maintenance engineers and employees in the industry has been a 
long felt want. To meet this growing demand has been the aim of the 
Publishers and Author in the production of Modern Practical Radio and 
Television; this work will also meet exactly the needs of the many 
National Service personnel who have acquired a good knowledge of 
specialised Service equipment, and who wish to mould this knowledge in 
order to make the best possible use of it in the radio industry. 

Service and maintenance are treated comprehensively and provide 
information for those with a fully equipped service workshop at their 
disposal equally with those who possess the minimum facilities. The 
section dealing with Television covers a wide field and introduces many 
circuit arrangements and valve types, which are unknown to those who 
have not studied this particular field of the electronic art. There is also 
a section of Low Power Transmission and chapters dealing comprehen-
sively with Frequency Modulation, Car Radio, Electrical Interference 
Suppression, and other specialised subjects. 
The illustrations, which are an outstanding feature of Modern Practical 

Radio and Television, number over four hundred, including a special series 
of oscillograms which have all been prepared under the personal super-
vision of the Author. 
The Publishers and Author alike offer this latest treatise on Radio and 

Television to all those connected in any way with this subject, with com-
plete confidence. 
The Author would like to thank in particular Mr. W. H. Date for his 

willing and constructive help at all times. In addition he would also like 
to thank the artists and others who have worked unceasingly to make 
Modern Practical Radio and Television possible. 

C. A. QUARRINGTON, 
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MODERN PRACTICAL RADIO 

AND TELEVISION 

VOL. I 

CHAPTER I 

SOUND 

SOUND has been chosen as the subject-matter for the opening chapter 
of this work. It might be argued that the principles of radio technique 
should take precedence, but the reason for the popularity of radio is the 
ability to transmit sound from one place to another; furthermore, before 
attempting to understand the principles and application of radio com-
munication, it is both logical and necessary to acquire a knowledge of 
the principles of sound, as the nature of this phenomenon exercises a 
wide influence over the design of both the transmitter and the receiver. 
Sound is often regarded as something emanating from, say, the string 

of a violin or the impact of a hammer on a piece of wood; this belief 
is not strictly accurate, as sound should be regarded as a phenomenon 
peculiar to and arising in the ear of a human being or animal. If a 
bomb is exploded in the middle of the Sahara desert at a place so remote 
that no living creature is within earshot, there will be no sound. True, 
the explosion of the bomb will cause considerable air displacement and 
radiate a complicated set of vibrations, but unless these strike a living 
eardrum the explosion of the bomb will not have caused any sound. 

Starting, then, with the conception that sound is a function of the ear 
and its associated nerves and brain, it is necessary that its limitations 
should be appreciated; quite apart from the need for a proper under-
standing of the nature of sound-wave formation, the study of sound-wave 
mechanics serves as an excellent introduction to radio waves, as they are 
more tangible and therefore more readily understood. 
Wave Motion.—If a stone is thrown into a lake it will cause a series of 

waves to radiate from the point where the stone entered the water, and 
from the behaviour of these ripples three things may be observed. First, 
the wave motion will travel outwards at an even speed until it has travelled 
such a distance that it has died away. Secondly, it can be seen that as 
the disturbance dies down the speed of the motion is still unchanged. 
Thirdly, if a leaf or other floating object is situated within the disturbed 
area it will rise on each wavecrest and fall with each trough, but it will 
not change its position. 
Two conclusions may be drawn from this simple experiment, the more 

important of which is that the wave motion is purely a displacement of 
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water in the vertical direction and not a movement in a horizontal plane; 
in other words, the energy expended by the stone hitting the water has 
travelled outwards, but when the disturbance has subsided each drop 
of water will occupy its original position. As a further illustration of 
this phenomenon, various coloured dyes may be introduced to denote 
definite zones and will remain unmixed by the passage of wave motion 
except at the actual point where the first displacement takes place, due 
to the entry of the stone. 

If a larger stone is thrown into the water it may be observed that this 
will cause waves of greater height and depth or, to use the correct term, 
greater amplitude; the leaf referred to in the first part of the experiment 
will travel a proportionately greater distance in a vertical direction. 
There is only one conclusion to be drawn from this simple experiment, 
and that is that the amplitude of a wave is proportional to the energy 
which sets it in motion. It can also be observed that the wave motion 
caused by the larger stone will travel farther before it dies away. 

There is one more 
WAVELENGTH variable factor, and 

that is the distance 
between one peak 
and the next. This 
is termed the wave-
length. Fig. 
illustrates diagram-

matically a succession of waves and from this illustration it may be seen 
how amplitude and wavelength are measured 

Bearing in mind that the distance between one peak and the next is 
a variable factor and that the speed in the forward direction is constant, 
it follows that the time between each successive peak passing a fixed 
point is not only variable but is dependent on wavelength. The longer 
the wavelength the greater will be the interval between successive peaks, 
and conversely the shorter the wavelength the shorter will be the time 
interval or, in other words, the greater will be the frequency of their 
appearance. To summarise, a propagated wave has five characteristics: 
(a) velocity, or the speed at which it travels from its source ; (b) amph-
tucle, which is the measure of its strength; (c) wavelength, which is the 
distance between each successive peak; (d) frequency, which is deter-
mined by the time interval between each consecutive peak passing a 
fixed point, or, more conventionally, the number of complete cycles per 
second emanating from the source ; (e) the actual shape, which is referred 
to as the waveform and is dealt with in a later chapter. A cycle is a 
complete series of recurring events and is one unit of wave motion. 
Fig. 2 shows diagrammatically one complete cycle, which includes a 
complete peak and trough, the horizontal line representing the normal 
undisturbed level of the water. 
Sound waves and incidentally radio, heat, and light waves are peculiar 

A
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Fig. .-- A wavetrain or series of waves showing how wavelength and 
amplitude are measured. 
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inasmuch as they travel at a fixed speed irrespective of amplitude, wave-
length, frequency, and in fact any consideration other than the medium 
through which they travel. Sound waves travel in air at 1,o88 feet per 
second, and radio, heat, and light waves, to mention a few examples, 
travel in free space (the ether) at 186,000 miles per 
second. If a bell is struck it vibrates at a frequency 
determined by its mass, which we will assume is 
such that it vibrates at 500 times per second; this 
mechanical movement will alternatively compress 
and rarefy the air immediately surrounding the bell, 
which will in turn compress and rarefy the next 
" layer" of air, and in this way the alternating 
changes of pressure radiate in all directions at the 
fixed speed of 1,o88 feet per second like an expanding ball. Each wave of 
high pressure slowly dies away, to be followed by a wave of low pressure, 
which is in turn followed by a wave of high pressure and so on, as long 
as the bell vibrates. Assuming this wave, or sound wave as it may be 
called, strikes an eardrum it will cause it to vibrate in exact sympathy 
with the bell, and a 50o-cycle note will be heard; this is, however, only 
half the truth, as the listener will recognise the sound as emanating from 
a bell as distinct from, say, a 50o-cycle note from a tin whistle. 

Harmonics.—The difference in the quality between various sounds, 
such as, for example, those associated with the instruments of the 
orchestra, is due to the presence of harmonics. A harmonic is a subsidiary 
wave, the frequency of which is an exact multiple of the main or funda-
mental wave. The second harmonic is double the fundamental frequency, 
the third harmonic is treble the fundamental frequency, and so on. Thus, 
the second harmonic of a 50o-cycle note will be Imo() cycles, the third 
harmonic 1,500 cycles, ad infinitum. 
The various instruments of the orchestra have their own characteristic 

sounds; the French horn, for example, has a small harmomc content, 
whereas the violin is rich both in the number and amplitude of harmonics. 
When the string of a violin is plucked it emits the fundamental note 

to which it is tuned, but owing to its mechanical properties it also vibrates 
at multiples of its fundamental frequency, notably at twice and five times. 
Certain instruments also produce what may be termed incidental noises 
such as the blowing and reed noises from the clarinet, the noise from the 
bow on a stringed instrument, drum rattle from the tympani, and so on; 
such noises are almost invariably of relatively high frequency and need 
not necessarily bear any mathematical or musical relationship to the 
fundamental note. The human voice is rich in harmonics which are 
responsible for the difference between various voices and almost entirely 
for the various sounds produced; for example, a singer may sing the 
vowel " e " at the same pitch as the vowel " o," but they will each be 
recognised by virtue of their different harmonic contents. Figs. 3-8 are 
actual photographs of the sound waveform of the human voice producing 

Fig. 2.— One complete 
cycle; a series of cycles 
form a wavetrain such 
as that shown at Fig. 1. 



Fig 3.—The vowel sound " a." 

Fig. 4.—The vowel sound " e." 

Fig. 5.—The vowel sound " i." 

F4;. 6.—The vowel sound " o." 

Fig. 7.—The vowel sound " u " (OÓ. 

4 
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Fig. 8.—The sound " ing." 

Figs. 3-8.—These illustrations are actual photographs taken with the cathode-ray oscillograph and 
show the true waveforms of the sounds indicated. Taken with an f. ro lens in a rotating drum 
camera revolving at a speed of 70 feet per second using super-speed paper. 

the vowel sounds " a," " e," " i," " o," " u," and the sound " ing." 
It may be observed that" a,"" e," and" i " have a complicated waveform 
compared to " o " and " u." However complicated a waveform may be, 
it is made up solely of a series of pure waveforms such as that shown at 
Fig. 1. This is admittedly difficult to visualise, but some aid may be 
derived from Fig. 9, which shows the resultant waveform (top), which 
is made up by adding together 
the two lower pure waveforms. P 4 4 ) 4 
A pure waveform is known as a 
sinusoidal waveform, the exact 1 \ ‘- I\ 1., y f .‘ I 
definition of which is described / / 

V in a later chapter. 
It is interesting to note that the 1 tj 

Y\  i‘   
waveforms of the vowel sounds v 
are usually quite recognisable   
when produced by voices that 
are widely divergent in quality , 1. , -I , 

and pitch, whereas consonant 
sounds have a totally different 
appearance and cannot be identi-
fied. 
The Human Ear.—The fre-

quencies of sound extend over a Fig. 9.—The top waveform is simply the lower two 
waveforms combined and illustrates that highly 

wide range, of which the human complicated waveforms, such as those shown at 
ear can detect a limited band ; Figs. 3-8, are made up of two or more simple 

this is usually quoted as 15 cycles waves. 

per second to 24,000 cycles per second, but it is extremely doubtful if 
such a range is audible to more than one person in five thousand. A 
more reasonable estimate would be 15 to 18,000 c.p.s., although it must 
always be remembered that the upper limit of audibility varies widely with 
different individuals and also that it decreases with age. It is equally 
important to remember that the sensitivity of the ear varies with 
frequency, that is to say that sounds of equal volume but different pitch 
will give the impression of dissimilar volume; the average ear is most 
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sensitive to sounds at about 3,000 c.p.s., and falls off above and below 
this region. 
The ear is somewhat insensitive to changes in volume although ex-

tremely sensitive to changes in pitch. The presence of these character-
istics is fortunate, because it is comparatively easy for a musician to 
control the pitch of a note but difficult to control the volume. The 
sensitivity of the ear is logarithmic,' which in plain English means that 
the brain registers disproportionately an increase in volume. Because 
the sense of hearing follows a logarithmic instead of a linear law, the ear 
can appreciate changes over a considerable range of volume The loudest 
audible sound is some io,o0o,000 times the smallest sound (called 
the threshold of hearing) that can be detected. On the other hand, the 
brain of the average person would only receive the impression of a change 
of approximately 70 : 1. 

The Decibel.—As already intimated the ear does not readily detect a 
change in volume, the average person being just able to detect an increase 
of 30 per cent., while an increase of ioo per cent. appears surprisingly small. 
In order to measure and compare various volume levels in a manner that 
gives an indication of apparent audible value, it is convenient to use a unit 
called the decibel. The significance of the decibel can be more readily 
appreciated when expressed in the following way. Assume that some 
means is available of producing a note of constant pitch and that it is 
adjusted to give a volume which can be called V1; the volume is then 
doubled, giving ioo per cent. increase V s ; this, expressed in terms of 
the unit under discussion, is 3 decibels, and the apparent increase regis-
tered by ear would be quite small. If the volume is again doubled V 3, 

the increase will again be 3 decibels; note particularly that although the 
volume V 3 is four times V1 the increase expressed in decibels is only 
doubled. If the volume is again doubled V 4, the increase will again be 
3 decibels, thus the volume will have been increased by eight times 
although the increase in decibels is only three times; if this is repeated 
the actual increase in volume will be sixteen times and the increase in 
decibels, or apparent audible volume, only four times, and so on until 
such a volume is reached that the ear cannot further respond. It has 
already been mentioned that the ear can appreciate changes over a 
range of io,000,000 : 1, which is 70 decibels, and it may be added that an 
increase of r decibel is the smallest change that can be detected by a 
normal person; it is conventional to abbreviate decibel by the symbol db. 

Instruments of the Orchestra.—Fig. Io shows diagrammatically the 
frequency range covered by the fundamental notes of various instruments 
compared with the keyboard of a full-scale piano (85 notes). It will be 
observed that extensions to these frequency bands are shown dotted; these 
extensions serve to indicate in general terms the range taken up by the 
important harmonics of each instrument. This table must only be accepted 

I See Appendix I. 
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as an approximation, as the expression " important harmonics" is necess-
arily an arbitrary one, but it very readily shows the important part played 
by the higher frequencies in determining tone as distinct from pitch, 
which is taken care of by the fundamental frequencies. 
The frequency range covered by certain percussion instruments is quite 

el 2 
aD 01 
▪ •••• 

z 
aD 

ed. 

DOUBLE BASS 

TUBA 

CELLO 

DRUMS, CYMBALS ETC. 

BASS VOICE 

TYMPANI 

FRENCH HORN  

TENOR VOICE 

VIOLIN  

SOPRANO VOICE 

OBOE 

PICCOLO 

Fig. io.—The frequency range of various instruments is shown above. The solid lines represent the 
fundamental notes, while the broken lines show the harmonic range necessary for true repro-
duction; the tympani and drums have no range of notes, but a wide frequency band is covered 
by harmonics, rattling noises, etc. The total scale is shown in cycles per second and extends two 
octaves and two notes above a full-scale piano. 

surprising; the bass drum, for example, occupies a range of about 6o to 
i,000 cycles; the snare drum extends to well above io,000 cycles; and 
the tympani, which has a fundamental frequency of 96 cycles, extends 
from 65 to 2,000 cycles. Perhaps the most surprising example is the 
noise made by heavy footsteps on a wooden floor, which produce a 
prominent sound wave around 150 cycles but also produce supplementary 
frequencies extending up to the region of 13,000 cycles. 
Sound waves are reflected, with very little loss, by hard substances 

such as glass, metal, and concrete, and are almost entirely absorbed by 
soft substances of adequate thickness such as sawdust, dry seaweed, 
sacking, wadding, etcetera. The hard substances mentioned reflect sound 
almost entirely independently of frequency, but soft substances and 
substances of intermediate acoustic properties, such as wood, tend to 
absorb high notes more readily than low notes, a phenomenon that has 
to be carefully taken into account when planning large buildings such as 
cinemas, or conversely when designing the speech- and music-reproducing 
apparatus for use therein. 

R.T. 1-2 
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Reference has been made to the importance of the higher harmonics 
without which the true characteristics of almost every broadcast item 
would be lost ; it would seem, therefore, that a radio receiver should be 
capable of reproducing these frequencies. Unfortunately practical con-
siderations make this impossible, for reasons which are revealed in the 
next chapter. There is, however, another aspect of sound reproduction 
which is of a purely personal nature. 
Many receivers are fitted with a device called a tone control, the 

function of which is to reduce the strength of the higher frequencies; 
bearing in mind that the reproduction will almost certainly have short-
comings in this direction, it is logical to suggest that operation of the 
tone control must make reception less true. Investigations have shown 
that an important percentage of the listening public prefer to use their 
receivers in this manner and consider the " tone " to be improved. 
Whatever individual preference may demand, a radio receiver should not 
possess tone in the sense that it reproduces music in an individual manner; 
it should necessarily aim to reproduce the original programme without 
loss or addition of any frequencies. 



CHAPTER 2 

A BIRD'S-EYE VIEW 

Tins work has been very carefully planned to present each phase of radio 
technique in a sequence that will enable the reader to acquire, in the earlier 
chapters, the knowledge necessary readily to understand the chapters 
which follow. 
When defining the order in which the chapters were to be presented, 

the difficulty arose that certain principles are interdependent on each 
other. This chapter is, therefore, devoted to a very brief outline of the 
whole chain between, say, a singer in a broadcasting studio and an actual 
listener enjoying the programme at home. 

Before commencing this bird's-eye view, it is necessary that one fact 
should be thoroughly understood, and that is that a broadcasting station 
does not radiate either sound or electricity. Admittedly, the actual 
transmitter itself may be termed a piece of electrical apparatus, and 
furthermore the actual electricity consumed in a single hour by one of 
the main B.B.C. stations would supply the needs of an average household 
for several months. A broadcasting station is electrically operated from 
the microphone to the aerial, but not beyond; the popular idea that 
electricity is actually " given off" by the aerial and forms the link with 
the receiving aerial is a complete fallacy. 
The Microphone.—This brief survey of broadcasting is diagram-

matically illustrated at Fig. II, and begins with the actual source of the 
sound to be broadcast ; this may be a singer, a full orchestra, an announcer, 
it is quite immaterial. Whatever their nature the sound waves will radiate 
from their source and impinge upon a device«called a microphone, which is 
placed in the broadcasting studio for that purpose. There are various types 
of microphones, the most familiar of which is that used in an ordinary 
telephone. A very much more elaborate instrument is required for 
broadcasting, as it must respond evenly to the wide range of frequencies 
necessary for the faithful handling of both speech and music. 
The sole purpose of the microphone is to convert sound waves into 

currents of electricity that increase and diminish in exact sympathy with 
the sound wave. If, at some particular instant, a 50o-cycle note impinges 
upon the microphone, it will then pass a 50o-cycle current. 
The sound wave and resultant current will have identical frequency 

and waveform, but the essential difference is that sound-wave amplitude 
is expressed as air pressure, because it represents the displacement in 
air; the amplitude of the microphone current is expressed as current 
which it actually represents. 

9 
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If the microphone is well designed the frequency of the current will 
vary between 15 and 25,000 cycles per second according to the nature of 
the sound being broadcast, although under normal conditions the band 
will not be so wide as it is impracticable to broadcast above about 8,000 
cycles. The relatively low frequencies of sound are unsuitable for radi-
ating from an aerial, and even if they were suitable a difficulty would arise 
because it is necessary that the radiated wave shall have a fixed frequency 
in order that it may be selected by the receiver from among the many 
hundreds of stations all over the world. 
The Carrier Wave.—To overcome these difficulties, the sound-

frequency wave is imposed upon what is termed the carrier wave, which 
has a very much higher frequency, usually between i5o,000 and 
25,000,000 cycles per second. The carrier wave is produced by a section 
of the transmitter called the oscillator, and in up-to-date stations the 
most elaborate precautions are taken to ensure that the oscillator 
frequency remains absolutely unaffected by climatic or temperature 
changes. 

SOUND  

WAVES 
MICROPHONE 

OSCILLATOR 

MICROPHONE 
AMPLIFIER 

rMODULATOR 
TRANSMITTER 

H.F. AMPLIFIER AERIAL 

Fie 11.—A " block diagram " of the broadcasting chain showing the links 
This diagram and accompanying text is based on the standard A.M. broad.. 

The output from the microphone, which will have been strengthened 
by a microphone amplifier, is fed to the modulator, the output from 
the oscillator being similarly treated. The duty of this section is to mix 
the two frequencies or, to use the correct phraseology, to modulate the 
steady carrier frequency by the sound frequency. 

It is apparent that the output from the modulator will have a wave-
form that exhibits the characteristics of both the steady carrier wave 
and the sound wave imposed upon it. Fig. 12 shows the form of a 
typical carrier wave ; the solid line represents the steady high-frequency 
output of the oscillator, while the dotted line shows the low sound 
frequency. This illustration shows very clearly how the sound fre-
quency modulates, or moulds, the shape of the carrier wave by suitably 
varying its amplitude. 
The next link in the chain is called the high-frequency amplifier, which 

performs the sole duty of increasing the amplitude of the waveform to an 
extent that is determined by the power of the transmitting station; the 
output from the amplifier is fed to the aerial system, which consists of 
the aerial itself, which will have adequate height and, where desirable, 
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directional properties; and of the earth system, which normally consists 
of a considerable number of metal plates buried at points distributed 
over a wide area. 
The function of the aerial and earth system is to cause what may be 

termed, at this stage, an electrical strain in its immediate neighbourhood, 
which in turn causes a wave to propagate in all directions; these waves 
are similar in character to sound waves but of higher frequency, as 
already explained; but there is one essential difference between them, 
inasmuch as the sound wave travels in air, whereas a radio wave requires 
no tangible medium and will travel through a vacuum with the same 
ease that it will travel through a brick wall or a rain cloud. 

Free Space.—Many elementary textbooks refer to a radio wave as 
travelling through the ether, which is a term used by scientists to mean 
an unknown but infinitely elastic " something " present everywhere, that 
is to say in solid matter, air, space, everywhere. The idea of an omnipresent 
ether was suggested to account for the fact that energy is transmitted 
through space as, for example, the light and heat from the sun. Until quite 
recently it was thought that energy could not travel through an empty 
void, but this belief is not now generally upheld. In the absence of 
indisputable evidence regarding the presence or absence of a medium 
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between the sound in the studio and its re-creation in the home of the listener. 
casting system—the new F.M. (V.H.F.) system is dealt with in a later chapter. 

through which radio waves travel, the author prefers to look upon them 
as travelling through free space; a term which will be used throughout 
the remainder of this book. 
A brief outline has been given of the chain of events which, starting 

at a broadcasting studio, culminated in waves being radiated from the 
transmitting aerial. These waves, which are in themselves of a non-
electrical character, strike the receiving aerial, are partly absorbed by it, 
and cause a minute electric current to flow in exact sympathy with the 
current in the transmitting aerial. This tiny current is fed to the 
receiver, which for the present purpose is assumed to be of the popular 
three-valve type. The first unit of the receiver is an arrangement per-
mitting it to select, . .. 
within certain limita-
tions, the frequency 
radiated by any desired 
transmitting station; -.1 .- ...... -• ..- --- 
this is referred to in '-• .....- 
Fig.  II as the tuner. 

Fig. 12.—The modulated carrier wave showing both carrier and 
sound frequencies (amplified modulation system). 
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The feeble current is passed to the high-frequency amplifier which, as its 
name implies, increases the amplitude of the high-frequency current fed 
to it from the aerial. 
Amplitude Modulation.—The output from the high-frequency am-

plifier will possess characteristics that are far removed from sound 
frequencies, because it still combines the two products of the transmitting 
station, namely the sound frequency and the carrier frequency, and in 
order that audible sound may ultimately be produced it is necessary, in 
effect, to get rid of the carrier wave. Reference to Fig. 12 will show that 
the sound frequency represented by the upper edge of the complete 
waveform is offset by its replica at the lower edge of the waveform. A 
moment's reflection will make it apparent that the average amplitude is, 
in fact, zero, because each speech-frequency" peak " is offset by an equal 
speech-frequency " trough " ; it is necessary, therefore, that either the 
upper or the lower half of the waveform be removed in order that the 
other half may remain as a waveform possessing a definite rise and 
fall in amplitude. 

This rather complex change will be readily understood by referring 
to Fig. 13, which shows 
the upper dotted line 
shown in Fig. 12, but 

Fig. z3.—The sound modulation removed from the upper half 
of Fig. 12. reproduced without its 

inverted duplicate and 
without the carrier wave, which is no longer of material importance. 
The output from the detector will be a sound-frequency current exactly 

like that which flowed through the microphone at the transmitting station 
and will, incidentally, be of somewhat similar amplitude. This current, 
although several thousand times stronger than the aerial current, is still 
quite inadequate to work a loudspeaker ; it is therefore further increased 
by the output stage, which is designed to produce a power output capable 
of performing relatively heavy work, namely the operation of a loud-
speaker. 

There are numerous types of loudspeakers but they all rely upon some 
form of diaphragm for producing sound waves. The average type of 
loudspeaker has a circular diaphragm made of moulded paper about 
8 inches in diameter ; it is constructed to be as light as possible consistent 
with mechanical strength, and mounted in such a manner that it is free 
to move backwards and forwards. 
The sound-frequency currents flowing through the loudspeaker cause 

the diaphragm to move backwards and forwards in sympathy. If, for 
example, the vowel sound " a " is being reproduced the diaphragm will 
move backwards and forwards in the sequence of the appropriate wave-
form which is shown at Fig. 3. For really faithful sound reproduction 
the diaphragm would need to be capable of responding equally readily 
at any frequency between, say, 15 and 20,000 cycles per second; in 
practice it is designed to respond to frequencies up to about 8,000 
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cycles per second, because this is the limit transmitted by broadcasting 
stations. 
The diaphragm moving backwards and forwards causes the air to be 

compressed on the forward movement and rarefied on the backward 
movement, thus setting up zones of high and low pressure which radiate 
outwards and form sound waves which, striking upon the eardrum of 
the listener, give the sensation of sound which is a more or less faithful 
replica of the sound produced in the broadcasting studio a fraction of 
a second before. 
The method of sound propagation has already been explained; it will 

be realised, therefore, that the actual air that was pushed forward by 
the diaphragm does not travel across the room like a draught and strike 
the listener, but, in simple language, the " layer " of air compreAsed by 
the diaphragm expands and compresses the " layer " next to it, which in 
turn compresses the next " layer," and so on. 
Sidebands.—It has been stated that for really faithful reproduction 

a range extending up to about 20,000 cycles is required ; it has also been 
stated that the average broadcasting station does not transmit frequencies 
above about 8,000 cycles. It is necessary that the reason for this limitation 
should be thoroughly understood, as it has a wide influence over radio 
technique and the design of modern receivers. For the sake of clarity 
the carrier wave has been referred to as a steady frequency; it has in 
fact a steady frequency when not modulated, i.e. during the programme 
interval, but when modulated additional frequencies appear. If, for 
example, a single frequency of ' moo cycles per second is being modulated, 
actually three frequencies will be transmitted ; the carrier frequency, 
carrier frequency minus r,000 cycles per second, and carrier frequency 
plus r,000 cycles per second. In practice, when the modulation is complex 
it occupies a definite band on each side of the carrier frequency. If the 
upper limit of modulation is limited to say, 8,000 cycles per second, and 
the carrier frequency is r,000,000 cycles per second then that portion of 
the frequency spectrum will be occupied between 992,000 and 1,008,000 
cycles per second. 
The frequency spectrum occupied on each side of the carrier frequency 

is known as a sideband. The permissible sideband width is limited by the 
number of transmitters to be accommodated. At the present time their 
number is such that they are usually spaced 9,000 cycles apart. Conse-
quently, they are unable to transmit the higher audio frequencies because 
overlapping between neighbouring stations would result. The frequency 
variation in the carrier is small compared to the carrier frequency, there-
fore, comparatively speaking, it may be said to have a steady frequency. 

Cycles, Kilocycles, and Megacycles.—In order to assist all comparisons, 
all frequencies in this chapter have been referred to in cycles Der second; 
it is conventional to refer to sound frequencies in this manner, but radio 
frequencies are referred to in terms of kilocycles or megacycles. A kilocycle 
is r,000 cycles and a megacycle is L000,000 cycles. 



14 A BIRD'S-EYE VIEW 

As the speed of a radio wave is fixed, it is possible to convert frequency 
to wavelength and vice versa. To convert frequency in kilocycles to 
wavelength in metres divide 300,000 by the number of kilocycles. 
To convert wavelength in metres to frequency in kilocycles divide 

300,000 by the number of metres. 
Similarly, to convert megacycles to metres divide 300 by the number 

of megacycles. 
To convert metres to megacycles divide 300 by the number of 

metres. 
In this country it is a common practice to refer to medium- and long-

wave stations in terms of metres and short waves in terms of megacycles; 
the new V.H.F. broadcasting stations are also referred to in terms of mega-
cycles. In America it is customary to use kilocycles and megacycles. It is 
interesting to note that American receivers are not normally fitted to 
receive the long waveband, as they do not broadcast on this band. 



COMMONWEALTH BROADCASTING 

A highly directional B.B.C. aerial array comprising 14, 17 and 19 metre systems which serve Western Australia. 
Malaya, West Indies and also Central America. 
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CHAPTER 3 

WAVES IN FREE SPACE 

THIS chapter is devoted to a detailed consideration of radio waves, their 
peculiarities, behaviour, and the natural obstacles which control the 
direction of their movement through free space. A radio wave which 
would normally reach a certain receiving installation may be so affected by 
influences outside human control that it may never reach its destination, 
or may be so attenuated as to be useless, or may alternately appear and 
disappear. It is necessary that these things should be understood in 
order that the working of devices for minimising their effects may be 
readily appreciated when reading the appropriate chapter. 

It has already been intimated that radio waves are similar in character 
to those of light and heat and numerous other forms of energy; although 
these forms of radiation make themselves apparent in widely divergent 
ways, the characters of their waveforms are similar excepting only their 
wavelength or frequency. The shortest known wave that travels through 
free space is termed penetrating radiation, which reaches the earth from 
some unknown source, presumed to be many millions of miles out in 
space, and has a wavelength of .00000000000005 metres,' while the longest 
known waves are those used in radio which extend to above 20,000 metres. 
The wavelengths used for broadcasting are divided into four bands, 

the limits of which, unfortunately, vary owing to the lack of proper 
standardisation, but for the purposes of this work the four wavebands 
will be as follows: 

Long waves, 900-2,000 metres (333-150 kcs.). 
Medium waves, 200-600 metres (1,500-50o kcs). 
Short waves, io-ioo metres (30-3 mcs.). 
Ultra-short waves, (V.H.F.) below io metres (30 mcs.). 

Ionised Layers.—The term free space implies that radio waves are free 
to travel therein but does not imply a freedom from obstacles which 
beset their path. At varying heights above the earth's surface there are 
layers or belts of air that have the property of bending waves; these layers 
are electrically conductive, are termed ionised layers, and are caused by a 
bombardment of particles which are given off by the sun in streams 
which strike the earth's atmosphere. These layers are very variable in 
character, and their height and density in any particular region alter with 
the rotation of the earth, thus conditions are inclined to recur every 24 
hours. Two of these layers are named after their discoverers and are called 

' A metre is approximately 4c, inches. 
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the Heaviside layer and Appleton layer, the others being referred to alpha-
betically. The lowest layer is in the region of 5 miles above the earth, 

while the highest, 
which concerns radio 
reception, is about 200 
miles high. 

Radio waves radiate 
Fig. r4.—The ground wave propagated by the transmitter (left) in all directions above 

follows the earth's curvature and impinges on the receiving the earth's surface. If 
aerial (right). 

the receiving aerial is, 
say, ro miles away, the waves will arrive at their destination in a 
substantially straight line, but where the distance is sufficiently great, 
the horizon will come between the two aerials on account of the earth's 
curvature. This presents no 
obstacle, providing the distance 
is not too great, as the waves will 
follow the earth's curvature for 
a distance that decreases with 
frequency; this is diagramma-
tically illustrated at Fig. 14. 
A large proportion of the 

radiated energy travels upwards 
towards the sky and would be 
lost in space if it were not for 
the bending properties of the 
various ionised layers, which will deflect a wave to an extent depen-
dent on the density of the former and the frequency of the latter. 
Fig. 15 gives an impression of the manner in which the transmitter " sky 

wave" is bent so that 
it returns to earth at 

Fig. 15.—The sky wave propagated by the trans-
mitter (left) is bent by an ionised layer many miles 
above the earth's surface and returns earthwards 
to impinge on the receiving aerial (right). 

IONISED u« a point which would 
otherwise have been 
out of range. It is 
possible that the first 
layer may exert only 
a small influence on 
the direction of a 
particular wave, so 
that it continues on 
a path away from the 
earth, but upon enter-
ing the second layer 

it may bend so sharply that it returns earthward and, generally 
speaking, will again suffer a slight change of direction as it passes 
through the lower layer on its return journey. 
The illustration, Fig. 16, shows the paths of a number of radio waves 

1101(iRED LAYER , 

Fig. i6.—This illustration shows the variation in the behaviour 
of radio waves due to difference in frequency and also the effect 
of ionised layers of different density. 
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which, although propagated into space in the same direction and from 
the same area, behave differently on entering ionised layers because of 
their varying frequency; the waves portrayed in this diagram might be 
grouped under four headings; (a) those which bend so sharply on striking 
the lower layer that their path almost forms a triangle; (b) waves 
which bend so gradually that they travel for a considerable distance 
before returning earthwards; (c) those which pass through the lower 
layer but are bent down by the upper layer, and (d) those which are but 
slightly bent by both layers and either travel outwards into space, are 
bent down by a higher layer, or pass through and along so many layers 
that they are absorbed. 

Skip Distance.—The higher frequencies, i.e. those covered by the short 
and ultra-short wavebands, do not travel along the ground for any great 
distance, largely due to the fact that they are readily absorbed by material 
objects that they will normally encounter; the ground wave radiated by 
a short wave transmitter working with a frequency of, say, io mcs. may 
die away after travelling only a few miles; for the purpose of this example 
this distance may be nominally 20 miles. It is unlikely that the sky 
wave from the transmitter will bend sufficiently sharply to come down to 
earth at a distance of less than, say, 300 miles; thus between 20 and 300 
miles reception is impossible. This area is known as the skip distance. 

Skip distance may occur in a number of zones; when the ionised layers 
of the upper atmosphere are in a suitable condition, reception from a 
particular transmitter may be obtainable at various distances inter-
spaced by zones where reception is impossible. It is due to the phenom-
enon of skip distance that the short-wave Commonwealth transmissions 
from Daventry are difficult to receive in this country although easy to pick 
up in India, Australia, and the various Dominions which they are intended 
to serve. Like all phenomena connected with the reflection of radio 
waves, skip distance varies with the time of day, and to compensate 
for this the frequency of short-wave broadcasting stations is varied 
throughout the 24 hours so that it does not affect areas that are intended 
to be served by the transmitter. 
Daytime broadcasting relies almost entirely on the ground wave for 

the medium and long wavebands, although long-distance short-wave 
reception relies on the reflected wave during the whole 24 hours. When 
a receiving aerial picks up the ground wave only the volume of the signal 
will remain sensibly constant, but when both ground and sky waves are 
received (the condition that will usually obtain on all wavebands at all 
times, with the exception of medium and long waves during full daylight), 
fading will be present. This phenomenon will be familiar to anybody 
who is in the habit of listening to foreign broadcasting stations, but as 
the term " fading" is often confused with the term " fade-out " it will 
be as well to define the former. 
Fading.—Fading is a periodic rise and fall in volume, which is some-

times so bad that one minute reception may be uncomfortably loud, and 
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the next, die away to silence ; the time interval between successive 
increases and decreases may be five minutes or more, on the other hand it 
may only be a fraction of a second. The latter condition will render speech 
unintelligible and turn music into a farce. Fading is caused by two or 
more waves which, although originating from the same transmitting aerial, 
have followed different paths before impinging upon the receiving aerial. 

It will be remembered that a radio wave causes a current to flow up 
and down the receiving aerial in sympathy with its own upward and 
downward movement; if two waves of equal amplitude arrive by differ-
ent paths, the current in the aerial will be doubled providing that the two 
waves rise and fall together; but if, on the other hand, one wave rises 
to its maximum height at the same instant that the other wave falls to 
its maximum depth, each will cancel the other and consequently there 
will be no aerial current and no signal will be heard ; there are, of course, 
intermediate stages between these two extremes. Unless the two waves 
are of equal amplitude, as cited in the example above, the signal will 
not entirely disappear. Suppose that a wave A had an amplitude equal 
to 50 per cent, of a wave B, it is obvious that the limits of fading would 
be B — A to B + A. When two waves or waveforms are in step, that 

is to say they rise and 
fall precisely together, 

e,r they are said to be in 
phase, while, if they 
bear any other rela-
tionship, they are out 
of phase. 
A few moments' 

thought will show that 
Fig. i7.—Under certain conditions both ground and sky wave will the two waves will be 
impinge on a receiving aerial and cause the phenomenon known 
as fading. in phase if the differ-

ence in the length of 
their paths is an exact multiple of the wavelength, whereas, on the other 
hand, if the difference of the distance in metres is an exact multiple of 
the wavelength plus half a wavelength, then the two waves will be in 
exactly opposite phase. 

Fig. 17 shows a ground wave and sky wave both impinging upon 
the receiving aerial, a condition 
which is a common cause of 

Aril> fading; the total length of the 6 » 2' 
ground-wave path remains 
constant, whereas the length 
of the sky-wave path con-
tinually alters due to random 
changes in the height or con-
dition of the reflecting layer. 
The alternative cause is two 

HISEPje„...z:e 

Fig. A.—Variations in the density of an ionised layer 
sometimes cause two sky waves to impinge on the 
r,.:eeiving aerial, resulting in particularly bad and 
erratic fading. 
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sky waves which strike the reflecting layer at different points but, due 
to varying local density, bend at dissimilar angles and so meet at the 
receiving aerial, see Fig. 18. Fading caused in this way is usually more 
erratic, as the length of the path followed by both waves is each under-
going continuous change. 

Selective Fading.—If two waves of different frequency are radiated 
from the same place, one may bend more sharply than the other. It will 
be remembered that a modulated wave is not radiated as a single 
frequency but as a narrow band of frequencies. The station working at 
a frequency of L000 kc. will, therefore, cover a band of 993-1,007 kcs. 
If this wave strikes the ionised layer when it is in a peculiar condition it 
will bend a 993-kc. wave more sharply than a I,007-kc. wave, with the 
result that the receiving aerial will pick up only a portion of the 
modulated wave, which causes distorted reproduction. 

This form of distortion is termed selective fading, and is distinguished 
by reproduction becoming progressively less intelligible until speech 
or music is reduced to a meaningless jumble devoid of the hig:ler musical 
scale. Reproduction then returns to normal, although, when conditions 
are bad, it may disappear completely for a short time. 
Both ordinary and selective fading are peculiar inasmuch as they may 

have a profound effect on reception for an hour, a day, or a week, while, 
when conditions improve, these phenomena may be practically non-
existent for a considerable period; American stations, for example, 
may fade so badly and rapidly that they are unintelligible on one evening, 
while on the next evening reception may be almost as steady as that 
obtainable from the local B.B.C. station. 
Fade-out.—Fade-out is another phenomenon which adversely affects 

long-distance reception. Unlike fading, which is more or less periodic rise 
and fall, fade-out is characterised by signals on the short wavebands 
suddenly becoming unobtainable or else becoming very weak ; this period 
of impaired reception may last for only half a minute or for an hour or more, 
and then terminate by reception reverting to normal with surprising 
rapidity. This type of fade-out is known as the Dellinger fade-out; 
the cause is not fully understood, but sufficient data are available to 
conclude that it is attributable to the effect of radiation from sun spots 
on the earth's atmosphere. 
There is another type of fade-out which differs from the Dellinger 

inasmuch as the strength of signals decreases gradually, often taking 
some hours to reach a minimum level, where it remains for a period 
that may be several hours, days, or even weeks. This type of fade-
out usually appears concurrently with magnetic storms, which have a 
marked effect on the height and density of the ionised layers in the 
upper atmosphere. 
Those who possess a short-wave receiver will have noticed that long-

distance reception is only obtainable on certain wavebands at certain 
times of day. It has already been explained that reception on the short 
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Fig. 19.—An atmo-
spheric recorded by 
the cathode-ray 
oscillograph. 

wavebands (higher frequencies) is dependent on the reflected sky wave; 
since the density of the reflecting layers varies throughout the 24-hour 
rotation of the earth, it follows that the wave will only be obtainable at 
a certain distance if its frequency is such that it bends in the right 
manner. Thus, when the whole path between the transmitter and the 
receiver is in daylight, the higher frequencies become effective, while, 
conversely, when both transmitter and receiver are in total darkness, 
lower frequencies such as the 49-metre band become usable. The correct 
choice of short wavebands for receiving distant stations at various times 
during night and day is given in Appendix r (5), with general hints. 
Atmospherics.—Reception from a distant station is often marred by 

extraneous noise arising from sources other than radio transmitters. This 
background noise, as it is called, may consist of random clicks and bangs 
which can be so numerous as to resemble the sound associated with the 
frying of bacon, or alternatively the noise may be of a continually recurring 
nature suggestive of some electro-mechanical device such as a sewing 
machine or a motor car. Whatever the source or nature of background 
noise it is quite properly included under the chapter heading " Waves 
in Free Space," as it is usually through this medium that noises are con-
veyed to the receiver. 
There are two distinct causes of background noise, the first of 

which is termed man-made static and, as its name implies, has an 
earthly origin. It includes waves generated and propagated into 
space by electrical machinery or appliances, of which the following 
are typical examples : electric-lift motors, trams, trolley buses, vacuum 
cleaners, refrigerators, fans, industrial motors, motor-car ignition 
systems, neon signs, X-ray, ultra-violet, and other electrical medical 
apparatus. Some television receivers also radiate interference. 

The other form of background noise is termed atmo-
spherics, which are of natural origin. This type of 
interference is most prevalent during thundery weather, 
and is characterised by a hiss followed by a sharp crack, 
reminiscent of a damp firework. Atmospherics become 
louder and more frequent with the approach of a 
thunderstorm and attain great volume when the storm 
centre is in the region of the receiving aerial. 

Atmospherics are not always attributable to local 
thunderstorms, but may be due to severe electrical 
disturbances remote from the receiver, or to electrical 
storms hundreds of miles above the earth's surface. It 
has been suggested that this disturbance may, on 

occasion, originate from the sun, where electrical disturbances of colossal 
magnitude are not infrequent. Fig. 19 shows the waveform of an 
atmospheric, photographed by the author; it will be observed that unlike 
waveforms previously illustrated the amplitude tends to decrease 
progressively. 



CHAPTER 4 

ELECTRICITY 

THE expression " electric current" is to-day a household word, and is 
looked upon, by the uninitiated, as something which flows along the wires 
and illuminates our houses and cities. Few ever pause to wonder how 
it is that an electric current can flow through a solid wire, while many take 
refuge behind the assertion that the nature of electricity is still a mystery. 
In the reign of King George III, electricity and everything to do with it 
was undoubtedly wrapped in the most profound mystery, for it was at this 
time that Galvani hung some dead frogs on an iron fence by brass hooks 
and then set about trying to find out why they kicked (although dead) 
each time the brass hooks touched the iron railings. 

To-day, however, electricity may be considered an exact science, and 
almost every form of electrical phenomena can be prearranged or 
accurately predicted. There are many methods of approaching the 
fundamental principles of electricity, but in the author's opinion the 
most satisfactory line of approach is through a brief description of the 
theory of matter; for this purpose the neutron is ignored. 
The Basic Electron Theory; Protons and Electrons.—Solids, liquids, 

and gases are the three broad groups into which matter is divided. The 
word " solid," although undoubtedly a useful addition to the English 
language, is somewhat of a misnomer, as the popular conception of a solid 
is a serious obstacle in the way of understanding the true nature of 
matter. Whether a piece of copper, steam from a kettle, or a joint of 
meat is chosen as an example, it is still basically the same thing when 
reduced to the ultimate two units of which everything is composed. 
A road is sometimes made of granite " bricks " : a castle is sometimes 

made of granite " bricks." The unit (a granite " brick ") is the same in 
each case, the difference between these two examples is purely the manner 
in which the " bricks " are arranged. 

If, for example, a piece of copper about the size of a pin's head could 
be divided a million x million x million times, each of the " pieces " 
would be an atom. The smallest division, therefore, of copper (or any 
other element) is an atom, because further division would turn the particle 
from a copper atom into two or more atoms of some other element. 
The atom, as already intimated, is the unit of any element, and it is neces-
sary to know something about its structure. The simplest atom is that 
of the gas, hydrogen, as it is made up of only two parts, a pro:on and an 
electron; the proton is the larger of the two and is the centre around 

21 
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which the electron revolves in precisely the same way that the earth 
revolves round the sun. The electron and the proton have a mutual 
attraction for each other and are dissimilar, and this dissimilarity is 
referred to by saying that the proton is positive and the electron is nega-
tive. The proton may be conveniently looked upon as a fixture, while 
the electron, which has about -2-016-6 of its mass, may be regarded as being 
lively, adaptable, fast moving, and often unstable. In plain English, 
electrons are electricity, and for this reason the electron is often con-
sidered as the unit of electrical quantity or charge. 
We are more concerned with the electron than the proton, and further-

more a detailed description of the theory of matter has no place in this 
volume, but before leaving the subject a little further information may 
be usefully included as it will assist the reader to understand the function-
ing of electric batteries and valves. As already stated an atom of hydro-
gen comprises one proton with one electron revolving round it, an arrange-
ment that is diagrammatically illustrated in Fig. 20. The hydrogen 
atom is obviously the simplest of all atoms; before going on to investigate 
the arrangement of more complicated atoms it is necessary to comment 

upon the relationship 
that exists between 

) these incredibly minute 
particles. 

- — —   The electron is nega-
Fig. 20.-A diagrammatic representation of the hydrogen atom tive and has a great 

which comprises a single proton with one electron revolving attraction for the posi-
round it. 

tive proton; on the 
other hand, similar charges have an equal repulsion, that is to say, two 
electrons will repel each other or alternatively two protons will repel each 
other. This introduces the first fundamental rule which governs all 
electrical and magnetic phenomena: like signs repel, unlike signs attract, 
the conventional sign for the proton being + and for the electron —. 
In order that an atom may be a stable, self-contained unit, it is necessary 
that it shall comprise an equal number of protons and electrons. 
The protons must necessarily congregate in the centre, and to make 

this possible there must be one or more electrons associated with them, 
as without an opposite sign to attract them they would push away from 
each other. The central collection of protons and electrons is called a 
nucleus and the electrons contained therein are called fixed electrons, 
while the electrons which spin round on an orbit outside the nucleus are 
called free electrons. The conception of an atom is somewhat difficult 
to grasp, but the following examples will help to make it more under-
standable. 
The helium atom is illustrated at Fig. 21, the nucleus of which com-

prises four protons and two electrons, while two free electrons revolve on 
a common orbit. 
An atom of carbon has a nucleus comprising twelve protons and six 
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electrons, and six free electrons; this atom is diagrammatically illustrated 
at Fig. 22, from which it may be observed that the free electrons do not 
share a common orbit but two concentric orbits. It is most important 
to remember that the 
electrons on the out-
side orbits of any 
system are more 
readily detached than 
those on the inside 
orbits. 

It will be unneces-
sary to deal separately with the atom of each element such as carbon, 
nitrogen, oxygen, copper, silver, and so on up to one of the most compli-
cated atoms, such as the metal uranium, which has a nucleus comprising 

Fig. 2/.—The helium atom has two free electrons revolving round 
the nucleus which is made up of four protons and two electrons, 
and has a positive charge equal to two protons. 

e (---

Fig. 22.—The carbon atom has six free electrons revolving on two orbits round the nucleus which 
is made up of twelve protons and six electrons and has, therefore, a positive charge equal to 
six protons. 

one hundred and eighty-four protons with ninety-two electrons and 
ninety-two free electrons. 

The Electric Current.—The above simplified explanation of atomic 
structure is included primarily to pave the way for an explanation of 
that phenomenon which is commonly called an electric current. Imagine 
a long string of atoms of copper each of which will be, as already ex-
plained, a stable and complete family. Suppose that an isolated electron 
is introduced into atom number one; this will completely upset the 
balance between positive and negative charges, as there will be one 
electron too many and the attraction of the nucleus will be unable to 
hold this additional burden. Suppose that yet another electron is intro-
duced into atom number one, which will result in such a congestion that 
an electron is forthwith thrown out from atom one into atom two. Atom 
two is now unable to stand the burden of the new addition and will eject 
a surplus electron; it cannot throw the " outsider" back to atom one 
as this still has a surplus electron, therefore it must necessarily throw the 
spare electron into atom three. Provided that spare electrons are con-
tinuously introduced into atom one it will continue to pass on a spare 
electron to atom two, which will in turn pass on a spare electron to atom 
three, and so on for as long as spare electrons are poured into atom one. 

R.T. 1-3 
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The idea of talking about a single electron is purely for the purpose of 
simplifying the explanation, as also is the idea of a single string of atoms. 
The finest piece of copper wire imaginable would be many millions of 
atoms wide, and similarly a small electric current such as would flow 
through a flashlamp bulb would represent untold millions of millions of 
electrons per second. 

It has probably taken three minutes to read this explanation of the 
movement of an electric current, but actually the rate of travel is incon-
ceivable, speeds of the order of tens of thousands of miles per second being 
perfectly normal. 

Insulators and Conductors.—Although the electric current travels 
at a prodigious pace it does not follow that a particular electron will 
accomplish the journey from one end of a piece of copper wire to the 
other at even " walking pace." It will be remembered that it has been 
stated above that an electron introduced into atom one caused it to pass 
an electron on to atom two, not necessarily the same electron ; recent 
experiments have shown that although untold millions of electrons per 
second may enter one end of a piece of wire, say ten feet long, and 
similarly untold millions of electrons per second may leave the other 
end of the wire, it may take an hour or more for a particular electron 
to complete the journey. The atoms of certain materials are so arranged 
that they will not pass an electron from one atom to the next; such 
materials are called insulators, examples of which are ebonite, porcelain, 
glass, real silk, rubber, paraffin wax, etc. Those materials which are 
able to pass an electric current are called conductors, although their 
efficiency varies considerably. Typical examples of conductive materials 
are the majority of metals, carbon, graphite, acids, etc. 
A brief outline has been given above showing how electrons can be 

passed from one atom to another in a conducting material providing that 
there is a surplus number of electrons at one end. A moment's reflection 
will show that a current of electrons could not flow along a conductor 
if there were not an outlet at the far end. This significant fact auto-
matically carries the foregoing explanation to its conclusion in as far as 
the actual passage of electrons is concerned. 

It follows, therefore, that for a stream of electrons to flow along a 
conductor, the following conditions must be present: 

(a) There must be a surplus of electrons available; this is obvious, 
because an electric current is simply and solely a stream of electrons and 
it cannot flow if it does not exist; 

(b) There must be a means of disposing of the electrons when they 
reach the end of the conductor, which means that the conductor must be 
attached to something that is short of electrons. 

Polarity.—When something is short of electrons it is positive in respect 
to something that is not so short of electrons or alternatively has a 
surplus. Conversely, something which has more electrons is said to be 
negative in respect of something which has a shortage. When dealing 
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with electricity for the purposes of radio engineering it is absolutely 
imperative to forget any preconceived ideas that this or that is positive 
or negative, in the same way that one may say that this is white and 
that is black. It is incorrect to regard any particular point on a piece of 
electrical apparatus as intrinsically positive or negative; some particular 
point may, however, be positive in respect to some other point and in 
turn may well be negative in respect to some further point. For the 
sake of convenience, however, it is customary to refer to the most nega-
tive point as negative and to refer to other points as being so many volts 
positive in respect to it. 

This relationship may be more readily understood if a simple flashlamp 
battery is used as an example: one of the projecting tags is colloquially 
called the positive terminal and the other the negative termir al. It is 
implied, however, that the positive terminal is positive in respect to the 
negative terminal and vice versa. 
Only half the phenomenon of an electric current has been explained, 

and in the interests of simplicity the cart has been put before the horse. 
It has been stated that electrons will flow through a wire providing that 
there is a surplus at one end of the conductor; no mention has yet been 
made regarding the source of these electrons, which may be either a 
battery or some form of generator, such as a dynamo. As the latter can 
scarcely be considered within the scope of this book the former will serve 
our purpose very well. 
The Simple Cell.—The word ‘` battery" is apt to be misused, it is 

therefore desirable to mention that strictly speaking this word means 
two or more cells; thus the ordinary 2-volt 
accumulator is a cell, but when two of these + 
are joined together, either temporarily or per-
manently, they become a battery. There are 
two types of cells: the primary cell, of which '//' //2// 
the dry cell is a typical example, and the '/ I'/  //// ' / /^//, 
secondary cell, the only example of which is the 
accumulator. // /• 7 2 , 

• 
There are numerous varieties of primary cells, / / //`/¡ 

but for the purpose of explaining the principle • / 
//// that shown at Fig. 23 will serve. It consists of a / / ;,// 

copper plate and a zinc plate partly submerged in 
//,;, a weak solution of sulphuric acid and water. The 

// // 7-7/ zinc plate must of necessity be coated with mer-
cury, as otherwise it would be eaten away in a Fig. 23.—A simple cell con-

matter of seconds. The action of a primary cell sisting of a zinc plate (—) 
and a copper plate (±) 

is dependent on positive and negative ions; it partly immersed in a weak 

will be remembered that a normal atom always solution of sulphuric acid 
and water. 

has an equal number of electrons and protons. 
If, however, it has lost one or more electrons it is no longer an atom but 
an ion, and since the protons outnumber the electrons, it is a positive ion. 
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If, on the other hand, an atom acquires one or more electrons it becomes 
a negative ion. 
The atoms of certain substances are prone to lose electrons, others are 

prone to acquire them. In the cell illustrated at Fig. 23, the zinc atoms 
tend to acquire electrons from the negative ions in the solution, while the 
copper atoms tend to become short of electrons due to absorbing positive 
ions from the hydrogen which forms on its surface, and there is a flow 
of positive ions in one direction and negative ions in the other. In this 
way the positive terminal is short of electrons and is said to be at high 
potential, i.e. positive in respect to the zinc plate which has a surplus 
of electrons, which will flow to make up the deficiency at the positive 
terminal provided that the two terminals are connected together. 
As already intimated, the true direction of an electric current is from 

negative to positive; some confusion arises because earlier textbooks 
refer to the current travelling in the opposite direction. This unfortun-
ate state of affairs is due to early scientists misinterpreting electrical 
phenomena. 
The Accumulator.—The secondary cell, which is variously known as 

the storage cell and the accumulator, resembles the primary cell in broad 
principle but differs very 

\--N-,. considerably in detail. In 
place of the copper and zinc 

 j  plates in the simple cell 
illustrated at Fig. 23, it has 

plates constructed in the form of lead grids, a typical 

example being shown at 
Fig. 24. The positive plate 
is filled between the mesh of 
the grid with a mixture of 
red lead and sulphuric acid, 
which is forced in under 
great pressure in the interests 
of mechanical strength, while 
the negative plate is filled 
with litharge and sulphuric 
acid. The solution, or electro-
lyte, to use the proper term, 

Fig. 24.—A corner of a typical accumulator plate showing consists of sulphuric acid 
the grid formation before it has been filled with lead which is mixed with water 
paste. 

in such proportions that the 
specific gravity is about Pr. Unlike the primary cell the accumulator 
is not ready for use until it has been " charged"; this is achieved 
by passing a suitable electric current through the accumulator in the 
reverse direction, that is to say, in at the negative side and out at the 
positive side. 
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The electrons, passing through the electrolyte on their journey from the 
negative to the positive plate, decompose the water and cause oxygen 
bubbles to form on and be absorbed by the positive plate and hydrogen 1 
to form on and escape from the negative plate. Charging is continued 
until the plates are incapable of further chemical change, at which time 
the electrolyte will have attained a specific gravity of about 1.25. An 
examination of the accumulator will show that the positive plate has 
become a warm chocolate colour, while the negative plate assumes a very 
dark grey colour. If a suitable conductor is placed between the terminals 
of a charged accumulator, current will pass from the negative plate via 
the conductor to the positive plate; at the same time the positive plate 
will throw off oxygen and become deficient in electrons, while the negative 
plate will throw off hydrogen and acquire a surplus 
of electrons. 

itself completely it will return to its uncharged '-   
If the accumulator is allowed to discharge 

5   state, i.e. the specific gravity will have fallen to a.   
the positive plate will lose its warm colour 

and the negative plate become light grey in 79,   
0   colour. a._, 1 

The accumulator, as interpreted by various  L. 

manufacturers, is available in numerous forms 
Fig. 25.—The arrangement of 

designed to suit a diversity of purposes; those a seven-plate accumulator. 

used with radio apparatus are too well known to 
need description. It may be mentioned, however, that the simplest form 
of accumulator has two plates, while more complicated types may have 
any odd number of plates. Fig. 25 shows the arrangement of a seven-plate 
accumulator which is made of three positive plates and four negative 
plates. In the interests of long life, accumulators require proper care and 
attention, a subject that is fully dealt with in the appropriate chapter. 

Potential Difference.—It has been explained that an electric current 
flows from a negative to a positive point due to the difference in electron 
content at the said points; this difference is called " potential difference," 
the magnitude of which is expressed in terms of a unit called the volt. 

Potential difference should not be confused with electromotive force, 
which is the latent driving force in a battery. Electromotive force is 
present in the battery whether it is in circuit or disconnected. When the 
voltage of a battery on open circuit is measured the figure obtained is the 
e.m.f. If, however, it is measured when connected in circuit the figure 
obtained may be regarded as potential difference. 
A single dry cell, for example, has an e.m.f. of 1.5 volts approximately, 

which means that this force is available to drive a current through any 
circuit which may be completed between its terminals. If two such cells 
are connected in series, i.e. ± terminal of one is connected to the 

A naked light should never be exposed near an accumulator when on charge as the 
escaping hydrogen will combine with air and may explode. 

S
3
1
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terminal of the other, then the e.m.f. across the 
I _ L. battery will be 3 volts, and so on, see Fig. 26. 

To summarise, electromotive force is the total 
available voltage of a battery, whereas potential 

Fig. 26.—The conventional difference is the active difference of voltage in an 
method of showing a cell electrical circuit. p.d. = potential difference. 
may be seen from this illus-
tration which shows two E = electromotive force. V = volt. I = current. 
cellu in series. The long The Ampère.—The next consideration is the 
thin line always represents 
the positive terminal and measurement of the quantity of current flowing. 
the short thick line the This may be one thousand or one million or 
negative terminal. 

any number of electrons per second. The unit 
for expressing the quantity of current flowing is called the ampère, 
which is often written as amp and is symbolised by the letter " A."' 
The measurement of the flow of current through a wire is comparable 
to the measurement of water flowing through a pipe in terms of gallons 
per minute; it is important to note that the flow of current is the same 
throughout its entire journey, whereas potential difference decreases 
progressively. 

Consider the simple circuit shown at Fig. 27, which consists of a loop 
of wire which, for purposes of reference, is divided into three equal 
sections. Assume that one ampère is flowing 
from the negative terminal; it follows that 
one ampère is flowing right through the whole 
circuit and back through the positive terminal 
of the cell. 

If the total voltage across the cell is 1.5 
volts, the potential difference between — and 
Y will be . volt (see Fig. 27) ; the voltage 
between Y and Z will be .5 volt, and the 
voltage between Z and ± will also be .5 volt. 
A moment's reflection will show that this 

5  

must be so because current will flow only 
to a point of higher potential, and as the 
current is flowing from — to Y and from Y 
to Z it follows that Y must be at a higher potential than —, Z higher 
than Y, and + higher than Z. 

Resistance.—It has been implied that current has to be forced through 
a conductor; it is obvious that if energy is required to bring about a 
flow of current there must be some opposition to be overcome. This 
opposition is called resistance which is written " R," and measured in 
terms of a unit called the ohm which is abbreviated by the symbol n 
which is the Greek letter omega. Every electrical circuit must contain 
resistance, and if there is current flowing there must be voltage. It is 
the relationship between voltage, current, and resistance that is so vitally 
important, as it forms the basis of all simple electrical formule, and 
furthermore it gives an insight into the meaning of these terms that is 

Fig. 27. 
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readily understandable. This relationship is called Ohm's law, and it 
is impossible to overstate the importance of this law to all who desire to 
obtain a practical knowledge of radio or electrical engineering. 
Ohm's Law.—The original law as put forward by Georg Ohm in 1826 

is not very informative, but the following interpretation will better serve 
the present need. 
One volt is the electric pressure necessary to force a current of r ampère 

through a resistance of r ohm ; this gives the simple equation, volts = 
ampères x ohms which, written in a conventional and workmanlike 
way, is— 

V = IR 

A slight rearrangement of the preceding paragraph shows that r am-
père is the amount of current that r volt can force through a resistance of 
r ohm; this gives the simple equation, ampères = volts ± chms, which 
is written— 

Yet another rearrangement shows that r ohm is the resistance that 
permits a current of r ampère to flow when the p.d. across the resistance 
is r volt; this gives the equation ohms = volts ± ampères, which can 
be written— 

R = 

(in the above equations V = p.d. in volts, I ----- current in amps, and 
R = resistance in ohms). 

Consider the simple circuit Fig. 28, if the p.d. across the cell be 2 volts 
and the value of R be r ohm the applicaticn of Ohm's 

R law will show that the current flowing is 2 ampères. 
--../•/\./\.  Consider next the more elaborate circuit Fig. 29, 

which consists of a 3-volt battery and three re-
sistances having value of I, 2, and 3 ohms respec-
tively. The total resistance, then, is 6 ohms, and 

4-1  the voltage of the battery is stated to be 3 volts, 
therefore the cur-
rent must be .5  ./"."/"\., ../\:\./\.  

Fig. 28.—A simple car- 1 OHM 2 OHMS 
cuit. amp. It is also 

interesting to note 
the varying potential drop at differ- .. 0 
ent points in the circuit. As a = 

3 
current of .5 ampères is flowing in cn 
the circuit, the drop across the r-ohm 
resistance will be .5 volt, across the   
2-ohm resistance will be r volt, and -----I I  
across the 3-ohm resistance 1.5 volts. 

Fig. ag.— tst circuit comprising three resistances 
The three resistances in Fig. 29 are in series. 
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said to be in series, which is the term used when they are so connected that 
the total current has to pass through each in turn; similarly the two cells 
in this illustration are also in series. Fig. 30 shows three resistances in 
parallel, which is the term used when they are so connected that the 

current divides and a portion goes through 
each, the actual proportion through each re-
sistance being determined by the relative 
value of each resistance. 
Assume the p.d. across the resistances to be 

3 volts, and each resistance to have a value 
of 3 ohms; the total resistance will be r ohm, 
which will permit a current of 3 ampères to 
flow: i ampère will flow through each re-
sistance. 
The value of two resistances in parallel can 

be found by dividing their product by their 
sum; for example, suppose two resistances 
are connected in parallel having a value of 

5 ohms and 20 ohms respectively the sum of 5 and 20 = 25, the product of 
5 X 20 = Ex), therefore, by dividing 25 (the sum) into Ioo (the product) 
gives the answer 4 ohms. The value of any number of resistances in 
parallel can be determined by 

R R, Rs 

Wattage.—It is apparent that the actual power performed in a circuit 
is governed by the amount of current flowing and the force which causes 
it to flow; consequently, to determine the amount of power expended it 
is necessary to take into account both voltage and ampèrage which is 
achieved by using a unit called the watt. 
Wattage is determined by multiplying together volts and amps. 
volt x i amp = i watt; by applying this rule to Fig. 29 it will be 

found that the total wattage is 1.5, which is arrived at by multiplying 
the p.d. of 3 volts by the current which is .5 amp. The arrangement 
shown at Fig. 30 has, it will be remembered, a p.d. of 3 volts and a current 
of 3 ampères, therefore the dissipation is 9 watts, 3 watts in each resist-
ance. 
The word " dissipation" is used because voltage has been " lost " in the 

resistance. It is impossible to lose or destroy energy but quite possible 
to convert it into another form ; in the case of resistance the energy 
represented by the voltage dropped is converted into heat, which is dis-
sipated into the surrounding atmosphere: a typical example is the ordin-
ary electric fire, which converts electricity into heat and dissipates the 
latter into the room. 

Resistances are normally provided with a wattage rating which indi-
cates the maximum wattage that the resistance can dissipate without 
suffering ill effect due to overheating or complete decomposition. 

Fig. 30.—Three resistances in 
parallel. 
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Ohm's law is equally applicable to the watt and may be interpreted 
in three variations. The symbol for the watt is" W." Volts X amps = 
watts, which is conventionally expressed— 

VI = W 
When it is desired to determine the wattage without taking voltage 

directly into the formula, this is achieved by the formula (amps)2 x ohms 
=- watts, which is written— 

R = W. 

When it is desired to determine the wattage without directly taking the 
ampèrage into consideration, the following formula is used: (volts)2 
ohms = watts, which is expressed— 

V 2 
W 

(In the equations above, V = p.d. in volts, I = current in ampères, 
R = resistance in ohms, and W = watts.) 
As already stated, the watt is the unit that expresses the power accom-

plished in an electrical circuit, it is therefore interesting to note that 746 
watts is equal to i horsepower, a comparison that serves to give some 
idea of the power represented by i watt. 

Direct Current.—All electrical phenomena dealt with in this chapter 
have been confined to that type which has a steady current flowing in a 
definite direction; this type of current is known as direct current, which 
broadly speaking may be defined as a current which flows in one definite 
direction and which never drops below zero. Direct current is usually 
written D.C., and is sometimes called continuous current. 

Alternating Current.—An alternating current is a phenomenon asso-
ciated with radio signals, microphone currents, and the like. It is a 
current which alternately flows first in one direction then in the opposite 

Fig. 31.--An alternating current waveform which has a peak value of so amps. 

direction. Fig. 31 shows a typical A.C. waveform which, it will be 
noted, is similar to sound waveforms illustrated in previous chapters. 
Commencing from the left-hand side it will be seen that the current 
starts to rise from zero sharply at first and then progressively slower 
until the maximum is reached, which in this example is io amps. The 
current then starts to decrease until it reaches zero (literally o amps), at 
which point no current is flowing. The current next commences to flow 
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in the opposite direction until it reaches a maximum of io amps, after 
which it dies down until it reaches zero when the cycle of events re-
commences and continues to repeat. The number of times per second 
that the current will complete a cycle is known as the periodicity or 
frequency; in Fig. 31 there are three complete cycles, and if the distance 
XY is assumed to represent one second, it follows that the frequency 
is three cycles per second. If the distance XY represented Th of a 
second the frequency would be 300 cycles per second. 

Alternating currents generally met with in broadcasting range from 
16 cycles per second, which is the lowest note of the organ, to about 
6o,000,000 cycles, which is the frequency that would be used by a trans-
mitter working on a wavelength of 5 metres. 
The A.C. waveform shown at Fig. 32 serves to illustrate A.C. voltage. 

Here again the voltage commences at zero, rises to a maximum, which 

Fig. 32.—An A.C. voltage waveform with a peak value of 230 volts. 

in the example chosen is 250 volts, and dies away to zero, after which it 
again builds up to a maximum but the polarity is reversed. 
A pair of wires carrying direct current possess polarity, i.e. one is posi-

tive and the other is negative, but a pair of wires carrying alternating 
current do not possess polarity because each is alternately positive and 
negative. The waveforms chosen as examples in Figs. 31 and 32 show 
waveforms that are symmetrical, or in other words the two halves are 
separated by the imaginary zero line and are similar in appearance. 
Figs. 3-8 are typical examples of unsymmetrical A.C. voltage waveforms 
and also serve to show the erratic way in which the voltage and conse-
quently the current may vary in a circuit. 
Units.—The units referred to above, i.e. volt, ampère, ohm, and 

watt, are the basic units by which electrical phenomena are measured, but 
for convenience the following units are in general use, the recognised 
abbreviation being shown in brackets: 

kilovolts = L000 volts (kV) 
millivolts = Tolou volt (mV) 
microvolts = -1-0-75--huiy volt (pN) 
milliamp = Tolou amp. (mA) 
microamp = 10 ohiizi amp (ILA) 
kilowatt = i,000 watts (kW) 
milliwatt 1,11b0 watt (mW) 
megohm = L000,000 ohms (Ma) 
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Choice of Units.—Consideration of the above units will suggest that 
certain values may be expressed by more than one unit. For example 
ioo millivolts could alternatively be expressed as •I volt; then again '2 
megohm could be expressed as 200,000 ohms. Similar remarks may be 
made about units not mentioned in this chapter, such as farads and 
microfarads, henrys and microhenrys. Unfortunately, there is no hard 
and fast rule to indicate the choice of expression and care must be taken, 
therefore, to avoid confusion. There is a natural tendency when reading 
casually to gain the impression that •I volt is more than ioo millivolts, an 
oversight that may obviously give rise to a serious misunderstanding. 
The author makes a practice of using the smaller denomination when 

the alternative entails the use of more than one decimal place, an excep-
tion being made, of course, when referring to graphs where the use of 
mixed units would be intolerable. 
When values are stamped on small components they are often ex-

pressed in a rather objectionable manner. For example, a resistance may 
be marked .oca MÛ purely because this expression is shorter than the 
more conventional " Iowa." 

Voltage, current, resistance, and wattage can all be measured by means 
of instruments expressly designed for the purpose and provided with 
calibrated scales permitting direct reading of the appropriate units. 
Multi-range meters are available with extra scales which become operative 
when the requisite series or shunt resistances are brought into circuit. 
These instruments are known as the voltmeter, ammeter or milliammeter, 
wattmeter, etc., thus clearly indicating the purpose for which the parti-
cular meter is intended. There is, however, one exception to this 
nomenclature since the instrument for measuring resistance in megohms 
is called a megger. 
The construction and the principles governing the action of these 

meters are described in a later chapter; in the meantime it is merely 
necessary to become acquainted with their practical application to the 
various purposes for which they are intended. 

There are, however, one or two remarks that will not be out of place 
regarding the use of the voltmeter. With the exception of one or two 
specialised types the voltmeter will pass current when a potential is 
applied across its terminals which will introduce an error when measuring 
a voltage across a high value of resistance which is fed through another 
resistance. An example will make this point clear. If two resistances, 
each having a value of .1 megohm, are connected in series across a 
supply having a potential of 300 volts, the application of Ohm's law will 
show that the potential drop across each resistance will be 150 volts. 
Assume that the potential across one resistance is to be measured and that 
the voltmeter to be used has an internal resistance of .1 megohm. Directly 
the voltmeter is connected complete rearrangement of potential takes 
place in the circuit since the voltmeter is in parallel with the resistance to 
be measured forming a total resistance of 5o,000 ohms; the application of 
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Ohm's law shows that potential difference across 50,000 ohms in series with 
•I megohm will be one-third of the applied potential, i.e. Ioo volts. 
The above example cites an instance where the potential difference 

across a resistance is 150 volts, but when a voltmeter is connected across 
it for the purpose of measurement, a serious error is introduced since the 
current passed by the voltmeter causes the potential difference to fall to 
loo volts. 



CHAPTER 5 

MAGNETISM AND INDUCTANCE 

MENTION was made in Chapter 4 of the mistake made by early scientists 
in determining the true direction of the flow of current. While the actual 
flow of electrons is from negative to positive, it is convenient to assume 
the converse. This imaginary direction of flow, i.e. from positive to nega-
tive, is usually called the conventional current, while many authorities 
refer to it simply as current. 

While in many ways it might be thought desirable to abandon this 
make-believe, such a course is impracticable, as it would reverse all the 
laws governing the direction of magnetic fields, render a large amount of 
apparatus obsolete, and cause the worst possible confusion since the stan-
dard textbooks of to-day would differ in almost every paragraph from 
the books of to-morrow. 
The author would very much like to break away from convention and 

refer exclusively to the electronic current, but, in deference to the best 
interests of readers who may already possess some electrical knowledge 
and who have read or may read other books, has adopted the existing 
standards. It is important to note, therefore, that in this and the follow-
ing chapters (except where otherwise stated), the direction of flow will 
be assumed to be from positive to negative, i.e. conventional current. 
Magnetism in some form must be familiar to everyone. In fact, the 

average person makes the acquaintance of a toy magnet at such an early 
age that its remarkable properties are taken for granted. The manner 
in which an ordinary horse-shoe magnet will attract a piece of iron is too 
well known to need comment, but attention may usefully be drawn to the 
fact that this force is exerted without any tangible medium between the 
magnet and the iron ; in brief, magnetic force exists in free space. 
The phenomenon of magnetism was well known to the ancients, in fact 

the Greek philosopher Socrates made mention of the word " magnet," 
which was the name given to a peculiar mineral found near Magnes in 
Asia Minor, which had the remarkable property of always coming to rest 
in the same position when suspended on a thread. This natural compass 
was used by the Anglo-Saxons, who took advantage of the fact that a 
suitably shaped piece of this material would come to rest so that its 
extremities pointed to the north and south. The Anglo-Saxons called 
this peculiar mineral lodestone, but its modern name is magnetite, or 
magnetic oxide of iron; it has no practical value, as the artificial 
magnet is much more efficient. 

35 
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The reason why a magnet attracts a piece of iron is not yet fully under-
stood and, furthermore, the theories that have been put forward are too 
complicated to justify their inclusion in this work and must give way to a 
consideration of the more practical aspect, namely the nature and effect of 
magnetism. 
The permanent magnet may be defined as 

a magnet made of steel which is sufficiently 
refined and hardened to retain its magnetism 
for a considerable period. It may be shaped 
in the conventional manner, or it may take 
the form of a round or square bar or a cube, 
sphere, half moon, star, or any shape that 
the mind may devise. The actual magnetism 
is imparted to a magnet by rubbing it against 
another magnet or by inserting it in a coil 

of wire through which a suitable electric 
current is passed for a few seconds. 

two " poles," which may be described as the 
centres of its magnetic energy; one pole is 

Whatever the shape of the magnet it has 

called the north pole and the other the south 
pole (see Fig. 33). These poles may be likened 
to the positive and negative charges of elec-
tricity because the same law applies, i.e. 

S unlike signs attract and like signs repel. If 
two horse-shoe magnets are placed face to 
face as shown at Fig. 34, they will attract 
each other and, providing that the distance 
is not too great, each will move towards the 
other. If, on the other hand, they are placed 
as shown in Fig. 35, so that they are face to face 
but with like poles opposite, the two magnets 
will repel each other, and if placed sufficiently 
close will move away from each other. 

If a sheet of glass is placed horizontally 
over a magnet it will be found that if iron 
filings are evenly distributed, they will be-
come arranged in a definite formation along 
the lines of magnetic force emanating from 
the magnet. Fig. 36 shows the magnetic 
field of an ordinary horse-shoe magnet deter-
mined in this way. 

Some magnets are stronger than others, due to a greater or lesser 
number of lines of force; these lines are usually referred to as the flux, 
and the number of lines per unit sectional area as the flux density. Quan-
titative measurements are usually expressed as flux density per square 

F' g • 3 4 • — 
When per-
manent 
magnets are 
placed with 
unlike poles 
opposite 
they attract 
each other. 

Fig. 3 5 . — 
Magnets 
placed with 
like poles in 
opposition 
repel each 
other. 

Fig. 33.—If a magnet is freely sus-
pended, it will come to rest on a 
line due north and south. That 
end which points to the north is 
termed the north pole. 
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centimetre. A really first-class magnet will have a flux density of the 
order of 14,000 lines per sq. cm. if the air gap between the poles is short. 
The various magnets that have been mentioned above are called 

permanent magnets because their magnetic properties are always present 
and remain so until such time as they lose 
them due to leakage. Permanent magnets   
are made of very hard steel, such as cobalt 
or tungsten, because the hardness of the steel 
largely controls both the flux density and 
the useful life of the magnet. It is generally , . • 

thought that a magnet will attract only iron, • . •• e' „ 
c, • 

steel, cobalt, or nickel, but it has a slight 
attraction for a number of other materials, g• 

including aluminium, manganese, and plat-
inum ; it is interesting to note that certain 
substances have a slight repellent action, 
these include copper, silver, antimony, tin, 
zinc, and phosphorus. 

There is an entirely different form of • - 
magnet known as the electro-magnet, which 
consists fundamentally of an iron core around 
which a coil of wire is wound. When a 
current is passed through the coil the core 
becomes magnetised and remains in this Fig. 36.—The field of a permanent 

condition until the current is switched off ; magnet determined by means 
of iron filings placed on a sheet 

it is important to note that when the current of glass. 

is switched on the core takes a measurable 
time to become fully magnetised, and when the current is switched off 
the core takes an appreciable time to become demagnetised. This is 
known as hysteresis. 
The core of an electro-magnet is usually made of very soft iron such as 

Swedish charcoal iron, because the softer the iron the greater will be the 
flux density and the lower will be the hysteresis. 

Permeability may be defined as the ability of a material to accommo-
date magnetic flux; iron that will accommodate a large number of lines 
of force per sq. cm. for a given magnetising force is said to possess high 
permeability and vice versa. The strength of an electro-magnet is 
dependent upon the number of turns in the coil and the strength of the 
current passing through it. One ampère passing through io turns pro-
duces the same flux density as •1 amp passing through ioo turns. By 
multiplying together the number of turns and the number of amps in 
either of these examples, 10 is the product ; this figure is the number of 
ampère turns, which is the factor which determines the strength of the 
field. Double the number of ampère turns will give approximately 
twice the flux density, three times the number will give three times the 
flux density, and so on, providing that the coil is so designed that all 

_ 
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its turns are close to the core and that the core has not become saturated, 
i.e. reached the state when it is unable to accommodate an increase in the 
number of lines of force. 

In order to produce a magnetic field 
it is not necessary to employ an iron 
core, as the passage of current through 
any conductor will set up a magnetic 
field. Fig. 37 shows a wire that has 
been passed through a sheet of paper 
lightly dusted with iron filings which 
have become arranged along the lines 
of magnetic force due to a current being 
passed through the wire. 

Fig. 38 shows the magnetic field set 
up round a conductor by an electric 

current which is travel-
ling towards the 
reader. Fig. 39 shows 
a diagram that is 
somewhat similar to 
Fig. 37, except that 
the paper is pierced 
by a loop of wire, the current through which 
two separate fields, the arrows indicating the 
of both conven-
tional current and 
fields. 
For a given cur-

rent the magnetic 
field st up by a straight wire is 
very feeble, but by forming the 
wire into a coil a relatively high 
flux density will be produced; see 
Fig. 40, which shows the magnetic 

field due to 
a current 
through a 
coil. If an 

8 iron core 
were intro-
duced into 
the coil 
shown at Fig. 40, an electro-magnet would be 
formed; if the core were withdrawn from the 
coil it would continue to be magnetised to a 
decreasing extent until it was withdrawn to such 

Fig. 38.—This dia-
gram shows the 
direction of the 
magnetic field 
when the con-
ventional current 
is travelling along 
the conductor to-
wards the reader. 
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Fig. 4o.—The field around a 
coil through which a current 
is flowing. The larger arrows 
indicate direction of conven-
tional current. 

Fig. 37.—The field caused by conventional 
current; the conductor is passed through 
a sheet of paper on which iron filings are 
sprinkled. 

produces 
direction 

1! 

Fig. 39.—Two independent fields due to the flow 
of current in opposite directions. 
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a distance that its total mass was outside the field produced by the coil. 
Unless the core is placed symmetrically within the coil they will be 
attracted to each other, and if the core is placed just outside the coil and 

freely suspended, the mag-
netic field will cause it to 
move along a path through 
the centre of the coil until 
it reaches the centre, when 
it will come to rest. See 
Fig. 41. 

It has been stated that 
the flow of current through 
a conductor will set up a 

magnetic field ; conversely a magnetic field will set up a current if it 
cuts a conductor, provided that there is present either mechanical move-
ment or magnetic variation. Fig. 42 shows a bar magnet, the field of 
which is cut by a conductor, the ends 
being connected to a galvanometer, 
which is an instrument capable of de-
tecting a very minute electric current. I 
If the magnet is at rest the galvano- [1_1  
meter will show zero; but if the 
magnet is moved, a flow of current ri  
will be registered and will so con-

Fig. 41.— Section of a coil showing the position taken up by 
an iron rod due to action of the magnetic field. 

tinue as long as the magnet is kept Fig. 42.—A current will be induced in a conductor 
if a magnet is moved in its vicinity. Small 

moving, but as soon as the magnet arrows show direction of conventional current 

is allowed to become stationary the when the north pole is moved towards the 
conductor. 

flow of current will cease. This 
phenomenon is called electro-magnetic induction, and is of great im-
portance to the student of any branch of electrical engineering. 
The effect of a magnetic field on a straight wire is limited, but the effect 

applied to a coil is important. Fig. 
43 shows a coil suspended in the 
field of a magnet and connected to a 

E -     the coil will set up an independent 
(ç.'- magnetic field which will cause the 

battery; the flow of current through 

coil to be drawn towards the magnet 
or repelled, according to the direc-

Fig. 43.—The energised coil and permanent tion of the current. If the coil is 
magnet will attract or repel each other accord- connected to an alternating-current 
ing to their relative polarity. source (instead of the battery) the 

coil will move backwards and forwards in sympathy with the change of 
amplitude and direction of flow of the alternating current. For this 
experiment the permanent magnet could be changed for an electro-magnet 
or for a simple coil ; the effect would be the same. 

R.T. 1-4 
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Another aspect of magnetic phenomena is mutual induction, which in 
brief is the transference of electrical power from one conductor to another by 
virtue of magnetic coupling. Fig. 44 shows two coils which for convenience 
are denoted by the letters P and S respectively. Coil S is connected to a 
galvanometer to give visual indication of the flow of current. If a cell is 
connected across the coil P and the 
switch closed, it will cause the 
galvanometer needle to move and 
then immediately come to rest ; if 
the switch is opened a similar 
movement of the needle will take 
place in the opposite direction. 

This simple experiment shows 
that electrical power is conveyed 
from one coil to the other by 
mutual induction when an electrical 
change occurs. When the coil P is 
passing a steady current, current 
is not induced in coil S. 
To carry this experiment to its 

logical conclusion the ends of the 
coil P are connected to an alternating-current source, which will result 
in the galvanometer showing a to-and-fro movement because the direction 
of flow of current through the coil P is continually changing, therefore a 
current is constantly induced into the coil S ; this induced current will be 
alternating current having exactly the same characteristics as the current 

flowing through the coil P, excepting only the 
amplitude, which will be larger or smaller de-
pendent on the number of turns in each coil 
and the distance between them. 
The letters P and S are not an arbitrary 

choice, as P stands for primary, which is the 
coil where the original or primary current flows, 
and S stands for secondary, which is the coil in 
which the induced or secondary current flows. 
Two coils used in this manner constitute what 

is called a transformer, which in practice may 
comprise any number of primary and secondary windings; the coupling 
may be entirely due to mutual induction, which may be aided by an iron 
core which is common to all windings; Fig. 45 shows a simple split 
secondary transformer. 
The transformer has two main applications: ( 1) to convey power from 

one part of a circuit to another when a direct metallic connection is incon-
venient; and (2) to raise or lower voltage: this application makes the 
transformer a most valuable piece of apparatus. 

If an iron-cored transformer, such as that shomn at Fig. 45, has i,000 

Fig. 45.—A simple trans-
former; the primary is 
between the split secondary 
winding. 

Fig- 44.—V% hen the switch is closed or opened a 
current will flow in coil " s." 
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turns on the primary and 5,000 turns on the secondary, the voltage avail-
able across the secondary will be nearly five times that across the primary. 
When the secondary is composed of a greater number of turns than the 
primary it is termed a step-up transformer because it " steps up " the 
voltage. Conversely, when the smaller number of turns is on the secon-
dary it is known as a step-down transformer. 
The relationship between the number of turns on primary and secondary 

is referred to as the ratio, which is determined by dividing the greater 
number of turns by the smaller, thus, 5,000 primary turns and 10,000 
secondary turns is referred to as 2 : i step up while io,000 primary 
turns and 5,000 secondary turns is 2: I step down. 
When a transformer is well designed the voltage ratio is nearly equal 

to the turn ratio, i.e. when lo volts is applied across the primary of a 2: I 
step-up transformer, 20 volts will be available across the secondary. 
Actually, this perfection is not achieved in practice owing to various 
losses, which include resistance of windings, leakage of magnetic flux, and 
what are called eddy current losses. 

In order to reduce eddy current losses, the core of a transformer is made 
up of laminations, i.e. thin iron plates separated from each other by paper 
or some other suitable material. A lternatively, it is sometimes composed 
of a bundle of iron wire for the same reason. Transformers required to 
carry speech-frequency currents often use cores made of mu-metal, which 
is an iron-nickel alloy; while certain types of transformers, that are in-
tended to carry radio-frequency currents, utilise a core of finely powdered 
iron mixed with some suitable material. In both cases the iron is split up 
into a great number of parts which are separated from each other by non-
magnetic material, resulting in a very great decrease of eddy current loss. 
A transformer may be wound to give any ratio of voltage between 

primary and secondary, but it is important to realise that whatever the 
ratio, the wattage of the primary must always be equal to the wattage of 
the secondary plus power wasted due to losses, therefore a transformer 
having a step-up ratio of 5 : 1, and a primary current of i amp at an 
applied voltage of ioo V, will induce a voltage of 500 V across the secon-
dary when the secondary current is .2 amp. This example assumes that 
there are no losses, the primary and secondary wattage being roo watts in 
each case ; in practice, however, the average transformer used in radio 
receivers has an efficiency of about 8o per cent., i.e. the available second-
ary wattage is 8o per cent. of the wattage taken by the primary. 
There are two distinct types of transformer: the double-wound type, 

which has two separate windings without metallic connection between 
them; and the auto-transformer, which has virtually a single winding 
with an appropriately placed tapping. The conventional symbols for a 
double-wound transformer and auto-transformer are shown at Fig. 46 and 
Fig. 47 respectively. There are numerous refinements in transformer 
design and factors determining their performance which are dealt with in 
the appropriate chapters 
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The phenomenon of a magnetic field set up by the flow of current intro-
duces a quality known as inductance. Inductance is to electricity what 
momentum and inertia are to mechanics. Briefly, inductance is that 
quality which tends to oppose a change in the flow of current. It has 
already been explained that the passage of current through a wire sets up a 
magnetic field; it has also been explained that a changing magnetic field 
will induce a voltage in a neighbouring conductor. It is, therefore, not 
surprising that a magnetic field induces a voltage into the conductor 
around which it originates. This induced voltage opposes the original 
current and delays the rate at which it may increase. If the original 
current is D.C., inductance will not influence the flow of current when it 
has attained a steady level, as a voltage cannot be induced by a steady 

Fig. 46.---Left: the conventional sym-
bol for an iron-core transformer. 
Right: the symbol for an air-core 
transformer. 

s---
Fig. 47.—Right: the conven-

tional symbol for an iron-core 
auto-transformer. Left: the 
symbol for an air-core auto-
transformer. 

field ; it is apparent that since alternating current is always changing it 
will be profoundly influenced by inductance. 

Inductance also opposes a decrease of current when current decreases, 
the lines of force decrease and in so doing induce a voltage in the same 
direction as the original current, which delays the decrease. 
To summarise, it may be said that an increasing magnetic field induces a 

voltage which opposes the current that causes it, while a decreasing field 
induces a voltage in the same direction as the current that causes it. 

In the above explanation reference has been made only to inductance 
in a straight wire. Actually inductance in a straight wire is very small, 
but is considerable in a coil, and for a given number of turns it is still 
further increased if the coil has an iron core. 
The henry is the unit of inductance, and may be defined as the induct-

ance necessary to bring about a reverse pressure of i volt when the flow 
of current is increased by i amp in i second. Large iron-cored coils and 
transformers have an inductance of many henrys, but when expressing 
the inductance of small air-cored coils it is convenient to use the micro-
henry, which is  à  of a henry. The recognised abbreviation for 
inductance is L, the henry H, and the microhenry H. 



CHAPTER 6 

CAPACITY 

IF a conductor is temporarily connected to a source of potential it will 
continue to hold a charge after disconnection provided that it is insulated 
from earth and any other conductor; this ability to hold an electric 
charge is called " capacity." 

Capacity may exist as a charge on a single conductor that has no electri-
cal relationship to any other, in which case it is referred to as " self 
capacity." Capacity may also exist between two conductors: in this 
case it is simply referred to as" capacity." The existence of self capacity 
may be easily demonstrated in the following manner. 
A suitable object, e.g. a brass ball, is carefully insulated by suspending 

it with non-conducting material; it is then charged by momentarily 
connecting to it the negative side of a potential source. The brass ball 
will now hold a negative charge; if one side of a galvanometer is con-
nected to earth, the needle will show a deflection when the other terminal 
is connected to the brass ball. This is due to the charge of electrons 
escaping to earth. 
The amount of self capacity possessed by any object is dependent on 

its surface area and the medium surrounding it. Thus a large ball 
has a greater capacity than a small ball, and as capacity is dependent 
on surface area it follows that the self capacity of a thin sheet of metal is 
greater than that of a solid metal ball having the same mass. The 
capacity may be increased if the ball is immediately surrounded by a suit-
able substance; if, for example, it is surrounded by paraffin wax its self 
capacity would be about three times greater than when surrounded by air. 
The amount of capacity existing between two conductors is controlled 

by three factors: (1) the surface area of the conductors—the capacity 
is proportional to the surface area; (2) the distance between the con-
ductors—the smaller the distance between the conductors, the larger 
will be the capacity; and (3) the nature of the medium between the 
conductors, which is called the dielectric. Conditions (2) and (3) are to 
some extent related; the charge held by virtue of the capacity between 
two conductors is due to a strain imposed upon the insulating material 
between them, therefore the closer the conductors are to eaci other the 
greater will be the strain. The difference of potential between the two 
conductors will exert a definite strain, but some substances are more 
easily affected in this way than others. Thus, by immersing the conduct-
ors in paraffin wax the capacity is increased about three times, and by 

43 
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filling the space with selected mica the capacity will be increased by 
about eight times. 
The quality of an insulating material to influence capacity is referred 

to as the dielectric constant or permittivity, which is usually abbreviated 
as " s." The dielectric constant for dry air is 1, for paraffin wax 3, for 
ruby mica 8 ; the table of dielectric constants is given in the Radio 
Circuits and Data Volume, where it may be seen that the figure for 
almost every substance varies with different samples. 
The amount of capacity between two wires is very small, therefore 

when it is deliberately desired to introduce capacity into a circuit it is 
convenient to use a device called a condenser. 
The unit of capacity is the farad, which may be most readily defined 

in the following terms. A condenser having a capacity of one farad will 
take a charge of one coulomb of electricity when a p.d. of one volt is 
applied across it. The coulomb is a unit of quantity, and may be defined 
as the amount equal to the flow of one ampère for one second. 
The symbol for capacity is C and for the farad F. 
The Farad.—The farad is too large for convenient reference in radio 

engineering, therefore two smaller denominations are in general use. 
The microfarad is r-ooLoo of a farad, and is variously written as pr, 
mf., or mfd. The micro-microfarad is l b of a microfarad, and is 
variously written as F, mmf., or mmfd. It should be noted that m. 
normally stands for TÏO ; it is therefore unfortunate that mf. has become 
the colloquial abbreviation for 1  of a farad. 
There is a Continental rating for capacity which is arrived at by linear 

measurement. A condenser is spoken of as having a capacity of so many 
centimetres (which is written cm.) ; one Ile = -9 cm. Unfortunately it 
is quite common to find a small condenser marked with its capacity in 
cm. in British-made receivers. 

It has been stated that capacity is inversely proportional to the distance 
between condenser plates. It might appear at first sight that capacity 
could be increased indefinitely by decreasing the spacing, but a limitation 
is imposed by the danger of the insulation being broken down by the 
applied voltage, therefore the minimum permissible thickness of dielectric 
will increase in proportion to the working voltage. Commercially manu-
factured condensers have a declared working voltage which is usually about 
two-thirds of the voltage applied to the condenser for testing purposes. 
Mention has also been made of the increase in capacity due to the use of 

a dielectric such as mica; unfortunately it is not practicable to make use 
of this factor when designing condensers for all purposes, as many in-
sulating materials introduce what is termed dielectric loss, which is 
most objectionable when dealing with very high frequencies. Therefore 
for this purpose air dielectric condensers are often insisted upon, although 
there are on the market condensers, using a type of porcelain dielectric, 
which are generally satisfactory. Mica is also precluded from use in 
large condensers on account of the relatively high cost involved; the 
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types of condensers at present available are so diverse that the following 
brief description of each will prove of interest and also serve to indicate 
their uses and limitations. 
The air dielectric condenser has special applications when very high 

frequencies are to be handled, and otherwise in transmitters where high 
voltage would accentuate dielectric loss. The main variable condensers 
used in radio receivers are almost always of the air dielectric type. The 
variable condenser will be familiar to most readers, but for the sake of 
completeness a typical example is illustrated at Fig. 48. Those plates 
which are almost hidden by the 
framework are stationary and are 
referred to as the fixed vanes; the 
other set of plates, the moving vanes, 
may be rotated so that any portion 
of their surface is between the fixed 
vanes. In this way the capacity of 
the condenser may be varied within 
wide limits. The moving vanes may 
be shaped so that any desired rate 
of capacity change (per degree of 
rotation) may be obtained, but for 
reasons that will be apparent in 
due course a moving vane usually 
approximates to the shape shown at 
Fig. 48. 
The paper dielectric condenser is 

very widely used for capacities of 
•oi [IF and upwards, although often 
used for lower values. The declared 
capacity of paper condensers is not always very accurate, but the lower 
values may be obtained accurate to within or — 5 per cent. Paper 
condensers are usually tubular in form and provided with short lengths 
of wire at each end for the purpose of making connection. Those sold 
to the general public are sometimes housed in rectangular metal con-
tainers, and provided with terminals. These condensers are suitable for 
any purpose in a radio receiver except where the very highest possible 
insulation is required. 
Mica condensers are in general use for capacities below -pi p.F, and 

usually take the form of a series of copper-foil plates interleaved with 
mica plates and housed in a moulded container. There are specialised 
condensers, among which is the silver-deposited type consisting of a 
mica sheet with a layer of silver, chemically or electrically deposited on 
each side ; the aim of such a condenser is to retain a constant capacity 
irrespective of temperature change. Small variable condensers often 
employ mica discs as a dielectric between the vanes. 
The ceramic condenser uses a special dielectric which closely resembles 

Fig. 48.—A simple variable condenser. 
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porcelain and is used where a condenser is required that is practically 
unaffected by temperature change; it is sometimes rectangular in 
appearance, although very small values are shaped so that they appear 
like half of a sphere and are about 1 inch in diameter. 

The electrolytic condenser is used where large capacities 
are required and a small continuous leak is not detrimental 
There are two distinct types of this condenser, the wet 
electrolytic and the dry electrolytic; the former is illustrated 
at Fig. 49, the outer case being broken open to show the 
interior construction. Briefly, the wet electrolytic condenser 
consists of an aluminium case containing a solution in which 
an aluminium electrode is placed. This type of condenser 
should only be charged in one direction, i.e. the aluminium 
" case " must always be joined to the negative pole, and the 
inner electrode to the positive pole. When voltage is first 
applied across this type of condenser a heavy current flows 
through it which breaks up the molecular structure of the 
solution and causes gas to form on the positive plate; thus 
the inner electrode is one plate of the condenser, the gas is 
the dielectric, and the solution is the other plate. The 
capacity is greatly increased by engraving or sandblasting 
the inner electrode to increase its surface area; in this way 
capacity may be increased by twenty times. The great 
advantage of this type of condenser is the high capacity for 
a given size ; an electrolytic condenser measuring 6 inches by 
i4 inches may have a capacity of 32 p.F, whereas a paper 

Fig. 49- condenser of the same capacity and diameter would be about 
40 inches long. 

The dry electrolytic condenser is similar to the wet type except that the 
solution is replaced by a stiff jelly; thus it may be used in any position, 
whereas the wet type must always be upright. 

Condensers connected in parallel have a total capacity equal to the 
sum of the individual capacities, but in series the capacity is equal to 
the reciprocal of the sum of the reciprocals, that is to say— 

s 

• 

C— 
I 

C2 1- C3 etc. 

or r CI X C2 
CI ± C2 

The right-hand formula is applicable when it is desired to find 
the capacity of only two condensers in 
series. It may be seen from the above 
formula that the capacity of two or 
more condensers in series must always 
be less than the capacity of the smallest Fig. 50.—Symbols: Left, fixed con-

denser. Centre, electrolytic con-
condenser. denser. Right, variable condenser. 



CONDENSER MANUFACTURE 

To-day radio manufacturing requires considerable specialised plant. This photograph shows a 
battery of condenser impregnation vats at the condenser section of British Insulated Cables. 

Ltd. 
R.T. 1-461 





CHAPTER 7 

REACTANCE AND IMPEDANCE 

RELATIONSHIP between D.C. voltage, D.C. current, and pure resistance as 
defined by Ohm's law is dealt with in Chapter 4. This law is only appli-
cable for calculations based upon the flow of direct current. Calculations 
of this nature based on the flow of alternating current must take into 
account the reactance of the circuit. Reactance, which is written " X," 
may be defined as the opposition to the flow of current due to inductance 
or capacity or both 
When potential is applied across a pure resistance, e.g. a piece of carbon 

rod, the opposition offered to the flow of current will not vary with the 
nature of the applied potential; if the carbon rod has a resistance of, say, 
ten ohms, this factor will remain constant irrespective of all other con-
siderations and it is immaterial whether the applied potential is alternating 
or continuous. 
Phase.—Fig. 51 shows a circuit con-

sisting of an inductance in series with 
a hot-wire ammeter, which is an instrument 
that will measure the flow of either alter-
nating or direct current. If a D.C. potential 
is applied across XY the meter will register 
the current flowing, which will be dependent 
upon the applied voltage and the pure re-
sistance of the circuit due to the resistance 
of the wire of which the inductance is 
composed. If an A.C. potential of the same Fig. 5i.—This illustration shows diagram-
value as the D.C. is applied across XY, it raatically an iron-cored coil in series 

with an ammeter. 
will be found that the current is much less 
and, further, an increase of frequency will cause the current to be still 
smaller. This is due to the reactance of the coil which opposes the flow of 
alternating current. 
When an A.C. potential is applied across a circuit which comprises a 

pure resistance, the alternating current flowing will rise and fall in exact 
sympathy with the rise and fall of the applied voltage; in other words, 
maximum current will occur simultaneously with maximum voltage (in 
each direction) and voltage and current are said to be in phase. 
When inductance is introduced into the circuit, current and voltage are 

no longer in phase; the rise and fall of voltage will not be affected, but 
maximum current will occur later than maximm voltage, due to the delay 
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caused by inductance. If the inductance of a circuit is so high compared 
to the resistance of the circuit that the latter may be neglected, the rise 
and fall of current will be a quarter of a cycle behind the voltage which 
is referred to as a current lag of 90°. Since the current is lagging behind 
the voltage the significance of the term " lag" is obvious, while the repre-
sentation of a quarter of a cycle by the expression 90° is conventional, as 
a complete cycle is regarded as 36o°. 
Reactance.—The inductive reactance in ohms is equal to 2771 L where 

7r =- 3.141, f = frequency in cycles per second, and L = inductance in 
henrys. It is important to note that no power is consumed in overcoming 
the opposition due to inductance, as the energy expended in building up 
the magnetic field which opposes an increase of current is given back to 
the circuit when the field collapses due to the decrease of current. 

Fig. 52 shows diagrammatically the relationship between voltage and 
current due to pure in-

--r-   ductance. It can be clearly 
r- A seen from this illustra-o 

tion 1 that the current lags 
  by go°. Current related 

in this manner to voltage 
is termed reactive, or 
wattless current, because 
the average power is zero 

  for each complete cycle. 
When resistance and 

inductance are both pre-
sent in a circuit the cur-

  TIME   rent lag will be less than 
go°, but since the exact Fig. 52.—Each vertical division represents go°, i.e. cycle. 

This illustration show the go° current lag in a purely inductive phase-angle relationship 
circuit. As time is depicted as moving from left to right the between voltage and 
current reaches its maximum at B after the voltage reaches its 
maximum at A. current is unimportant 

when studying the more 
practical aspects of radio engineering, it is not within the scope of this work 
to go into the subject very fully, although further reference is made in 
appropriate chapters. 

Attention may now be drawn to the effects resulting from the intro-
duction of capacity into a simple circuit. Fig. 53 shows a lamp in series 
with a condenser; if D.C. potential is applied across the ends of this 
circuit XY, the lamp will not light, as the condenser forms a complete 
break in the circuit and prevents the current from flowing. It is important 
to note, however, that current will flow momentarily until the condenser 
has become completely charged. If the capacity of the condenser is 
sufficiently high, the charging current will cause the lamp to light 
momentarily. 

Readers finding difficulty in interpreting this illustration should read Appendix i ( 2). 



REACTANCE AND IMPEDANCE 49 

Substitution of A.C. for D.C. will result in the lamp lighting a normal 
manner providing that the condenser has a suitable capacity. If the 
capacity is increased, the lamp will light more brilliantly, and vice versa. 
The fact that the lamp lights might be interpreted as proof that alternating 
current can flow through a condenser; it is convenient to assume that 
this is the case because the effect is often similar, but it is desirable to 
understand what actually takes place. As the terminals X and Y are 
connected to a source of A.C. potential, each will become alternately 
positive and negative. Consequently, each plate of the condenser will 
become alternately positive and negative, which in turn will result in 
electrons flowing to and away from each plate in turn; in other words, 
the condenser will be charged, first in one direction and then in the other. 
Reference to Fig. 53 will show that the charging current on the way to 
plate A and the discharging current from A must neces-
sarily pass through the lamp, which will light in the 
normal manner. To summarise, a lamp may be made 
to light when in series with a condenser, although 
electrons do not flow from one end of the circuit to the 
other. 
The opposition to the flow of current due to capacity 

is called capacitive reactance and, in order to assess the 
opposition, it is convenient to refer to the reactance Fig. 53.—A lamp in ser-

of a condenser as being equal to so many ohms. The ies with a condenser. 
In suitable circum-

reactance of a condenser will vary with frequency and stances the lamp will 

may be determined by the following simple equation: light if an A.0 
potential is applied 

Reactance = across XY.- 
27TfC 

where TC = 3.14I,f = frequency, and C = capacity in farads. 
It has been explained above that reactance due to pure inductance does 

not absorb any power from the circuit. This is equally true of reactance 
due to pure capacity, assuming the condenser to be theoretically perfect. 
In practice, however, the condenser will not give out a charge equal to that 
which it has taken in, due to dielectric and other losses. 

It will be remembered that inductance causes the current to lag go° 
behind the voltage ; the converse is true of capacity which causes the 
current to lead the voltage by go°. 

It has already been explained that a phase difference of go° between 
voltage and current is a condition of zero power; the latter is therefore 
wattless current. 
Impedance.—It is impossible to have a circuit comprising either pure 

inductance or pure capacity, as pure resistance must also be present clue 
to the resistance of the connecting wires used, the resistance of the wire 
comprising the choke, and the resistance of the actual condenser plates. 
Occasions will arise, however, when the reactance of a circuit is so high 
compared to the resistance that the latter may be neglected; in such 
circumstances the current may be taken as being proportional to the 



50 REACTANCE AND IMPEDANCE 

applied voltage and inversely proportional to the reactance of the circuit. 
The majority of circuits will possess both reactance and resistance, which 
will both influence the flow of current; the combined effect of reactance 
and resistance is called impedance, the symbol for which is " Z," and is 
determined by the following simple equation: 

Impedance = V (Reactance) 2 + (Resistance) 2 
If both inductive and capacitive reactance are present in the circuit 

the total reactance is the difference of these two reactances, a detail that 
is fully discussed in Chapter 9. 
The reader will not grasp the practical significance of lagging and 

leading current at this juncture, but the next chapter deals with the 
distribution of potential in circuits containing resistance, inductance, and 
capacity, and also explains the modification of Ohm's law to alternating 
current and potential. 



CHAPTER 8 

ALTERNATING CURRENT 

MANY textbooks attempt to draw a dividing line between alternating 
and high-frequency currents, a procedure that must inevitably cause a 
certain amount of confusion inasmuch as it implies that there is some 
fundamental difference between the two. 
The nature of alternating current has already been described; what 

are colloquially termed high-frequency currents are simply alternating 
currents of very high frequency, there is no other difference or distinction 
whatever. This chapter deals with alternating current in general and its 
association with inductance, resistance, and capacity; phenomena 
peculiar to alternating currents of very high frequency are dealt with in 
subsequent chapters, where such considerations are appropriate. It 
will be remembered that alternating current is built up by a current that 
rises and falls rhythmically in each direction; it follows, therefore, that 
maximum current is only maintained for a fractional portion of the dura-
tion of each cycle. 
R.M.S.—The maximum current attained is called the " peak " value 

of the current, similarly the maximum voltage attained is called" peak" 
voltage. Since the duration of the actual peak value is relatively short, 
it would be unreasonable to expect that it could accomplish the same 
effect as a continuous current of equal magnitude; in other words, an 
alternating current of To amps (peak) flowing through a resistance of 
ro ohms would not dissipate as much heat as a continuous current of 
io amps flowing through the same resistance. 

It can be shown mathematically that the value of alternating current 
producing the same heating effect as a continuous current is equal to 
the peak current divided by the square root of 2 (i.e. divided by 1.414 or 
multiplied by .707). The value thus obtained is called the R.M.S. value. 
R.M.S. is the accepted abbreviation for root mean square, and it is both 
interesting and instructive to pursue the meaning of this expression and 
to see why the behaviour of an alternating current waveform should be 
affected by square root. It will be remembered that power (e.g. heating) 
is proportional to the square of the current.' Fig. 54 shows a curve 
obtained by plotting the squares of an alternating-current waveform. 
It will be noted that the zero line is shown at the bottom ol the curve, 
because Fig. 54 is solely concerned with the magnitude of the current 
squared and not with its direction. The height of the line AB represents 

I See Ohm's law, Chapter 4. 
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the mean or average value of the square of the current, inasmuch as the 
rectangle ABCD is equal in area to the area of the waveform; this is quite 

obvious when it is realised that 
a rectangle can be formed by 
cutting off the peaks above the 
line AB and inverting them 

11 into the troughs below this 
line. 
A glance at Fig. 54 will 

now show the meaning of 
root mean square, which may 
be expressed in the following 

way. The root mean square is the square root of the mean or average 
value of the current squared, and is comparable with the same value of 
continuous current. 

It may be seen from Fig. 54 
that the curve must have a 
particular shape in order 
that the upper half will fit 
exactly into the lower half. 
It must, in fact, be derived 
from what is termed a " sine 
wave," an example of which is 
shown at Fig. 55, which is an 
actual oscillograph recording 
of the waveform developed by 
a very good A.C. generator. 

A moment's thought will show Fig. 55.—An oscillogram of a sine wave; the illustration 
that a waveform such as that 
shown at Fig. 56 would be 
equal to a continuous current that is considerably smaller than .707 of the 
peak value, while it is equally apparent that the converse applies to Fig. 57. 

Fig. 54.—This diagram shows how the expression root 
mean square is derived. 

Fig. 56.—A waveform which has a low mean 
value; note the comparatively small tinted 
area. This illustration, like Fig. 57, has been 
drawn to accentuate the explanation in the 
text; the shape is rather improbable. 

shows one complete cycle. 

Fig. 57.—A waveform where the mean and 
peak values are nearly equal; note the large 

tinted area. 

(As already intimated in Chapter 1, the most complex waveform must 
necessarily be capable of being resolved into a number of sine waves.) 
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The Sine Wave.—The exact nature of a sine wave is difficult to 
define except in pure mathematical terms; the following description 
of the manner in which a sine wave may be plotted by projecting a circle 
should be studied carefully. It is not assumed that the reader will ever 
have occasion to plot a sine wave in this manner, the description being 
included solely as a convenient means of defining its shape. Fig. 58 

Fig. 58.—The relationship between a sine wave and a ercle can readily be seen from this illustration in 
conjunction with the text. 

shows a circle which has been divided into thirty-two parts, the line AB 
is also divided into thirty-two parts; it is intended that the distance AB 
shall represent one cycle, the actual length in terms of inches is quite 
arbitrary. To plot a sine wave lines are projected horizontally from each 
point on the circle until they meet the corre-
sponding vertical lines formed by the divisions 
on the line AB. When this procedure has been 
completed for one half-circle, the points thus 
plotted may be joined up, the resulting curve 
being one half-cycle of a pure sine wave. In 
the illustration, Fig. 58, the curve has been 
plotted for a further one and a half cycles, in 
order to accentuate the shape of a pure sine 
wave. 

It must be particularly stressed that a sine 
wave curve represents a particular law govern-
ing the rate of change in amplitude compared 
with horizontal displacement (time). It will Fig. 59.—An A.C. waveform taken 

be remembered that the length of the line AB with the same generator as that 
used for taking Fig. 55 ; the 

was arbitrary; by making this line half or horizontal axis has beenshortened, 

double the length the curve could have been but the rate of change remains the 

made to appear different. Figs. 55 and 59 are same. 
osclllograms of the same A.C. generator, no change whatever having been 
made except to shorten the horizontal axis (i.e. the length of the line AB in 
Fig. 58). The important point to note is that in Figs. 55, 58, and 59, the 
rate of change in amplitude for each corresponding degree of each cycle is the 
same in each case and furthermore follows a true sinusoidal law. 
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Ohm's Law.—The application of Ohm's law to alternating current is 
very easily expressed by the simple equation, volts = ampères x impe-
dance (in ohms), which expressed in the usual way and with the usual 
abbreviation is— 

V = IZ 
It will be remembered that Ohm's law could be rearranged so that the 

unknown quantity could be readily determined. In the same way the 
simple equation above may be expressed as - 

T V V 
or 

These equations apply equally well for peak values or R.M.S. values 
but they may not be mixed in any one equation, that is to say, that if V 
is expressed as an R.M.S. value, I must also be expressed as an R.M.S. 
value. 

If Z happens to be made up of pure resistance, the wattage dissipated 
in the circuit is determined by the same expression as that used for con-
tinuous current, namely, V x A=W where V= volts (R.M.S.), A= 
amps (R.M.S.), and W = watts. Wattage, it will be remembered, is an 
  expression of power inasmuch as it may be regarded as 
(j directly representing rate of doing work. It is apparent, 

therefore, that V and A must be in terms of R.M.S. values 
cl:). because, as already explained, the peak value does not 
.c:). L represent the true value of voltage or current in terms 

x of its ability to perform work or dissipate heat. 
If the simple application of Ohm's law constituted the 

• whole story, calculations of alternating-current electricity 
would, indeed, be simple. As already stressed, the direct 

"1 application of Ohm's law is only possible when the im-
pedance of the circuit is made up of pure resistance; 
when reactance is present, considerable complications 
arise. Consider, for a moment, the circuit, Fig. 6o, which 
shows a resistance R in series with an inductance L 
(which for the present purpose is assumed to be a pure 

  inductance with negligible resistance). Assume that R 
Fig. 6o.—Resistance has a resistance of 5û and that L has a reactance 
and inductance in 
series. (27r fL) of 5n, and that roo volts peak A.C. is applied 

across XY. 
R and L in Series.—If L and R were both pure resistances they could 

simply be added together and Ohm's law applied, which would show that 
a current of ro ampères would flow through the circuit; furthermore, it 
could be determined that the p.d. across each section of the circuit would 
be 50 volts. It will be remembered that when current flows through an 
inductance, voltage and current are 9o° out of phase, but that when 
current flows through a resistance it is in phase with the voltage. Since 
the current flowing through the circuit must have the same value and the 
same phase sense at any point, it follows that the voltage across R will 
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reach its maximum coincident with maximum current, but the voltage 
across L will not. 

It is obvious that the voltage across R plus the voltage across L must 
at all times equal the applied voltage; it also follows that the sum of the 
individual maxima must be greater than the applied voltage. It will be 
interesting, therefore, to work out the current flowing through this circuit 
and the maximum p.d. across L and R. The obvious method of approach 
is to determine the current flowing by the application of Ohm's law, 

V 
1 z The first step is to determine the value of Z (impedance) .which  

is arrived at by adding R and X vectorially, that is to say taking the square 
root of R 2 ± X 2, which for the values shown in Fig. 6o may be written— 

Z = VR2 + X' or Z = V25 + 25 = 7.o71-1 

The impedance of the circuit is now known, therefore the peak value 
of current flowing may be determined by the simple application of Ohm's 
law as follows: 

, V , IOC) 
=-- -Z" 7.07 -= 1.4*/ 4A 

It is interesting to note that the current is approximately 40 per cent. 
greater than would have been the case if a pure resistance had been 
substituted for L. Now that the current is known it is a simple matter 
to determine the maximum p.d. across L and R, which will be the same 
in each case, the actual calculation being as follows— 

V=I x R= 14.14 x 5 = 7o7V 
It is stressed that the p.d. across R does not reach 70.7 volts at the 

same time as the maximum p.d. across L; when the p.d. across R is at 
maximum, i.e. 70-7, the p.d. across L will be zero,' and vice versa. 
The power dissipated in the whole circuit will be only that dissipated 

in the resistance R, which may be determined by applying the now familiar 
I2 x R = W. It must be remembered that the current here is the 

14 .14 
R.M.S. value, i.e. — to A, so that the power is to" x 5 =500 .414 
watts. The current flowing through and the p.d. across L may be 
ignored when calculating the power dissipated in the circuit, because, 
as already explained, energy is not expended in this portion of the circuit 
the voltage being 9o° out of phase with the current. 
R and C in Series.—It will be noted that in the preceding calculation, 

L has been represented solely by its reactance (5a), therefore all the 

figures would hold good if a condenser having a reactance( 2 I )of 
7rf 

were substituted for the inductance. The simple calculations given in 
this chapter are included as a convenient means of giving the reader an 
insight into the behaviour of alternating current in a circuit containing 
1 Since the current through the circuit will be out of phase with the applied voltage, maximum 

current will be reached when the applied voltage has fallen to 7ce7 volts. 

R.T. I-5 



Fig. 61.—Resistance and 
inductance in parallel. 
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resistance and reactance. It will be appreciated that, in practice, an 
inductance will possess pure resistance due to the actual wire from which 
it is made; it is, however, generally satisfactory to regard such a com-
ponent as a pure inductance in series with a pure resistance (i.e. the 
resistance of the winding). 
R in Parallel with L or C.—Fig. 61 shows the circuit rearranged so 

that R and L are in parallel, having values of 5Q resistance and 5Q 
reactance respectively; in this arrangement, cur-
rent from the source of supply will flow directly to 
each component, consequently each will pass a 
current quite independently of the other. It is 
easy to see, therefore, that if the applied p.d. is 
ioo volts A.C., R (having a resistance of 5n) will 
pass 20 amps, and L (having a reactance of 5(1) will 
also pass 20 amps. It must not be assumed, how-
ever, that the total current flowing is 40 amps; if 
both R and L were pure resistances this would be 

true, but since L is an inductance, the current flowing through it will be 9o° 
out of phase with the current flowing through R, consequently the maxi-
mum peak current through each component will not occur at the same time, 
and the total peak current can never be as great as the sum of the indi-
vidual peak currents. It is scarcely within the scope of this work to 
elaborate upon these matters, but it will be of passing interest to conclude 
the consideration of Fig. 61. The total current flowing may be deter-
mined by adding the two currents vectorially: 

total current = V112  v400 ± 400 = 28.3A (approx.) 
As an alternative method of determining the current, the joint impe-

dance of the circuit could be calculated, and with the knowledge of this 
value and the applied p.d., Ohm's law could be applied and the current 

V 
determined by the familiar formula I = -z The total impedance of 

resistance and reactance in parallel can be determined by combining them 
in the following formula-

1 1  

In both the above formule it is assumed that L is T  
a pure reactance, and all remarks would apply if L I 
were replaced by a condenser having the same 
reactance, the circuit for such an arrangement 
being shown at Fig. 62. 
Some readers will no doubt notice that this formula can be simplified in 

the mathematical sense, but this is not shown as it would tend to confuse 
rather than clarify the point at issue. 

Fig. 62.—Resistance and 
capacity in parallel. 



CHAPTER 9 

THE TUNED CIRCUIT 

CHAPTER 8 explained the effect of capacity and inductance when asso-
ciated with resistance. The association of capacity and inductance in 
the same circuit will, under suitable conditions, bring about the pheno-
menon of resonance which is the quality that makes it possible for a wire-
less receiver to select a particular station from among a number of others. 
It is apparent, therefore, that the subject dealt with in this chapter is of 
major importance in radio engineering. 
L and C in Series.—The simple circuit (Fig. 63) shows an inductance 

having a reactance of ioû at, say, 50 cycles in series with a condenser 
having a reactance of 511 at 50 cycles; it will be remembered that induc-
tance causes the voltage to lead with respect to the current, whereas 
capacity causes the voltage to lag, the total reactance therefore is equal 
to the difference between the inductive and capacitive reactance which 
in Fig. 63 will be 50 at 50 cycles. C 
The simple application of Ohm s 
law will show that if a 5o-cycle A.C. (_)!.._nn ir 

' 

potential of 5 volts is applied, a 
current of one ampère will flow; the 
important point to note is that the Y  • 
same current will flow if the two 
components in Fig. 63 were replaced 
by either an inductance or condenser having a reactance of 51. It is 
apparent that the condition represented by Fig. 63 must be entirely imagi-
nary, as it is impossible for a circuit to be without some pure resistance. 

It will be remembered that the reactance of a condenser equals 

Fig. 63.—Inductance and capacity in series. 

2 nfC, 
consequently the greater the frequency the lower the reactance. It will 
also be recalled that the reactance of an inductance equals 27tf L, therefore 

an increase of frequency will 
L C bring about increase of re-

r—  r b-- M II •/</\/'  actance. an  

•  •  is included in the circuit; it is 
Fig. 63, inasmuch as resistance 

Fig. 64 is a modification of 

l x y 
not, in this instance, intended 

Fig. 64.—Inductance and capacity in series: the high- tO represent a separate com-
frequency resistance of the complete circuit is sym-
bolised by a series resistance. ponent, but represents the 
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high-frequency resistance of L and C. In this way it is possible to regard 
L as pure inductance, C as pure capacity, and r as resistance, which may 
be given an arbitrary value of, say, 201/ at 800 kilocycles per second. 

Reference to Fig. 65 will show the reactance of one value of capacity 
and three values of inductance over a range of frequencies; for example, 
it may be seen that the reactance of a 200 i.tH inductance at 800 kilocycles 
(375 metres) is r,000f/ approx. It may also be seen that the reactance 
of a 200 p.p. F condenser is also r,000l/ approx. at the same frequency; it 
will be interesting to apply these values to L and C in Fig. 64. 
Resonance.—Assuming that an A.C. potential of roo millivolts is 

applied across the terminals XY at the above-mentioned frequency of 
800 kilocycles per second, it will be easy to determine the current flowing 
in the circuit when the total impedance is known. The total reactance 
of L and C will be zero, since, under the conditions chosen they both have 
a value of r,000n ; as already stated the total reactance of inductance 
and capacity in series is equal to the difference of their individual reac-
tances. The reactance of L and C having cancelled each other the im-
pedance of the circuit will be equal to the resistance, " r," and the condi-
tion of resonance will be obtained; the application of Ohm's law will 
show that the applied pressure, i.e. Ioo millivolts, will cause a current of 
5 milliampères to flow. 
Magnification.—The simple circuit under review and the values 

chosen will now serve to introduce what is perhaps the most extraordinary 
set of circumstances that can be found in the study of electricity. As 
explained above the impedance of the circuit in question is only 2on 
because the reactance of L and C cancel each other, but when L is reviewed 
separately it is an indisputable fact that it has a reactance of L000S2 and 
5 milliampères is flowing through it, and to determine the potential 
difference across this inductance Ohm's law may be applied, which will 
reveal the surprising value of 5,000 millivolts, notwithstanding that the 
total applied potential is only roc) millivolts. 

In other words, the potential difference across the ends of the inductance 
L is fifty times the applied potential; thus the circuit is said to have a 
magnification factor of fifty. The accepted abbreviation for coil magni-
fication is " Q," although the old abbreviation " m " is sometimes used. 
The particular method used above to determine the magnification of 

the circuit shown at Fig. 64 was chosen in order to explain as fully as 
possible what takes place when a circuit is at resonance; there is a more 
direct method of determining this factor, as the magnification of a circuit 
at resonance is equal to the ratio of reactance to high-frequency resistance, 
which may be written as follows: 

Inductive reactance X 
Coil magnification = or Q = — or 

H.F. resistance r 
27rfL Q 



THE TUNED CIRCUIT 59 

Selectivity.—Returning to a further consideration of Fig. 64 it will be 
interesting to study the effect of applying two different frequencies across 
the terminals XY, a condition closely resembling that set up in a wireless 
receiver within the range of two broadcasting stations; one frequency may 
be the resonant frequency for the values chosen, i.e. 800 kilocycles, and the 
other 700 kilocycles, the applied voltage being too millivolts in each case. 
The total reactance of the circuit at 700 kilocycles may be ascertained in 
the manner already described, and is 26on, which, when added vectorially 
to the high-frequency resistance, gives the total impedance of the circuit 
as 261 S2 approx. 

1 The applied voltage of ioo ,60 
millivolts will cause a current 

1,400 of .38 milliampère to flow. 
Reference to Fig. 65 will show 

1,200 
that the reactance of L at a 
frequency of 700 kilocycles is 

1,000 
8800, and .38 x 88o gives a 
voltage across L of 334 milli-
volts. It will be remembered z 800 
that the voltage developed 

600 
across L at 800 kilocycles per 
second is 5,000 millivolts (5 
volts). 334 is approximately 400 
one-fifteenth of 5 moo; it is 
therefore apparent that the 200 
circuit has a discrimination of 
fifteen times to a frequency 
Ioo kilocycles per second off 
resonance. It is doubtless 
apparent to the reader that 
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this is the manner in which Fig. 65.—The reactance over a range of frequencies of 
three values of inductance and one value of capacity 

a wireless set is enabled to can be read from this graph. 

select a particular station 
from among many that may be transmitting at the same time. The 
discrimination of the particular circuit and values mentioned above is 
inadequate, but, as will be seen later, discrimination may be increased 
by additional circuits and by other means. It is, perhaps, desirable to 
mention that when a circuit is in resonance at a particular frequency it 
is said to be tuned to that frequency, and that the word " discrimination " 
may now be more appropriately replaced by the term " selectivity." 
The behaviour of the tuned circuit under discussion has been noted 

under the condition of a fixed applied voltage at two different frequencies. 
It is a comparatively simple matter to determine the voltage developed 
across the inductance for any number of different frequencies and to show 
the results in the form of a curve or graph. Fig. 66 shows a curve (Q = 
50), determined in this manner from the values taken from Fig. 64. The 
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upper curve in Fig. 66 shows the curve derived from a tuned circuit, the 
magnification of which is 125; in other words, the value of r in Fig. 64 
has been reduced to 8i). 
Frequency Response.—The curve shown at Fig. 66 is usually termed 

a response curve, because it shows the extent to which a tuned circuit 
will respond to various fre-

14 quencies compared to its re-
sponse at resonant frequency. 
A glance at Fig. 66 will show 
that the higher the magnifica-

12 tion the greater the efficiency 
in terms of both voltage de-
veloped and selectivity. 

10 It will be noted that r has 
been used throughout this 
chapter to denote resistance 
in preference to R; this is 

8 because it is used to represent 
high-frequency resistance, 
and must be clearly dis-
tinguished from the normal 

6 resistance to a direct current 
High-frequency resistance is 
characterised by the fact that 
it varies with frequency and is 

4 somewhat of a paradox inas-
much as the high-frequency 
resistance of a coil may in-
crease if thicker wire is used. 

Since the magnification 
factor of a tuned circuit is 
inversely proportional to the 
high-frequency resistance of 
the circuit, it follows that the 
magnification factor (Q) will 
vary with frequency, although 

Fig. 66.—The response curve of two inductances having when designing a tuned circuit 
a magnification of 50 and 525 respectively. 

for incorporation in a radio 
receiver it is desirable to make the Q factor as constant as possible, an 
aspect that is dealt with in a later chapter. It is perhaps of interest to 
mention that, in the early days of broadcasting, coils were sold to the 
general public having " blind spots," that is to say Q varied with fre-
quency to such an extent that its value was almost negligible at certain 
frequencies. 

Parallel-tuned Circuits.—All the foregoing considerations have been 
limited to the series-tuned circuit, and attention may now be directed 
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to the parallel-tuned circuit. Fig. 67 shows L, C, and r rearranged to 
form a parallel-tuned circuit; it will be noted that r has been split up 
into two portions representing the high-frequency resistance of L and C 
respectively. The value of r in the con-
denser branch is usually so small that its 
effect may be neglected. 
Dynamic Resistance.—Assuming for __> 

the moment that L and C (Fig. 67) are 
L 

pure inductance and capacity, it follows 
that when the circuit is tuned the current ( 
flowing in one branch of the circuit will 
be equal to the current flowing in the other 
branch of the circuit, and as these will be 
exactly 18o° out of phase the total cur-
rent will be zero. In practice, however, a 
small current will flow, as the presence of 
high-frequency resistance will not permit 
the two currents to be exactly 180° out of 

Fig. 67.—A symbolic representation of 
phase. Since an applied voltage causes a a parallel-tuned circuit. 

current to flow, the circuit must possess 
as a whole some factor of impedance; this value of impedance is termed 
dynamic resistance, and is distinguished by the fact that it varies inversely 
with high-frequency resistance. 
The magnification of a parallel-tuned circuit is the same as that of a 

series-tuned circuit, and everything which has been said about the latter 
is applicable to the former except in one particular. The series-tuned 
circuit at resonance permits a large current to flow, which is limited only 
by the high-frequency resistance of the circuit; on the other hand, the 
parallel-tuned circuit imposes an almost complete barrier to the flow of 
current, in fact if it were not for the presence of high-frequency resistance 

the impedance to the flow of cur-
rent would be infinitely great and 
the current would be zero. 

Fig. 68 shows a parallel-tuned 
circuit consisting of inductance and TC 1 capacity and a parallel resistance, 
R, which symbolises the dynamic 
resistance of the circuit. In this 
purely theoretical circuit, L and C 
are assumed to be pure inductance 
and capacity, and therefore present 
an infinite impedance at resonance; 
the symbolic resistance therefore 

is unaffected by their presence, and for the purpose of considering dynamic 
resistance L and C may be ignored, but of course only at the resonant 
frequency. 

68.—In this diagram L and C represent pure 
inductance and capacity and R symbolises the 
dynamic resistance. 
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It will be noted that R is used instead of r as dynamic resistance be-
haves as a pure resistance once again, providing that it is only so regarded 
when the circuit is in resonance. Dynamic resistance is important, as it 
is required when calculating the over-all magnification of a high-frequency 
amplifier. It is, however, somewhat difficult to calculate, and can only 
be reliably determined by measurement, the method of which is dealt 
with in various textbooks devoted to this subject. A reasonably accurate 
figure may, however, be obtained by the following formula, but unfor-
tunately the true value of r can only be accurately determined by practical 
measurement. It is possible to calculate r from dimensions and other 
coil data, but this does not take into account dielectric and other losses. 

Dynamic resistance = C r approx. 

Units are farads, henrys, and ohms respectively, and r is the resistance 
of the coil. 
When actual high-frequency measurements are made to determine the 

high-frequency resistance of a tuned circuit, a disproportionate figure is 
obtained; this is due to losses imposed by the insulating material asso-
ciated with the circuit, the insulating material to which the ends of the 
windings are attached, the insulation supporting the vanes of the con-
denser, and the insulated covering of the wire itself. In addition to this 
the high-frequency resistance of a coil of wire is always greater than its 
D.C. resistance, due to the effect of one turn upon the next, and at the 
higher frequencies to skin effect, which is the term used to describe the 
behaviour of these currents which travel on the surface of the wire and 
do not therefore make use of its total cross-section area. 

Dielectric losses of this nature may be expressed as a resistance which, 
shunted across the coil, would bring about the same loss; it should be 
noted particularly, however, that the effect of a given dielectric loss is 
proportional to frequency. 
A terminal strip which introduces dielectric losses equivalent to a 

parallel resistance of i Mû at 800 kcs. per second will introduce a loss 
equivalent to a shunt resistance of mn at 1,600 kcs. 
Note particularly that the losses of a series-tuned circuit may be 

regarded as an imaginary resistance in series, and that the lower this value 
the greater will be the efficiency. In a parallel-tuned circuit losses may 
be regarded as an imaginary resistance in parallel, and the lower this value 
the lower will be the efficiency. 
The general appearance of an ordinary air-cored coil is too well known to 

need illustrating. A dust-iron-cored coil is illustrated at Fig. 69; due 
to the use of the iron core an inductance of 185 i.tH is obtained with only 
twenty-three turns of Litz wire on a former half an inch square; the Litz 
wire used consists of ten strands of forty-five gauge. The high-frequency 
resistance of such a coil is extremely low, measurements show the example 
illustrated has the low figure at 470 at i,000 kcs. 
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For the sake of simplicity in the above explanations 
fixed arbitrarily at zoo p.p. F, but for the purpose of 
receiver over a range of frequencies it is necessary that 
tance or capacity shall be continuously vari-
able. Variation of capacity is usually em-
ployed when continuous variation is required, 
the conventional variable condenser being 
used, a simple form of which is shown at Fig. 
48; modern sets, however, usually employ 
more than one continuously variable tuned 
circuit and, to facilitate operation, two or more 
variable condensers are manufactured as a 
single unit, and rotated by a single knob. 

Capacity Tuning.—The usual type of 
modern tuning condenser has a minimum 
capacity of about 3oLI.LF, to which must be 
added stray capacities due to wiring, etc., while 
the maximum capacity is approximately 
5iotip.F. Assuming that stray capacities 
amount to 3o p.p.F, a variation is obtained 
from 6o to 54o [le ; the ratio of maximum to minimum frequency 
is equal to the square root of the maximum to minimum capacity 
ratio, which for the example chosen will equal 3. It follows that 
for any given inductance the maximum frequency will be three times 
the minimum frequency, and in order to select the inductance required 
means must be found to determine the frequency of various combin-
ations of inductance and capacity. 

Permeability Tuning.—When iron cored coils are used the inductance 
can be varied by withdrawing or inserting the iron core into the coil. This 
system is known as permeability tuning and is generally used when induc-
tance is pre-set; it is also used for variable tuning at very high frequencies, 
the aerial tuning of V.H.F. and television receivers being examples. 

Relationship between L, C, and f.—It will be remembered that when 
a tuned circuit is in resonance the capacitive reactance must equal the 
inductive reactance ; it follows, therefore, that 

2 nfL   
2 IC 

The above equation is somewhat inconvenient to handle, and either of 
the following equations will be found more suitable : 
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capacity has been 
tuning a wireless 
either the indue-

Fig. 69.—An example of a dust-
iron-cored coil. The former is 
moulded from a special syn-
thetic material having very low 
dielectric loss. The secondary 
has an inductance of 185 µH 
with a high-frequency resist-
ance of 4.7 U at f,000 kilocycles. 

f  I  
   or f2 =  „( approx.) 

27c Vi, X 30•5XLXu 

where f is the frequency in cycles per second, L the inductance in henrys, 
C the capacity in farads, and Tr equals 3.14 approx. 
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When it is desired to know the wavelength instead of the frequency 
the following formula will be found convenient, as microhenrys and 
microfarads may be used for L and C. 

x = 1,885 VL X C 

where X is the wavelength in metres, L the inductance in microhenrys, 
and C the capacity in microfarads. 

Single inductances are rarely used for tuned circuits in modern receivers, 
their place being taken by the high-frequency transformer, which usually 
consists of a tuned secondary coil and an untuned primary; such an 
arrangement is shown diagrammatically at Fig. 70. Specialised forms of 

coils are dealt with in the appropriate chapters, 
and in the meantime it will be sufficient to 
mention that the characteristics of the primary 
are imposed upon the secondary and vice versa, 
to an extent dependent upon the ratio of one 
winding to the other, the separating distance, 
and their angular relationship. As an example, 
losses present in the secondary circuit due to 
various causes are also present in the primary to 
an extent dependent upon the above-mentioned 
factors. 
A step-up high-frequency transformer steps 

up the primary voltage so that a greater voltage appears across the 
secondary; unfortunately the permissible step-up ratio is limited by a 
number of factors, one of which is the falling off of primary impedance 
when the number of primary turns is decreased. 

Sideband Cutting.—As explained in an earlier chapter, the radiated 
wave from a broadcasting station occupies a definite band width. Refer-
ence to Fig. 66 will show that maximum voltage is only obtained at 
resonance; when a number of coils are used, or other means are taken to 
improve selectivity, the curve becomes much sharper, with the result 
that the response is considerably reduced at a frequency only r or 2 kcs. 
off resonance, resulting in distortion, which takes the form of high-note 
attenuation due to the reduction in the response of the tuned circuit to 
those frequencies which, although off resonance, are nevertheless within 
the band width of the transmission being received. This form of distor-
tion is referred to as sideband cutting. 

The Bandpass Filter.—It is apparent that the ideal tuned circuit 
should have a level response to a band width of about 4 kcs. each side 
of the resonant frequency and a negligible response outside it. In other 
words, if Fig. 66 were the curve of an ideal tuned circuit its sides would 
be parallel, spaced about 8 kcs. apart, and with a flat top. In modern 
practice the coil designer strives to produce response curves as near as 
possible to the ideal; special high-frequency transformers are used, 

Fig. 7o.—A tuned high-frequency 
transformer. 



THE TUNED CIRCUIT 65 

having both the primary and secondary tuned and carefully arranged 
coupling. Such an arrangement is called a bandpass coupling, or a band-
pass filter, for the obvious reason that 
it is designed to pass a band of fre-
quencies and attenuate all others. 
There are various forms of couplings 

used in bandpass filters. As a single 
example will serve the present need, 
mention may be made of the over-
coupled type. This takes the form of 
two coils of equal inductance mounted 
side by side so that their character-
istics have a profound influence on 
each other. Each coil is tuned to the 
resonant frequency by a condenser con-
nected in parallel. Fig. 71 shows the 
actual response curve of an ampli-
fier using two complete bandpass 
couplings of this type; being an actual photograph of a response curve 
it is an honest illustration even though it may fall short of the claims 
made for such circuits. It should, however, be clearly understood that 
when producing an oscillogram the vertical and horizontal scales may 

be varied at will, and this particular 
illustration could have been made a 
foot high and an inch wide. In order, 
therefore, that it may be presented in 
its true perspective, Fig. 72 is included, 
which is taken to exactly the same 
scale as Fig. 71, the only difference 
being that the two coils were moved 
farther apart so that the coupling be-
tween them was very small and in con-
sequence the bandpass qualities of the 
coupling were destroyed. As a further 
aid to the appreciation of these oscillo-
grams it may be mentioned that the 
frequency difference between the two 
peaks shown at Fig. 71 is approxi-
mately 5 kcs., and the amplitude of 
the whole oscillogram approximately 
15 volts. As the two oscillograms are 
taken to the same scale, it is apparent 

that the sharply tuned circuit shown at Fig. 72 will cut sidebands to 
a very serious extent. 

Oscillograph instruments suitable for taking these oscillograms are 
described in some detail; nevertheless, it may be desirable to define 

Fig. 72. — An oscillogram showing the 
frequency response obtained with the 
sanie coils as used for Fig. 71, but 
differently adjusted, as described in the 
text. 

Fig. 7t.—An oscillogram showing the fre-
quency response of a bandpass filter. 
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briefly the principle of the instrument, so that the true nature of these 
oscillograms will be apparent. 
The cathode-ray tube utilises a beam of electrons which may be made 

to move by the application of the voltage or current to be examined. 
The extremity of this beam impinges on a chemical screen which becomes 
fluorescent under bombardment, permitting an accurate photograph to 
be taken of the trace so formed. Figs. 71 and 72 are photographs 
obtained in this manner. 



CHAPTER 10 

THE PRINCIPLES OF THE THERMIONIC VALVE 

TOWARDS the end of the last century Professor J. A. Fleming made a 
discovery of far-reaching importance. In the course of experiment he 
discovered that certain substances, particularly metals, when heated to 
a suitable temperature in a vacuum possessed the peculiar property of 
emitting what were then thought to be charged particles. Further 
experiment disclosed that these " particles " could be attracted by a 
metal plate, provided that it was held at a positive potential relative to 
the emitting substance ; on the other hand, no attraction occurred if 
the metal plate was held at a negative potential. It was therefore con-
cluded, and with good reason, that these mysterious " particles " must 
hold a negative charge. It is now known that these " particles " were in 
fact electrons, about which so much has already been said that no intro-
duction is necessary. 
Those who are interested in these historic discoveries of Professor 

Fleming may readily find them described in books devoted to the historical 
development of electrical engineering. It may, however, be said that 
the modern valve of to-day, which is available in so many specialised 
forms, is a direct development of these early discoveries. 
The Diode.—The simplest form of thermionic valve is the diode, which 

is so called because it consists of two electrodes, the filament or cathode 
and the anode. The filament may be made of some unaided metal such 
as tungsten; such a valve is known as a bright emitter, as it is necessary 
for the filament to be run at a temperature of some 2,200° C., i.e. ap-
proaching white heat, to obtain any appreciable emission of electrons. 
Owing to the necessity of running a tungsten filament at such a high 
temperature its life is necessarily short, and such filaments are not now 
in general use. 
The modern coated filament consists of a fine wire made of tungsten 

or nickel forming a core which can conveniently be heated to a tempera-
ture of some 800° C., which is a dull red heat. This core is coated 
either virtually or literally with chemicals that have the property of 
emitting prolific quantities of electrons at a relatively low temperature. 
The exact formula used to compound these coatings and the methods of 
making them adhere to the core are still somewhat guarded secrets of 
the valve manufacturer, but the basis is almost invariably barium or 
strontium oxides or both. 
The anode may consist of any piece of metal situated reasonably close 
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to the filament, but in practice it takes the form of a small open-ended 
cylinder symmetrically surrounding a straight wire filament. It is of 
interest to mention that valve electrodes are usually made of nickel or 
molybdenum, both of which are readily obtainable in a high degree of 
purity; the former possesses the additional advantage that it is easily 
freed from natural gas, while molybdenum has the advantage of an 
extremely high melting-point. For specialised purposes other metals 
are used, notably nicrome for grids, while copper is sometimes used to 
support electrodes which are liable to become hot owing to the high 
heat conductivity of this metal. 
Vacuum.—For reasons which will be apparent later in the chapter it 

is necessary that the valve bulb should be pumped to a very high degree 
of vacuum and that the metal parts, and even the inside of the bulb that 
contains them, must be freed from surface gas which might otherwise 

be freed by the action of electrons and impair the 
efficiency of the valve. To achieve these objects 
the most extravagant precautions are taken by 
modern valve manufacturers. 

e_") The above brief introduction has served to out-
line the structure of valves in general and the 
diode in particular, and attention may now be 
directed to the circuit shown at Fig. 73, which 
shows a convenient circuit arrangement for in-
vestigating the characteristics of a diode valve. 

  el It will be noted that a variable resistance is in-
cluded in the filament circuit to control the current 
passing through it, and consequently its tempera-
ture. A suitable milliammeter is included in the 
anode circuit. Since it is intended to liberate 

electrons from the filament and collect them by means of the anode a 
battery is included in the anode circuit to hold the anode at a positive 
potential to attract the electrons away from the filament. 
Emission.—Fig. 74 shows a curve obtained by this means, showing 

emission in the vertical direction plotted against anode voltage in the 
horizontal direction. Emission does not commence until a certain 
filament temperature is reached; if the filament is of the non-coated 
type, a point is reached where further increase of anode voltage does not 
increase emission. This is known as saturation point. Saturation does 
not occur with a coated filament, as an increase in anode voltage will 
always bring about an increase of emission, although it may be very small. 
The curve of such a valve cannot be taken to finality, as the filament 
coating is destroyed when its emission is increased too far above normal. 

It should be clearly understood that the flow of electrons is simply an 
electric current and that there is no difference between the flow of elec-
trons from filament to anode the and flow of electrons from the anode 
via the anode circuit to the filament; it is simply the electronic current, 

Fig. 73.—A diode valve ar-
ranged for plotting its 
characteristic curve. 
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although the medium is as 20 
different in each case, la 
i.e. free space between CC 
filament and anode and ILI 

O. a metallic conductor for 
the rest of the journey. (5  
The electrons travel 

from the filament to the 
anode, which is held at a 
positive potential. It 
will be remembered that 10  this direction, namely 
negative to positive, is 
the true direction of an tic 
electric current, but that CC 
the converse is assumed 
for reasons that are C.) 5   
clearly stated in the LU 
opening paragraphs of o Ca 

Chapter 5. 
Rectification.—The 

diode, like all thermionic 
5 10 valves, has a most useful 

function, inasmuch as it ANODE VOLTS 
will permit the flow of 
current in one direction Fig. 74.—The characteristic curve of a diode valve showing the 
only, and it is apparent, effect of filament temperature. The upper curve was taken 

with a potential difference of 4 volts across the filament, and 
therefore, that it will the lower curve with 3.5 volts across the filament. 

have a marked effect if 
suitably introduced into the path of an alternating current. Fig. 75 
shows a convenient circuit for applying an alternating potential across a 

diode valve. It will be interesting to follow the 
behaviour of both voltage and current for a period 
of one complete cycle (commencing with the zero 
point immediately before the positive half-cycle). 
Since, at this point, voltage is zero, current will 
also be zero, but as the voltage rises towards 
maximum positive, current will flow through the 
valve and will continue to do so as long as the 
anode remains positive, the actual amplitude of 
the current being determined by the applied A.C. 
voltage and the internal A.C. resistance of the 
valve. 
At the completion of the positive half-cycle the 

current will fall to zero, and will remain at zero during the entire negative 
half-cycle, since the electrons cannot flow from anode to filament because 

Fig. I 75.—A simple circuit to 
illustrate the uni-direc-
tional properties of a diode. 



' Fig. 76.—(Left) An alternating current waveform, 
and (Right) after rectification. 
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the anode is incapable of emission. Fig. 76 shows (left) an alternating 
potential which when applied to a diode will cause a current to flow, 
having a waveform as shown at Fig. 76 (right). It should be noted that 

the relative amplitudes have no n significance, as one diagram 
  represents voltage and the other 

current. 
The conversion of alternating 

current (A.C.) to continuous 
current (D.C.) by means of a 
valve is termed rectification, and 

a valve specially designed for this purpose is referred to as a rectifier. 
The diode may also be used for detection, which is a subject dealt with 
in detail in the next two chapters. 
The Grid.—Although useful for detection and rectification the diode 

is incapable of amplifying, that is to say the output from a diode circuit 
can never exceed the input. Fortunately, this difficulty was overcome 
by Lee de Forest, an American, who in 1907 discovered that a valve 
could be made to amplify by means of a third electrode made of wire 
gauze (now called the grid) placed between filament and anode in the 
path of the electrons. He found that small changes of potential between 
grid and filament brought about a relatively large change of potential 
across a resistance in the anode circuit and amplification was achieved. 
The Triode.—Fig. 77 shows a basic circuit that will serve to illustrate 

the function of a triode valve. It will be convenient to assume that the 
input consists of an alternating voltage 

follow the functions of the valve over one   
having a value of one volt peak, and to 

complete cycle of the input. In order that 
the grid will not become positive, a fixed 
potential of 3 volts negative is applied by 
means of a 3-volt battery; a battery used 
for this purpose is called a grid-bias bat-
tery, and the actual potential applied is 
termed the grid bias. 
When the grid is held at the same poten-

Fig. 77.—A skeleton circuit to illustrate tial as the filament, a good proportion of the text. 

the electrons emitted by the filament are 
drawn towards the anode by its positive field and pass through the mesh 
of the grid. When a small negative potential is applied to the grid it 
opposes the free passage of electrons and the flow to the anode is reduced. 
A further increase of negative potential brings about a further decrease in 
anode current, and so on, until the grid becomes so negative that the flow 
of electrons ceases and produces a cloud round the filament forming what 
is termed a space charge. In the interest of strict accuracy it is desirable 
to mention that although the flow of electrons ceases for all practical 



A GIANT TRANSMITTING VALVE 

Differing in size but not in principle this large transmitting valve requires a special trolley when 
replacement is necessary; this picture shows the final amplifier at a B.B.C. transmitting station. 

Note the doors which instantly disconnect the H.T. supply when opened. 
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purposes, a few stray ones will find their way from filament to anode by 
some roundabout route outside the controlling influence of the grid. 

Fig. 78 shows diagrammatically the effect of negative grid potential 
on the electron stream. Left shows the condition obtaining when the 
grid is held at a potential equal to the mean 
filament potential, centre illustrates the 
effect of normal negative grid bias, while 
right represents the stoppage of anode cur-
rent due to the application of a relatively 
high negative value of grid bias. 
When the small alternating potential Fig. 78.—A purely imaginary sketch, 

showing the influence of the grid on 
already referred to is applied between grid the electron stream. (Left) Indicates 

and filament it will in effect decrease and no grid bias; (middle) shows the effect 
of moderate grid bias, while (right) 

increase the standing bias as the input be- shows that excessive grid bias will 

comes positive and negative respectively. to the anode. 
completely stop the flow of electrons 

When the input reaches the peak of the 
positive half-cycle, i.e. r volt positive, the grid voltage will be reduced to 
2 volts negative (— 3 and = — 2). The grid under this condition 
will permit an increase of anode current. When the input reaches its 
maximum negative value the potential difference between grid and 
filament will be 4 volts (— 3 and — I = — 4) and the flow of electrons 
will decrease correspondingly. 
To summarise, it is apparent that a change of potential applied between 

grid and filament will cause a proportionate change of anode current, so 
that the waveform of the alternating volt-
age applied to the grid will be faithfully 
reproduced as a fluctuating current in the 
anode circuit. By inserting a suitable re-
sistance in the anode circuit the current 
passing through it will produce a voltage 
drop across its ends and convert the changes 
of anode current to changes of voltage. 
Thus changes of voltage applied to the grid 
will bring about changes of voltage across 

79.—This circuit permits grid-volt the anode resistance which are identical in 
characteristics to be plotted. every respect except amplitude, which will 

be greater in proportion to the amplifica-
tion of the stage, i.e. the valve and its attendant anode resistance. 

Characteristics.—Fig. 79 shows a circuit which will enable certain 
characteristics to be taken from a triode valve; the present intention 
being to ascertain the influence that a change in grid potential will have 
upon the anode current. It will be observed that a milliammeter is con-
nected in the anode circuit to give direct reading of the anode current. 
A voltmeter is connected between grid and filament, so that a direct 
reading is obtained of the voltage difference between filament and grid 
which may be varied by means of a potentiometer, R. A series of 

R.T. 1-6 
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figures taken from this circuit are plotted in the form of a graph, shown 
at Fig. 8o; it will be observed that the graph is plotted between anode 
current in the vertical direction and grid voltage in the horizontal direc-
tion. Such a curve is described as a grid-volts/anode-current curve. 
The anode current of any valve is influenced by the anode voltage, conse-

quently it is necessary 
to state the potential 
difference between 
anode and filament 
obtaining when a 
curve is plotted. 

4 
The family of curves 
shown at Fig. 8o were 
each plotted with 
different anode po-
tentials of 75, loo, 
125, and 150 volts re-
spectively, each being 
indicated on the 
curve by the conven-

2 tional abbreviation 
o o  Va = ioo, etc. It will 

e 0 be noted that the vari-v 
e o ation of grid voltage 

at Fig. 8o is from 
— 7 volts, where emis-
sion is entirely absent 
to zero. Such a curve 
could be extended in 
the right-hand direc-

- 7 — 6 — 5 — 4 — .3 — 2 — I o tion to show the effect 
of applying a positive 

Fig. 80.—Characteristic curves of a typical triode valve. The valve grid voltage, but such 
from which they were taken is illustrated in the inset, a procedure is not 

normally adopted, as 
the average valve does not perform normally under such conditions 
owing to the presence of grid current. 
Grid Current.—Grid current is a term applied to a flow of electrons 

from filament to grid due to the positive potential of the latter drawing 
a certain proportion of the electrons off the main stream to the anode. 
In other words, the filament and grid behave as though they constituted 
a diode valve. When a triode is used as a detector the grid is deliberately 
made positive to encourage grid current—this aspect, however, is dealt 
with separately in the following two chapters. 

It is desirable to mention that it is impracticable to plot a curve with 
any appreciable positive grid voltage applied, as under conditions of 

GRID POTENTIAL (VOLTS) 

ir
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normal anode voltage the anode current would be so high that the 
filament coating would rapidly break up. 
Operating Conditions.—Fig. 81 shows diagrammatically the applica-

tion of a small alternating voltage to the grid of a valve and the resulting 
change of anode current. This anode current passed through a suitable 
resistance will bring about a relatively large change of anode voltage. 
It has been stated that the voltage output will be a faithful replica of 
the input in every respect except amplitude ; this is only true because 
certain important conditions have been observed. Reference to Fig. 81 
will show that the input 
is applied about the centre 
of the straight portion of 
the curve. If the grid 
bias had been excessive 
the positive half-cycle 
would have worked on a 
sensibly straight portion 
of the curve, but the nega-
tive half-cycle would work 

t 

on a curved portion, which 
would result in a de-
creased and non-linear et 

sa 

I 

change of anode current, cc 
producing a distorted o 
waveform similar to that la 

câ 
shown at Fig. 82. Taking 
the converse case, the z 

ct absence of grid bias would i 
result in the negative half-
cycle being faithfully re- 

GRID VOLTS 

produced in the anode 
circuit, but the positive 
half-cycle would cross the 
zero line, the grid would 
become positive, grid current would flow and cause a waveform to be 
distorted. Fig. 83 shows (a) an undistorted A.C. waveform, (b) the same 
waveform distorted by underbiasing, and (c) distortion due to overbiasing. 

Distortion.—It is apparent that similar distortion would result if the 
amplitude of the input is so large that its swing is greater than the 
straight portion of the curve. This causes a combination of the distor-
tion shown at Fig. 83 (b) and (c), and has the appearance shown at 
Fig. 83 (d). When a valve is in the condition shown at (c) it is said to 
be bottom bending, while condition (b) is referred to as running into grid 
current, although both these conditions are also referred to as partial 
rectification. The condition (d) is referred to as overloading, the reason 
underlying this nomenclature being obvious. 

Fig. 81.—showing an alternating voltage input and resulting 
alternating current output when valve is correctly biased. 
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Since grid potential has such an effect upon the electron stream, it is 
not surprising that the general dimensions and position of the grid 

should have an equally 
profound influence. 
Fig. 84 illustrates two 
grids taken from triode 
valves of widely different 
characteristics, and it is 
apparent that some means 
is required for expres-
sing the ratio of control 
effected by the grid in 

•, • various types of valve. 
A review of this and 
other characteristics will 
throw considerable light 
on the function of a 

- \ - valve, and the manner 
in which they are related 

j such components that 
may be used to form a 
complete circuit. The 
method of measuring 
these characteristics is 
also explained below, as 
it permits ready apprecia-
tion of their significance. 

Impedance.—The first characteristic is termed anode A.C. resistance 
or impedance, and is the internal A.C. resistance between filament and 
anode, the value of which varies con-
siderably with operating conditions. 
The term " impedance " is deprecated 
by the British Standards Institution, 
who recommend the use of the 
term " anode A.C. resistance." This e c 
expression, however, is unwieldy 
and, furthermore, the term " imped-
ance" is generally used in valve 
catalogues and most textbooks ; the Fig. 83.1BA))TAh noffrmtal i.mhdistorted A.C. waye. 

author therefore adopts the term effect. of over:iaesinecg, of (n) Overloading. The 

" impedance " throughout this work. 
Valve impedance, which is written ra, depends primarily on anode 
voltage, and an increase of anode voltage will normally bring about a 
decrease of impedance. In certain types of valves it is desirable to 
reduce the impedance to a very low value, but limitations are imposed 
by the consequential large increase in anode current. Impedance is 

o 
sa 

o 

GRID VOLTS 

Fig. 82.—Showing an alternating voltage input and resulting 
alternating current output when valve is overbiased. 
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also affected by grid voltage, and an increase of the latter 
direction will bring about an increase of the former. 

Since impedance varies with operating conditions, 
voltages, it is necessary to state these 
figures when quoting a value of impedance. 
Impedance of a triode valve is usually 
quoted for an anode potential of ioo volt 
and zero grid volts, which is expressed af-
Va = ioo, Vg = o. 
Impedance is measured by noting the 

change of anode current resulting from 
a change of anode voltage, the variation 
being small, and is actually determined 
as follows: 

Change in anode volts Impedance = 
Change in anode current' 

The change in anode voltage must be rela-
tively small, and grid volts must be kept constant. Units are volts 
and ampères. 

Suppose that a triode valve passes an anode current of 6 milliampères 
at go volts and 8 milliampères at no volts, it is apparent that a change 
of 20 volts has brought about a change of 2 milliampères. To avoid 
converting milliampères to ampères the current may be divided into the 
voltage straight away, when the answer will be in thousands of ohms, 
since there are a thousand milliampères to an ampère; in the present 
example, 20 volts divided by 2 milliampères equals io, and since the 
answer is in thousands of ohms, the impedance is io,000 ohms. 

Amplification Factor.—As already explained, a triode valve possesses 
the ability to amplify, and the quality of the particular valve to perform 
this function is the amplification factor. It should be noted that the 
amplification factor is the inherent ability of the valve, but when incor-
porated into a circuit the effective amplification must necessarily be 
less, for reasons which will be apparent in due course. Amplification 
factor may be described as the ratio of the anode voltage to the grid 
voltage as a means of controlling anode current. In the example 
quoted above, to explain impedance it was necessary to raise the 
anode potential by 20 volts to change the anode current by 2 milli-
ampères;; if a change of r volt on the grid brings about a similar 
change of anode current, it is apparent that the grid has twenty times 
the influence of the anode, and the valve, therefore, has an amplifica-
tion factor of twenty. 
The amplification factor, which is written p. (pronounced " mu"), is 

measured by noting the anode current at Va = go, Vg = o; the anode 
potential is then increased to Va = II°, and negative grid voltage in-
creased until the anode current falls back to the original reading. 

in a negative 

i.e. anode and grid 

Fig. 84.—Sketch showing two grids 
taken from normal triode valves. 
Note the wide difference in mesh 
and width. 
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value of grid voltage necessary to bring this about is then divided into 
the change of anode voltage. Expressed conventionally: 

Change in anode volts 
Amplification factor — 

Change in grid volts • 

It should be noted that II also means one millionth of, and care should 
be taken to avoid confusion as p. may appear twice in a formula and 
mean amplification factor at one appearance and the alternative at 
another. 
By changing the structure of a valve, impedance and amplification 

factor can be increased or decreased within certain limits. By moving 
the anode farther from the filament both these factors will be increased, 
but the efficiency of the valve will very probably be reduced, since it is 
difficult to realise in practice the amplification factor of a high-impedance 
valve. Consequently some factor is required that will take into account 
both impedance and amplification factor, and act as an indication of 
valve efficiency quite independently of any other consideration. Such 
a factor is available and is termed " mutual conductance" or, colloquially 
speaking, " slope." 

Mutua/ Conductance (Slope).—Mutual conductance signifies the 
change of anode current brought about by a change of grid voltage. It 
is usually denoted by the letter g„, and expressed as " the change of anode 
current in milliampères per volt change of grid potential," and is expressed 
as mA/V, or in other words: 

Change in anode current 
Mutual conductance -= 

Change in grid volts 

When actually measuring mutual conductance, it is usual to increase 
the grid voltage from zero to — r and note the change in anode current. 
If this is 3 milliampères then the mutual conductance is 3mA/V. 
Mutual conductance, amplification factor, and impedance are all 

related, and if any two are known the third can be found by application 
of the appropriate formula: 

x i,000 x g„, 
r ,000 

where g„, is in mA/V, and r„ is in ohms. 

The Interpretation of Curves.—Valve manufacturers publish charac-
teristic curves for each type of the thousand-odd types of valves available 
on the British market. A typical example of the characteristic curves 
is shown at Fig. 80. These curves are in very great demand by con-
structors, amateurs, service engineers, many of whom limit their useful-
ness to determining the grid bias appropriate for any given set of condi-
tions; characteristic curves, however, are capable of wider interpretation, 
as they form a fairly complete specification of the valve and much 
information may be obtained from them. 

p. moo r a — 
g. 



THE PRINCIPLES OF THE THERMIONIC VALVE 77 

Curves such as those shown at Fig. 8o will yield the following informa-
tion with a reasonable degree of accuracy: 

(1) Nominal valve impedance. 
(2) Valve impedance at various grid voltages. 
(3) Amplification factor. 
(4) Anode current under various conditions of grid and anode potential. 
(5) Correct grid bias for four different anode voltages. 
(6) Maximum permissible input, i.e. grid swing. 
Reading Impedance.—For calculating nominal impedance it is neces-

sary to know the change in anode current due to a known change of 
anode voltage. If the valve is a triode, the nominal impedance is usually 
quoted as Va = ioo, Vg = o, and anode current is usually measured at 
Va = go and Va = no. This precise information is not available in 
Fig. 8o, but the anode current can be read for anode potentials 25 volts 
above and below the nominal potential of ioo volts. 
The anode current for Va = 75, Vg = o is 1.4 milliampères, while the 

anode current for Va = 125, Vg = o is 3.4 milliampères; thus it can be 
seen that a change of 50 volts in anode potential brings about a change 
of 2 milliampères in anode current. Application of the formula for 
impedance, i.e. 50 ± 2, gives 25. Since the anode current is in milli-
ampères the answer will be in thousands of ohms; the valve, therefore, has 
an impedance of 25,000 ohms at Va = ioo, Vg =- o. (This rating being 
the mean potential.) It will be interesting to use the same method for 
calculating the impedance at a set of conditions likely to be met with in 
practice, say, Va = 125, Vg = 1.5. The curve for Va = 125 is mid-way 
between the curves for Va = 150 and Va = ioo, so the latter may be 
used to give the necessary change in anode voltage. Since the required 
condition is Vg = 1.5, the current change must be read where the curves 
intersect an imaginary vertical line drawn between i and 2 on the grid-
volts scale. The change of current is 1.8 milliampères and the change of 
anode potential is 50 volts; so ± 1.8 = 27-7 approx., thus the impe-
dance of the valve at Va = 125, Vg =- 1.5 is 28,000 ohms approx. 
Reading Amplification Factor.—To calculate amplification factor it 

is necessary to know the grid voltage required to keep the anode current 
constant when anode voltage is increased; Employing the same curves 
as used above it is simply necessary to find that bias which must be 
applied to the Va = 125 curve so that the anode current is the same as 
that passed when Va = 75, Vg = o. 

Reference to Fig. 8o will show that the anode current flowing when 
Va = 125, Vg = 1.75, is the same as when Va = 75, Vg = o. The 
amplification factor is equal to change in anode volts divided by change 
in grid volts, thus 50 ± 1.75 = 28.5 approx, the amplification factor. 
If this method of approach is pursued a step farther, it is possible to 
calculate the amplification factor of the valve when operating under 
working conditions, for example at Va = 125, Vg = 1.5, the amplification 
factor iS 27.5. 
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Reading Slope.—Slope is the easiest characteristic to calculate from 
a curve, as it is simply necessary to note the fall in anode current for 
a particular anode voltage when r volt is applied to the grid. When 
reading the Va = ',Do curve it will be found that the change in anode 
current for a change of one grid volt is ii milliampères, while from the 
impedance and amplification factor in the manner already described, it 
will be found to be 1-15 mA/V. This slight discrepancy is to be expected 
when reading figures from a small-scale drawing, it is also partly due to 
slight inaccuracies inevitable with freehand curves. 

It is obviously a simple matter to read the slope for the four values of 
anode potential plotted and to tabulate them as follows: 

Slope at Va = 150 = I-45 mA/V. 
„ Va = 125 = 1-25 mA/V. 
„ Va = loo = 1-15 mA/V. 
„ Va = 75 = -95 mA/V. 

The measurement of slope may be carried out under any conditions of 
grid voltage in relation to any of the four anode voltages for which curves 
are drawn: one further example will suffice, taken at the suggested practical 
operating conditions used for previous examples, i.e. Va = 125, Vg = 1-5. 
Under these conditions slope = 1-05 mA/V. It should be noted 
that the necessary I-volt variation is made up taking a reading at 
-5 volt above and below the specified condition of Vg = 1-5; this is con-
venient, and also tends towards greater accuracy; unfortunately the 
same procedure cannot be adopted at Vg = o, since this would entail 
taking readings at Vg = — -5 and Vg = ± -5. Under the latter con-
dition the majority of valves will run into grid current. 

Correct Grid Bias.—The correct value for grid bias that should be 
applied to a particular valve when working at a stated anode potential 
can be obtained most conveniently from inspection of the curves. The 
correct value will be the highest negative value that will permit the input 
to work on a sensibly straight portion of the characteristic curve; the 
expression sensibly straight is chosen deliberately, as the perfectly 
straight portion of the grid-volts/anode-current curve of a high impedance 
valve is so short that it is useless for practical purposes. The portion of 
a curve that may be considered usable is necessarily somewhat arbitrary„ 
unless it is considered worth while to carry out a detailed analysis to 
ascertain the actual distortion that will result from using a selected 
portion of the curve; such a procedure is worth while when determining 
the correct operating conditions for an output valve, for reasons that will 
be apparent in due course. Such an elaborate procedure is not normally 
undertaken for valves in the other stages for various reasons, important 
among which are: (1) the considerable difference between the actual 
working curve and the published static curve due to the influence of high 
impedance in the/anode circuit, and (2) the variation between different 
specimens of the same make and type of valve. The following suggestions 
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will serve as a guide to correct biasing, using once again the curves shown 
at Fig. 8o as an example. The Va = 150 curve may be considered as 
usably straight between zero and — 3 volts, and in order that it may take 
the maximum input without distortion the appropriate grid bias will be 
— 1.5, which is the mid-point of the straight portion of the characteristic. 
If, for any reason, the valve is not expected to receive the maximum 
permissible input, the value of grid bias may be somewhat higher. The 
Va = 75 curve has very little straight portion, but bearing in mind that 
the external anode impedance will tend to straighten it, the portion zero to 
— I *2 volts may be considered usable, the appropriate bias being — .6 volt. 

Stage Gain.—It has already been intimated that the voltage-amplifi-
cation factor of the valve will not be the actual signal amplification when 
the valve is working as part of a complete circuit. Fig. 85 shows a 
triode valve arranged as an amplifier. It will be noted that grid bias is 
applied to the grid through a resistance, R1. There will not be any voltage 
drop across this resistance, since current will not flow through it; unless, 
of course, the valve becomes overloaded and runs into grid current. The 
resistance R2 is included in the anode circuit to convert change of anode 
current into voltage change. The voltage output will be available across 
V2, which will be an alternating potential, the D.C. voltage component in 
the anode circuit being isolated by the condenser C2, similarly, any D.C. 
voltage that may be present in the input circuit is isolated by condenser C1. 
The A.C. input is equal to VI, and the amplified A.C. output is equal 

to V2, consequently the stage gain will be the ratio of V2 to V1. The 
stage gain will be dependent upon the impedance of the valve, the 
impedance of the anode circuit, which in this case is the value of the 
resistance R2, and the amplification factor of the valve. It is very 
important to note that both the impedance and amplification factor must 
be the values obtaining under working conditions. The nominal impe-
dance and amplification factor, as quoted by the valve manufacturers, are 
measured at Va = roo, Vg = 0, but in the circuit shown at Fig. 85 the 
valve is working under other conditions, as the application of negative 
grid voltage will increase both the amplification factor and impedance 
and decrease the slope. On the other hand, the converse will result if 
the anode potential is greater than roo volts. It should be noted that 
the anode potential is the actual potential difference between anode and 
filament, which will be less than the voltage of the high-tension battery, 
due to the voltage drop across R2 caused by the flow of anode current. 

Stage gain, i.e. the ratio alternating voltage output to alternating 
voltage input, is determined by 

p. x R2 
Stage gain = 

R2 + r„ 

when p. equal the amplification factor of the valve under working condi-
tions, R2 equals the resistance in the anode circuit, and r„ equals valve 
impedance:under working conditions. 
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The necessity for using the operating value of p, and r1 is stressed to 
throw further light upon the behaviour of a valve; when calculating 
stage gain for practical purposes the nominal values of p and r1 can 
generally be used with perfect safety, as other factors, including variations 
between valves of the same type, are liable to introduce considerable 
error, and there is little to be gained by being pedantic about a small 
error when relatively large errors cannot easily be avoided. The only 
satisfactory method of determining stage gain is by actually measuring 
the input and output and dividing the value of the former into the 
value of the latter. 

This brief introduction to valve amplification is necessarily expressed 
in general terms, since conditions vary with the type of valve and the 

nature of the input to be handled, 
which may be at high or low 
frequency and of small or large 
amplitude. This important sub-
ject is, however, dealt with in 
detail under the appropriate 
headings in succeeding chapters. 
High-frequency Amplifi c a-

tion.—The triode valve has fallen 
into disuse as a high-frequency 

V2 amplifier, but mention must be 
made of its behaviour in this 
capacity, as it has a bearing on 
the more elaborate types of valves 
specially designed to perform this 
function. Fig. 86 shows a triode 
valve with tuned input and out-

put, which forms the basic circuit of a high-frequency amplifier. Both 
circuits will contribute to the over-all selectivity, the tuned anode coil 
taking the place of the resistance used in the circuit shown at Fig. 85, 
since it is desired to build up a potential across V2 when the anode 
circuit is tuned to resonance with the voltage V1. If the efficiency of the 
two tuned circuits is sufficiently high, the valve will oscillate if the 
anode coupling is tuned to resonance with the grid circuit, that is to say, 
the valve will generate an alternating potential across V2, even though 
there is no input across V1 due to external sources. This phenomenon 
will occur even if the two tuned circuits are totally screened from each 
other by enclosing them in suitable metal boxes. 
A valve will oscillate only when a variation of potential in the anode 

circuit is fed back into the grid circuit, and, furthermore, with sufficient 
amplitude to overcome losses present in the latter. Since the pheno-
menon will occur in the absence of both magnetic coupling and metallic 
connection, it is apparent that the actual feed-back must occur through 
the valve itself. This feed-back is unavoidable in a triode, owing to the 

Fig. 85.—A skeleton diagram to illustrate the prin-
ciples of voltage amplification. 
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capacity existing between the anode grid and which is represented by 
the condenser shown dotted in Fig. 86. Due to this capacity, the 
characteristics of the anode circuit, e.g. dielectric losses, are present in 
the grid circuit and vice versa to an extent determined by the actual 
value of the grid/anode capacity. 

Ionisation.—The brief notes on valve construction touched upon the 
exacting method used to produce a high degree of vacuum within the 
valve bulb. When the degree of vacuum is sufficiently high for normal 
purposes a valve is said to be ” hard," but when the degree of vacuum is 
inadequate, and its efficiency consequently impaired, it is said to be 
" soft." The presence of gas within the valve bulb causes the pheno-
menon of ionisation, which is colloquially called blue glow on account of 
a blue light, the centre of which is 
situated round the filament. The 
offending gas atoms may have 
entered the bulb through some 
indescribably minute crack or may 
have become liberated due to ex-
cessive anode or filament current, 
and a certain proportion of them • 
are located around the filament. 
Electrons travelling outwards from 
the filament collide with the gas 
atoms with such great velocity that 
the latter become ionised; that is 
to say, they lose one or more elec-
trons, with the result that they have 
a surplus positive charge and form 
a partially conductive path between 
grid and filament, with the result that current flows in the grid circuit, 
even though the grid may be held at a high negative potential, and 
distortion results similar to that shown at Fig. 83 (b). 

Ionisation reduces the control of the grid over the electron stream, with 
the result that the slope is proportionately decreased. The presence of 
ionisation is easily detected by means of the backlash test, which is effected 
by applying an adequate negative grid potential through a high resistance, 
say, r megohm. The anode current is noted and the resistance short 
circuited; if the valve is " hard," the anode current will remain unchanged. 
If the valve is " soft," the anode current will fall. As a measure of " soft-
ness" the valve is deemed to be r microampère " soft " per milliampère 
change of anode current. This direct ratio is only present when the 
suggested value of grid resistance is employed, namely, r megohm. 
The degree of " softness" which can be tolerated is dependent upon the 

type of valve and the purpose for which it is employed. Generally 
speaking, however, the valve may be considered adequately " hard " when 
not more than r microampère "soft." 

Fig. 86.—A skeleton circuit using a tuned circuit 
as input and output. 
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Fluorescent Phenomenon.—Ionisation should not be confused with 
fluorescence, which is also identified by the presence of a blue light but, 
curiously enough usually indicates a particularly high degree of vacuum. 
Unlike ionisation, which causes a blue light around the filament, fluores-
cence causes a blue flicker to appear as a small patch upon the inside of 
the bulb or the pieces of mica used to strengthen the electrode assembly. 
Except in the most rare circumstances fluorescence does not remain 
stationary, but shifts from one place to another in completely haphazard 
fashion. 
Mains Valves.—The valve symbols previously illustrated have been 

drawn with a filament, indicating that a directly heated type is portrayed. 
An entirely different class exists—the indirectly heated valve. These 
valves are usually, but not invariably, intended for use in mains receivers. 
Their construction differs, inasmuch as the filament is replaced by a heater 
and cathode. The former consists of a bent wire insulated from the 
cathode in which it rests. The cathode is a long thin metal tube coated 
with electron-emitting material which is raised to the appropriate tempera-
ture by the heater. 

Mains-Battery Valves.—There is a special range of valves for use 
in portable radio receivers that are designed to work from household electric 
mains or self-contained batteries at the will of the user. These special 

• valves are so constructed that they have the necessary low filament 
consumption for economic battery working and also suitable heat-emission 
characteristics to avoid mains hum when operated from A.C. mains. 



CHAPTER 11 

THE AMPLITUDE MODULATED SIGNAL ANALYSED 

SEVERAL following chapters are devoted to detection and amplifi-
cation. In order that these may be readily appreciated it is necessary 13- 
that the nature and peculiarities of an amplitude modulated carrier e 
defined. The frequency modulated carrier is dealt with in Charter 29. 

In order that a speech frequency can be radiated by a transmitter, it 
must be imposed upon a carrier wave, for reasons that are fully explained 
in Chapter 3. The modulation of a carrier wave by an audio wave is 
not accomplished by adding the two together , as mere addition would 
mean that the aerial would virtually have to radiate the two frequencies, 
one of which it cannot handle with any appreciable degree of efficiency. 
The problem is to so impose the audio frequency wave upon the carrier 
wave that the former is lost in terms of frequency, although capable of 
being recreated at the receiving end. An aerial is unable to radiate a 
low frequency, but it can radiate a high-frequency wave of varying 
amplitude; the solution, then, is to arrange for the aerial to be fed by the 
steady carrier wave and to vary its amplitude in sympathy with the 
audio frequency. 
The Amplitude Modulated Carrier Wave.—The carrier wave is 

symmetrical, and variations of amplitude will affect both positive and 
negative half-cycles, with the result that the modulated wave is also 
symmetrical (see Fig. 87). A word of warning is necessary regarding 
the interpretation of this illustration, since there is an inadequate differ-
ence in terms of broadcast wavelengths. A single cycle at 5,000 cycles 
per second would be equal in length to 240 cycles of a carrier wave working 
on a wavelength of 250 metres, while a singi.e cycle at 50 cycles per 
second would be equal to 24,000 cycles of the same carrier wave. Fig. 88 
is an oscillogram of a L000-kilocycle carrier wave modulated by an 
audio frequency of 400 cycles. It will be obsu-ved that the individual 
cycles of the carrier wave cannot be distinguished as separate entities, 
although the variation in amplitude due to the modulating frequency, 
i.e. 400 cycles, is very apparent. 

Reference to either Fig. 87 or Fig. 88 will show that the mean amplitude 
of the wave is always zero, and is consequently incapable of actuating 
any device that responds to low frequencies. It will, however, actuate 
any device working at high frequency. 
A modulated carrier may be amplified by a suitable valve or valves 

working as high-frequency amplifiers, but it is apparent from the above 
83 
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remarks that some drastic changes must take place before the signal can 
be made audible by means of headphones or loudspeaker. This change is 
called" detection," although the term " rectification " is sometimes used, 

but is to be deprecated, 
as it is liable to give 

1.., I cax re 

:n 11« I rise to a misleading con-
V  li   ception of the process 

of detection. 
Detection.—Fig. 89 

Fig. 87.—An amplitude modulated carrier. Each peak is offset by a shows Fig. 87 with the 
trough, with the result that the mean amplitude is zero, lower half removed; 

in other words, the 
negative half-cycles of the carrier wave are absent, which has brought 
about a great change, inasmuch as the mean amplitude of the waveform 
is no longer zero, and rises and falls in sympathy 
with the original audio-frequency current flowing 
in the microphone circuit at the transmitter studio. 
For reasons which will be clear in due course, the 
output from the detector valve will resemble the LAAAL4 
form shown in Fig. 90, since the detector circuit 
will be incapable of responding to the rapid changes Fig. 88.—A drawing from an 
of the carrier frequency but will be obedient to the oscillogram of an amplitude 

modulated carrier wave. 
slower changes of the audio frequency. The individual cycles of 

the carrier have become The amplitude of the modulated wave may vary merged owing to the small 

within wide limits, and may, therefore, bear a vary- space between them. 

ing relationship to the amplitude of the depth 
wave • this relationship is referred to as the carrier of modulation, and 
when the modulated amplitude is double the amplitude of the carrier, 

ioo per cent. modula-
tion is present. 

All R 11RAd hullil And  Percentage Modu-
Fig. 89.—This illustration shows the waveform Fig. 87 with the lation.—Percentage 

lower half removed. The mean amplitude is no longer zero, modulation, which is 
symbolised by the 

letter " K," is usually determined by the ratio between the amplitude of 
the modulated wave to the amplitude of the carrier wave, the former 
being expressed as a percentage of the latter. Thus, a rise from io milli-

411-' volts to 12-5 millivolts 
is 25 per cent., a rise 
from ro millivolts to 
15 millivolts is ex-
pressed as 50 per cent., 
and soon. The method 
of determining modulation depth may be more readily understood when 
expressed in the following manner. In Fig. 87 the maximum peak 
amplitude of the envelope is denoted by and the minimum amplitude 

Fig. 90.—A diagrammatic representation showing the effective 
audio-frequency component of the waveform at Fig. 89. 
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is denoted by \i.e.. ; using these two quantities percentage modulation 
(K) may be determined by the following equation: 

K   
-F Vrni„ X roo. 

It should be clearly understood that variations in volume are conveyed 
by variations in modulation depth. It is immaterial whether there be an 
interval or a full orchestra playing at its loudest, the amplitude of the 
carrier, before modulation, remains constant; it is only the depth of 
modulation which varies. In the former case percentage modulation will 
be zero, while in the latter circumstance it will be perhaps 8o to 90 per 
cent., which is approximately the maximum modulation depth per-
mitted by the B.B.C. The illustrations of modulated high-frequency 
currents at Figs. 87 and 88 represent the combining of two waves, both of 
which approximate to sine waves. During a normal broadcasting item 
the shape of the envelope is indescribably erratic, although it must at all 
times remain symmetrical, i.e. the lower edge is a precise inverted replica 
of the upper edge, and the depth of modulation is kept within its pre-
scribed limits. 
Sidebands.—A considerable change in the carrier waveform due to 

modulation brings about a slight variation in frequency. When the 
carrier wave is modulated by a single note it may be regarded as 
virtually three separate frequencies, the additional frequencies being 
spaced equidistantly above and below the original frequency. In 
more precise terms a carrier frequency f,, modulated by an audio 
frequency f., may be regarded as three frequencies which are equal 
to f, (the fundamental), fc f, (the upper sideband), and f, — fa (the 
lower sideband). 

If the steady carrier frequency be r,000 kilocycles per second and 
the modulating frequency be 5,000 cycles per second, it is apparent 
that the sidebands will be 995 and 1,005 kilocycles per second. If 
the modulating frequency is lower in the musical scale, say 2,000 cycles 
per second, then the sidebands must be 998 and 1,002 kilocycles per 
second. 

It is apparent that when a normal musical programme is being trans-
mitted, sidebands will occur variously between the carrier frequency and 
the outermost sidebands, the frequency of which will be determined by 
the highest audio frequency that is permitted to reach the modulator. 
If the highest audio frequency is 5,000 cycles, then the outermost side-
bands will be 995 and Loo5 kilocycles per second, as already stated; the 
band of frequencies between these two extremes will be monopolised by 
the transmitter, which will be said to have a band width of ro kilocycles 
per second. 
The band widths used by various transmitters differ somewhat, but 

12 10 16 kilocycles per second is in general use. This limitation is 
necessary owing to the high state of congestion of the available broad-
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casting bands; a notable exception, however, is the B.B.C. television 
sound transmitter, which has a band width of some 20 kilocycles per 
second, made possible by the absence of stations around the frequency 
in question. 

It is extremely important that the reader should be thoroughly familiar 
with the characteristics of a modulated waveform, since the full under-
standing of the following chapters is only possible when these principles 
are known. 

Frequency Modulation.—The method of imposing speech frequencies 
upon a carrier wave in the system known as frequency modulation is 
fundamentally different from the amplitude system and is dealt with 
later in this volume as other principles must be explained before this 
alternative system of modulation can be readily understood. Because 
frequency modulation broadcasting, usually termed FM, is radiated by 
the B.B.C., on the very high frequency band, it is often referred to as 
V.H.F. in the lay press, and the radio trade. 



CHAPTER 12 

AMPLITUDE MODULATION DETECTION 

THE previous chapter has explained the need for detection, or, to use 
the rather apt American term, demodulation, and the next step is to 
examine the functioning of the several types of detectors 
The Crystal Detector.— The simplest form of detector is the crystal, 

such as galena, with the familiar cat's whisker, carborundum and steel, 
or two suitable crystals 
such as borite and 100 
zincite. The crystal a 
detector is rapidly fall- la 
ing into disuse, but its gc 80 
action is so free from D. 

complications that it E 60 
will well serve as an ct 0 
introduction to the cg 40 
principle of detection. 

Fig. 91 shows the g 20 
characteristic curve of 
a crystal detector which 'z 
is somewhat remi-
niscent of the charac-
teristic of a valve; it e -20 
will be observed that C, 
the A.C. resistance of a -40 
crystal varies with the 
voltage applied, that is 
to say, the change in 

qt.—Characteristic curve of a crystal detector, showing the 
vo age e one part of Fig. relationship between voltage and current. 
the curve does not bring 
about the same change in current as the same voltage change at another 
part of the curve. Reference to Fig. 91 will show that the application 
of .4 volt positive will cause 36 microampères to flow, whereas the appli-
cation of .4 volt negative will cause 9 microampères to flow, thus it is 
apparent that a crystal detector permits the flow of current in one 
direction far more readily than in the opposite direction and exhibits, 
therefore, properties similar to the diode valve. 

If an A.C. potential, having a value of .4 volt peak, is applied across 
the crystal as shown in Fig. 91, the positive half-cycle will bnng about 

- 0 .2 4 .6 .8 I 

CARRIER VOLTS (PEAK) 

R.T. T—'7 87 
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a current waveform which rises to a value of 36 microampères, whereas 
the negative half-cycle will bring about a flow of only 9 microampères, 
with the result that the current waveform is nearly uni-directional, as the 
flow of current is four times greater in one direction than in the other. 

Fig. 92 shows the basic circuit of a crystal receiver which comprises 
an inductance and variable condenser forming a tuned circuit to select 
the required station, a crystal detector, and a pair of headphones; the 
aerial and earth are connected to each end of the inductance, so that the 
energy picked up by the aerial will appear as a potential difference 
across it. 
When an unmodulated wave is " picked up " by the aerial it is rectified 

by the crystal in the manner explained above, but the rectified current 
will fluctuate so rapidly that the 
comparatively heavy diaphragm will 
be unable to respond to the indi-
vidual changes and no sound will 
emanate from the headphones. 

Fig. 93 shows the current that will 
flow in the circuit when the incom-
ing carrier wave is modulated; each 
positive cycle brings about a change 
in current, the amplitude of which 
is determined by the instantaneous 
depth of modulation, while each 
negative cycle brings about a com-
paratively small change in current; 
thus the lower half of the modulation 
envelope has, virtually, been dis-
pensed with, and the headphones 

Fig. 92.—The circuit of a simple crystal detector, will respond to the mean change of 
current at audio frequency since they 

are incapable of responding to the very rapid changes of the high-fre-
quency component. The mean change is the difference between the value 
of current flowing due to the application of successive positive and 
negative voltage peaks, i.e. if the peak value is -5 volt and the depth of 
modulation is 5o per cent., the audio-peak-frequency current will be 
40 microampères, due to the positive half of the camer, and 7 micro-
ampères due to the negative half, so the mean current change available 
to operate the headphones is 33 microampères. The condenser shown 
dotted in Fig. 92 is usually included to offer a lower impedance path for 
the passage of high-frequency currents, since the impedance of the head-
phones may be extremely high at such frequencies and, furthermore, the 
presence of high-frequency currents in the headphones is apt to cause 
practical difficulties. 

In Fig. 93 the rectified current output is shown as a series of half-cycles 
of the modulated carrier frequency, the equivalent audio-frequency 
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current being emphasised by joining the extremities with a thick line ; 
the carrier-frequency component has not usually any significance and, 
furthermore, is , usually sensibly absent due to the presence of the con-
denser, C, in Fig. 92. In future, therefore, the carrier frequency will be 
omitted when diagrammati-
cally illustrating the audio-
frequency output of a 
detector. 
The Diode.—It has already 

been intimated that the be-
haviour of a crystal detector 
is similar to that of a diode 
valve. It would seem, there-
fore, that the substitution of 
a diode for the crystal detector 
(in Fig. 92) would be expected 
to give the same results; this - 7 
substitution is effected in 
Fig. 94. It will be observed 
that the headphones have 
been replaced by a resistance, 
R, since it is unlikely that   
anyone would desire to use 
headphones with a diode 
valve. A diode detector is 
usually followed by a valve 
amplifier, which, being a 
voltage-operated device, will 
require a voltage output to 
operate it. (Headphones are 
current-operated devices.) 

Although the action of the 
diode detector in Fig. 94 is 
similar to the action of the 
crystal detector in Fig. 92 it 
is not identical; the presence of the resistance, R, introduces com-
plications which make the functioning of the circuit rather difficult 
to follow. 

Fig. 95 is the characteristic curve of a typical diode and shows the 
anode current resulting from the application of various anode potentials; 
it will be noted that the curve is plotted from 2.5 volts positive through 
zero to 2.5 volts negative; observe, also, that the flow of anode current 
does not stop at zero anode potential but at a point just above i volt 
negative. In view of remarks in previous chapters regarding the beha-
viour of electrons and negatively charged bodies, it will be necessary to 
interrupt the present logical train to explain why electrons should flow 

Fig. 93.—The same curve as at Fig. 91, showing the applica-
tion of an ampl.tude modulated carrier and resulting 
audio-frequency waveform. The values of voltage and 
current are omitted in the interest of clarity, but may be 
obtained by reference to Fig. 95. The comparatively 
small audio waveform resulting from the negative half-
cycle of the modulated carrier is omitted for the same 
reason 
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to the anode when the curve shows 
that the latter is r volt negative in 
respect to the filament. 

It is unnecessary to go deeply into 
the matter, but briefly this seeming 
paradox is due to the initial velocity 
of the electrons leaving the filament, 
which is such that an effective anode 
potential of i volt negative is neces-
sary to prevent electrons reaching 
the anode. 

Returning to the consideration of 
Fig. 94, it will be seen that the anode 
is connected through the resistance, 
R, to the filament; the small stand-

Fig. 94. — A simple circuit showing a diode ing anode current will have to pass 
through this resistance, and will cause 
a voltage drop across it which will 

drive the anode negative. In order to study fully the working of the 
diode it will be necessary to ascertain the exact value of negative poten-
tial at the diode, due to the voltage drop across the resistance, R. This 
voltage drop will obviously be largely controlled by the value of the 
resistance, R, which for 
the present purposes 40 
may be given a value a 

ui of -5 megohm. 
In order to discover 

O. 
the meeting-point be- E 

cz 30 tween the character- o 
istic curve of the valve (g 
and the effect of the = 
anode resistance it is z 
necessary to draw on 6— 20 
the same scale a line la 

CC representing the beha- cc 
viour of a .5 megohm 
resistance; Ohm's law la 
shows that when the o 10 
potential difference ze 
across a resistance is < 
zero, the current flow-
ing is zero, thus where 
zero voltage and zero - 2 
current meet will serve 
as one point to de-
termine the position of 

as amplitude modulation detector. 

+ I +2 

CARRIER VOLTS (PEAK) 

Fig. 95.—Emission curve of a diode. 
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the line, the second point may conveniently be where 2.5 volts negative 
meets 5 microampères, since a potential difference of 2.5 volts will drive 
a current of this value through a resistance of .5 megohm. The operating 
point will be where the valve curve crosses the load line, i.e. .75 volt 
negative approximately. 
The application of an alternating voltage due to the reception of an 

unmodulated carrier will cause the anode voltage to swing equidistantly 
above and below the operating point. Reference to Fig. 95 will show 
that the positive half-
cycle will bring about 
a much larger change 
in anode current than 
that caused by the 
negative half- cycle, 
consequently the ave-
rage anode current will 
increase. This increase 
in current will bring 
about an increase in 
the voltage drop across 
the resistance, R, 
which will make the 
anode more negative. 
The next cycle will 
make the anode still 
more negative, until 
the anode finally set-
tles down at a new 
operating voltage; in 
practice this voltage 
will be such that the 

Fig. 96.—Detection curve of a diode Note that the negative half 
positive peaks of the of the amplitude modulated carrier is omitted. 

applied high frequency 
will enable the valve to pass anode current momentarily, say, for about 
5 degrees of the cycle, no current flowing during the remaining 355 degrees. 
This condition will remain while the carrier amplitude is constant; the 
next step, therefore, will be to ascertain the behaviour of the diode 
when the carrier is modulated. In order to do this, however, it will be 
necessary to plot a curve showing the actual anode voltage of the diode 
due to various alternating voltages caused by varying carrier amplitudes; 
such a curve is shown at Fig. 96. 
The positive half of the carrier will rise and fall on the working 

portion of the characteristic, and with the input shown will vary from 
I to 4 volts of high-frequency input, which will bring about a change 
in anode potential of I•2 to 4.1 volts negative. This voltage will 
appear as a potential difference across the diode which may be used 
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to bring about a change of grid potential in the following amplifying 
valve. 

It will be observed that the changes referred to above take place on 
the straight portion of the curve; it follows, therefore, that the voltage 
developed will be directly proportional to the voltage applied, consequ-
ently no distortion will be introduced. Reference to Fig. 96 will show 
that this state of affairs will not always obtain. Two examples will 
make this point clear. If the carrier has a value of r volt peak and is 
modulated at, say, 50 per cent., it is apparent that the change in applied 
voltage due to modulation will be from -5 volt to 1.5 volts. Reference 
to the curve will show that the swing in the upward direction will bring 
about a larger change in anode voltage than the swing in the downward 
direction, which will result in harmonic distortion. Harmonic distortion 
may be defined as a departure from faithful reproduction dueto the presence 
of frequencies not present in the received waveform. Distortion will also 
be introduced if the received signal is more deeply modulated than indi-
cated at Fig. 96; an inspection of the curve will show that a modulation 
depth of 70 per cent, will just encroach on a non-linear portion of the 
curve. Such distortion, however, need not be considered seriously, since 
such deep modulation will seldom occur, and then only for extremely 
short periods. It is, however, interesting to note that detection will be 
linear for any depth of modulation up to about 95 per cent. if the peak 
voltage of the carrier be increased to 6 volts. 

Detector Damping.—In the above explanation R was given the 
arbitrary value of .5 megohm. Since any reasonable resistance will be 
very much larger than the impedance of the valve, it will not materially 
influence the constants of the detector; it will, however, have a marked 
influence on the tuned circuit. For all practical purposes the effect of 
the resistance, R, upon the tuned circuit is equal to connecting a resistance 
of half the value straight across the tuned circuit, i.e. the damping 
introduced by an anode resistance having a value of .5 megohm will be 
equal to connecting .25 megohm across the tuned circuit, which will 
bring about a marked decrease in efficiency; it is apparent, therefore, 
that .5 megohm will usually be considered the minimum value. There is 
also a limitation in the other direction which is explained below. 
Values of R and C.—Reference to Fig. 94 will show that the resistance, 

R, has a condenser, C, connected across it. This is necessary to permit 
the high frequencies to develop a potential across the diode without the 
serious loss which would occur if the resistance, R, provided the only path. 
A close study of Fig. 94 will show that since the inductance has negligible 
impedance to audio frequencies, the condenser, C, is in parallel with the 
diode, the resistance, R, and the input to the following valve, and is capable, 
therefore, of attenuating audio frequencies. The degree of attenuation 
will be determined by the ratio between the reactance of the condenser 
(at audio frequencies) and the resistance of R. Since the reactance of a 
condenser is inversely proportional to frequency, the low notes will not 
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suffer, but the high notes must unavoidably suffer some loss. The 
percentage attenuation of a given frequency compared to a very low 
frequency due to connecting a condenser across a resistance may be 
determined from the following formula: 

Percentage of frequency, f, com-
pared to very low frequency = 100 ( 1 - VI + cd.C2R2) 

when R equals resistance in ohms, C equals capacity in farads, and 
cú equals 271. 

It may be seen by applying the above formula that if R equals 

v 

vNW  

Fig. 97.—This circuit illustrates the function of a leaky end detector. 

.5 megohm, C must not exceed about .00003 microfarad approx. if the 
attenuation of 5,000 cycles per second is to be limited to io per cent. ; 
the diode detector is usually employed in a type of receiver where attenua-
tion of the higher audio frequencies is inevitable. Since no useful purpose 
is served by cutting the higher frequencies in one part of the circuit and 
taking undue precautions to preserve them in another, it will usually be 
found that a capacity of about .00005 microfarad is associated with 
5. megohm to form the load of a diode detector. 

The Grid Detector.—Another popular type of detector is variously 
called the grid detector, the leaky grid detector, and the cumulative grid 
detector. It can best be described as a diode and amplifier combined in 
a single valve. Fig. 97 shows the circuit of a diode detector (Fig. 94) 
with the addition of an amplifier; it will be. noted that the filaments 
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of the two valves are joined together, likewise the anode of the diode 
and the grid of the triode. Both the latter-mentioned electrodes are 
immediate neighbours of their respective filaments; if, therefore, 
the anode of the triode is ignored, it is apparent that there are two 
diodes in parallel, which suggest that one could be dispensed with. In 
Fig. 97 the diode is shown dotted to emphasise the fact that the 
circuit will continue to function as both detector and amplifier if the 
diode is removed. Since the resistance, R, and condenser, C, are no 
longer associated with an anode they are renamed grid leak and grid 
condenser respectively. 

It has been stated that the removal of the diode from Fig. 97 will 
permit the circuit to function as both detector and amplifier. This 
statement is not intended to imply that the efficiency of the circuit 
remains unchanged. Assume that when working at some predetermined 
anode potential, a triode has a characteristic curve that is straight from 
zero to — 5 volts. It would appear that such a valve would permit an 
audio-frequency voltage of 2.5 volts peak; this would be true if the 
valve were acting as a pure amplifier. When working as a detector 
amplifier, however, the available grid swing is restricted by the carrier-
frequency voltage which will be present on the grid. 
When the combined amplitude of carrier-frequency and audio-fre-

quency voltage is too high, the former encroaches on the curved portion 
of the characteristic and drives the anode current towards a lower 
value when the audio-frequency component is trying to drive it to a 
higher value, resulting in a particularly unpleasant form of distortion. 
In practice, therefore, a suitable filter is included between the diode 
anode and the triode grid to attenuate high frequencies to negligible 
proportions. 

The Power Grid Detector.—The power grid detector is simply a 
variation of the leaky grid detector and differs inasmuch as the anode 
voltage is higher, the grid leak has a lower value of resistance, and the 
grid condenser a somewhat higher value of capacity. These modifica-
tions result in the valve being capable of handling deeply modulated 
signals without encroaching on the curved portion of the valve character-
istic. The advantages of such an arrangement are only manifest when 
the high-frequency input voltage is relatively large; when this condition 
obtains it is almost always advantageous to use a diode, consequently the 
so-called power grid detector is of very little use and virtually obsolete. 
The Anode Bend Detector.—There is yet another system of detection 

which is known as anode bend detection. This type of detector enjoyed 
considerable popularity some years ago, until its alleged advantages were 
found to be offset by surprising disadvantages; a short description is, 
however, included below for the sake of completeness. 

Fig. 98 shows the grid-volts/anode-current curve of a high-slope 
triode; if the valve is biased at the point where anode current ceases to 
flow (called the cut-off point), it will detect by virtue of the fact that the 
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negative half of the applied carrier will not change the anode current, 
which will remain at zero since the applied signal voltage will drive the 
grid more negative; the positive half of the signal voltage will, in effect, 
reduce the standing 
bias and anode current 
will flow. Fig. 98 14 
shows the resulting 
change in anode cur- 12 
rent due to the appli-
cation of a deeply 10 
modulated signal of 
relatively high ampli- 8 
tude. A glance at the 
illustration will show 6 
the serious distortion 
caused by the deep 4 
modulation encroach-
ing on the curved 2 
portion of the charac-
teristic. 14 12 10 8 I 6 4' 2 
Further considera- CARRIER VOLTS 

tion of Fig. 98 will (PEAK) 
show that sensibly un-
distorted detection is 
only possible when the 
applied signal is so 
large that that modulation 
up to 8o or 90 per cent. Fig. 98.—The principle of anode-bend detection. 
does not encroach 
upon the curved portion of the valve characteristic. It is admitted that 
undistorted detection of relatively small inputs is possible providing that 
the signal is not deeply modulated. Since, however, the carrier waves 
transmitted by broadcasting stations are deeply modulated, this aspect 
is irrelevant. 

Accentuated Fading.—The sensitivity of an anode bend detector 
tends to increase with an increase of signal voltage, consequently the 
gain of the detector stage tends to be higher when receiving a strong 
signal than when receiving a weak signal. This unfortunate tendency 
aggravates the effect of fading to a very noticeable extent when the valve 
used has a gently sloping grid-volts/anode-current characteristic. 
The Germanium Diode.—A somewhat radical device was introduced 

during the Second World War for the detection of very high frequency 
currents, and following improvements in reliability it is now in general 
use. It is called a germanium diode and is only about a quarter of a cubic 
inch in size. This device relies on the fact that the resistance of a union 
between the metal germanium and a suitable contact possesses much 
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greater resistance in one direction than the other. Forms of this device 
are available with more than two " electrodes " and are able to amplify 
and perform other functions hitherto only possible with valves ; they are 
called transistors and are having a profound effect on radio receiver 
design, especially portables. 
The Metal Oxide Detector.—An entirely different type of detector 

is available, known as the metal oxide detector, can only perform the 
functions of detection and rectification, and is quite incapable of ampli-
fying. The device consists of a metal plate chemically treated on one 
side and held in contact with each other so that the chemical face of 
one presses upon the metal face of the other. 
The metal oxide detector functions by virtue of the fact that it offers 

much greater resistance in one direction than in the other direction, and 
therefore behaves like a diode. 



CHAPTER 13 

REACTION AND DAMPING 

THE damping on the tuned circuit due to the anode resistance of a diode 
detector was dealt with in the last chapter. Bearing in mind the simi-
larity between the functioning of a diode detector and a leaky grid 
detector, it might be expected that the same remarks would apply; it 
is true that the damping imposed by the anode resistance of a diode 
detector is similar to the 
damping imposed by the grid 
leak of a grid detector. 
There is, however, a very 
much more serious source 
of damping due to what is 
termed the " Miller effect." 

Detector Damping.— 
Fig. 99 shows a skeleton 
circuit of a grid detector, 
the presence of capacity be-
tween anode and grid being 
emphasised by the condenser, 
C, which is intended to repre-
sent it. It will be remem-
bered that both high and 
audio-frequency potentials 
are present in the grid circuit, 

Fig. 99.—A simple detector circuit to emphasise the capacity consequently they are also 
present in the anode circuit. 
The capacity between grid and anode of an average triode will be of the 
order of io F and will, therefore, be too small to allow an appreciable 
flow of audio-frequency current but large enough to permit the flow of 
high-frequency current, the amplitude of which will be sufficient to have 
a profound influence on the effective magnification of the tuned circuit 
unless it is 90 degrees out of phase. 

If the anode load is inductive the current fed back to the tuned 
circuit will develop a potential in phase with the original voltage and 
will increase the total voltage developed ac:ross the tuned circuit ; if 
the additional voltage thus developed is large enough, the valve will 
oscillate. It is impracticable to have a purely inductive load in the 
anode circuit of a detector, as the capacity between the anode and all 

97 

between anode and grid of a triode valve. 
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other electrodes will be an important factor if the inductance is large 
enough to offer a reasonable impedance to audio-frequency currents. 

If the anode load 
could be purely re-
sistive the voltage 
developed across the 
tuned circuit would be 
go degrees out of phase 
with the original volt-
age, but, again, if the 
value of resistance is 
high enough to permit 

too  the circuit to function, 
the load can be re-
garded as capacitive 
due to the parallel 
effect of the capacity 
between the anode 
and other bodies. 
A capacitive load 

will cause the voltage 
to set up across the tuned 

circuit, due to the cur-
rent flowing through 
C, to be out of phase 
with the original volt-
age, and will in effect 
damp the tuned circuit 
to an extent that may 
well reduce its magni-
fication from, say, 200 
to 20. The damping 
introduced in this 
manner may be 
equivalent to con-
necting across the 
tuned circuit a re-
sistance of low value, 
in certain circum-
stances having a value 

of only a few thousand ohms. Fig. ioo shows the response curves 
of a tuned circuit comprising an inductance of 200 p.H, capacity of 
200 IIFLF, and high-frequency resistance of 5.7D; it will resonate, 
therefore, at approximately 800 kilocycles per second and have a 
magnification of 175. Curve (A) shows the response with the detector 
damping, while curve (C) shows the response of the same tuned circuit 

1000  

6 4 2 0 2 4 6 

KILOCYCLES OFF TUNE 

Fig. ioo.—Curves showing reaction and damping, expressed as 
millivolts, developed for an input of • 1 millivolt. (C) shows the 
natural response of a tuned circuit having a Q factor of 175. 
(A) shows response with total detector damping, Q = 20. 
(B) shows reduction of damping due to anode bypass condenser, 
Q = 205. (D and E) show the effect of varying degrees of 
reaction: Q = 800 and 8,000, respectively. The curves are 
drawn on logarithmic paper to reduce the illustration to practical 
proportions. This method is fully described in Appendix I (2). 
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relieved of detector damping; i.e. with the detector valve simply pulled 
out of its holder. 

Since the grid/anode capacity of an average triode is seldom more 
than ro p.p.F, it may seem surprising that its influence should be so pro-
found. If the valve indicated in the circuit at Fig. 99 is so designed 
that it has an amplification factor of r, the damping due to the presence 
of the capacity, C, will be normal. If, on the other hand, the amplification 
factor is, say, 50, it follows that the high-frequency voltage between anode 
and filament will be fifty times the voltage between grid and filament, 
and consequently the current flowing to the grid circuit will be fifty times 
greater. Expressed in the slang of the radio industry the capacity, C, 
"looks like " times its 
actual value. (Where v. 
represents the amplification 
factor of the valve.) 
Anode Bypass.—It will 

be apparent that the damp-
ing of the tuned circuit due 
to the Miller effect is de-
termined by several factors, 
one of which is the high-
frequency potential of the 
anode; it follows, therefore, 
that damping will be reduced 
if this potential can be de- C1 
creased. Fig. ror shows the 
circuit, Fig. 99, with the 
addition of a condenser C1, 
which is connected between 
anode and filament; this 
will act as a bypass to high-
frequency currents and reduce the high-frequency potential cf the anode 
to an extent dependent upon its reactance. If this condenser could 
have a capacity of .r p.F the high-frequency potential of the anode would 
be negligible, but a capacity of this order would offer a relatively low 
reactance to the higher audio-frequency currents and introduce frequency 
distortion. The value of C1 must be a compromise and must be as large 
as possible without attenuating the higher audio frequencies to an 
objectionable extent. If the anode resistance has a value of 50,000 ohms 
the value of CI will not usually exceed about .003 F. 
The response curve (B) in Fig. roo is intended to suggest the condition 

when detector damping has been reduced as much as possible by making 
the value of C1 as high as practicable. The magnification of the tuned 
circuit is still considerably lower than the natural value, as shown by 
curve (C). 

Reference to any of the curves shown at Fig. roo will suggest that 

Fig. ror —Amplitude modulation detector circuit showing 
the connection of a bypass condenser. 
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some means must be adopted to sharpen the curve to obtain a higher 
degree of selectivity, since even curve (C) has only a selectivity ratio of 
about 2 : i for an input 7 kilocycles per second off tune, whereas a ratio 
of about 5oo: i is about the minimum ratio that can be tolerated unless 
reception is limited to a local transmitter situated at a distance of a few 
miles. For foreign reception a ratio of 5oo : i is totally inadequate. 
Reaction.—Fig. ioo shows response curves marked (D and E) which 

show the response of the same tuned circuit when different degrees of 
reaction are intro-

 > duced, the principle of 
which is described 
below. 

Fig. 102 shows a de-
tector circuit with the 
addition of a reaction 
coil, which in practice 
is so arranged that the 
coupling between the 
two coils can be varied 

I I at will and so con-
nected that the voltage 
induced across the 
tuned circuit due to 
the magnetic field of 
the reaction coil will 
be in phase with the 
signal voltage. 

Since reaction coup-
ling is variable it will 

> be possible to control 

Fig. IO2.-A typical amplitude detector circuit with magnetic reac- 
the amount fed back, 

tion. The degree of reaction is varied by the coupling between the but only within certain 
reaction and grid coils. limits ; with the care-

ful use of the reaction adjustment it will be possible to exactly offset 
detector damping, but closer coupling will raise the magnification of the 
tuned circuit above its natural value. 
When the magnification of a tuned circuit is increased by means of 

reaction the resonance curve becomes sharper and selectivity is increased. 
With ordinary care and standard components, reaction can be increased 
until the magnification of the tuned circuit is about 5,000, but with 
precision apparatus reaction may be increased until the magnification is 
approaching 8,000, at which point the effective high-frequency resistance 
of the entire tuned circuit will be about .13 ohm. Such high values of 
Q, brought about by the application of reaction, are of purely academic 
interest, since quality of reproduction is ruined by excessive use of reac-
tion. Reference to the curve (E) at Fig. Imo will show that the response 
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at 2,000 cycles off tune (2 kcs.) is only about 6 per cent. of the response 
at resonance; this severe top cut would render speech unintelligible 
and music horribly distorted. 
The extent to which reaction may be used is necessarily arbitrary, but 

it is obvious that it may safely be used to an extent that offsets damping 
due to the detector 
valve. 
The arrangement 

shown at Fig. 102 is 
one of many suitable 
for introducing re-
action, but is seldom 
used in modern prac-
tice since it is incon-
venient to arrange a 
movable coil. The 
modified circuit shown 
at Fig. 103 is a very 
popular arrangement; 
the reaction coil is 
fixed in relation to the CR 
grid coil and adjust-
ment of reaction is 
achieved by varying 
the condenser CR which   
controls the amount of Fig. 103.— Detector circuit showing capacity-controLed magnetic 

reaction. A high-frequency choke is desirable between the anode 
high-frequency current resistance and reaction coil but is seldom used in practice. 

flowing through the 
reaction coil, and consequently its magnetic field. The condenser CR 
could be placed at the anode end of the reaction coil, but renders 
adjustment difficult, as hand capacity is liable to be introduced. With 
the arrangement shown at Fig. 103 one set of plates is at earth potential, 
and these undesirable effects are obviated. 
Backlash.—When designing a reaction circuit some experiment is 

usually necessary to determine the best value of grid leak, grid con-
denser, and anode voltage to avoid undue backlash. Backlash is the 
name given to the difference in setting of reaction where oscillation 
starts and stops; a badly designed circuit will start oscillating when the 
reaction condenser is rotated, say, 8o degrees, but on the return journey 
does not cease at the same point, the valve continuing to oscillate until 
the setting is reduced to, say, 70 degrees, making critical adjustment 
very difficult. 
Reaction Chasing.—The design of the reaction coil is not limited 

to consideration of inductance, since the spacing between the actual 
reaction coil and the coil to which it has been coupled is somewhat 
critical. 
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Unduly tight coupling will produce the phenomenon of reaction chasing, 
which may be defined as a fault in a reaction circuit, the adjustment of 
which unreasonably mis-tunes the circuit to which it is coupled. It is 
possible to design a reaction circuit so improperly that a station near the 
end of the waveband is pushed completely off the waveband when 
reaction is increased for the purpose of boosting signal strength. 



CHAPTER 14 

THE R.F. PENTODE AND TETRODE 

THE chapter that was devoted to the principle of detection showed 
that distortion was inevitable with small inputs. It is possible to go a 
step farther and say that if the input is small enough detection is im-
practicable. It is apparent, therefore, that some means must be found to 
amplify signals of small amplitude before detection, so that the detector 
may function in an efficient manner. Pre-detector amplification is 
achieved by the use of a " radio-frequency amplifier," otherwise called 
a high frequency amplifier, which is important since it is in the radio-
frequency stage, or stages, that the selectivity of the receiver will be 
determined and, to a large extent, the sensitivity and quality of re-
production. 
Triode R.F. Amplifier.—Some years ago the triode valve was used for 

this function, since there was no alternative type available; but it was 
replaced some thirty years ago by a valve specially developed for the pur-
pose called a screened-grid valve or screened-grid tetrode. Although the 
triode has fallen into complete disuse as a high-frequency amplifier, it is 

desirable to know something 

1 of its performance in order 
that the advantages of 
screened-grid valves may be 
fully appreciated. 
The chief reason for the 

unsuitability of the triode for 
high-frequency amplification 

 II > TO lies in its relatively high 
DETECTOR grid/anode capacity, certain 

effects of which were men-
tioned in the last chapter.  1 Fig. 104 shows the basic 
circuit of a high-frequency 
am plifierusingatrio de val ve; 
the anode load is represented 

Fig. io4.—Basic circuit of a high-frequency amplifier using by " X," so that alternative 
a triode valve. 

forms of coupling may be 
discussed conveniently. The simplest form of coupling is obtained by 
making " X" a resistance which at first sight would seem satisfactory, 
since by using a fairly high value reasonable amplification might be 
expected. Unfortunately this arrangement is doomed to failure, since 

R.T. I—R 103 
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the anode resistance will be shunted by the grid/anode capacity of 
the valve and sundry stray capacities which at, say, L000 kcs. per 
second, will amount to only a few thousand ohms, with the result that the 
stage gain will be very poor, usually only about three or four. It is 
apparent, therefore, that this method, although simple, is practically 
useless on the count of gain alone, without going into the loss of selectivity 
due to the unavoidably heavy damping on the grid circuit due to the 
Miller effect. 

The Screening Grid.—The obvious method of preventing the grid/ 
anode capacity from reducing the impedance of the anode load is to use a 
parallel-tuned circuit (" X ,' in Fig. 104), so that the grid/anode and 
stray capacities form part of the total capacity, and have no effect other 
than reducing the capacity of the tuning condenser for any given fre-
quency, which is of no importance whatever. With this arrangement 
the grid-anode capacity limits stage-gain in another way, since the valve 
will oscillate if the energy fed back through this capacity is greater than 
the energy used up by the losses in the grid circuit, a condition which will 
obtain if the gain is considerable. Thus, in order to stop the valve from 
oscillating, the gain must be reduced by deliberately introducing losses, 
and once again it is apparent that the triode cannot be regarded as an 
efficient high-frequency amplifier. 

Circuits are available where a high-frequency voltage is introduced 
across the grid circuit in opposite phase to the voltage caused by feed-
back. Such an arrangement is called a neutralised circuit, or neutrodyne, 
but has fallen into disuse for a number of reasons, among which is the 
introduction of a valve having a very low grid/anode capacity, the screened-
grid valve. 

If a metal plate of adequate dimensions is interposed between the plates 
of a two-plate condenser and connected to a point that is at zero potential 
in respect to them, capacity will cease to exist between the original plates. 
This principle is applied in the screened-grid valve, a fourth electrode being 
interposed between anode and grid which is appropriately called the 
screening grid.' This electrode cannot take the form of a solid metal 
sheet, since it would prevent the electrons from reaching the anode, so 
use is made of a grid gauze or lattice structure. 
Some thought may now be given to the drawing of a multi-grid valve 

on the facing page ; if an actual valve of the type indicated is available for 
breaking up it will be useful to do so as the position, pitch and spacing of 
the electrodes will be more ippareitt and the position and coverage of 
the shielding struct tire more readily appreciated. 
The vital point of this illustration, for the purpose of this chapter, is 

the screening giid \vhich is interposed between control grid and anode, 
also the elaborate shielding to screen the electrode assembly from the 
components which will surround the valve in a receiver ; among other 

1 When speaking about a multi-grid it is usual to call the grid " the control grid" to 
avoid confusion. 
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advantages the use of internal shielding in modern H.F. valves has made 
it possible to lead the anode and grid out by way of the base. 

Other points of inter-
est are the rigid locking 
of the electrodes by mica 
discs and the use of a 

GETTER PLATE grid fin on the control ATE 
grid supports to avoid / • _ COOLING FIN 

the possibility of the grid SUPPRESSOR 
reaching a temperature GRID SUPPORT 
at which it could emit SCREENING 
electrons (grid emission); GRID SUPPORT 
the shield which sur- CONTROL 

GRID SUPPORT 
rounds the actual oper- SHIELD 

ative assembly is per- MICA DISC 
forated with holes as a 

ANODE further means of keep-
ing the electrodes at a 
safe temperature. 

The Screened Tet-
rode.—The valve dis-
cussed above is a 
screened pentode and is 
so called because it has  SHIELD 

an additional grid be-
tween screening grid and HEATER 

anode, this refinement 
must be forgotten for  STEM SHIELD 

the moment as the 
special behaviour of 
the screened tetrode 
must be understood 
before the reason for 
this extra grid can be 
appreciated. 

In common with all 
valves, the characteris-
tics of a screened-grid 
tetrode vary with oper-
ating voltages; it is 
important to note that 
screen plus anode current (i.e. total space current) is influenced to a great 
extent by the potential applied to the control grid and screening grid, 
but to a very small extent by the anode potential. Fig. ro6 shows the 
basic circuit of a high-frequency amplifier, from which it may be seen that 
the screening grid is held at a positive potential (in the D.C. sense), a 

CATHODE 

OUTER SHIELD 

SCREENING 
GRID 

SUPPRESSOR 
GRID 

Fig. 105.—The construction of a modern valve; the example 
shown is a Mazda 6F1 screened pentode. 
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  condenser being connected 
between this electrode and 
filament to hold it at zero 
high-frequency potential 
or, to be strictly accurate, 
as near to zero as the re-
actance of the condenser 
will allow. It is necessary 

> TO that the screening grid be 
DETECTOR held at a suitable positive 

potential, because it exerts 
such a profound influence 
on the characteristics of 
the valve—whichis notsur-
prising when it is realised 

Fig. Io6.—Basic circuit of a high-frequency amplifier using a 
screened-grid tetrode. 

fact, reach the anode, the remainder 

that the electrons must 
pass through this grid on 
their way to the anode; 
only a proportion do, in 

being " collected " by the screen 
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ANODE VOLTS 
Fig. 107.—Characteristic curve of a screened-grid tetrode. Note that the straight portion 

(105-150 volts) is restricted by the negative resistance kink. 
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and forming a current in the screen circuit which is referred to as the 
screen current. 

Negative Resistance.—Fig. 107 shows a typical anode-volts/anode-
current curve of a screened-grid valve. It will be noted that its shape 
differs radically from curves already shown, inasmuch as it changes its 
direction, indicating that a change of anode voltage does not result in a 
progressive change of anode current; it will be both interesting and 
instructive to study this curve by making a " tour " starting from the 
low-potential end. 

Starting from zero anode volts, and ignoring the Vg = o curve, it will 
be seen that an increase of anode potential brings about an increase 
of anode current up to 15 volts, after which an increase of potential brings 
about a decrease in current until, at 6o volts, the anode current has dropped 
to zero. The portion between 15 volts and 6o volts is appropriately 
named the negative resistance kink of the characteristic, since an increase 
of voltage brings about a decrease in current. 

Continuing the " tour," a small increase of a potential above 6o volts 
brings about an enormous change of current, after which the curve flattens 
out and is sensibly straight from go to 150 volts and beyond; but the 
curve is not taken far enough for this to be apparent. It will also be 
observed that the anode current is greatly affected by grid voltage when a 
relatively high anode voltage is applied, but that when the anode voltage 
falls below the screen voltage grid potential has little effect. The caption 
on the curve Vsg = 6o denotes that the curves were taken with 6o volts 
positive applied to the screening grid. 

Observations made in earlier chapters have established the fact that a 
serious change of direction in the characteristic curve of a valve means 
that it will rectify if the incoming signal is permitted to encroach on the 
non-linear portion ; it is evident, therefore, that the valve portrayed at 
Fig. 107 should be worked with an anode potential as high as permissible, 
i.e. 120-150 volts. Mains types are designed to operate with higher 
anode voltages, and 150-200 volts may be applied. 

Secondary Emission.—The irregular form of a curve associated 
with a screened-grid tetrode is due to a phenomenon called " secondary 
emission," which may be described jri the following manner: When an 
electron strikes a metal surface with sufficient velocity it will knock out 
one or more electrons, which will remain suspended in space until a 
positive body takes possession of them. Returning once again to Fig. roi, 
it will be possible to trace the effects of secondary emission by studying the 
curve more closely. 

It is apparent from Fig. 107 that when the applied anode voltage is 
greater than 15 volts the velocity of the electrons impinging upon it is 
sufficient to cause secondary emission. The electrons thus " knocked 
off " the anode are pulled to the screening grid, due to its higher positive 
potential. A glance at the curve will show that as the anode potential 
is increased up to 6o volts the velocity of the electrons increases to such 



108 THE R.F. PENTODE AND TETRODE 

an extent that the flow of primary electrons is off-set by secondary 
electrons, so that the mean flow of electrons in the anode circuit is zero. 
When the anode potential is raised above the screen potential, so that it 
can overcome the pull of the screen, it will collect the electrons tempo-
rarily lost through secondary emission, with the result that the anode 
current is not affected by this phenomenon. 

It should be noted that the actual flow of electrons from the filament 
is not materially affected by secondary emission, since the anode current 
lost in this way appears as an increase of screen current; it is apparent, 
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ANODE VOLTS 
Fig. io8.—Characteristic curve of a screened-grid pentode. Note the increased linearity due to the 

suppression of secondary emission. 

therefore, that the characteristic curve of a screened-grid tetrode could be 
flattened out and the negative resistance kink removed if secondary 
electrons could be prevented from reaching the screening grid; this 
possibility will be referred to below. 

Typical Characteristics.—Inspection of Fig. 107 will show that the 
impedance of the valve chosen as an example is 200,000 ohms at Vg = o, 
while it rises to about 250,000 when Vg = — 1. This increase is not 
remarkable, since high-slope mains valves often suffer an increase of 
impedance to an extent of four or five times when the grid potential is 
varied from zero to — 1. A few years ago valve manufacturers quoted 
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the impedance of screened-grid valves when measured under conditions 
that could not be used in practice, making the choice of a valve a matter 
for luck rather than discretion ; but to-day their catalogues are more 
enlightened, and impedance is quoted for working conditions, and is usually 
between 150,000 and 750,000 ohms; values of mutual conductance being 
between i o and 1.5 mA /V for battery valves, and 2.o and 50 mA ¡V for 
A.C. mains types. The amplification factor of a screened tetrode may 
be anything between 
200 and L000, or even   
more, but the result-
ing stage gain is not  8 
so high as might be 
expected, for reasons 
that will be apparent   
after reading the next 
chapter. 
The R.F. Pen-

tode.—The screened-
grid tetrode is not   
the ultimate answer 
to the problem of 
high-frequency ampli-  4 
fication, since its non-
linearity gives rise to 
certain difficulties and 
it has been superseded 
by the screened-grid   2 
pentode. It will be 
remembered that the S 
kink in the curve of   
a screened-grid tetrode 
is due to the flow   
of secondary electrons IS -10 -5 
from anode to screen-

GRID POTENTIAL (VOLTS) ing grid. In the 

V 

Fig. 109.— Comparison between a variable-mu valve and a 
screened-grid pentode "straight" valve. 
this has been pre-
vented by the introduction of yet another grid, which is placed between 
the screening grid and the anode. This additional electrode is called 
the suppressor grid, since it suppresses secondary emission. 
The suppressor grid is usually very open in construction, and is con-

nected to filament or cathode so that it is held at a potential that is nega-
tive in respect to the screening grid. When the electrons flow from the 
filament to the anode their velocity is very considerable, and they are thus 
able to overcome the repelling effect of the negative suppressor grid and 
pass onwards to the anode. When secondary electrons leave the anode 
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they are moving at comparatively slow speed and are unable to make their 
way through the suppressor grid, since the comparatively distant screening 
grid is unable to give them the necessary velocity, with the result that 
the electrons are collected by the anode and the negative resistance kink 
is absent. 
The anode-volt/anode-current curve of a screened-grid or R.F. pentode is 

shown at Fig. ro8; a valve has been chosen with similar anode-current 
characteristics as the screened tetrode already referred to, so that com-
parison is assisted; it will be observed that the screened pentode has much 
greater linearity. The impedance of the screened-grid pentode is usually 
somewhat higher than the tetrode which assists selectivity, since the 
impedance of the valve may be regarded as being in shunt with its own 
anode coupling. This point is, however, insignificant compared to the 
advantages accruing from greater linearity. 

Variable-mu.—There is a modified form of the two basic types that 
have formed the subject of this chapter, called respectively the variable-mu 
screened-grid tetrode and the variable-mu screened-grid pentode; these 
valves have modified control grids permitting the mutual conductance 
and amplification of the valve to be controlled within wide limits by 
variation of grid bias. The methods of using the valve in this way are 
described in the next chapter, but a curve is shown at Fig. 109 which 
serves to compare the straight with the variable-mu type. The curves 
are taken showing the anode current plotted against grid potential, 
the curve " S " representing a typical straight valve, while curve " V " is 
typical of a variable-mu type. It will be seen that the undue application 
of bias to the curve " S" will result in rectification owing to the sharp bend, 
but that bias may be applied up to the cut-off point of curve" V" without 
introducing serious rectification, the curve being a gradual sweep devoid 
of the sharp bend that is characteristic of curve " S." 
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RADIO-FREQUENCY AMPLIFICATION 

THE previous chapter dealt with screened-grid valves especially designed 
for radio or high-frequency amplification. Attention can now be directed 
to the application of these special valves to the intended purpose. 
As already intimated, radio-frequency amplification has a profound in-
fluence upon sensitivity and selectivity, and consequently upon the quality 
of reproduction; it is obvious that the radio-frequency amplifier should be 
so designed that it maintains within reasonable limits the degree of these 
qualities present over the range of each waveband. The radio-frequency 
amplifier can conveniently be divided into two sections, the aerial coupling 
and the anode coupling. 
The Aerial Coupling.—The aerial coupling may consist of any number 

of tuned circuits; for present purposes, however, it is only necessary to 
consider those couplings which employ one or 
two tuned circuits. The most simple form of 
aerial coupling is a single coil connected 
between the grid and cathode (or filament) of 
the amplifier, the aerial and earth being con-
nected to either end respectively. This arrange-
ment, however, is so unselective that it may be 
considered useless for present-day conditions. 
The most simple coupling that is likely to prove 
useful is shown at Fig. iio, which shows the grid 
coil arranged as an auto-transformer, since the 
aerial and earth system is tapped across only a 
portion of the grid coil; this arrangement gives 
some control over selectivity, since this quality 
is increased by reducing the number of turns 
between earth and the point where the aerial Is 
tapped into the grid coil. This gain can be 
accomplished without loss of sensitivity within 
certain limits, since there is an optimum point 
for maximum stage gain which is not the top 
of the coil unless the aerial is extremely short. 
If the aerial is tapped in at a point lower than the optimum point, some 
loss of sensitivity may be expected. 
A slight modification of the arrangement shown at Fig. mo is shown at 

Fig. iii, where the aerial tapping is replaced by a small inductance 
III 

Fig. t io.—Auto-transformer 
aerial coupling. 
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coupled to the grid coil. This coil is sometimes referred to as an aperiodic 
aerial coil, which is a misnomer, since the aerial coil is tuned by virtue of 
the coupling existing between it and the tuned grid coil. By suitably 
proportioning the number of turns in the aerial coil to the number of 

turns in the grid coil, and by carefully regulating 
the coupling between them, some effort can be 
made towards securing a uniform response-curve 
over the waveband in question. This illustration 
also shows the optional inclusion of a small 
condenser, usually of the order of io • • - •••, 
which may be included to raise the efficiency at 
the high-frequency end of the waveband which is 

<1> liable to suffer due to a number of causes, 
including the effect of dielectric losses and the 
high-frequency resistance of the coil; this con-
denser is usually omitted on the long waveband, 
the suggested value of ro izp.F being suitable for 
the normal medium waveband. 

Cross Modulation.—Additional selectivity 
  may be obtained by suitably designing the anode 

coupling or couplings of the high-frequency 
Fig. 111.—Aerial transformer amplifier valve or valves, but even if the over-all 

coupling. selectivity is sufficiently high, it is nevertheless 
necessary that the aerial coupling itself shall 

possess an adequate degree of selectivity in order to avoid the phenomenon 
known as cross modulation. When the selectivity of the aerial coupling 
is inadequate, the first valve may become overloaded by energy received 
from a powerful station when actually tuned to some other station; the 
condition of overload causes a screened tetrode and, to a lesser extent, a 
screened pentode to rectify and impose the modulation of the unwanted 
station on to the carrier of the wanted station; thus the carrier wave of 
the wanted station appears in the anode circuit of the valve carrying the 
modulation of both stations. Since both modulations are imposed upon 
a single carrier, it is impossible for successive tuned circuits to remove the 
interference. It is interesting to note that when a station is being 
received with interference due to cross modulation the unwanted station 
will disappear when the wanted station closes down. This is of course 
due to the inability of the unwanted station to break through the tuned 
circuits of the receiver without the aRsistance of the carrier wave to which 
the receiver is tuned. 

It must be made clear that cross modulation is much more prevalent 
when utilising the screened-grid tetrode than when using the screened-grid 
pentode. Nevertheless the latter can produce this phenomenon, and 
therefore it is necessary that adequate selectivity be provided in the aerial 
coupling; the use of high selectivity in the aerial coupling is sometimes 
referred to as " pre-selection." 
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Bandpass Coupling.—Adequate selectivity can be obtained by a 
single tuned circuit in the aerial coupling, but only at the expense of 
cutting sidebands resulting in a more or less serious loss of the high audio-
frequencies. To obtain a high degree 
of selectivity without serious loss of V 
quality it is convenient to employ a 
double-circuit tuner of the type known 
as a bandpass filter. Reference has 
already been made to this type of 
circuit, and the response-curve of a 
typical bandpass coupling is shown 
at Fig. 71 on page 65. Figs. 112, 113, 
and 114 show the basic circuits of band-
pass tuners in general use. That 
shown at Fig. 112 is probably the 
most popular of the three types shown, 
and consists of two separate tuned 
circuits coupled together by the re-
actance of the fixed condenser which 
is common to both circuits; the coils 
themselves are screened to prevent 

Fig. Ir2.—Capacity-coupled bandpass aerial 
mutual coupling or, alternatively, coupling. 

mounted at right angles to accomplish 
the same purpose. With this arrangement the band width of the 
response-curve may be varied by varying the capacity of the coupling 
condenser and the variation of band width over any one waveband is 
not intolerable. 
The arrangement shown at Fig. 113 relies upon mutual coupling to 

determine the band width and is very efficient when used as a filter on a 
particular frequency, but for general purposes, where reception is required 
within the limits of, say, the broadcast waveband, it has a disadvantage 
that the characteristic of the response-curve shows very considerable 
variation. All simple bandpass circuits tend to give low response at the 
high-frequency end of the waveband and inconstancy of band width, 
troubles that are overcome in modern receivers by the use of mixed 
couplings; the most simple form of mixed coupling will be obtained by 
connecting a small condenser of the order of io p.p.F between the top 
ends of the two tuned circuits shown at Fig. 112. This type of coupling 
is used by many of the radio receiver manufacturers. 
Where extreme selectivity is required and some loss of sidebands is 

not regarded as a serious drawback, it is convenient to use a circuit shown 
at Fig. 113, the two coils being loosely coupled instead of over coupled. 
With this arrangement any degree of selectivity may be obtained 
within reasonable limits by loosening the coupling, which will be accom-
panied by a more or less proportionate loss of sidebands and sensitivity. 
It is, however, possible to overcome the loss of sidebands to some extent 
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\./ by employing subsequent tuned circuits 
of the over-coupled bandpass type so 
adjusted that the middle frequencies 
are attenuated and the sideband fre-
quencies accentuated. This arrange-
ment is sometimes used in super-
heterodyne receivers (the principle of 
which is dealt with in a later chapter), 
but there are several examples of its 

temporary receivers. 

voted to the subject of aerial coupling, 
but the numerous possible variations 

application in straight receivers, some 
of which may be found among con-

A complete book might well be de-

are all based upon circuits mentioned 
above. It should, however, be borne 
in mind that the efficiency of any tuned 
circuit is very greatly influenced by the 
actual design of the coils used, since 
the response-curve of any coupling 
must be to a greater or lesser extent 
determined by the magnification of 
the tuned circuits used. 

Intervalve Coupling.—The anode coupling may consist of a resistance, 
high-frequency choke, or a tuned circuit. For reasons that have already been 
elaborated only the last-named needs consideration, and for convenience 
may be divided into three broad 
groups, tuned anode, tuned grid, and V 
tuned radio- frequency transformer. 
It is true that the tuned anode and 
tuned grid are merely modifications 
of each other. It is nevertheless con-

tuned anode arrangement is shown at 
Fig. 115 and represents the simplest 

Tuned Anode Coupling.—The 

\01 con-
venient to consider them separately. 

possible form of tuned coupling, since 
it is made up of the bare necessities 
of a tuned circuit. Where the produc-
tion of maximum stage gain is the 
only consideration use may be made 
of this coupling, but it presents con-
siderable difficulties, since it is proba-
bly more difficult to achieve stability 

Fig. 4.—Ind uctively coupled band pass aerial 
when using tuned anode couplings of coupling. 

Fig. 113.—Aerial coupling which relies on 
over coupling between the two tuned 
circuits to obtain bandpass character-
istics. 



Figar6.—Tuned grid intervalve coupling. 
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high effective dynamic resistance than when using any other tuned 
couplings having similar characteristics. This difficulty is partly due 
to difficulties encountered in adequately screen-
ing the tuned circuits from each other, and also 
partly due to the large high-frequency voltage 
developed at the anode. 
Tuned Grid. — The tuned grid coupling 

(Fig. 116) has the advantage that stability 
is comparatively easy to achieve since the 
dynamic resistance of the anode coupling is 
limited by the shunting effect of the choke or 
the anode resistance, which from the point of 
view of high-frequency voltages may be con-
sidered as being in parallel with the tuned circuit. 
It will be noted that one side of the tuning con-
denser is at earth potential, which minimises feed 
Dack to the grid circuit when using the conven-
tional type of ganged condenser. It is apparent 
that this circuit cannot give the maximum gain 
of which the valve and coil are capable, since 
the impedance of a tuned circuit must be reduced 
when shunted by a pure resistance or another impedance. By varying 
the value of this resistance, the dynamic resistance of the tuned circuit 
may be varied and some control obtained over the stability of the stage. 

  It should be noted, however, that the 
value of the anode resistance may not 
be unduly low, since it will have the 
effect of damping the tuned circuit 
and reducing selectivity. Some such 
damping, however, is desirable in the 
interests of good quality if the mag-
nification is high enough to attenuate 
the sidebands seriously. The anode 
resistance may be replaced by a high-
frequency choke which has low D.C. 
resistance and relatively high impe-
dance. It is therefore an advantage 
when the total high-tension voltage is 
limited, but is otherwise to be avoided, 
since its impedance is liable to vary 
with frequency. 
The Tuned Inter-valve Trans-

former.—The usual type of tuned 
transformer is shown at Fig. 117, and may be considered to be the most 
desirable form of coupling unless considerations of cost or convenience 
suggest the use of the couplings already mentioned; the most useful 

Fig. 1[15. — Tuned anode 
intervalve coupling. 



Fig. ri7.—Tuned inter-valve 
transformer coupling. 
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feature of the high-frequency transformer is its ability to step up or step 
down voltage by adjusting the number of turns in the primary in relation 
to the number of turns in the secondary, thus permitting the control of 

both stability and selectivity. It also permits 
maximum stage gain to be obtained in a multi-
stage amplifier where instability may be a 
limiting factor; this important aspect is again 
referred to later in the chapter. 

Stage Gain.—The stage gain of a radio-fre-
quency amplifier may be obtained from the 
following simple equation: 

x R 
Stage gain 

R rG 

when r„ is anode impedance, R is dynamic 
resistance of anode circuit, and 11 is the amplifi-
cation factor of the valve. 
Thus a screened-grid valve having an amplifi-

cation factor of 750 and an impedance of 
500,000 ohms under working conditions associ-
ated with an anode coupling having an effective 
dynamic resistance of 200,000 ohms will have 
a stage gain of 300 times. The expression 

" effective dynamic resistance" is used, since the nominal value will be 
decreased by grid current damping if it is followed by a grid detector or, 
alternatively, will be increased by feed back if it is followed by another 
stage of high-frequency amplification. The effective dynamic resistance 
of a tuned circuit is often small when compared with impedance of the 
valve. In these circumstances the formula may be simplified as follows: 

p.R 
Stage gain -= -I-. or g„, x R 

when ra equals the impedance of the valve under working conditions, R 
equals the effective dynamic resistance of the tuned circuit, p. equals the 
amplification factor of the valve, and gr. equals the mutual conductance 
of the valve in ampères per volt. 

Stability.—When visualising the use of modern high-gain valves and 
iron-cored " Litz " wound coils having high dynamic resistance it is easy 
to obtain high stage gain on paper, but it is quite another matter to obtain 
high gain with stability in an actual receiver. Instability will arise from 
one of two causes, energy fed back from anode circuit to grid circuit due 
to accidental magnetic or capacity coupling arising through insufficient 
screening between one circuit and the other, and to energy fed from anode 
to grid circuit through the capacity existing between the anode and grid 
of the valve. It has already been stressed that the grid anode capacity 
of the screened-grid valve is of a very low order. It is nevertheless 
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significant, since it will determine the maximum stage gain that may be 
developed without the valve bursting into oscillation; assuming that the 
screening between the anode circuit and grid circuit is perfect, the per-
missible stage gain may be calculated from the following formula. The 
stage is stable when the undermentioned expression produces an answer 
that is less than 2 : 

gm xRaxR. xCxfx2x/T 

when R. equals the effective dynamic resistance of the grid circuit, R 
equals the effective dynamic resistance of the anode circuit, C equals the 
inter-electrode capacity of the valve in farads, f equals frequency in cycles 
per second, and ir equals 3.141. 
The above formula is included rather to show the effect of the various 

constants upon stability, since its actual application is very seriously 
limited by the inability of obtaining by simple methods the values of 
R. and R.. Also the assumption that screening is perfect represents a 
degree of optimism that is quickly modified by a little practical experience. 

If constants are chosen for a high-frequency amplifier using a single 
valve in such a manner that the maximum gain is obtained, that is to say 
the valve is approaching the point of self-oscillation, it cannot be assumed 
that the constants can be duplicated for the second stage, since the energy 
fed back from the anode of the second valve will increase the effective 
dynamic resistance in the anode circuit of the first valve and cause it to 
break into oscillation. Unless gain and selectivity are to be deliberately 
decimated by damping the tuned circuits, recourse must be made to the 
use of a high-frequency transformer of suitable ratio. To obtain stability 
it is necessary in effect to reduce the high-frequency voltage at each anode, 
since this will proportionately decrease the energy fed back through the 
grid anode capacity of the valve. The use of a step-up transformer will 
reduce the anode voltage out of proportion to the loss of stage gain, since 
the voltage across the secondary of the transformer will be proportional 
to the square of the voltage across the primary. For an example, if it is 
necessary in a multi-stage amplifier to use a transformer having a ratio 
of 4: 1, the high-frequency potential at the anode will be reduced to 
Tleth and the gain will be divided by 4; the use of such a high ratio 
would not normally be contemplated in practice, but serves to accentuate 
the principle, and illustrates clearly the desirability of achieving stability 
in this way compared to a wasteful alternative of reducing gain by other 
means, such as damping the tuned circuits or reducing the amplification 
factor of the valve by lowering the screen voltage. It is possible to 
substitute an auto-transformer for the tuned high-frequency transformer, 
that is to say, to use tapped tuned anode or tapped tuned grid. There 
are, however, several drawbacks to this method, which is fast becoming 
obsolete. 
Volume Control.—The question of maximum gain naturally gives rise 

to the thought that means must be available for reducing the stage gain 



118 RADIO-FREQUENCY AMPLIFICATION 

at will when powerful stations are being received; several systems of gain 
control are available, some for use in front of the detector, some for use 
after the detector. Among the former may be mentioned the following: 
variation of screen voltage will control stage gain, since the reduction of 
screen voltage will bring about reduction of the amplification of the valve. 
This method is to be deprecated, however, since it increases the tendency 
of the valve to overload and consequently may be expected to give the 
worst quality from the most powerful signal, which will normally be the 
local station, from which the best quality is usually expected. 
A variable resistance may be associated with the aerial coupling 

either as variable damping on the tuned circuit or as variable input to 
the aerial coil. Both methods have the disadvantage that although the 
signal strength is controlled the valves are working at maximum gain and 
consequently noises inherent to the working of valves, e.g. valve hiss, 
will remain at a maximum. 
The only really satisfactory form of volume control is the utilisation of 

variable-mu valves for the first or, preferably, all high-frequency stages. 
It will be recalled that control of amplification is made possible by 
varying the grid voltage of a variable-mu valve. 

It cannot be said that the variable-mu valve offers the perfect solution 
to the problem of gain control, since relatively large signals will un-
avoidably operate on a curved portion of the characteristic. There is, 
however, no other system available that offers less disadvantages. The 
variable-mu valve, though not perfect, is nevertheless satisfactory, and 
fortunately gives negligible distortion on powerful signals because the 
grid-volts/anode-current characteristic is sensibly straight when high 
values of negative voltage are applied. By the use of variable-mu valves 
it is possible to obtain automatic control of gain regulated by the ampli-
tude of the received signal ; this arrangement is known as automatic 
volume control, and is of such importance that a subsequent chapter is 
devoted entirely to this subject. 



CHAPTER 16 

THE PRINCIPLE OF THE SUPERHETERODYNE 

IT has already been stated that selectivity may be increased by the use 
of additional tuned circuits; when two or three, tuned circuits are 
sufficient to give some predetermined degree of selectivity, there is much 
to commend the use of the so-called " straight " receiver. 
The design of a receiver using four or more variably tuned circuits 

presents certain practical problems inasmuch as the ganged condenser 
assembly must possess a degree of accuracy that can only be obtained at 
considerable expense; furthermore, such a receiver must necessarily be 
somewhat unwieldy, and serious difficulties will be encountered due to the 
inconsistency of the response curve, for reasons that have been explained 
in an earlier chapter, and inaccuracies in the matching of the ganged 
condenser at various degrees of its rotation. 

Three tuned circuits are inadequate for present-day conditions, while 
the selectivity obtainable from four tuned circuits is only adequate 
when the individual circuits are so sharply tuned that sideband cutting 
is serious. The broadcast bands are so congested that six efficient tuned 
circuits may be regarded as the workable minimum if it is desired to receive 
weak stations working on frequencies close to powerful transmitters situ-
ated at relatively short distances from the receiver. Since there is 
need for a very high degree of selectivity, and it appears impracticable to 
employ sufficient variably tuned circuits to obtain it, other means must 
be found; such means are available in the form of the supersonic 
heterodyne receiver, which is colloquially called the superheterodyne or, 
even more briefly, the superhet. 
Frequency Changing.—Expressed in a nutshell, the superheterodyne 

principle permits the use of any number of tuned circuits, all permanently 
tuned to a specific fixed frequency; the incoming signal having its 
frequency " changed " to this predetermined frequency irrespective of its 
original frequency. By these means only two tuned circuits are essential, 
although three tuned circuits are desirable for reasons which will be 
apparent in due course. 

Before proceeding with the detailed description of this important 
principle, it will be as well to take a bird's-eye view of a typical circuit, to 
become familiar with the order in which the several functions occur. 
Fig. 118 shows a block diagram of a superhet circuit. 

Although, in principle, a single tuned circuit is cited, it is desirable to use 
two tuned circuits or, as a refinement, a stage of ordinary radio-frequency 

R.T. 1-9 11, 
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amplification preceded by bandpass aerial coupling, for reasons winch 
will be made clear in due course; it is, however, sufficient for the moment 
to visualise the single tuned circuit aerial coupling. The next box in the 
diagram is the " mixer," the purpose of which is to combine the incoming 
signal with the output from the oscillator; note that the incoming fre-
quency must be combined with the output from the oscillator and not 
merely co-exist. In a manner which will be described shortly the com-
bined signal output from the mixer can be made to take the form of a new 

TUNED 
AERIAL 
COUPLING 

MIXER 

TUNED 
OSCILLATOR 

AMPLIFIER 
DETECTOR OUTPUT I 

Fig. ri8.—A block diagram showing the various sections of a superheterodyne receiver. 

frequency that will be constant irrespective of the frequency of the 
incoming signal, and is known as the intermediate frequency, abbreviated 
as I.F. It should be noted that the intermediate frequency will be 
modulated in sympathy with the modulation imposed on the carrier wave 
of the incoming signal. 
The Oscillator.—Some mention has been made of the basic purpose of 

the oscillator; this portion of the circuit is basically a valve, usually a 
triode, the anode circuit of which is so tightly coupled to the grid circuit 
that continuous oscillation is maintained, the frequency of which is con-
trolled by tuning either the grid or anode circuit, almost invariably the 
former. 
The next box represents the intermediate-frequency amplifier, which will 

comprise one or more screen valves arranged as high-frequency amplifiers, 
with the exception that they are only required to deal with one fixed 
frequency, i.e. the intermediate frequency. The frequency chosen may 
vary, but will usually be low enough to permit the use of really efficient 
coils with complete stability so that high gain is achieved. 
The output of the intermediate-frequency amplifier is fed to the 

detector, which functions in a normal manner since the wave form, 
handled by the intermediate-frequency amplifier, has all the character-
istics of a modulated carrier; the output from the detector being passed 
to the output stage in the conventional manner. The detector stage 
usually employs a diode, which is followed by a stage of amplification 
before the signal is ultimately fed to the output stage. This detector is 
sometimes called the second detector because the mixer is sometimes also 
regarded as a detector. No useful purpose will be achieved by raising the 
controversy regarding the necessity for detection in the mixer stage, 
since it is an argument which may cause considerable confusion. 
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Intermediate Frequency.—This brief survey will have served to 
identify the various sections of the superheterodyne, which makes it 
possible to discuss conveniently the manner in which the frequency of the 
incoming signal is changed to the predetermined intermediate frequency. 
Assume that the aerial circuit is tuned to resonance with a transmitter 
radiating at a frequency of I,000 kcs. per second, and that the 
oscillator is tuned to 1,465 kcs. per second; if these circuits are 
arranged in conjunction with a valve so that both the incoming signal 
and the oscillator can vary its anode current, a complicated set of fre-
quencies will appear in the anode circuit. Ignoring for the time being 
the various odd frequencies due to harmonics, there will be four pre-
dominant frequencies, (a) the signal frequency, which it will be remem-
bered is I,000 kcs.; (b) the oscillator frequency, 1,465 kcs. ; (c) a frequency 
which is equal to the difference between the signal and oscillator fre-
quencies, i.e. 465 kcs., and a frequency which is equal to the sum of the 
signal and oscillator frequencies. 

It is apparent that, since the frequency of the combined wave form is 
equal to the sum and difference between the signal and oscillator fre-
quencies, an oscillator frequency of 535 kcs. will also produce a 
465 kcs. component, since the difference between ' moo kcs. and 535 kcs. 
is equal to 465 kcs. In practice, however, the oscillator frequency is 
almost invariably higher than the signal frequency. 
A moment's reflection will show that the 465 kcs. component can be 

kept constant for any signal frequency if the oscillator frequency is 
maintained at 465 kcs. higher. To carry the point a step farther, the 
oscillator circuit and aerial circuit can be so designed that the rotation of 
a ganged condenser will tune the aerial circuit and the oscillator circuit, 
the essential difference in frequency being maintained by using specially 
shaped vanes for the oscillator condenser, or by other means which will 
be described in due course. 
No doubt the reader will have already concluded that the 465 kcs. is 

the intermediate frequency; obviously the oscillator frequency could be 
varied to produce any intermediate frequency; 465 kcs. is, however, in 
general use, although 128 kcs. and no kcs. are among the intermediate 
frequencies that are, or have been, used in this country. In America 
456 kcs. is standardised; there are reasons for governing the choice of the 
intermediate frequency which are discussed during a later chapter, but 
465 kcs. will serve very well for the present explanation. 
As already mentioned, there will be a variety of frequencies present in 

the anode circuit of the mixer valve ; only one of these, the intermediate 
frequency, must be passed on to the intermediate-frequency amplifier, 
and all others must be rigorously eliminated. This necessary selection is 
accomplished by means of a tuned circuit, which invariably takes the 
form of a transformer having both primary and secondary tuning, since 
it is desirable to introduce as many tuned circuits as possible in the 
interests of selectivity, while in the interests of quality the primary and 
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secondary can be over-coupled to give bandpass characteristics. It should 
be noted that each intermediate-frequency amplifier stage may introduce 
a further two tuned circuits. 
As already explained, all the tuned circuits associated with the inter-

mediate frequency are adjusted to 465 kcs. This gives great scope for 
designing transformers capable of giving really good bandpass character-
istics, since they are intended to work at one predetermined frequency and, 
furthermore, the frequency chosen is usually sufficiently low to permit 
high coil magnification to be used without impairing stability. 

Fig. f 19.—Basic circuit showing the use of an ordinary triode and pentode valve to form a frequency-
changing stage. This circuit is not recommended, but is included to illustrate the text. 

A Simple Frequency Changer.—Fig. ii9 shows the basic circuit of 
a frequency-changing stage using a triode as oscillator and a screened 
pentode as mixer; this circuit, in fact, constitutes the first stage of a 
simple superheterodyne, but is scarcely of the type that could be recom-
mended, since much more efficient arrangements could be evolved around 
modern specialised valves, the several types of which are dealt with 
separately in the next chapter, together with suitable circuits in which to 
use them. The circuit shown at Fig. 119 is included since it employs 
valves with which the reader has already been made familiar, and this 
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permits the principle to be discussed without the complication of simul-
taneously introducing a new type of valve. The signal is introduced by 
connecting a tuned grid coil between the grid and cathode of the valve 
in the conventional manner. The oscillator consists of a tuned grid coil 
so arranged that its frequency is always higher than the frequency to 
which the aerial coil is tuned by an amount equal to the intermediate 
frequency. Oscillation is maintained by the close coupling between the 
oscillator anode and grid circuits, the principle involved being similar 
to the coupling existing in detector circuits for the purpose of introducing 
reaction. It will be observed that the grid circuit is completed from the 
H.F. point of view by a fixed condenser, and completed from the D.C. 
point of view by a resistance. This resistance and condenser act in 
conjunction with each other and cause the valve to bias itself by grid 
current; when the grid becomes positive, grid current flows which sets up 
a potential difference across the resistance, which in turn charges the 
condenser which tends to maintain the bias when grid current is not 
actually flowing. In this way the valve will bias itself so that the grid 
only just runs into grid current on the occasion of each positive half-
cycle. 
The pentode is usually worked under a condition of relatively high 

negative grid bias, which is derived from the resistance in its cathode lead. 
The parallel condenser in this case is intended merely as an H.F. by-pass, 
a similar purpose being served by the condenser shown immediately above 
it, and connected between screen and cathode. The signal is introduced 
on the ordinary control grid as already described, while the output from the 
oscillator is fed directly to .the suppressor grid, resulting in the oscillator 
output having a measure of control over the anode current of the pentode. 
Thus both oscillator and the incoming signal control the anode current. 
A suitable tuned circuit is included in the anode circuit of the pentode to 
select the intermediate frequency, which will be either the sum of or the 
difference between the signal and oscillator frequencies as described above. 
The circuit in question, Fig. 119, cannot be recommended, since it 

requires a very large output from the oscillator owing to the relatively 
small control exercised by the suppressor grid; the average type of 
pentode requiring between 20 and 30 volts swing from the oscillator. 
The circuit is, however, included as it forms, in the author's opinion, the 
simplest possible circuit capable of illustrating the principle of the 
frequency changer. Modern specialised valves designed expressly for this 
purpose are described in the next chapter. 
The arrangement shown at Fig. 119 is capable of considerable modifica-

tion, since the principle involved is the generation of local oscillation 
which is made to exercise some control over the anode current of the 
mixer valve, the essential feature being that the incoming signal also 
exercises a measure of control. There is no reason why the oscillator 
valve should be a triode, it could equally well be a screened-grid or high-
frequency pentode valve. In the illustration the frequency of the 
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oscillator is determined by the grid circuit, which is tuned by means of a 
variable condenser ; the same purpose could be achieved by tuning the 
anode circuit, a practice that is carried out in a number of commercial 
receivers. 

In order to simplify the function of a frequency-changing stage the 
oscillator output is connected to the suppressor grid of the mixer valve ; 
another possible arrangement is connection to the screening grid, which 
necessitates the use of a fixed condenser to prevent the voltage on the 
latter from appearing as a grid potential on the oscillator valve. Yet 
another possible arrangement is a coupling between the oscillator circuit 
and the cathode circuit of the mixer valve. Various methods of 
frequency changing with specialised valves designed expressly for this 
purpose are described in the next chapter. 



CHAPTER 17 

FREQUENCY-CHANGING VALVES 

THERE are a number of specialised types of valves designed specifically 
for frequency changing or mixing. In the inevitable fashion of nomencla-
ture adopted in this country considerable confusion exists, since the names 
of two of these valves have been reversed by some manufacturers—as will 
be seen below. Since the functioning and, in 
some cases, the purpose of these specialised valves 
show considerable differences, it will be con-
venient to deal with each type as a separate 
entity, presenting them in an order chosen for its 
convenience, and without consideration of their 
date of introduction. 
The Pentagrid.—Some frequency-changing 

valves are definitely two separate valves mounted 
into one bulb. The pentagrid, however, is an ex-
ample of the truly single-valve frequency changer, 
and in consequence is somewhat elaborate in 
structure. The writer has before him a typical 
example of a well-designed pentagrid, and it will 
be interesting to recount the details of its con-
struction as being a typical example of valves of 
the class under discussion. The external appear-
ance of the assembly may be seen at Fig. 120, 
while certain of its component parts are shown 
in the illustration, Fig. 121. Starting from the 
innermost electrode, and working outwards, the 
first electrode to receive attention will be the heater 
and cathode assembly, which consists of an 
M-shaped heater-wire porcelain coated and in-
serted in a metal cathode, the active coating of 
which is basically the usual mixture of barium Fig. 120.—The electrode as-

and strontium oxides. The cathode is surrounded sembly of a typical penta-

by a narrow grid, marked i in the illustration. grid valve. he external 
appearance ofT  the octode 

This grid is made of nickel-chrome wire, wound is similar. 

on copper supports in order to prevent the grid 
wires from becoming heated, which would cause the grid to emit 
electrons, since its proximity to cathode causes it to collect a certain 
amount of active material. When the assembly is completed the grid 

123 
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is terminated by blackened metal fins, further to assist in the dissipation 
of the unwanted heat. 
The next electrode, 2 in the illustration, is what is sometimes called a 

phantom grid, due to its exceptional open construction. It is, in fact, 
simply a piece of bent wire. Next come three grids of more normal 
appearance, marked 3, 4, and 5 in the illustration, and, finally, the anode, 
which may be clearly seen in Fig. 120. All the electrodes are connected 

with separate pins in 
the base, with the 
exception of the grids 
marked 3 and 5, which 
are connected intern-
ally and therefore are 
brought out to a com-
mon pin. The grid 
marked 4 is not con-
nected to a pin in the 
base but to a terminal 
situated on the top 
of the bulb. The re-
lative positioning of 
these grids is kept 
constant by the use 

of mica discs, which serve to lock the assembly in permanent alignment. 
The above brief introduction will have served to give a mental picture 

of the pentagrid, and attention may now be directed to the purpose fulfilled 
by each of the several electrodes. 
The following explanation should be read in conjunction with the 

illustration at Fig. 122. Electrons are duly emitted from the cathode and 
are accelerated by the potentials on grids 2 and 3, which are positive in 
respect to the cathode; the bulk of the electron stream is checked by grid 
4, which is held at a negative potential in respect to the cathode, with the 
result that an electron cloud will form between grids 3 and 4, and the sub-
sequent movement towards the anode will be controlled by the potential 
of grid 4, which it will be noted is varied by the received signal. It will be 
observed that grid i constitutes a normal tuned-grid circuit, and that 
grid 2, the phantom grid, is in series with an inductance that is tightly 
coupled to the grid coil; thus the cathode with grid i and grid 2 form a 
triode which will oscillate under the conditions outlined above, and in so 
doing will control the number of electrons passing to form the electron 
cloud. 

It may be seen from the above brief explanation that the main anode 
current of the valve is controlled by grids r and 4 of the oscillator and 
signal grid respectively. The result of this dual control is the production 
of beat notes in the anode circuit, one of which will be the intermediate 
frequency. As already intimated, this frequency may be selected by 

Fig. 121.—The electrodes of a pentagrid valve. The anode is not 
shown, since it may readily be seen at Fig. 120. Those shown are, 
from left to right: heater, cathode, oscillator grid, oscillator anode 
(phantom grid), inner screening grid, signal grid, and outer 
screening grid. 
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placing a suitable tuned circuit in the anode circuit which will not only 
separate the intermediate frequency by virtue of its selective properties, 
but will attenuate the other frequencies, as it will offer to them a relatively 
low impedance. The above explanation is abridged to such an extent 
that it is not quite complete, but it is hoped that it will serve as an intro-
duction to the rather complicated process of frequency changing within 
the stream of electrons without going into the matter mathematically or 
devoting undue space to what is purely a matter of interest, since the 

V 

Fig. I22.—The basic circuit of a pentagrid frequency changer. Like all circuits in this chapter it is 
a skeleton circuit, and lacks certain necessary refinements. 

important aspect is the feat that the valve accomplishes rather than the 
method of its internal working. 

Fig. 122 needs some further explanation. It will be observed that no 
values are given for the components, since these vary widely with valves 
of different manufacture. The aerial coupling is arranged as a single-
tuned circuit and develops a potential between the signal grid and cathode, 
negative bias for this grid being provided by the bias resistance in the 
cathode circuit. The signal grid, which is sometimes called the modulator 
grid, usually has variable-mu characteristics, and control of volume may 
therefore be obtained by using a variable resistance in place of the fixed 
resistance in the cathode circuit. The signal grid is sandwiched between 
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grids 3 and 5, which serve the same purpose as the screening grid of an 
ordinary H.F. valve. In this case, however, the signal grid is screened 
from everything to prevent coupling between this circuit and the oscillator 
circuit, which would result in the oscillator frequency being re-radiated by 
the aerial and the tendency for one tuned circuit to mistune the other. 

Grids r and 2 form with the cathode a triode oscillator in the manner 
already described, but attention may be directed to the grid leak and 
condenser associated with grid 1, which is not intended to produce grid 
rectification, but is intended to hold the grid at the required potential, 
which is obtained by the voltage drop across this resistance due to grid 
current which flows when the grid swings to maximum positive. This 
circuit, like all circuits shown in this chapter, is stripped of refinements 
that would be necessary under working conditions, since they are intended 
to illustrate the principle; full circuits are illustrated and described in 
a later chapter. 
The pentagrid may be described as a most efficient frequency changer 

when used at the relatively low frequencies, that is to say below 1,5o0 kcs. 
(200 metres), but its efficiency begins to fall off at the higher frequencies, 
and at frequencies around 20,000 kcs. (15 metres) it is difficult or im-
possible to make the oscillator section function. The pentagrid may be 
regarded as a tetrode when considering the behaviour of the anode circuit, 
since the electron cloud, signal grid, outer screening grid, and anode form 
and operate as a screened tetrode. The valve has a comparatively low 
anode impedance, and consequently somewhat severely damps the tuned 
circuits which form the intermediate frequency transformer. 
The Octode.—As explained above, the pentagrid introduces severe 

damping in its anode circuit, which is common to all valves which bear 
resemblance to the tetrode. The octode is an attempt to overcome the 
difficulty by introducing a suppressor grid between the outer screening 
grid and the anode which raises the impedance in the same manner that 
the suppressor grid functions in the H.F. pentode. In this way damping 
of the intermediate-frequency tuned circuit is reduced. Unfortunately, 
however, certain drawbacks are also introduced, particularly in the 
direction of increased total space current, which is presumably the reason 
why this valve does not enjoy the popularity that might be expected. 
The Heprode.—The heptode somewhat resembles the pentagrid, inas-

much as it utilises 5 grids. It is not, necessarily, a complete frequency 
changer, but very often is a mixer or modulator valve, making essential 
the assistance of a separate oscillator to form a complete frequency-
changing stage. The basic circuit arrangement for this valve is shown 
at Fig. 123, from which it may be seen that it bears some resemblance 
to the octode, since the outermost electrode is connected to the 
cathode and forms a suppressor grid. In other words, the oscillator and 
heptode may be considered as forming an octode, but with the essential 
difference that the signal grid is the innermost grid, a modification that 
permits the valve to oscillate readily at relatively high frequencies; thus, 
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with careful design, it can be used for frequency changing up to 6o mcs. 
(5 metres) or perhaps even a little higher Unfortunately certain 
manufacturers market a pentagrid valve under the name of heptode; 
consequently, when a valve is described as a heptode, some doubt must 
necessarily arise regarding the exact function that it is intended to 
perform. As will be seen later the position is still further confused by the 
nomenclature adopted for certain other types. 

Triode Heptode.—So far the valves described have been types that may 
be considered as single structures; at least from the mechanical aspect. 

\l/ 

Fig. r23.—Basic circuit of a heptode mixer-valve with separate triode oscillator. 

The triode heptode serves to introduce a class of valve that is becoming 
increasingly popular, and comprises two mechanically distinct assemblies 
mounted in one bulb. The external appearance of the electrode assembly 
of a triode heptode is shown at Fig. 124. The example chosen is arranged 
with the assemblies mounted one above the other, the lower being the 
triode section, which is separated by a screen from the upper section, 
which is purely and simply a heptode. No electrical connection exists 
between the two, with the exception of an internal connection between 
the oscillator grid and grid 3 of the heptode. This connection may be 
seen by reference to Fig. 125 ; the cathodes are of course connected 
together, but, as these may be regarded as zero potential in respect to all 
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other electrodes, this connection will not influence the relationship between 
the two valves. It is interesting to note that some manufacturers mount 
the two assemblies side by side when a high value of mutual conductance 
is required from the triode, since this arrangement lends itself to increasing 
the dimension of the latter section. Fig. 125 shows the basic circuit of a 

triode heptode frequency-changing stage, and 
it can be seen by comparing it with the 
circuit at Fig. 123 that there is no basic 
difference between these two circuits. The 
only difference is a practical one, inasmuch 
as the valve under discussion incorporates 
the two necessary valve assemblies in a 
single bulb. This arrangement is slightly 
advantageous when working at very high 
frequencies, due to the shortness of the lead 
coupling the two valves together. Bearing 
in mind that an electron cloud will form 
between grids 2 and 3, it is possible to 
visualise this valve as behaving like a pen-
tode: consequently the damping of the anode 
circuit is relatively low. 

Triode Hexode.—The triode hexode is 
exactly similar to the triode heptode, except 
that it does not employ a suppressor grid; 
consequently the damping of the anode 
circuit is somewhat higher. Generally speak-
ing, the term triode hexode is reserved for 
this type of valve, which has four grids in the 
hexode section. Unfortunately at least one 
manufacturer has seen fit to include a sup-
pressor grid, but retained the term hexode, 
whereas the valve should, strictly speaking, 
be designated heptode. Fortunately the 
method of using both valves is precisely 
similar, and th a pin connections are the 
same. Nevertheless such reversal of nomen-
clature is unfortunate. 

Triode Pentode.—It will be noted that the 
frequency-changing valves so far described have utilised direct metallic 
connection between the oscillator and the mixer. The triode pentode, 
however, differs radically from this arrangement, and the method of using 
it is fundamentally different. The basic circuit for using the triode pentode 
is shown at Fig. 126. It will be observed that the valve comprises a normal 
screened pentode and a normal triode; the aerial circuit is arranged to 
produce potential difference between the inner or control grid and the 
cathode; the screening grid is taken to a source of positive potential, and 

Fig. I24.—The electrode assembly of 
a typical triode heptode; the lower 
section is the triode, while the upper 
section is the heptode, with anode 
partly cut away to show the outer 
screening grid. 
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the suppressor grid is normally connected to cathode. This connection is 
not made internally, but the suppressor grid is brought out to a separate pin, 
permitting an alternative connection to be made. The triode section is 
arranged to work in a somewhat unusual manner—the anode circuit is not 
coupled to the grid circuit—the grid being taken to a point at zero potential 
through a resistance which is associated with a condenser to provide 
grid bias, due to the potential set up across the resistance when grid current 
flows. The anode circuit incorporates a tuned inductance which is coupled 
to an inductance in the cathode lead. This will cause the valve to oscillate, 
and, since both cathodes are common, the variation in cathode potential 
will be imparted to 
the pentode section. 
In this way the anode y 
current of the pentode " 
will be controlled by 
both the oscillator 
valve and the poten-
tial applied to the 
control grid, thus pro-
ducing the two beat 
notes in the anode 
circuit in a manner 
similar to that already 
described. 
The coupling of the 

anode circuit to the 
cathode circuit as a 
means of producing 
oscillation is so un-
usual that some ex- 
planation is called for.   j 
It has been explained 
in an earlier chapter 
that the anode current Fig. 125.—A basic circuit using a triode heptode for frequency 

in 
of a valve may be chang g. 
controlled by the difference in potential between grid and cathode, the 
conventional interpretation being to hold the cathode at a fixed potential 
and vary the grid in respect to it. The arrangement at Fig. 126 is an 
exact reversal of the conventional arrangement, since the grid is held at 
a fixed potential and the cathode potential varied in respect to the grid. 
In either case variation is achieved between grid and cathode, and the 
valve will oscillate. 

It is doubtful whether the triode pentode has any advantage that 
would suggest its selection in preference to the triode heptode, although 
its efficiency may be improved by the use of a relatively complicated 
circuit which uses both cathode and suppressor-grid injection. The 
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arrangement has, however, found favour with some designers, which 
alone is sufficient to justify its inclusion in this brief survey of frequency-
changing valves. 

Conversion Conductance.—When considering the performance of 
frequency-changing valves it is necessary to find some factor for measuring 
performance, since mutual conductance does not give the information 
required. It will be appreciated that the mutual conductance of a fre-
quency changer would be a measure of the control of any one grid over 
anode current; the performance of a frequency changer is determined 
by the characteristics of the signal section and the oscillator section, and is 

--> 

Fig. 126. —Basic circuit of a triode pentode frequency changer. That shown is an indirectly heated 
valve. Considerable modification is necessary when using a battery type. 

measured in terms of conversion conductance. Conversion conductance may 
be defined as the factor of merit of a frequency-changing valve. It is defined 
as the rate of change of intermediate-frequency current brought about 
by a change of alternating signal voltage applied to the signal grid, and is 
expressed as milliamps per volt (ma/V). Since conversion conductance is 
partly dependent upon the behaviour of the oscillator section, it is not 
surprising that this section must be controlled if maximum results are to 
be obtained; in other words, the circuit must be so arranged that the 
oscillator grid swing is maintained at an optimum value. 

Fig. 127 shows a curve plotted to show the conversion conductance 
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obtained from a typical pentagrid when various oscillator voltages are 
employed; the voltage developed by the oscillator section of a frequency 
changer is usually called the heterodyne voltage. Reference to Fig. 127 
will show that efficiency is greatly diminished if the heterodyne voltage is 
permitted to fall below about 6 volts, though an increase of heterodyne 
voltage brings about a negligible increase. The valve in question should 
therefore be worked at about 9 volts R.M.S., which will ensure high con-
version conductance with a reasonable safety margin. Excessive hetero-
dyne voltage should be avoided, since it is likely to bring about an increase 
in the harmonic content of the anode current, which may beat with other 
frequencies and produce whistles. In practice, care is required so to 
design the oscillator circuit that the heterodyne voltage will remain 
constant within reason- > 
able limits over all ia 
sections of the wave- e 
bands to be covered. c4. 
The suggested value ecr 

of 9 volts for the valve o 
portrayed at Fig. 127 ra 
will permit of some o 
variation without z 
bringing about a notice- e ra o 
able change in conver- re 
sion conductance. 
The previous chapter o 

outlined the principle 
of the superheterodyne, 2 4 6 8 I 0 

and after this introduc-
tion to the basic types Fig. 127.—Curve showing the effect of heterodyne voltage (oscillator 

output) on the conversion conductance of the frequency-changing 
of valves in general stage. The actual valve used to plot this curve was an indirectly 
use it is possible to heated triode hexode. 

devote the next chapter to a detailed consideration of the finer points 
governing the design and behaviour of the superheterodyne receiver. 
Background Noise.—Several references have been made to back-

ground noise due to random variation of the emission from the cathode 
or filament; this effect is particularly apparent in the frequency 
changer. The high level of valve noise in this stage is largely due to the 
design of the valve and some attempt has been made to lessen the 
effect by careful attention to valve geometry. There is, however, a 
way of reducing valve noise in this stage by using a high-frequency 
amplifier in front of it. As already stated, valve noise reaches a 
relatively high level in the frequency-changing valve, but it is practically 
unaffected by the amplitude of the incoming signal. The effect of valve 
noise on reproduction can only be measured in terms of the signal to 
noise ratio. Since the amplitude of valve noise is sensibly constant, it is 
apparent that the signal to noise ratio can be improved by increasing 

HETERODYNE VOLTAGE RAIL 
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signal amplitude, which can be most easily accomplished by the use of a 
high-frequency amplifier in front of the frequency changer. 
The high-frequency amplifier will contribute to the level of general 

valve noise, but the signal to noise ratio of this stage is very much more 
favourable than that obtaining in the frequency-changing stage ; con-
sequently its use brings about an improvement in the over-all noise-level. 
In order to avoid confusion the stage in front of the frequency-changing 
stage is often referred to as a radio-frequency amplifier. 



the brief outline given 
that the superhetero-
dyne is simplicityitself 
and the ideal solution 
to many of the pro-
blems of modern 
radio. Actually, this 
type of circuit is prone 
to a number of diffi-
culties, the minimisa-
tion of which calls for 
special care. It is un-
doubtedly the only 
known solution to the 
congested state of the 
broadcast waveband, 
and the best modern 
interpretation of this 
type of receiver indi-
cates that the early 
drawbacks have almost 
entirely disappeared. 
In all probability the 
average reader of this 
book has an incom-
plete idea of the 
astonishing difference 
in the number and 
power of stations oper-
ating to-day compared 
to those of, say, 1928. 
To give some mental 
picture of the great 
change that has come 
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CHAPTER 18 

DESIGN OF THE SUPERHETERODYNE 

THE preceding two chapters have served to introduce the principle of 
the superheterodyne and valves peculiar to frequency changing. It 
might be thought from 

e 

IhJti 111,0111111111111,11.1 It t I o t  
600 «  k.c.s. 1500 

Fig. f28.—The number and powe: of European broadcasting stations 
working in 5928. Height of lines represent power, and position 
in the horizontal direction shpws frequency. 

600   k C 

II 
1500 

Fig. 129.—This diagram was prepared in exactly the same way as 
Fig. 528, but shows the situatton to-day; a few stations actually 
are powered at 300 and ev..n 500 kW and some have been 
omitted as they are too close to be drawn as separate lines, one 
line may represent as many as a dozen stations all working on 
the same wavelength. 

135 



136 DESIGN OF THE SUPERHETERODYNE 

about a diagrammatic representation is shown in Fig. 128 and Fig. 129 
respectively. Fig. 128 shows the number and power of stations operating 
in 1928; each line represents a station, the length of the line indicating 
the power in kilowatts in accordance with the scale shown. Fig. 129 
shows the number and power of stations operating at the present time. 
Purely as a matter of interest it may be noted that the total number of 
kilowatts radiated when all stations as shown at Fig. 128 are working 
amounts to about 142 kW, while the same figure derived from Fig. 129 
amounts to about 20,000 ignoring all under io kW. 
The above brief statement of the position has shown the task that a 

modern receiver is expected to perform, and attention may now be devoted 
to consideration of the various aspects of the superheterodyne, the 
difficulties that must be overcome, and various other relevant details. 

Adjacent-channel Selectivity.—Questions governing consideration of 
selectivity can be divided into two classes. Adjacent-channel inter-
ference and second-channel interference. It will be convenient to consider 
the former first. Adjacent-channel selectivity may be defined as the 
ability of the receiver to eliminate interference from stations working 
immediately above and below the station that it is desired to receive. 
If the wanted station is working at a frequency of L000 kcs. per 
second, it may well have stations working at frequencies of 991 and 
1,009 kcs., respectively, as possible sources of interference. Assuming 
the intermediate frequency to be 465 kcs. per second, the oscillator 
frequency will usually be 1,465 kcs. per second when receiving a station 
working at a freqency of 'moo kcs.; this frequency, beating with the 
three signal frequencies mentioned above, will produce the following 
frequencies in the anode circuit: 465 kcs. per second—the wanted 
frequency; and 474 and 456 kcs. per second—the unwanted frequencies. 
It is therefore apparent that the intermediate-frequency amplifier must 
be capable of attenuating the unwanted frequencies to such an extent 
that they will be inaudible. It should be noted that the wanted 
station may be received at a strength inferior to the unwanted stations. 
The aerial coupling may be expected to make some contribution 
towards the necessary attenuation of the unwanted station, but the 
major selectivity must be provided in the intermediate-frequency 
amplifier, which must employ the requisite number of tuned circuits. 
These will normally be of the bandpass type, and, since they will work 
at a fixed frequency, considerable scope is offered to the designer to 
produce a series of coils, the total response of which will show some 
close approach to the ideal bandpass curve, which, it will be remembered, 
has a flat top and vertical sides. 
The high selectivity necessary in the intermediate-frequency amplifier 

must result in a considerable loss of the high audio-frequencies, but, 
fortunately, a certain amount of " faking " is possible—to " replace " this 
loss. Fig. 130 shows an oscillograph of the combined high- and inter-
mediate-frequency response-curve of a modern superheterodyne employ-
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ing bandpass aerial coupling and two over-coupled bandpass transformers 
in the intermediate-frequency amplifier. This curve represents a fairly 
serious loss of top, since the width at half the height is equal to a band 
width of 7 kcs. per second. 
Nevertheless, with the aid 
of a certain amount of 
" faking" introduced into 
the latter end of the re-
ceiver, the quality of repro-
duction can be made equal 
to that obtained from the 
average commercial super-
heterodyne. This is perhaps 
a rather loose method of ex-
pression, but it is one which 
readily conveys the type of 
intermediate-frequency re-
sponse-curve that can be 
tolerated on the grounds of 
quality. 

Second-channel Selec-
tivity.—It will be remem-
bered that two beat notes are produced, being the sum of and the 
difference between the oscillator and signal frequency. Using once again 
L000 kcs. per second for the wanted station, and 1,465 kcs. per second for 
the oscillator, it will be possible to explore the possibilities of second-channel 
interference. As an introduction, suppose that there is a station working 
on 1,928 kcs. per second, and that the aerial tuning is so flat that it 
permits a measurable potential to be developed across the grid-cathode 
circuit of the frequency changer. It will be remembered that the 
difference between a signal frequency and the cscillator frequency will 
produce a beat note. The difference between 1,928 and 1,465 is 463 kcs. 
per second; thus we have a beat note appearing having a frequency of 
463 kcs. per second, which will appear as an interfering frequency to the 
465 intermediate frequency, and give rise to a whistle, the frequency of 
which will once again be the difference, or 2,000 cycles per second. 
A tuned circuit must necessarily be extremely inefficient to permit 

a transmission on a frequency of 1,928 kcs. per second to interfere with 
the station working at a frequency of r,000 kcs. per second, but a very 
different state of affairs exists if a lower intermediate frequency is used. 
For example, if 128 kcs. per second is chosen for the intermediate fre-
quency, it is apparent that similar interference will arise from a station 
working on a frequency of 1,591 kcs. per second when the receiver is 
tuned to a station working on a frequency of I,000 kcs. per second, and 
it is well within the bounds of possibility for such interference to be 
caused when using a single tuned circuit in the aerial coupling. It will 

Fig. 130.—The combined high. and intermediate-frequency 
response-curve of a modern superheterodyne. 
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be remembered that the selectivity of a single tuned circuit is very low, 
and is made even lower by the damping imposed by the aerial system, 
since it is quite impracticable to use any form of reaction to off-set this 
damping. 

It is apparent from the above two examples that the selectivity of the 
aerial coupling, or, if a stage of high-frequency amplification is used, the 
selectivity of the stage, must be capable of adequately eliminating those 
frequencies which can give rise to second-channel interference. It is 
equally apparent that a relatively high intermediate frequency calls for 
less selectivity in the aerial coupling. For this reason 465 kcs. per second 
has become almost standard in this country; the advantage of a lower 
intermediate frequency is the ability to produce higher stage gain per 
valve in the intermediate-frequency amplifier, but this advantage is off-set 
by the necessity for high selectivity in the aerial coupling. The position 
can perhaps be summarised by saying that a minimum of two tuned 
circuits is necessary in front of the frequency changer when the inter-
mediate frequency is about 128 kcs., while one tuned circuit can be made 
to suffice if the intermediate frequency is about 465 kcs. per second. 
The possibility of using some frequency between 128 and 465 kcs. may 

perhaps have occurred to the reader, but such a choice is impracticable, 
since these frequencies are those associated with the long wavebands, 
and difficulty will arise due to the grid circuit of the frequency changer 
being tuned to a frequency close to the intermediate frequency, and 
under this condition the valve is liable to oscillate. In addition, there is 
danger of the intermediate-frequency wiring picking up interference direct 
from a powerful long-wave broadcasting station. Another disadvantage 
of using intermediate frequencies between 128 and 465 kcs. per second 
will manifest itself in a comparatively large number of whistles arising 
from oscillator harmonics beating with various powerful broadcasting 
stations. Second-channel interference is sometimes called image inter-
ference. 
Sideband Splash.—When using a superheterodyne receiver having a 

reasonably good audio response-curve adjacent-channel interference may 
appear in the form of strange noises intermittently accompanying the 
required programme. These noises often resemble the sound that might 
be expected when hearing a strange language by way of a very crude 
telephone. This interference is usually termed sideband splash, though 
the Americans refer to it rather aptly as " monkey chatter." It is caused 
by the high audio-frequencies of the station working on the adjacent 
channel encroaching on the band width passed by the intermediate-
frequency amplifier. It will be realised that this phenomenon is difficult 
to avoid when the adjacent-channel signal is received at a strength 
comparable with the wanted signal, when it is remembered that the 
majority of stations are spaced from their neighbours by 9 kcs. per 
second, and are modulated to about 7 kcs. each side of the fundamental 
frequency, giving a definite overlap between those frequencies above 
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4.5 kcs. per second (4,500 cycles per second)—an audio-frequency that is 
just above the top note of the piano and comfortably within the harmonic 
range required for the true reproduction of music. 

Variable Selectivity.—It has been implied that sideband splash will 
be apparent if the intermediate-frequency amplifier has a band width 
that is sufficient to allow a reasonably good quality of reproduction; it 
is necessary that such high selectivity be employed if it is desired to 
receive those stations that have powerful stations working on adjacent 
channels. On the other hand, it seems unreasonable to spoil the quality 
of reproduction on all stations in the interests of receiving a few, free 
from sideband splash. Unless a compromise is to be effected, it is apparent 
that the band width of the intermediate-frequency amplifier must be 
varied at will by 
some suitable control. 
Variable selectivity in 
the intermediate-
frequency amplifier is 
often referred to as 
variable band width 1 
or variable band 
spread, and can be 
accomplished in a   
number of ways; the 
simplest method is to 
make provision for 
varying the coupling 
between the coils 
comprising the first 
intermediate-fre-
quency transformer. 4  
This method has the Fig. t3t.—A method of obtaining two band widths. 

advantage of simpli-
city from the mechanical point of view, but is difficult to accomplish 
successfully from the electrical point of view, since variation of coupling 
will inevitably cause a variation in the resonance frequency of the circuit 
so that adjustment of band width is accompanied by mis-tuning. With 
care, however, such arrangements can be used without the mis-tuning 
becoming objectionable, providing such mis-tuning occurs when the band 
width is broadened, and not when it is narrowed. 
An alternative method of obtaining variable selectivity is shown at 

Fig. 131, which is an arrangement permitting two alternative band 
widths to be obtained by means of a switch; the primary and secondary 
coils are coupled to an extent that will give a band width equal to the 
average band width of the alternatives. In addition, extra coupling is 
provided by means of a small coil in series with the secondary and closely 
coupled with the primary. By means of the selectivity switch the small 
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coil may be made to increase or diminish the coupling, thus giving the 
choice of band width; by suitably proportioning and spacing the small 
coil and the primary coil very little mis-tuning is introduced. 

Before leaving the question of variable band-width control some men-
tion may be made of the simplest possible form, which entails the use of 
a variable resistance across the primary or secondary. While this 
arrangement certainly gives variation of selectivity, it cannot be recom-
mended, since it affects the gain to an intolerable extent, and also intro-
duces considerable mis-tuning. 
Ganging the Oscillator.—Every modern commercially built super-

heterodyne receiver is tuned by rotation of a single knob, and it is neces-
sary, therefore, to find means of keeping the oscillator circuit spaced from 
the signal circuit by the intermediate frequency; it has already been 
mentioned that the oscillator may be less than, or in excess of, the signal 
frequency by an amount equal to the intermediate frequency, and that the 
latter alternative is invariably chosen. Another reason for this is apparent 
when the alternatives are considered. Assume that the receiver is 
required to tune from 200-550 metres (1,500 to 545 kcs. per second). 
If the intermediate frequency is 465 kcs. per second, then the oscillator 
circuit must tune from 1,965-1,010 kcs. per second, which is a ratio of 
1.9 : I approximately. If the oscillator frequency is to be less than the 
signal frequency the ratio is approximately 3o: I, which is impossible, 
since it will be recalled from an earlier chapter that careful design is 
required to enable a tuned circuit to have a maximum to minimum 
frequency ratio of 3 : 1. If a lower intermediate frequency is used, the 
difference in ratio between the alternative oscillator frequencies is some-
what diminished, but the difference is nevertheless somewhat formidable. 
When a figure is decided upon for the intermediate frequency, means 

must be found for ensuring that the oscillator circuit will differ in fre-
quency by this amount from the signal-frequency circuit, which is not as 
simple as might be supposed, since no relationship of inductance or 
maximum condenser capacity will keep these circuits at their correct 
relationship over the signal-frequency bands to be covered. One method 
of accomplishing the required relationship is to utilise a special oscillator 
condenser, the vanes of which are so shaped that the required change of 
capacity is obtained at any setting of the condenser. This method is 
entirely satisfactory and is in general use, but unfortunately it can only 
hold good for any one waveband, since a change of the associated induc-
tance necessitates a change in shape of the condenser vanes, and recourse 
must be made to the system of padding for the second and subsequent 
wavebands used; in order to avoid serious complications the vanes are 
shaped to give the necessary effect when working on the highest frequency 
band incorporated in the receiver, and the lower:frequency band or bands 
are corrected by means of padding. 

It will be convenient to deal first of all with circuits that do not use 
a specially shaped condenser and use, therefore, padding on all wavebands 
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A moment's reflection will show that the use of fixed capacity can be made 
to correct the frequency at minimum and maximum, that is to say, a 
fixed condenser in parallel with the variable condenser can correct the 
minimum capacity of the circuit, or, alternatively, a fixed condenser can 
be placed in series with either the variable condenser or the coil to correct 
the maximum capacity. These alternatives, however, will result in 
deviation from the desired frequency at the middle of the scale; recourse 
is made, therefore, to a carefully chosen combination of the two, which 
results in the relationship between the signal and oscillator circuits being 
very satisfactorily maintained over each waveband. In practice, the 
fixed series condenser is invariably placed in series with the coil, since a 
different value will be required for each of the frequency bands covered 
by the receiver, and the requisite condenser can be brought into circuit 
without any additional complication to switching. The relationship 
between the signal and oscillator circuits is called tracking; the series 
condenser above referred to is called the padding condenser and is usually, 
although not necessarily, of the pre-set type, to permit of adjustment when 
the receiver is manufactured; the small parallel capacity above referred 
to is called the trimming condenser, and is invariably of the pre-set type, 
for similar reasons. 
The correct values of padding and trimming condensers and the 

inductance with which they should be associated are left to a later chapter, 
since these can be more readily discussed when a complete superheterodyne 
receiver circuit is considered in detail. When the oscillator and signal-
frequency condensers have similarly shaped vanes, padding and trimming 
condensers will normally be used on all wavebands. When a shaped 
vane condenser is used to correct the highest frequency band in use, the 
auxiliary pre-set condensers will be required on the other band, or bands, 
and their capacity will necessarily require some modification. 
The Intermediate-frequency Amplifier.—The superheterodyne re-

ceiver need not necessarily include an intermediate-frequency amplifier, 
in fact there are a number of commercially built receivers which are so 
designed. The superheterodyne principle is used solely to obtain 
additional selectivity, no extra amplification being sought. In such 
arrangements the detector is usually provided with reaction as a means 
of obtaining sufficient sensitivity for normal purposes. When it is 
required to design a receiver having a high degree of selectivity, and em-
ploying only three valves, this arrangement has much to commend it, and 
its performance may be considered entirely satisfactory as long as it is 
visualised as a highly selective three-valve set rather than as a super-
heterodyne; such a circuit is described in detail in a later chapter. 
The intermediate-frequency amplifier usually employs a single valve, 

although two are sometimes used in battery receivers, owing to the lower 
mutual conductance of battery valves; there are examples of mains 
receivers using two, or even three stages of intermediate-frequency 
amplification, but these are rare. Fig. 132 shows the circuit of a typical 
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intermediate-frequency amplifier from the anode of the frequency-changing 
valve to the anode of the detector. It will be observed that four tuned 
circuits are introduced, and consequently a high degree of selectivity may 
be expected. The response-curve of such an amplifier may be seen from 
the illustration at Fig. 134, which is an oscillograph taken from a commercial 
superheterodyne receiver using an indirectly heated mains valve of the 
screened-pentode type and bandpass intermediate-frequency trans-
formers over-coupled to give the desired response-curve. It should be 
understood that Fig. 134 shows the response-curve of the intermediate-
frequency amplifier only. Fig. 130 shows the response-curve of the same 
receiver from the aerial coupling to the detector, and includes, therefore, 

1P 

(  
Fig. 132.—A complete circuit of an intermediate-frequency amplifier. The dotted arrows indicate 

that the associated condensers are of the variable pre-set type. The resistance shown on the 
right forms the diode load. 

the selectivity of the aerial coupling, which is also of the bandpass type. 
When recording Fig. 130 the receiver was deliberately tuned to a point 
where the response-curve of the aerial circuit left something to be desired, 
and it is intended to illustrate that in practice it is virtually impossible to 
preserve the ganging of variably tuned circuits so that the response-curve 
is constant at all frequencies. 

Fig. 133 was obtained by incorrectly adjusting the trimming condensers 
across the intermediate-frequency transformers. Actually, the two 
primaries were correctly tuned, but the secondaries were sufficiently off 
tune to render completely absent the bandpass characteristics that are 
apparent in Fig. 134. It should be understood that in this condition the 
sensitivity of the receiver remained normal, and quality alone suffered. 
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Fig. 135 shows the condition where the secondaries were slightly off tune 
and have produced a second hump, but of insufficient amplitude to cause 

Fig. 134.—The intermediate-frequency response-
curve using two tuned intermediate-frequency 
transformers slightly over-coupled. 

133.—The response-curve of an over-coupled 
bandpass intermediate-frequency transformer. 
To obtain this illustration the secondaries were 
so badly mis-tuned that the bandpass charac-
teristics have been lost. 

the merging of the two humps to produce the desired shape of response-
curve. Examination of Fig. 134 will show that the top of the curve 
dips somewhat in the middle, 
which indicates that the coils 
are over-coupled, resulting 
in accentuation of the higher 
frequencies and some at-
tenuation of the middle and 
low frequencies. 
When coils are so coupled 

that the characteristic band-
pass dip is barely apparent, 
the coils are said to be 
critically coupled. Coupling 
that is less than critical 
coupling will result in the 
response-curve taking the 
form of a single peak; this 
condition is illustrated at 
Fig. 133. 

It is sometimes convenient 
to couple deliberately the 

Fig. 135.—A response-curve taken from the same inter-
mediate-frequency amplifier as that used for taking 
Fig. 134, but with the secondary of the first transformer 
slightly mis-tuned. 
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intermediate-frequency transformers tighter than critical coupling with a 
view to accentuating the higher audio-frequencies; this allows the aerial 
coupling to be sharply tuned, and the frequencycharacteristics of the onecan 
be made to compensate for the frequency characteristics of the other,so that 
the total response-curve of the receiver is not intolerable. As an alterna-
tive arrangement, it is possible to introduce deliberately three entirely 
different response-curves for the aerial and the two intermediate-frequency 
transformers. The usual procedure adopted utilises sharply tuned aerial 
and first intermediate-frequency coils to obtain the maximum possible 
selectivity in the earlier stages, and to correct the audio-frequency response 
of the complete receiver by using a very much over-coupled transformer 
in the second position. This arrangement is employed partly with a view 
to giving special characteristics to the primary circuit of the second 
intermediate-frequency transformer in order to provide means of avoiding 
the unpleasant sound that may arise when a superheterodyne is being 
tuned from one station to the next, since this arrangement entails a special 
automatic volume-control circuit. Further reference will be made when 
this principle is dealt with in Chapter 27. 
The tuned transformer has been referred to exclusively as the means of 

coupling the intermediate-frequency amplifier ; transformer coupling 
has everything to commend it, but it is nevertheless possible to employ 
tuned anode coupling, and, in fact, this alternative is often adopted for 
receivers designed to operate only on the short wavebands. All things 
being equal, the tuned anode coupling will give greater stage gain but 
impaired quality of reproduction, a compromise that is sometimes pre-
ferred on the grounds that good quality is unobtainable on the short 
waves, and that no useful purpose is served by sacrificing gain in order 
to achieve the impossible. Such philosophy is to be greatly deprecated, 
since quite good quality can be obtained on these wavebands, and, in fact, 
many commercial receivers are capable of giving very excellent reproduc-
tion from short-wave broadcasting stations. Admittedly reception of far-
distant stations is often rendered horrible by atmospherics, but it seems 
unreasonable to permit the reception of these distant stations to dominate 
the design of the receiver when excellent entertainment is available on 
these wavebands from many Continental transmitters. 

It is obviously impossible to design a single-tuned anode coupling to 
have bandpass characteristics, particularly when high magnification will 
be required in the interests of sensitivity. It is, however, possible to 
design the amplifier as a whole so that it has a response-curve which 
approaches that illustrated at Fig. 134. This feat is accomplished by 
tuning the first and second intermediate-frequency tuned anode coils to 
slightly different frequencies, usually 463 and 467 kcs. per second, respec-
tively, or 126 and 130 kcs. per second, respectively, according to the inter-
mediate frequency used. This arrangement gives an intermediate-frequency 
response-curve of the double-hump type, which, when associated with a 
sharply tuned aerial coupling, gives quite tolerable quality of reproduction. 
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It is well within the bounds of possibility to use staggered intermediate 
frequencies for transformer coupling, the principle involved being exactly 
the same as that outlined above for tuned anode coupling, the only 
difference being that the tuned anode coils are replaced by tuned trans-
formers, which are designed or adjusted so that their response-curves 
approximate to the shape shown at Fig. 134. No useful purpose is 
served, however, other than some small increase in gain and a trifling 
reduction in cost, since the manufacturing tolerances permitted for coil 
inductance are not so stringent as those necessary for coils intended for 
bandpass coupling. 

Certain American receivers use intermediate-frequency transformers 
comprising three tuned 
circuits; there is at least 
one example of this arrange-
ment to be found amongst 
receivers of British manu- _L 
facture. However, it is not • 
likely to become a general 
favourite in this country, 
since it is a means of obtain-
ing a little extra selectivity 
at the expense of a relatively 
large reduction of quality. 
Although the broadcasting 
band is terribly congested 
from the point of view of 
reception in this country, it 
is not as bad as the state of 
affairs obtaining in America, 
consequently the more nor-
mal intermediate-frequency 
transformer employing two 
tuned circuits may be designed to give adequate selectivity for reception 
in this country. 
A short description of the triple-tuned intermediate-frequency trans-

former is given below, partly for the sake of completeness, and partly 
because it is finding favour in this country for use in receivers designed for 
commercial and other radio-telephony. The circuit is given at Fig. 136, 
from which it may be seen that the arrangement is quite normal, with the 
exception that an additional tuned circuit is included, which, it will be 
observed, has no metallic connection with the receiver, except that one 
side is earthed to give a measure of stability. From the purely theoretical 
standpoint this connection may be omitted. 
The functioning of the triple-tuned intermediate-frequency transformer 

is dependent upon its construction. The three coils are arranged on a 
common former with the extra coil in the middle, and are so spaced that 

Fig. 136.—A triple-tuned circuit intermediate-
frequency coupling. 
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the direct coupling existing between the primary and secondary is fairly 
small, the major portion of the coupling being due to the mutual coupling 
existing between the primary and secondary with the middle coil. It will 
be remembered that damping of the secondary of a transformer is trans-
ferred to the primary, and vice versa, to an extent dependent on ratio and 
coupling; the presence of the middle coil reduces this transference of 
damping, which, together with the inherent selective properties of the 

third tuned circuit, brings about a 
marked increase of selectivity. 
Whistle Suppression.—Whistles 

often appear on the long waveband 
of a superheterodyne receiver, due 
to stations on the medium wave-
band which are not effectively 
rejected by the aerial coupling, 
owing to certain of the former being 
harmonics of certain frequencies on 
the long waveband. This pheno-
menon appears as a whistle 
interfering with the reception of a 
long-wave station, due to inter-
ference from a medium-wave station 
in the manner described. To over-
come this trouble the arrangement 
shown at Fig. 137 is often used. 
It consists of a small high-frequency 
choke in the aerial lead, which is 
designed so that it offers as little 
impedance as possible to frequencies 
on the long waveband, but as much 
impedance as possible to frequencies 
on the medium waveband. It is, 
of course, necessary to arrange for 
this choke to be short-circuited, or 
in other ways put out of circuit 

Fig. i37.—Input coupling using a choke in the 
aerial lead to suppress whistles on the long when receiving medium waves. 
waveband. This device is unnecessary when 

using bandpass coupling, or when 
using a stage of high-frequency amplification in front of the frequency 
changer, but its incorporation is desirable when only one tuned circuit 
precedes the frequency changer. 

Signal to Noise Ratio.—The reception of distant stations must 
unavoidably be accompanied by at least some background noise, which 
can be conveniently classed under two headings: noise picked up by the 
aerial, and valve hiss. It will be convenient to deal with the former first. 
The amount of noise picked up by the aerial cannot be considered in terms 
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of the actual voltage developed across the aerial coil from this source, 
since the actual amount of noise which will appear as a background to the 
programme received must necessarily be considered in terms of its volume 
relative to the required programme. It is thus usual to refer to the signal 
to noise ratio, which is the relative amplitude of the one to the other. 
It might be thought that the signal to noise ratio would invariably be the 
actual ratio of energy picked up by the aerial. This is not so, as noise 
will be generated by the receiver itself, and by the frequency-changer 
valve in particular which introduces more noise for a given stage gain 
than any other valve. Bearing this in mind it will not be surprising that 
improvement can be effected by introducing a stage of ordinary tuned 
high-frequency amplification in front of the frequency changer, and there-
by reducing the intermediate frequency amplifier gain necessary for a 
given overall stage gain. The introduction of the high-frequency 
amplifier will have other beneficial effects, notably the elimination of 
second-channel interference. 
Valve Hiss.—Valve hiss, which is sometimes called valve noise, is due 

to a phenomenon known as the Schrot effect, which may be described as 
the inherent property of a filament or cathode to give small instantaneous 
variations of emission which cannot be controlled by any outside influence. 
The noise caused by this effect tends to be constant irrespective of the 
amplitude of the received signal and, furthermore, the noise introduced 
in the frequency changer is more marked than in any other portion of the 
circuit. When the frequency-changing valve is the first valve in the 
receiver, the ratio between the incoming signal and valve hiss will tend to 
be unfavourable, and this ratio will be preserved after they have both 
been duly amplified by the various following stages. If a stage of high-
frequency amplification precedes the frequency changer, it follows that 
the signal delivered to the frequency changer will be proportionately 
larger, and amplification following the frequency changer proportion-
ately smaller, and a corresponding gain in signal to noise ratio is thereby 
obtained. Admittedly the high-frequency amplifier will add its quota of 
noise, but this will be less than that of a frequency changer, with the 
result that the improvement is still maintained, and, as already intimated, 
a gain in selectivity is achieved. 
Background noise will appear as a combination of noise picked up by 

the aerial and valve hiss, and in the interests of the over-all reduction of 
this unwanted noise it is desirable that the first valve should give 
maximum amplification, and that the subsequent valves should give the 
gain required to raise the signal to the required volume-level. This 
suggests that the first valve should work at the maximum gain and that 
the remaining predetector valves should be provided with volume control. 
Unfortunately this is impracticable on the medium and long wavebands, 
as many stations would be received at strength sufficient to overload the 
first valve when working under conditions appropriate for maximum gain. 
It is, however, possible to permit the first valve to function at maximum 
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gain on the short waveband, where it is unusual to receive signals capable 
of overloading a high-frequency pentode valve in the first stage. A 
compromise is usually effected by applying volume control to all pre-
detector valves on medium and long waves, but so arranging the wave-
band switching that volume control is omitted on the first valve when 
receiving short waves. 



CHAPTER 19 

PRACTICAL COIL DESIGN 

ANY casual observer who has had occasion to notice the coils used in 
modern radio receivers may have quite reasonably formed the opinion 
that there are no rules governing their construction and that their shape 
is determined by spinning a coin or by mere personal preference. 
Actually, coil design is probably the most exacting section of a modern 
receiver. The almost bewildering variation in outward form is due partly 
to the diverse purposes which coils are employed to fulfil, and also because 
there are sometimes alternative ways of performing a task equally well. 
Mechanical Consideration.—In the majority of cases a coil will form 

part of a tuned circuit, and consequently it must fulfil certain rigid 
mechanical requirements in order that its inductance will not change 
during its period of service due to such a cause as vibration. The first 
consideration is rigidity, which means that every turn of wire must be 
held in such a manner that movement is impossible. The obvious method 
to this end is the complete immersion of the coil in some adhesive material, 
but such a procedure is rightly frowned upon, since it will increase the 
losses inherent in the coil by increasing the capacity between the turns; 
it will be recalled from earlier chapters that the presence of insulating 
material between conductors increases the capacity to a greater or lesser 
extent. Rigidity is usually obtained by using coils that are inherently 
strong. A number of examples are detailed below. 

Coils which form part of a tuned circuit must be protected from the 
effects of humidity and dampness, since moisture permeating the in-
sulated covering will cause leakage in addition to other dangers, such as 
corrosion. The coil is invariably supported on some former which is 
usually of the laminated paper type, made in the form of a tube, and 
protected against damp by means of varnish or wax. These substances 
often contain chemicals which are capable of doing serious damage if they 
become dissolved in moisture lying on the wire due to atmospheric 
conditions. The chemical may be harmless in itself, but when a minute 
electric current is passed through it electrolysis takes place, which is 
capable of eating through fine copper wire, even though it may take a 
term of months to reach the point where the wire becomes electrically 
severed. A few years ago the great bugbear of transformer and coil 
manufacturers was free chemical impurities in insulating material. 
Research has done much to minimise this danger, and materials are avail-
able from reputable manufacturers which may be classed as entirely 
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safe. Nevertheless, when opening up a defective coil for the purpose of 
examination, it is found all too frequently that the broken wire is accom-
panied by a tiny speck of green, showing that the cause of failure may be 
attributed to chemical causes, due, not necessarily to unsuitable insulating 
material, but possibly to a minute splash of soldering flux:or any foreign 
matter with which the wire may have come into contact. 
The actual wire used for coil winding may be covered with enamel, 

silk, cotton, or any two of these substances. Enamelled wire has the 
great advantage that it offers protection from corrosion, but has the 
disadvantage that it is thin, resulting in turns being spaced too close 
together, a difficulty that is aggravated by the comparatively high 
dielectric constant of enamel. When expense does not prohibit its use, 
silk-covered wire has much to commend it, either one or two layers being 
used, spun in opposite directions. Cotton-covered wire has the advantage 
of cheapness, but the unavoidable thickness of the covering takes the wire 
to the other extreme and makes the coil bulky, and by preventing the 
turns from being sufficiently near to each other may result in loss of 
efficiency; from these apparently contradictory remarks the reader will 
have gathered that there is an optimum spacing between turns which must 
be observed when designing highly efficient coils. A compromise is 
sometimes effected by combining silk and enamel, the wire being coated 
first of all with enamel, which is in turn covered with a layer of silk. 
Single and double cotton-covered wire is known as S.C.C. and D.C.C. 
wire respectively, while single and double silk-covered wire are abbreviated 
as S.S.C. and D.S.C. respectively. 
Litzendraht Wire.—The actual wire used for coils is made from high-

conductivity copper or, in plain English, soft copper having an adequate 
degree of purity, since in this condition the metal has the lowest possible 
resistance per unit area. It should be noted, however, that the resistance 
offered by a wire is greater to high-frequency currents than to direct 
currents, due to the phenomenon called skin effect. This effect may be 
readily understood when it is remembered that current flowing through a 
wire produces lines of magnetic force in and around the wire in the form 
of concentric circles. These circles are denser in the centre and offer 
greater reactance to the passage of high-frequency current, resulting in 
the current density in the wire being at a maximum on the outside. 
When the wire forms in fact a coil, skin effect becomes more apparent, 
since each turn produces lines of force in all other turns; this alone shows 
that the spacing and shape of a coil have a marked influence on high-
frequency resistance. 
The skin effect may be reduced by the use of stranded wire, providing 

the strands are insulated from each other, and that they are twisted in 
order that each strand shall pass through each part of the magnetic field 
encircling it, and consequently carrying the same current. Such wire is 
termed Litzendraht, which is invariably called Litz. This wire may corn-
prise any number of strands of any gauge wire, the following being 
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examples in general use, the first figure denoting the number of strands 
and the second figure the gauge of wire expressed in standard wire 
gauge: 9/45, 27/48, 30/47, etc. 
When using Litz wire the greatest care is required to strip the numerous 

fine strands and subsequently to ensure that each makes good connection, 
since discontinuity in a single strand will often increase the high-frequency 
resistance by several hundred times. 

Single-layer Coils.—The accompanying full-page plate shows a 
variety of coils, the type and purpose of which can be readily seen by 

studying the caption. For con-
venience, however, individual 
examples are illustrated and atten-
tion is directed to Fig. 139, which 
shows a typical example of a single-
layer coil which is sometimes termed 
a solenoid, though the term is strictly 
applicable to a coil having more than 
one layer. This type of coil prob-
ably represents, in principle, the 
earliest conception of a coil intended 
for tuning a radio receiver. It is 

nevertheless in use to-day since, when properly proportioned, it repre-
sents a highly efficient arrangement for coils comprising a limited number 
of turns, permitting relatively wide spacing with consequent reduction 
of self-capacity. 

Self-capacity.—A coil must unavoidably possess self-capacity, since 
there is insulating material, even although it may be only air, between 
turns which have a potential difference relative to each other. This 
condenser effect will be made up by capacity between turns which are 
adjacent to each other, capacity between all turns with all other turns, 
and capacity between the coil as a whole and earth, which in general will 
normally be the chassis, screen, or other metal object, and not the earth 
connection. This self-capacity has the usual property of storing energy 
which increases the high-frequency resistance of the coil and reduces 
its efficiency. It will be remembered from remarks made in the chapter 
devoted to the tuned circuit, that low high-frequency resistance is synony-
mous with efficiency. 

Coil design may be summarised as an effort to reduce self-capacity, high-
frequency resistance, and dielectric loss, in addition to which may be 
added the mechanical considerations which have been briefly outlined 
above. Further means towards the achievement of this end are described 
below. 

The Wave-wound Coil.—Fig. 140 shows a typical example of a wave-
wound coil which in principle resembles the so-called honeycomb coil which 
was familiar some ten years ago, though the modern version has less 

Fig. 139.—A typical single-layer coil. 
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abrupt changes of direction of the winding than its predecessor. Some 
idea of the formation of these coils may be obtained from the illustration, 
though the following description may be helpful to those who have not 
actually had the opportunity of seeing one. A wave-wound coil is made 
by rotating a cylindrical former and feeding the wire over a finger which 
moves from side to side for a short distance in a manner determined 
by the action of a cam. In this way the wire 
is laid on in a wave formation, the actual 
length of each " wave " being determined in 
such a manner that second and subsequent 
layers are not formed immediately over the A  
layer beneath. Wave-wound coils owe their 
efficiency to the fact that the maximum air 
spacing is obtained between adjacent turns, 
thus keeping the self-capacity to a minimum. 
Owing to the distribution of the magnetic 
field, it is necessary to use a slightly longer 
length of wire than would be the case if the 
turns were laid side by side, but the increase Fig. I4o.—A wave-wound coil. 

in high-frequency resistance brought about 
in this manner is considerably less than the reduction brought about by the 
decrease of self-capacity. The wave-wound coil is usually chosen for coils 
of relatively high inductance, since it offers the means of obtaining high 
efficiency with economy of space. This type of coil may also be chosen 
where tight coupling is required; the very shape of the coil gives oppor-
tunities for tight coupling, since when two are placed close together 
the remotest turns are necessarily comparatively close. 
A wave-wound coil is surprisingly strong and, although unsupported, 

shows no tendency to fall apart or become unwound; it is nevertheless 
necessary to cover it lightly with some suitable varnish, usually of the 
amyl-acetate celluloid type although, when great consistency of inductance 
is required, the coil is sometimes completely immersed in paraffin wax. 
Such a coil is illustrated in the accompanying plate (extreme left, front row). 

Iron-cored Coils.—It has been realised for many years that coils of 
extremely high dynamic resistance could be made with the assistance of 
some form of magnetic core; the presence of such core would result in a 
given inductance being obtained with a greatly reduced length of wire, 
but until comparatively recently the necessary material was lacking, 
since the thinnest iron sheet would give rise to excessive eddy currents 
at the high frequencies. The problem has been solved by the introduc-
tion of dust-iron cores. The manufacture of these cores calls for iron in 
the form of an extremely fine powder, so fine, in fact, that it cannot be 
obtained by mechanical means, but is made by depositing iron chemically 
in the form of an exceedingly fine precipitate. The finely powdered iron 
is mixed with a suitable insulating and non-magnetic substance so that 
each particle of powder is separated from its neighbour. For this purpose 
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mica dust is commonly employed, and bound by " cement " or the iron 
dust may be compounded with a ceramic; the former are moulded 
under considerable pressure in order to impart the necessary mechanical 
strength, and also to obtain a degree of uniformity between them. 
The most common type of iron core is a round section, moulded with a 

thread permitting it to be screwed in and out of the coil for the purpose 
of adjusting its inductance; another type takes the form of a section of 
square rod about an inch and a half long and a quarter of an inch thick. 
Owing to the concentrated magnetic field that will surround the core it is 
almost imperative that the coil should be made of Litz wire, otherwise 
the skin effect is so high that it is better to dispense with the core and 
use a normal coil. By good design it is possible to manufacture an iron-
cored coil having an inductance of, say, 16op.H with a dynamic resistance 
of 200,000 to 250,000 ohms, even though the whole coil need only be about 
one and a half inches long and one inch in diameter. 

Permeability Tuning.—It has already been mentioned that the in-
ductance of iron-cored coils may be varied by the position of the core. 
The practice of deliberately tuning by sliding or screwing the core in and 
out is called permeability tuning. When the core is withdrawn, the 
frequency will be the maximum for the particular value of inductance, 
the frequency being decreased as the core is moved farther towards the 
centre. Unfortunately the rate of change of frequency is not constant, 
the effect of the core being very rapid when it is just entering the field of 
the coil, but having little effect when it is approaching the central position. 
Due to this uneven rate of change permeability tuning has never achieved 
popularity except in tuning selectors having fixed positions such as tele-
vision. It is, however, quite satisfactory for pre-set circuits such as inter-
mediate frequency transformers, since values can be so arranged that reson-
ance will occur at a point where the rate of change of inductance is convenient 
for accurate and easy manipulation. For this purpose the screwed iron 
core is to be preferred duly provided with a wide slot permitting rotation 
to be effected by means of a non-metallic screwdriver. 

Permeability tuning has the advantage of being very free from variation 
due to temperature, providing that the material from which the core is 
made is chosen to avoid expansion and contraction. Because per-
meability tuning is used it does not follow that capacity can be dispensed 
with, for two reasons. Firstly, the correct value of capacity is necessary 
to produce the right shape response-curve, and secondly, some parallel 
capacity is desirable which should preferably be large compared to the 
self-capacity, in order that small variations of the latter due to tempera-
ture changes shall not bring about an appreciable change in the resonance 
frequency. 

It is obvious that the stable nature of permeability tuning will be lost 
if the shunt capacity is liable to variation; it is, therefore, necessary to 
use fixed condensers of a type that will not suffer from capacity drift. 
Such a condenser is known as the anodically sprayed type; it consists of 
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a sheet of specially selected mica with silver deposited on each side to 
form the plates; these condensers can be obtained accurate within very 
close limits, and are very free from the effects of changing temperature. 

Coil Screening.—Attention has been drawn to the necessity for pre-
venting coupling between the anode and grid circuit of a high- or inter-
mediate-frequency amplifier; some means must therefore be found to 
prevent magnetic coupling between the coils. Certain receivers have 
separate metal-lined compartments enclosing each tuned circuit and 
relevant components, but such a method is cumbersome, and modern 
receivers use individually screened coils. The screened coil is contained 
in a metal can or box which may be of any convenient shape and of 
adequate dimensions to enclose the coil without the metal coming unduly 
close to the windings or the core, 
if one is employed. These screening 
cans, as they are usually called, 
should preferably be made of copper, 
but on the grounds of expense other 
metals are used, aluminium or iron 
being probably the most popular. 
The efficiency of the coil is some-

what reduced by the relatively close 
proximity of the can, partly due to 
the effects of damping and partly due 
to the necessity for increasing the 
length of the wire used to compensate 
for the reduction of inductance caused 
by the proximity of the metal. It 
should be clearly understood that an 
unscreened coil is more efficient when 
regarded purely as an inductance 
than when it is enclosed in a can. Fig. r4r.—A circuit illustrating a point discussed 

in the text. 
It is, however, necessary so to en-
close it to preserve stability if it is to be used as one of the tuned circuits 
associated with an amplifier. 

Insulation.—From the purely high-frequency point of view, ordinary 
precautions will suffice for obtaining the necessary insulation between 
coils. There are, however, certain conditions where exceptionally high 
insulation is necessary. The illustration at Fig. 141 will serve as an 
example; assume that the anode voltage is 255 volts, and that the 
resistance connected between the secondary of the transformer and the 
earth line has a value of 2m.Q. Normally, insulation resistance 
between coils reaching the high value of roomS1 would be considered 
quite satisfactory, in fact many service engineers would be unable to 
test such a high value owing to the lack of a suitable instrument. 
Consideration of the circuit (Fig. 141) will show that the resistance between 
the primary and secondary of the transformer forms with the 2ittO 
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resistance a potentiometer with the grid-cathode of the valve tapped 
across the 2mil portion. The application of Ohm's law will show 
that the high-tension voltage of 255 volts is so distributed that a positive 
voltage of about 5 volts is applied to the grid of the valve, which will 
cause it to function in a most improper manner, or cease to function 
altogether. In the interests of accuracy it must be mentioned that the 
voltage mentioned, namely 5 volts, will be modified by the flow of grid 
current to some considerable extent. This example serves to indicate 
the type of conditions that call for exceptional insulation between coils; 
other similar situations may be found in seemingly quite normal circuits. 
It is perhaps worthy of mention that the example illustrated is not an 
imaginary set of conditions chosen to explain the points under discussion, 
but is actually taken from a very popular receiver, the manufacturers of 
which took adequate precautions to secure the necessary high degree of 
insulation. 



CHAPTER 20 

SWITCHES AND SWITCHING 

THE term switch covers such a variety that some sub-division seems 
desirable; but, unfortunately, no such classification exists, and some 
arbitrary division must necessarily be made in order to present this 
subject in a readable manner. The most simple form of switch may 
consist of a device that is little more than a paper clip, while other 
switches used in radio engineering are so elaborate that they present 
difficulty in describing them or illustrating them. The modern wafer 
switch, for example, is capable of being formed into an assembly for 
switching an almost unlimited number of series, each of which may consist 
of half a dozen alternative ways of switching half a dozen different circuits. 
The Single-pole Switch.—The performance of a switch is designated 

by the terms " pole " and i« way." The term " pole " is intended to 
mean an electrically isolated portion of the switch, while the term " way " 
indicates the number of alternative connections that may be made; 
thus an ordinary electric-lighting switch is described as single-pole, single-
way, inasmuch as it will break one lead only and offers but one alterna-
tive—on and off. On the other hand, the type of electric-light switch 
which may be thrown into two different positions for controlling lighting 
on stairways is designated as single-pole, two-way, since it provides two 
alternative connections for a single lead. 
The simple on-off switch, such as that used for switching on and off 

the battery receiver, is so well known that illustration is superfluous. 
Its requirements are merely that it shall make good contact when in the 
«1 on " position. On-off switches intended for controlling mains receivers 
are necessarily more complicated; since they must be capable of carrying a 
relatively high current when in the «i on " position, and be so insulated that 
electric shock is impossible and, furthermore, the moving portion should 
preferably be so designed that some spring action hastens the making 
and breaking of the circuit, so that the contacts are not burned if the 
switch is operated in a leisurely manner. Switches used for this purpose 
show considerable variation in their external appearance, consequently 
no useful purpose will be served by including an illustration. It may, 
however, be mentioned that the two most popular types used by set 
manufacturers are, respectively, miniature rotary types and tumbler 
types; the latter term embraces those patterns which are operated by 
the movement of a small dolly which responds to the touch with a snap 
action; the conventional electric-light switch is an example. 
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Three-point Switches.—The three-point switch forms a very useful 
contribution to the wide range of available switches, since its special 
arrangement of contacts permits a fairly elaborate change to be made 
in the circuit with which it is associated, while the switch itself is exceed-
ingly simple. Three contacts are incorporated in this type of switch, all 
of which are entirely insulated when the device is in the " open " position ; 
when the switch is closed all three contacts are joined together, but still 
remain insulated from anything on which the switch may be mounted. 
Waveband Switches.—The most exacting switches are those that 

are specially intended for use in conjunction with tuned circuits. Their 
main requirements are low capacity, so that no transference of energy is 
effected when the switch is in the " open" position, and an absolute minimum 
of dielectric loss. In addition to these requirements, it is imperative 

that the switch shall be so designed that 
separate sections may be ganged together, 
permitting control of several circuits to 
be effected by a single external knob, or 
lever, while at the same time the several 
sections are screened from each other in 
such a manner that all danger of feed 
back is eliminated. 
The most efficient waveband switch in 

general use to-day is the wafer switch, 
which is available in innumerable modi-
fications, but since the principle remains 
unchanged, a detailed description of a 
single example will serve to introduce 

Fig. 142.—A wafer switch;l the example them all. Fig. 142 illustrates a typical 
illustrated is typica of modern 
switch technique, wafer switch; that shown being of two-

pole, four-way type, that is to say it is 
capable of switching two leads each to four different contacts. It could, 
for example, be used for selecting four wavebands, and is capable of 
changing three wavebands plus a gramophone position. Fig. 142 shows 
what may be considered as the under side of the switch. The outer 
section is the fixed portion, while the central circular section is the rotary 
portion. These switches often have subsidiary switching on the under 
side as in the case of the one illustrated, to short out coils when not in 
use, to connect the grid to earth when in the gramophone position, or to 
perform other necessary services. It is intended that one, two, or more of 
these wafers be mounted behind each other and separated where 
necessary by a suitable screen to prevent coupling, all switches being 
turned by a flat-section rod, the slot for which may be clearly seen in the 
exact centre of the rotating portion. A complete control spindle is shown 
at Fig. 143. 
The switch as shown at Fig. 142 is not complete in itself, since it 

requires means whereby the centre portion may be held in the correct 
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Fig. I43.—The control spindle and locating plate; the switch wafers are threaded on the flat 
" blade." Illustration three-quarters full size. 

relationship to the fixed portion, which is rendered somewhat difficult by 
the fact that the nature of the spring contact used tends to make the 
centre portion take up a position which is incorrect. The usual means 
of obtaining the necessary control is shown at Fig. 144, which consists of 
a metal plate with depressions or slots into which the rotating arm 
will fit in such a manner that movement is 
impossible, excepting, of course, when the 
switch is deliberately operated; the example 
shown is provided with small wheels rotating 
in the arm to provide free deliberate move-
ment combined with very positive locking. 
A plate intended for locking a rotating arm 
in various positions is known among engineers 
as a locating plate. 
The wafer switch is reliable and efficient, 

qualities which are easily forfeited if the 
contacts are allowed to become dirty or 
greasy. It is imperative, therefore, that the 
greatest care should be exercised when making 
a soldered connection to see that soldering 
flux is not splashed or dropped on to the 
body of the switch. Similarly, some care Fig. r44.—The locating plate of 
is required to obtain sufficiently good align- a wafer-switch assembly. 

ment when two or more wafers are used, 
in order that the switch is not bent when the control spindle is rotated. 
A Typical Circuit.—The remainder of this chapter and accompanying 

illustrations is devoted to typical circuit arrangements to illustrate the 
use of switching. Further and more elaborate examples will be found in 
a later chapter, where several complete receiver circuits are discussed in 
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Fig. 145.—Wave-change and filter switched by means of 
a simple three-point switch. 

a three-point switch for an 
to disconnect the positive 
terminal of the grid-bias 
battery when the low-tension 
circuit is broken. This 
arrangement is commonly 
used in battery receivers to 
prevent the grid-bias battery 
frompassingcurrent through 
the volume control poten-
tiometer when the recei-
ver is not in use. The pos-
sibilities of the three-point 

detail. The reader will ap-
preciate that the combina-
tions and permutations are 
literally without limit, and 
that it is often possible to 
use three or four alternative 
arrangements, the choice 
being dependent upon con-
venience, or merely by the 
fact that one arrangement 
has to be adopted for some 
particular reason. 
Three-point Switching.— 

Fig. 145 shows the use of a 
three-point switch to give 
alternative selection of 
medium and long wavebands 
and at the same time to 
short out the filter when in 
the medium-wave position. 
To make this possible the 
medium-wave coils have to 
be split into two sections 
and the long-wave coil 
centre-tapped. It will be 
observed that the aerial is 
connected to the centre of 
the tuned circuit in either 
position; the filter coil is 
marked " F," the long-wave 
coil " L," and the medium-
wave coils " M." 

Fig. 146 shows the use of 
entirely different purpose, and is arranged 

 0 L T — 

 o + 

Fig. 146.—A three-point switch arranged to break the 
filament and grid-bias battery circuits simultaneously. 
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switch are very numerous, but the above two examples will serve 
to illustrate that it is surprisingly versatile. The illustration, Fig. 145, 
also suggests that a little thought will often result in a simple switch 
being found adequate for carrying out duties which would o:herwise be 
assigned to one of more elaborate construction. 
Waveband Switching.—The wafer switch permits really elaborate 

switching to be ac-
complished with the 
minimum waste of 
space and loss of 
efficiency. By using 
such elaborate types 
as that shown at 
Fig. 142, it is pos-
sible to effect really 
complicated circuit 
changes. For the 
present purpose, how-
ever, quite simple 
switching will suffice. 
Fig. 147 shows the 
application of a wafer 
switch for selecting 
three aerial couplings, 
and is therefore a 
very typical example, 
since the tuned cir-
cuits might well cover 
long, medium, and 
short wavebands. The 
method of diagram-
matically represent-
ing this switch 
requires some ex-
planation, since at 
first sight it may 
appear to have no 
relationship with the 
actual switch. In 
principle each dot represents a contact tag on the perimeter of the switch 
and each arc represents a portion of the central contact ring while the 
black dot is used to show the actual connection effected by the rotation 
of the centre portion. It is implied that each corresponding dot has 
equivalent relationship on the switch or, in other words, each black dot 
at the 12 o'clock position is so placed on the switch that the rotor portion 
makes contact with each simultaneously. 

V 

Fig. i47.—Three-band aeria, circuit switched by means of a two-
pole, three-way wafer switch. 
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The black dots may be considered superfluous in Fig. 147, since it is 
reasonably obvious that the rotation of the switch will be 12 O'clock, 
1.30 o'clock, and 3 o'clock in each case; their use is, however, important 
when illustrating circuits where two or more wafers are used, resulting in 
some doubt regarding the sequence of the several component sections. 
The wafer switch is extremely difficult to describe, and the reader is 

advised, therefore, to study an actual sample switch in conjunction with 
these notes, when the manner of its working will be readily understood. 
Some receivers employ a wafer switch to control all switching require-

ments, and for this purpose the five-way variety is not uncommon, the 
following sequence of positions being a typical example: 

1. Off. 
2. Short waves. 
3. Medium waves. 
4. Long waves. 
5. Gramophone. 

In the above list it is, of course, assumed that the receiver is switched 
on automatically when the switch is turned to position 2, 3, 4, or 5. It 
is, perhaps, desirable to mention that when turned to the fifth position 
the receiver is connected for the reproduction of gramophone records, 
but the actual switching on of the electric turn-table motor is accom-
plished by means of an automatic switch, since the ordinary wafer switch 
is not intended for such purposes. It is, however, perfectly feasible to 
gang a suitable switch on the same spindle for this special purpose. 



CHAPTER 21 

LOW-FREQUENCY AMPLIFICATION 

THE several chapters that have touched upon the stages of a receiver 
have always shown the output stage directly following the detector; 
while this sequence is quite possible, and is, in fact, often used, the need 
usually arises for some additional low-frequency amplification when the 
detector is a diode. The signal-handling capacity of the diode detector 
is such that it can easily deliver sufficient output to load the output 
stage, but as the diode does not amplify it is obviously necessary to 
provide adequate high-frequency amplification. Generally speaking, it 
is more economical to obtain low-frequency amplification than high-
frequency amplification and, in addition, the low-frequency stage is less 
bulky and does not present any problems, such as ganging, which are 
inherent to the high-frequency amplifier. 
When large output valves are used, the need for a stage of audio or 

low-frequency amplification is very apparent, as the usual screened 
pentode will not handle an anode swing large enough to load up an output 
stage requiring a large input. Whatever the reason for using a lo w-
frequency stage the principle remains unchanged, and use is made of one 
of the basic arrangements described below. 

Distortion.—Before describing the various basic circuits, it is con-
venient to review the requirements of a low-frequency amplifier. Apart 
from the obvious aim to achieve the highest possible gain, the most 
important requirement is freedom from distortion and, in the case of a 
battery receiver, economy of high-tension current. There are two main 
types of distortion: amplitude distortion and frequency distortion; the 
former arises from a condition of overload, or the application of incorrect 
bias. Amplitude distortion can be most readily described by the use of 
an example: assume that an output valve requires a grid swing of 
50 volts to load it fully, and that the low-frequency stage has a stage 
gain of ro; it is apparent that the input to the latter must be a swing of 
5 volts. 

For the above-mentioned conditions it is necessary to employ a valve 
in the low-frequency stage that has an adequate straight portion to its 
characteristic curve under working conditions, or, in other words, the valve 
when operating at the chosen anode voltage must have a straight grid-
volts/anode-current characteristic from the point where grid current 
commences to a point that is 5 volts negative in respect to it; further-
more, it is imperative that the valve be biased at the exact centre of this 
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straight portion, so that the incoming signal can swing in either direction 
without running into curvature or grid current. If the length of the 
straight portion is inadequate, or incorrect bias is employed, amplitude 
distortion will result due to the signal encroaching upon curvature or 
causing the valve to run into grid current. All voltages relating to 
signal input used to illustrate the above example are peak volts, not the 
root mean square value. 

It should not be assumed from the above example that a low-frequency 
amplifying valve must necessarily be biased at the mid-point, since it may 
be somewhat over-biased if the input is relatively small, a condition that 
will obtain when the low-frequency amplifier is capable of delivering a 
voltage output considerably in excess of that required to load the grid 
circuit of the output stage fully. This practice is normally confined to 
battery receivers, where it is desired to effect economy in high-tension 
battery consumption. In mains receivers it is usual to reduce the gain 
of a low-frequency amplifier by lowering the value of the anode resistance 
and thus decreasing the loss of the higher audio-frequencies caused by the 
effect of the valve capacity which is shunted across the anode circuit. 

Stage Gain.—The gain of the low-frequency amplifier is determined 
by a formula which is now familiar, but is repeated for convenience: 

g Y R  
R r„ 

when g equals the amplification factor of the valve under working condi-
tions, ra equals the impedance of the valve under working conditions, 
and R the effective resistance of the anode circuit. When the anode 
load is purely inductive, i.e. a choke, the formula for the amplification 
becomes 

g x coL 
r.2 cd4La 

where L equals inductance of choke, and ci) equals 27cf. 
It will be understood that the amplification of the stage must neces-

sarily be less than the amplification-factor of the valve, unless a trans-
former is included, since it is necessary for the impedance of the anode 
circuit to be infinity in order to realise the full amplification of the valve, 
a condition which is, of course, impossible. The stage gain of a trans-
former-coupled low-frequency stage is determined by the following 
equation: 

N x x coL 
Vr.2 (d2L 2 

when N equals the effective turns ratio of the transformer, and (La, equals 
the reactance of the primary of the transformer. The resistance of the 
primary may be neglected. 
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Resistance-capacity Coupling.—The simplest form of coupling is 
effected by means of resistances and a condenser, and is shown at Fig. 148. 
The value of the anode resistance is determined by a number of con-
siderations; a high value will give high gain, but will limit the voltage-
handling capacity of the valve if the total 
high-tension voltage available is insuffi-
cient to give sufficient potential difference 
between anode and cathode after allowing 
for the drop across the resistance, and, 
furthermore, the use of a high-value 
anode resistance will result in some attenu-
ation of the higher audio-frequencies, due 
to the shunting effect of the capacity (;) 
between the anode and all other elec-
trodes, which is, in effect, in parallel. It is 
apparent, therefore, that some compromise 
must be effected, and a reasonable value 
is three times the anode impedance of the 
valve. 
The next consideration is the grid leak,   

which is virtually in parallel with the Fg. i48.—Resistance-capacity 
coupling. 

anode resistance, and must be kept reason-
ably high if stage gain is not to be sacrificed. The actual value will be 
determined by various considerations, but, generally speaking, the grid 
leak may have a value equal to five times the anode resistance. 
The value of the coupling condenser is extremely important, since 

attenuation of the lower frequencies will result if the capacity is too 
small, while distortion will result if the capacity is too large. Considera-
tion of Fig. 148 will show that the resistance and grid leak may be con-
sidered as a potential dividing device, the mid-point being connected to 
the grid of the output valve. Since the reactance of the condenser will 
vary with frequency, it is apparent that the twp " arms " of the potentio-
meter will bear a relationship to each other which will vary with fre-
quency. It can be shown, for example, that if the reactance of the con-
denser at ioo cycles is equal to the resistance of the grid leak, the attenua-
tion at this frequency will be approximately 30 per cent. For general 
purposes, however, the relationship between grid leak and condenser will 
be found satisfactory when the reactance of the grid condenser at 25 cycles 
per second is equal to the resistance of the grid leak. 
Transformer Coupling.—The basic circuit of a transformer-coupled 

low-frequency stage is shown at Fig. 149, which is in itself sufficiently 
explanatory to need little comment; the advantage of this type of 
coupling is the additional gain due the voltage step-up of the transformer, 
but the corresponding disadvantage is the difficulty in avoiding frequency 
distortion, an aspect of the question which belongs to the consideration 
of transformer design. Frequency distortion in a low-frequency trans-



Fig. I49.—Transformer coupling with 
indirectly heated mains valves. 

166 LOW-FREQUENCY AMPLIFICATION 

former takes the form of high-note attenuation due to the self-capacity 
of the winding, and bass attenuation consequent upon the difficulty of 
obtaining sufficiently high inductance to give adequate impedance at low 
frequencies. There are, however, transformers using special high-per-

3•.,  

Fig. 15o.—Transformer coupling for directly 
heated battery valves using battery grid bias. 

meability iron cores which give adequate values of primary inductance, 
but the core is so easily saturated that it is necessary to resistance feed 
the primary in order to prevent the anode current of the valve from 
passing through the primary winding. 

Resistance Transformer Coupling.—The basic circuit for resistance-
fed transformer coupling is shown at Fig. 151. It will be observed that 
the valve is fed from the high-tension line through an anode resistance, 
while the speech frequency circuit is completed through a condenser. 
Normally, the value of anode resistance will be the maximum that will 
permit adequate potential difference between the anode and cathode 
of the valve. Occasions arise, however, when a lower value may be 
chosen as a means of improving the response-curve of the transformer. 
The coupling condenser is not critical, and requires little consideration 

other than to ensure that it is large enough, values from •I to ip.F 
being in general use. Since the D.C. resistance of the transformer 
primary will be quite low, this condenser may be made fairly large. 
Here, again, occasions may arise where it is desirable to deliberately 
attenuate the lower frequencies as a means of accentuating the higher 
frequencies which may have been attenuated in the tuned circuits em-
ployed in the earlier stages of the receiver ; when it is desired to attenuate 
the lower frequencies, the value of the condenser is decreased until the 
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desired percentage of attenuation is arrived at. The various circuit-
diagrams in this chapter are deliberately drawn so that the left-hand valve 
can represent the low-frequency amplifier and the right-hand valve the 
output valve. On the other hand,   
the left-hand valve may represent 
the detector valve, and the right-
hand valve the low-frequency 
amplifying valve. In this way it 
is possible to visualise two of the 
circuits as being part of the same 

1 

receiver; for example Fig. 151 may 
represent the coupling between 
the detector stage and the low-
frequency stage, and Fig. 148 
the coupling between the low-
frequency valve and the output 
valve. In other words, the right-

regarded as one and the same 
hand valve in Fig. 151 may be 

valve as the left-hand valve in   Fig. i5r.--Resistance-fed transformer coupling 
Fig. 148. 
The circuit arrangement shown at Fig. 151 is liable to modification to 

give a different effective 
  transformer ratio. Taking a 

transformer with the nominal 
ratio of 3 : I, it is apparent 
that this figure is realised in 
the arrangement shown at 
Fig. 151. A different set of 
conditions obtains in the 
arrangement shown at Fig. 
152, since the winding shown 
on the left-hand side (the 
normal primary winding) will 
function in the ordinary way, 
whereas the secondary is 
made up of both windings, 
the G.B. — terminal being con-
nected to the A terminal. In 
this way the nominal 3: I 
ratio becomes 4 : i. A further 
variation is possible by utilis-
ing an arrangement where the 

primary turns are in effect deducted from the secondary, giving a ratio of 
2 : 1. The circuit is, however, omitted, since this method of connection is 
undesirable owing to the intolerable frequency-response curve which results. 

r52.—The circuit shown at Fig. 151 
give increased gain. 

Fig. 

R.T. 1-12 

rearranged to 



Fig. i53.—Resistance-fed auto-trans-
former coupling. 
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For convenience, a further arrangement is shown at Fig. 153, which 
may be described as resistance-fed auto-transformer coupling; by reference 

to the diagram it will be seen that a true 
auto-transformer is used ; actually this 
circuit is similar to that shown at Fig. 152, 
with the exception that in the former case 
an auto-transformer is used to perform its 
normal function, whereas in the latter case 
an ordinary double-wound transformer is 
employed, but is so connected that it 
functions as an auto-transformer. In 
practice, the auto-transformer is provided 
with only three connecting points, whereas 
the double-wound transformer is provided 
with four connecting points, the primary 
and secondary windings being insulated 
from each other. 

Fig. 153 is useful inasmuch as it shows 
rather clearly that the lower portion of 
the winding forms the primary, whereas 
the whole winding forms the secondary. 
The same remarks apply to Fig. 152, 

but the point is not so apparent owing to the manner in which this 
circuit is drawn. 

Diode to Triode   
Co up/ ing.—Refer-
ence has already been 
made to the desira-
bility of following the 
diode detector by a 
stage of low-fre-
quency amplification. 
As a convenient 

t 
means of achieving    "--( 
his aim it is usual tooley 
use the double diode 
triode, or alternatively 
the double diode 
tetrode, which con-
sists of a normal valve   
assembly and two 
diodes contained in 
a single bulb. The Fig. 154.—A double diode triode used as detector and low-frequency 

amplifier in a superheterodyne. 

method of connecting 
the signal diode to the triode is shown at Fig. 154. The pentode valve 
is intended to represent the final intermediate-frequency amplifier which 
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is coupled by means of an iron-cored intermediate-frequency transformer 
to one of the diodes of the double diode triode. It will be observed 
that the diode load and accompanying bypass condenser is connected 
in series with the secondary of the intermediate-frequency transformer, 
and that its low-potential end is returned to cathode. The diode load 
takes the form of a potentiometer in order to permit control of volume. 
It will be noted that the moving arm of the potentiometer is connected 
through a condenser and resistance to the grid of the triode valve, which 
is tied down to the high-tension line by a further resistance in order that 
the grid may be biased by the potential drop across the bias resistance 
in the cathode circuit. The condenser is included to prevent the bias 
on the grid from being short-circuited, since the lower end of the 
potentiometer is returned to the cathode. The resistance in series with 
the condenser prevents the high-frequency component of the diode 
circuit from appearing on the grid of the triode section at sufficient 
amplitude to cause instability and other undesirable effects. When 
volume control is not required the connection is taken to the high-
potential end of the diode-load resistance, which then takes the form of 
a normal fixed resistance. 
Mains Hum.—The amplification of the triode section of the double 

diode triode plus the amplification of the output stage is usually very 
considerable and special care is necessary to prevent the introduction 
of mains hum into the grid circuit of the triode section. Quite apart 
from the actual gain, it will be realised that the coupling between the 
valves in question will be favourable to the transference of mains hum, 
which on 5o-cycle mains will have a frequency of too cycles per second 
if the rectifier valve is of the full-wave type. 
The actual disposition of the components included in the grid and 

diode circuits of the double diode triode are inclined to be scattered and 
consequently considerable care is required in positioning the components 
and wiring. When the diode load resistance takes the form of a poten-
tiometer, this component will usually be mounted on the front of the 
chassis, so that it is available for the manual control of vclume; the 
detector diode is connected to the secondary of the intermediate-frequency 
transformer, with the result that the designer is usually faced with the 
alternative of a long detector diode lead or a long grid lead. The usual 
way out of the difficulty is to make the diode lead short and screen the 
grid lead. The screening of the grid lead requires some care, owing to 
the danger of attempting the higher audio frequencies, and recourse is 
usually made to some form of low-capacity coaxial cable. 
The Choice of Valves.—The triode valve has been used in the various 

circuits which show a low-frequency amplifier. This should not be 
taken as an indication that the triode valve is the only suitable type. 
Both the tetrode and pentode may be used in this stage and, in fact, 
several types of double diode tetrodes are available. The tetrode valve 
is usually employed when the input is small enough not to cause over-
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loading and has the advantage of a high amplification factor. The 
pentode is employed as a low-frequency amplifier when it is desired to 
introduce a special form of tone correction or when it is desired to take 
advantage of the suppressor grid for rendering the loudspeaker silent 
while tuning from one station to another. The subject of inter-station 
noise suppression is dealt with in a later chapter. 



CHAPTER 22 

THE OUTPUT STAGE 

THE term output stage may be broadly defined as the ultimate valve of 
a receiver. There is, however, an implication that the output stage is 
intended to drive a loudspeaker as distinct from headphones, since the 
latter may well be driven by the detector valve, and it is something of 
a paradox to refer to the detector valve as the output valve, since their 
normal functions differ so widely. The output valve is different from 
all other valves in one important particular; it is required to deliver 
power, as distinct from voltage. It will be remembered that a valve is 
a purely voltage-operated device, and when one valve is used to drive 
another which follows it the former is only required to deliver voltage 
output. A loudspeaker is not a voltage-operated device, but is essen-
tially a current-operated device, and will, therefore, require a power 
output, since voltage will also be required to bring about the flow of the 
current through the winding of the loudspeaker. The requirements of 
a valve intended to deliver a power output are almost fundamentally 
different from a valve required for purely voltage amplification, and, 
consequently, output valves not only differ in construction, but require 
different operating conditions. 
The output stage comprises the output valve, the loudspeaker and its 

attendant components; loudspeakers are dealt with in a separate 
chapter, and for the time being attention is directed solely to the output 
valve, and the method of its application. An output valve may be a 
triode, tetrode, or pentode, but the measure of its efficiency is in all 
cases determined by three factors: sensitivity, limitation of distortion, 
and speech output; it being understood that the latter term is intended 
to imply the actual signal output available for operating the loudspeaker, 
and is variously referred to as power output, A.C. output, speech output, 
and undistorted output. 

Undistorted Output.—The actual speech output obtainable from an 
output valve is determined by the anode dissipation of the valve, which 
is in turn determined by multiplying the mean anode current by the 
voltage difference between anode and cathode or filament. It is not 
possible, however, to permit an output valve to deliver its maximum 
possible output, since, under this condition, distortion would be quite 
intolerable. Consequently the output of the valve must be limited to 
some smaller value, which is called the undistorted output; a term which 
is a most unfortunate misnomer, since the extreme condition required 

I7I 
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for output without distortion would result in the output being negligible. 
It is apparent, therefore, that some compromise is necessary. This 
compromise is a purely conventional one, and allows the valve to be 
rated for the speech output that it may deliver without introducing 
more than 5 per cent. distortion. The term undistorted output, therefore, 
may be defined as the maximum speech output that the valve can deliver 
without introducing distortion to a greater extent than 5 per cent. The 
method of determining undistorted output and the calculation of distor-
tion is dealt with in the next chapter, since the procedure differs somewhat 
with various types of output valves. 
Second Harmonic Distortion.—Distortion introduced in the output 

stage is brought about by the valve generating spurious harmonics, 
which naturally alter the characteristic of the music to a greater or lesser 
extent. The unwanted harmonic content is caused by the non-linearity 
of the grid-voltage/anode-current characteristic. It has been convenient 
in the preceding chapters to refer to the straight portion of this charac-
teristic, but the simple expedient of laying a straight-edge along a selected 
portion of an honestly-drawn curve will show that the term " straight " 
is a relative one, since slight curvature begins almost from Vg =0. 
The exact meaning of second harmonic distortion needs some explana-

tion, in order that the phenomenon may be understood readily. Assume 
that a single fundamental musical note is being broadcast, the pitch of 
which is equivalent to middle " C " on the piano, which has a frequency of 
256 cycles per second, and that the receiver is so designed and adjusted 
that the output valve delivers one watt to the loudspeaker. It is 
apparent that if distortion is entirely absent the fundamental note of 
middle " C " will be heard at the volume indicated. If the output valve is 
working under such conditions that it introduces 5 per cent, second 
harmonic distortion, then the valve will introduce a spurious frequency 
of 512 cycles per second, which is a second harmonic of 256 cycles per 
second, and is the musical note " C," but one octave higher than middle 
"C," and since the distortion is equal to 5 per cent., the spurious frequency 
can be rated at 5 per cent. of i watt, which is 50 milliwatts. Second 
harmonic distortion will always consist of the introduction of a frequency 
one octave higher than the initial frequency. It should be understood 
that this harmonic distortion will appear not only on the fundamental 
note or notes, but also on the harmonics which are themselves introduced 
by the instruments of the orchestra. The introduction of a spurious 
frequency that is always separated from the initial frequency by an 
octave is not particularly distressing to the ear, and its effect is rather 
in the nature of tending to alter the character of the sound; that is to 
say, it tends to make a musical instrument sound a little unreal. 
Third Harmonic Distortion.—The non-linearity of a triode valve is 

in one direction; that is to say, the curvature consists of a deviation to 
one side only of a straight line drawn between the extremities of the 
grid swing (see Fig. 155). 
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Fig. 156 shows the 
dynamic grid-volts/anode-
current characteristics of a 
pentode valve. It should be 
understood that a dynamic 
characteristic is obtained 
from a valve when operating 
under working conditions, 
i.e. with correct grid bias 
applied and with a load in 
the anode circuit. Refer-
ence to Fig. 156 will show 
that the pentode differs from 
the triode inasmuch as the 
departure from the ima-
ginary straight line occurs 
on both sides, with the 
result that third harmonic 
distortion is introduced in 
addition to second harmonic 
distortion. Generally speak-
ing, the percentage of third 
harmonic distortion is so 
much greater than the per-
centage of second harmonic 
distortion that the latter 
may be neglected when the 
valve is used under certain 
conditions. There are, how-
ever, a limited number of 
pentode valves available on 
the British market which 
prove an exception, since 
they are so constructed that 
second harmonic distortion 
is greater than third har-
monic distortion. 
To illustrate third har-

monic distortion it will be 
convenient to investigate 
the behaviour of a pentode 
which is operating under 
such conditions that it introduces 5 per cent. of third harmonic dis-
tortion. Once again assume that a fundamental note of 256 cycles is 
being broadcast. It will be remembered that this frequency is known 
to musicians as middle " C." The third harmonic of 256 cycles per 
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Fig. i55.—Dynamic curve of a triode output valve. Since 
this curve is taken from the valve under working con-
ditions, it is limited to the portion actually operated 
by the input voltage. The straight line shows the 
theoretical condition of zero distortion. 
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second is 768 cycles per second, 
mental note in terms of octaves, 
alien note has been introduced. 
that the introduction of an alien 

which no longer differs from the funda-
but is the higher " G"; thus an entirely 
It is, perhaps, unnecessary to remark 
note may be regarded as more serious 

than the introduction of the 
higher octave, particularly 
when it is remembered that 
a fundamental note emana-
ting from a musical instru-
ment will be attended by 
various harmonics, which 

60 will, in turn, give rise to 
alien notes in the repro-
duction. 
The effect of harmonic 

distortion upon the listener 
will vary with different in-
dividuals, but, if the author 

40 may strike a personal note, 
it may be of some guidance 
to mention that he is pre-
pared to tolerate 5 per cent. 
of second harmonic distor-
tion more readily than 
2 per cent. of third harmonic 

20 distortion. It may also be 
mentioned that the presence 
of third harmonic distortion 
causes reproduction to ap-
pear both harsh and shrill, 
and is of such a character 
that it continues to appear 
to the ear as shrill, even if 

—0 the higher frequencies are 
attenuated by artificial 
means. The same remarks 
apply equally to both the 
pentode and the output 
tetrode. 
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Fig. 156.—Dynamic curve of a pentode output valve; the curve 
deviates on both sides of the imaginary straight line, 
indicating the presence of third harmonic distortion. 

Optimum Load.—In order that the valve may deliver its maximum 
output with limited distortion, it is necessary that the anode load should 
have an optimum impedance—which is termed the optimum load. It is 
apparent, without going into the question deeply, that the presence of 
a very small impedance in the anode circuit must result in the available 
power being developed in the valve instead of in the load where it is 
wanted. On the other hand, the presence of a ridiculously high load 
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will result in the functioning of the valve being so impaired that its 
efficiency is proportionately low; the actual figure for the optimum load 
can usually be conveniently obtained by consulting the data supplied 
with the valve. It is, however, obtainable by various other means, the 
most convenient of which is the graphical method, which is described in 
the next chapter. The term optimum load may be defined as the external 
anode impedance which will permit an output valve to deliver the maxi-
mum speech output without exceeding 5 per cent, harmonic distortion. 
When using a triode valve the optimum load is invariably adhered to, 
but when using a pentode or output tetrode, some modification may be 
considered desirable, when a considerable reduction in third harmonic 
distortion will result, without unduly reducing the speech output and 
second harmonic dis-
tortion. 

Fig. 157 illustrates 
the importance of 
using the correct load E 
for a triode valve. < 2-8  

3 The curve shows the 
relationship between 
the anode load and 2'4 10 

O. 

the speech output and 13 

second harmonic. It 
0  2.0 

Will be observed that ill 

the effect of using an %-
excessive impedance 1. o     o 
is less serious than 0 1000 2000 3000 4000 5006 6000 

using an inadequate ANODE LOAD 

impedance. It may Fig. 157.—This illustration shows the speech output and second 
harmonic distortion plotted against anode load. The valve used 

also be seen that for these curves was a triode having an anode dissipation of 
reasonable latitude is is watts. 

given by the triode 
valve, since deviation from the optimum load to the extent of a few hundred 
ohms does not bring about a profound change in available output. 

Fig. 158 shows the relationship between the anode load, harmonic 
distortion, and available output of a pentode valve. It will be observed 
that the output curve is reasonably level, and that small change of optimum 
load does not materially affect the available output. On the other hand, 
the variation in the harmonic distortion is considerable for a relatively 
small change of anode load. A load of 5,500 ohms will give zero second 
harmonic distortion, but about 4.5 per cent, of third harmonic distortion; 
the conventional interpretation of this curve would result in the valve being 
used with a load of 5,750 ohms, since this gives the greatest output with-
out exceeding 5 per cent, third harmonic distortion. The author considers 
this conventional interpretation to be capable of improvement and, bearing 
in mind the unpleasant nature of third harmonic distortion, would prefer 
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to use an anode load of 5,000 ohms, which will increase the second har-
monic distortion to 2 per cent., but will reduce the third harmonic 
distortion to about 3.3 per cent. Admittedly the available output is 
sacrificed to the extent of about 2 per cent., but this sacrifice is a trifling 
matter compared with the reduction in third harmonic distortion. 

It is apparent from a cursory glance at Fig. 158 that the anode load 
for a pentode is very much more critical than for a triode, and, further-
more, that under-loading is preferable to over-loading, since the former 
3 causes a relatively 

small reduction in 
output, whereas the 
latter causes a really 
serious increase of 
third harmonic dis-
tortion. 

2   Impedance Limit-
ation.—In order to 
eliminate as far as 
possible dispropor-
tionate amplification 
of certain frequencies, 
it is apparent that 
the anode load should 
be constant at all 
frequencies which the 
output valve is re-
quired to handle. 
The modern moving-
coil speaker is usually 
sufficiently well de-

4000 6000 signed to give ap-
proximately uniform 
impedance from 
50-5,000 cycles, or 
more. Nevertheless, 
it is often desirable 

to introduce some means of limiting the impedance, particularly when 
using high-impedance speakers, with which there is a tendency for 
impedance to increase with frequency. The most obvious arrangement 
is the use of a fixed condenser across the anode load, which will effectively 
limit the impedance at the higher frequencies to an extent dependent 
upon its capacity, but is liable to attenuate unduly the very high audio-
frequencies. It is, therefore, usual to use a resistance and condenser in 
series across the anode load, so that the impedance at very high audio-
frequencies cannot fall below a predetermined value, namely, the value 
of the resistance. This arrangement is shown at Fig. 159. 

  egoe 
Wee 

gee 

S
P
E
E
C
H
 
O
U
T
P
U
T
 
(
W
A
T
T
S
)
 

5000 

ANODE LOAD 

6 

4 

7000 

H
A
R
M
O
N
I
C
 
DI
ST
OR
Tl
i 

Fig. I58.—Curves showing the relationship between anode load and 
speech output, second harmonic distortion and third harmonic 
distortion. The valve used was a pentode having an anode 
dissipation of 8 watts. 
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Tone Control.—The fact that the impedance of the anode load can 
cause the top end of the frequency scale to be attenuated suggests that 
this phenomenon may 
be used to effect tone 
control, which could 
take the form of the 
filter, C1, R1, shown at 
Fig. 159, the condenser 
having sufficient capa-
city to attenuate the 
higher frequencies to a 
desired extent, and the 
resistance made vari-
able and of a value 
capable of practically 
offsetting the bypass-
ing effect of the con-
denser. This arrange-
ment is often used to 
provide tone control, 
but is considered un-
desirable, since mani-
pulation of the variable 
resistance will not only 
affect the frequency response but the total impedance of the anode load 
to such an extent that serious increase in harmonic distortion may 
result. It is, therefore, preferable to use a fixed condenser and re-
sistance when necessary to limit the impedance of the anode load, and 
to introduce tone control in front of the output valve (RC in Fig. 159), 
in the form of a fixed condenser in series with a variable resistance 
connected between grid and cathode of the low-frequency amplifying 
valve, where such a valve is employed. 
The variable tone control is used by many listeners to attenuate the 

higher frequencies so that reproduction is rendered " mellow," a term 
which cannot be too strongly deprecated by the musically minded, since 
it means deliberate frequency distortion introduced to make musical 
reproduction less faithful. 

Valves in Parallel.—When it is desired to increase the speech output, 
and it is inconvenient to use a larger valve, it is possible to use two or 
more valves connected either in parallel or push-pull ; the latter alterna-
tive may, under certain circumstances, give additional advantages. 
Valves connected in parallel are illustrated at Fig. r6o, from which it 
may be seen that corresponding electrodes are oined together, i.e. anode 
to anode, etc. It will be noted that the suppre-ssor grids are not joined 
together, since these electrodes are connected to the cathode internally, 
the actual connection usually being made between the appropriate wires 

Fig. 159.—Alternative positions for variable tone control; R and 
C is preferable to RI and CI. 
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on the foot of the valve. This connection is shown internally in the 
illustration. Slight variations are possible, notably the connection of 
heaters in series instead of parallel, as a matter of convenience. Also 
the grid circuit may be modified, permitting grid bias to be applied 
separately to each valve by means of separate bias resistances, a feature 
which prevents damage to one valve when its partner becomes defective, 
and, incidentally, permitting the stage to continue functioning with partial 
efficiency when one valve has suffered complete failure. 
Two valves in parallel will deliver twice the output of which one valve 

is capable, and, since the output 
increase is in the nature of a 
current increase, the anode load 
must be halved. In addition to 
doubling the output, this system 
of connecting valves doubles the 
sensitivity, since the doubled out-
put is delivered, though the input 
voltage remains unchanged. It 
will be remembered that a valve is 
a voltage-operated device, conse-
quently a given input will drive 
any reasonable number of valves, 
providing they are so biased that 
grid current is completely avoided. 

It is undesirable that the total 
D.C. resistance between grid and 
cathode of an output valve should 
be of a high order, r megohm being 
considered the maximum figure 
while with really large output 

valves a considerably lower value is desirable. This limitation is imposed 
because an output valve will almost invariably work under such con-
ditions that exceptional peak values will drive the valve into grid 
current, and the effect of this will be to decrease the effective bias in 
proportion to the total D.C. resistance through which it must flow. 

Push-pull Output.—One of the most valuable contributions to the 
technique of the output stage takes the form of push-pull amplification, 
the basic circuit of which is shown at Fig. 16i, where a typical circuit is 
given for two triodes in push-pull. It will be noted that the input is 
delivered by means of a centre-tapped transformer, the centre of which 
is connected to cathode, so that the opposite ends are in opposite phase. 
Since the extremities of the secondary are in opposite phase, the output 
valves will be driven in opposite directions; thus the anode current of 
one will increase, while the anode current of the other decreases, hence 
the term push-pull. 
The most outstanding advantage of push-pull amplification is the 

Fig. r6o.—Output valves in parallel. 
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automatic cancellation of second and all evea harmonic distortion. It 
is thus possible to design a triode output stage by the utilisation of this 
principle, which is practically free from harmonic distortion. It should 
be understood that valves in push-pull cancel mit even harmonic distortion 
only, but do not cancel odd harmonic distortion; consequently the advan-
tages of this system are more easily realised when using triode valves, 

•  

Fig. i6i.—Basic circuit of a push-pull output stage using indirectly heated valves. 

which only generate even harmonics at significant amplitude. It is, 
however, possible to utilise the principle for pentode valves, the even 
harmonic distortion being cancelled out in the manner already described, 
and third harmonic distortion being considerably reduced by the applica-
tion of a principle known as negative feed-back, which is described in 
detail at the end of this chapter. 

Class A Push-pull.—Class A output may be defined as an output 
valve running under conditions of normal bias, that is to say, the valve 
is biased at the middle of the " straight " portion of the characteristic. 
The term may be applied to a single valve, valves in parallel, or valves 
in push-pull, though the term has little significance, except when applied 
to push-pull, as it is scarcely conceivable that a single valve or valves in 
parallel could be operated at a condition sensibly different from that of 
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normal bias. It is, however, most significant when applied to push-pull 
valves, since these may be operated under widely differing conditions. 
Generally speaking, the optimum load for the two valves, i.e. the anode 
to anode load, will be double the value that is correct for one valve 
when the stage is working as Class A output. It is, however, often 
practicable to vary the load slightly, and, in consequence, obtain a larger 
output; a liberty that may be taken, since the increase will merely result 
in increasing second harmonic distortion in each valve, which is unim-
portant, since the even harmonics are cancelled. 

Quiescent Output.—Quiescent output is an important development 
applied to the battery receiver, since it brings about a very considerable 
saving in high-tension current consumption. 

Special pentodes biased almost to cut-off and Class B push-pull may be 
described by the common title of quiescent push-pull output, and it is 
necessary to define the meaning of the latter term before describing the 
alternative methods of its application. 

Class A output stage consumes a fixed average high-tension current 
irrespective of the work accomplished. If the valve is so designed that 
when correctly biased it passes, say, 20 milliamps, then it will pass 
20 milliamps when reproducing a full orchestra; it will also consume 
20 milliamps when reproducing a single voice; and, what is more wasteful 
still, it will consume 20 milliamps during a programme interval. A 
quiescent output stage is biased so that its standing anode current is very 
small, and valves capable of giving the same output as that quoted in the 
examples above will pass only one or two milliamps when quiescent, 
i.e. during a programme interval. The incoming signal will drive each 
valve alternatively, so that its anode current increases to an extent 
determined by the amplitude of the signal, thus the stage passes only 
sufficient current at any instant to enable it to handle the signal that is 
driving it; the actual waste of high-tension current is of the order of 
only to per cent., which represents a considerable economy. 

It is impossible to compute the wastage of anode current occurring in 
a Class A stage, since the waste is dependent upon the type of programme; 
but a test carried out by the author gave the following results, measure-
ment being effected by the use of silver plates in a solution placed in 
series with the high-tension supply, the total current being determined 
by the gain in weight of one plate, due to the silver deposited by the total 
current passing through the cell. The test was carried out between two 
pentodes in quiescent push-pull (that is an ordinary QPP pentode), and 
compared with two pentodes in Class A push-pull, the input to each 
being so adjusted that both stages delivered the same output, measured 
by means of an output meter. The valves were switched on at 10.15 a.m., 
and switched off at midnight automatically, and the receiving stages 
tuned to a British broadcasting programme. This test was continued 
for six days, and the valves in Class A push-pull consumed 
1,450 milliampère-hours, whereas the quiescent push-pull consumed 
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only 675 milliampère-hours. It will be noted that the saving in high-
tension consumption was more than 50 per cent. Both stages delivered 
the same output, and, at times no doubt took the same current, but the 
QPP stage effected the economy during the period when the programme 
material was such that the stages were not called upon to deliver their 
maximum output. 

It must be admitted that the quality of reproduction of a QPP 
output stage is inferior to that available from a Class A output stage, 
all things being equal. Nevertheless, it is of great advantage when 
used in battery-operated receivers. When high-tension consumption is of 
primary importance, the QPP stage may be considered to give the best 
quality, as, when the matter is viewed broadly, the alternatives are a 
QPP output stage giving slightly indifferent quality compared with a 
single valve, which will be badly over-loaded, and therefore give worse 
quality. This comparison, of course, only applies to receivers where 
high-tension consumption is necessarily limited by economic consideration. 

Class C Out C output is a form of quiescent push-pull 
output, and may be defined as two valves working in push-pull and 
biased at a point where anode current practically ceases, i.e. the cut-off 
point. The actual point chosen is of some importance, since it determines 
the linking up of the two valves or, in other words, the accuracy with 
which one valve will commence to function when the other one has 
ceased. The application of incorrect bias will cause serious distortion 
when handling small inputs, but is not so important when handling large 
inputs. It must be remembered, however, that the output stage is dealing 
with a low-frequency wave form, and consequently will be called upon 
to handle small inputs and large inputs at the direction of the programme 
material being reproduced. Class C amplification is sometimes used for 
very large amplifiers, particularly of the portable type, since problems 
of heat distribution are brought about when really heavy anode currents 
are in use; otherwise the system is almost entirely confined to domestic 
battery receivers, the actual valve chosen being usually of the pentode 
type in order to obtain high sensitivity. Special valves are available 
which comprise two pentodes mounted within a single bulb; this 
development is purely one of convenience, and has no theoretical 
significance. 

It should be particularly noted that a Class C output stage may work 
with an input which will drive it from approximately zero anode current 
to a point where the grid swing approaches, but does not reach, the value 
at which grid current will flow. 

Class B Output.—Class B output is a form of quiescent push-pull 
which fulfils the same advantages of economical high-tension current 
consumption, but achieves the desired result in a somewhat different 
manner. The typical Class B valve comprises two triodes mounted in a 
single bulb and having relatively high impedance. A typical circuit is 
shown at Fig. 162, from which it may be seen that the valve is working 
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without grid bias, although certain types actually use a small value of 
negative bias. It is, however, more convenient to use for an example 
the type of valve which works at o bias, under which condition each 
anode will pass something less than i milliamp. It is apparent that 
when positive signal voltage is applied to the grid the valve will make 
an excursion in the positive grid region, i.e. the grid will become more 
and more positive in accordance with the amplitude of the applied signal. 
The valve is in all respects a triode, and will pass grid current when the 
grid is made positive to a material extent, which would normally result 
in severe distortion due to the load imposed on the preceding valve. 
The valve immediately preceding the output valve at Fig. 162 is not a 
low-frequency amplifier in the generally accepted sense of the term, since 

o 1 
Fig. i62.—Basic circuit of a Class B output stage; special reference is made in the text to the 

condenser connected between the grids of the Class B valve. 

it performs the unusual function of delivering not only a voltage output 
to drive the output stage, but a current output, so that the energy 
consumed in the grid circuit of the output valve can be provided for 
without adversely affecting the performance of either stage. 
This special valve, which supplies the requirements of a Class B output 

valve, is somewhat aptly termed the driver valve, and usually takes the 
form of a small power valve over-biased to an extent which will permit 
it to deliver some 30 milliwatts for an anode current of about 1.5 milli-
amps. Under certain circumstances, however, it is possible to use a 
valve of what is colloquially termed the low-frequency type; this 
arrangement, however, tends to increase anode current to some small 
extent, though it effects a useful saving in filament current. 

It will be noted that the coupling between the driver and Class B 
output valve takes the form of a transformer; this component differs 
from the usual type of low-frequency transformer inasmuch as it has a 
small step-down ratio instead of a step-up ratio, a detail made necessary 
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by the desirability of reducing the loading imposed in the driver valve 
anode circuit by the heavy flow of grid current in the grid circuit of the 
output valve. It is also necessary that the secondary of the driver trans-
former shall have a low D.C. resistance, usually not more than about 
200 ohms, in order that the grid current flowing through the winding 
will not cause an appreciable voltage drop across the winding, which 
would result in variable grid bias being applied to the valve, and consequent 
distortion. 

It will be noted that the outer terminals of the driver transformer 
secondary are connected together by means of a fixed condenser. At 
first sight this might be assumed to be some form of tone control, a func-
tion which it does actually perform, but it has far greater significance. 
As already stated, the anode current is dependent on the amplitude of 
the signal input which will normally be made up by the modulation 
from the programme that it is desired to hear, but considerable danger 
arises from the possibility of the presence of a supersonic frequency, 
which may have a steady amplitude capable of driving the Class B valve 
to a pointwhere it passes very heavy anode current, under which condi-
tion, of course, the life of a quite large high-tension battery may be 
measured almost in days. A supersonic frequency may be roughly 
described for the present purpose as a whistle above audible frequency, 
so that its presence is not detected by ear. It could arise from the 
heterodyning of two stations 18 kilocycles per second apart, or from other 
causes. The danger of excessive anode current, due to the presence of 
a supersonic frequency, is rendered negligible by the condenser connected 
across the secondary terminals of the driver transformer, since the 
capacity will attenuate any frequency above audibility to such an extent 
that for all practical purposes it assumes negligible proportions. It is 
apparent that this condenser or some similar device must be included 
in front of the Class B valve and not in the anode circuit, as it is necessary 
to remove the unwanted frequency before it reaches the grid. It will 
be observed that each half of the primary of the output transformer is 
shunted by a condenser which will in effect limit the impedance of the 
anode load. It is important that the function of this condenser should 
not be confused with the condenser in the grid circuit. 
The output transformer must have a ratio suitable to raise the impe-

dance of the loudspeaker to the optimum load required by the valve. 
It must, however, be so designed that the D.C. primary resistance is 
of a low order, usually about 150-200 ohms. This is necessary to 
avoid material changes of applied D.C. anode voltage arising from the 
considerable change in anode current, which will usually be from 
I-30 milliamps, or more. 

It is found in practice that distortion may be very easily introduced 
into receivers using Class B output. This may be due to failure to observe 
the special requirements detailed above or to the presence of high 
frequencies introduced into the driver valve anode circuit and elsewhere, 

R.T. 1-13 
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and also to spurious frequencies arising in the Class B output stage finding 
their way back into the preceding stages. It is necessary, therefore, that 
rigid precautions should be taken to prevent coupling between the anodes 
of the valves, an aspect of receiver design that is dealt with separately 
in the chapter devoted to de-coupling. 
The driver valve and Class B output valve are usually looked upon as 

a single stage, since the function of one is dependent upon the other, and, 
furthermore, the driver valve must necessarily work under such conditions 
that its signal amplification is small; in fact, the stage gain of the 
complete output system is very low, often less than one-tenth of that 
obtainable from two pentodes working in quiescent push-pull. To 
compensate for this it is generally considered that the Class B arrangement 
is capable of more faithful reproduction than that available from quiescent 
push-pull pentodes. It may be added that both systems have their 
own peculiar forms of distortion, which cannot be defined mathematically 
by any of the usual methods which are applied to normal Class A output 
systems. 

Negative Feed-back.—It has already been intimated that means are 
available for reducing the third harmonic content of a pentode output 
stage. This is achieved by means of a principle known as negative feed-
back, and is applicable when using a single pentode valve, or when two 
pentode valves are used in push-pull. In the latter case, however, the 
second harmonic distortion is cancelled out, so that with negative feed-back 
the total harmonic content is very small. Negative feed-back may be 
defined as a method of reducing third harmonic distortion in a pentode 
valve by feeding a small part of the speech-frequency voltage in the anode 
circuit back into the grid circuit. 

It is necessary that the energy fed back from the anode circuit should 
be in series with the normal signal voltage, since the alternative method 
would introduce undesirable secondary effects. A suitable circuit is 
shown at Fig. 163. It will be observed that the output stage is normal, 
except that the anode load of the low frequency amplifier is not con-
nected to the high tension supply in the normal manner but to a poten-
tiometer arrangement connected across the anode load of the output 
valve. The resistances, R and RI, form a simple potentiometer to divide 
up the anode speech potential so that the necessary portion of it may be 
fed back to the grid circuit. The combined value of the two resistances 
should be about ten times the value of the anode load, since the former 
is in effect in parallel with the latter, while the value of R will normally 
be between five and ten times the value of R1, so that the voltage fed 
back is between one-sixth and one-eleventh of the speech-frequency 
voltage across the output anode load. 
The voltage fed back in this manner reduces the sensitivity of the 

output stage very considerably, normally to the extent of about a fifth. 
It is thus necessary that the preceding valve shall be capable of delivering 
about five times the output, in order to preserve the same speech output 
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from the pentode. It should be understood that though the sensitivity 
is considerably reduced, the maximum speech output is not affected, and, 
furthermore, the third harmonic distortion is reduced by approximately 
the same factor as the reduction in gain. It is thus possible to reduce 
serious third harmonic distortion to a very low percentage. 
The introduction of negative feed-back has an effect that is synonymous 

with a reduction of working impedance, resulting in a further improve-
ment in the quality of reproduction, since the low anode impedance will 
considerably reduce loudspeaker resonance, which is normally noticeable 
with a pentode valve owing to its relatively high dynamic impedance. It 
should not be assumed 
from these remarks that 
the anode load should 
be deliberately reduced, 
although some variation 
is permissible. Some 
manufacturers quote a 
value as the optimum 
load which gives zero 
second harmonic distor-
tion, in which case the 
figure can be adhered 
to, since negative feed-
back will take care of 
third harmonic distor-
tion. When, however, 
a pentode valve is work-
ing under conditions 
other than zero second 
harmonic distortion, it 
may be desirable to 
modify the load. 

Negative feed-back may be applied to pentode valves in push-pull, but 
it is necessary that the transformer shall have two separate secondary 
windings, so that the low-potential ends can be returned to the potential 
divider across their respective anode circuits. When working pentodes 
in push-pull with negative feed-back, both third and even harmonic dis-
tortion is taken care of. It is thus possible to increase the anode load 
of each valve in order to obtain a little more output, making the total 
anode to anode load, say, two-and-a-half times, instead of twice the 
optimum load for a single valve. 
Numerous methods of applying negative feed-back can be employed 

and are divisible into two classes. When the feed-back is so arranged 
that the voltage fed back is proportional to the current flowing through the 
output load, the arrangement is known as negative current feed-back, and 
while often convenient it has the disadvantage that it increases the effec-

Fig. 163.—A satisfactory method of applying negative voltage feed-
back to a tetrode or pentode output valve. 



186 THE OUTPUT STAGE 

tive internal resistance of the amplifier. When feed-back is arranged so 
that the voltage fed back is proportional to the voltage across the output 
load the arrangement is known as negative voltage feed-back and is prefer-
able since it reduces the effective internal resistance of the amplifier. 

Negative feed-back is quite applicable to a battery pentode, but its 
use in a battery receiver is usually rendered impracticable by the reduc-
tion in sensitivity. 
Para phase Push-pull.—The push-pull output stage shown at Fig. 161 

uses transformer coupling between it and the preceding stage. It is 
possible to use resistance-capacity coupling by employing a special 
circuit arrangement ; the normal anode resistance in the low-frequency 
amplifier stage is divided into two sections, one occupying its usual place 
in the anode circuit and the other being placed in the cathode lead. 
The cathode and anode are 18o° out of phase; thus the anode is 
coupled through the usual coupling condenser and associated grid leak 
to the grid of one output valve, the grid of the other output valve is 
coupled in a similar manner to the cathode of the low-frequency amplifier. 
An alternative method necessitates the use of an additional valve in 

the low-frequency stage. The low-frequency amplifying valve is coupled 
by means of a coupling condenser and associated grid leak to one of the 
output valves, the extra low-frequency valve being similarly coupled to 
the other output valve. The normal low-frequency valve is driven by 
the preceding stage, but the extra valve derives its operating voltage 
from a tap on the anode resistance of the low-frequency valve. In this 
way the anodes of the valves are exactly 18o° out of phase and, by 
varying the tap on the anode resistance, the voltage output of the two 
valves can be made equal; in practice the tap is formed by means of a 
potentiometer across the anode resistance, which is so adjusted that no 
sound is heard from a pair of headphones inserted in the high-tension lead 
of the output valves. The headphones must necessarily be of relatively 
low resistance, as the high-resistance type would probably be burnt out 
by the heavy anode current. 



CHAPTER 23 

OUTPUT VALVES 

OUTPUT valves may be broadly divided into three classes: the triode, 
pentode, and tetrode; such specialised types as the Class B output 
valve being modifications which, from the constructional point of view, 
may be considered as of a minor order. 
The construction of the triode, pentode, 
and tetrode shows considerable variation, 
while their characteristics are widely 
diverse, and the method of interpreting 
the characteristic curves to obtain such 
information as the optimum load is 
different in each case. 
The Triode.—The triode valve has 

been described in an earlier chapter, but 
some remarks are called for regarding the 
output triode, which shows considerable 
modification when compared with triodes 
intended for use in earlier stages of the 
receiver. The illustration (Fig. 164) 
shows a typical mains output triode, 
points of interest being the carbonised 
anode to facilitate the dissipation of heat 
and the grid which is constructed to pre-
vent its temperature rising to a point 
which would make grid emission possible. 
The copper supporting-wires, on which 
the grid is wound, give the necessary heat 
distribution. It should be noted that 
the example chosen is of the type in-
tended for use in receivers capable of 
working off either alternating or direct current mains supply. This type 
of receiver is prone to introduce mains hum and, as a means of helping to 
combat this tendency, the valve in question has the grid connected to a 
terminal mounted on top of the bulb, so that it is well away from its heater 
terminals. The normal output triode, however, has all four connections 
taken to the pins on the base. 
The anode of the valve illustrated at Fig. 164 has been treated by 

carbonisation, a process which imparts to the anode a very thin coating 
187 

Fig. i64.—A typical directly heated 
output triode. 
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of carbon to prevent secondary emission, and for similar purposes approxi-
mately three-quarters of the inside of the bulb is treated with a form of 
carbon which is so finely powdered that it may be conveniently mixed 
with water. The phenomenon of secondary emission has been described 
in an earlier chapter; it will be remembered that it takes the form of 
electrons emitted from a substance as a result of an electronic bombard-
ment. Most metals will emit secondary electrons comparatively easily, 
but carbon will not emit secondary electrons under conditions that are 
likely to obtain in a normal output valve. The output triode, like all 
other valves, is prone to considerable modification when interpreted by 
various manufacturers; one example departs from convention to the 
extent of having a grid placed between the control grid and anode. This 
valve is, nevertheless, a triode, since the extra grid is internally strapped 
to the anode, an arrangement which reduces the internal impedance 
without placing the anode so close to the control grid that the latter might 
suffer from grid emission through over-heating. 

The Class B Triode.—The principle of Class B amplification requires 
valves having special characteristics; these special characteristics do not 
result in the actual triode assembly possessing a distinctive appearance, 
although the valve as a whole is distinguished by the fact that the two 
necessary triode assemblies are mounted side by side in the same bulb. 
The mounting of the two electrode assemblies as one valve is due solely 
to considerations of economy and convenience. The valve is usually 
capped with a seven-pin base, the two anodes and two grids being brought 
out to separate pins. It is not necessary that the correct grid and 
anode should be associated together, since it is immaterial, as the input 
and output circuits are completely symmetrical. 

The Quiescent Pentode.—The superficial appearance of a Q.P.P. 
output valve is similar to that of a Class B triode, inasmuch as two 
assemblies are mounted in a single bulb. The difference in construction 
lies in the addition of the auxiliary and suppressor grids; the latter are 
connected together and strapped internally to the filament, while the 
former are usually connected together and brought out to a single pin. 
There is at least one type of quiescent pentode with the auxiliary grids 
brought out to separate pins, permitting slightly different potentials 
to be applied for the purpose of matching the anode current of the two 
sections. 

The Pentode.—As its name implies, the pentode has five electrodes: 
the cathode, or filament, the control grid, auxiliary grid, suppressor grid, 
and anode. The term auxiliary grid is used in place of the term screening 
grid when referring to an output pentode; although this grid has the 
same electronic action as the screening grid of an H.F. pentode, it is not 
constructed in a manner that allows it to be regarded as a screen for the 
purpose of reducing grid/anode capacity. 
The battery-type pentode usually employs a circular inner grid and 
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rectangular auxiliary grid, suppressor grid, and anode. The mains pen-
tode, however, is a very much more elaborate affair, as precautions have 
to be taken to eliminate the possibility of secondary emission and grid 
emission. Fig. 165 shows a typical output pentode which may be 
regarded as a good example of valve design, and, consequently, a few 
remarks regarding its construction may be of interest. 
The pentode shown at Fig. 165 has a flat cathode containing an M 

filament rated at 4 volts, 2 amps; the high heater wattage being necessary 
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Fig. 165.—A high-slope output pentode rated to dissipate zo watts. 

to bring about the high value of mutual conductance, which is about 
8 mA/V. The control grid is made of nickel-chrome alloy wire, and has 
copper supporting-wires of exceptionally thick gauge which terminate in 
cooling-fins ; both precautions being intended to maintain the grid at a 
sufficiently low temperature to preclude the possibility of grid emission. 
These precautions are very necessary, since the valve has a total dissipa-
tion of nearly 20 watts : 8 watts for the heater, 8 for the anode, and over 
2 for the screen. The auxiliary grid is of normal construction, the same 
remark being applicable to the suppressor grid, which is of very open 
spacing. The anode is carbonised, to improve its radiation properties as 
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a further contribution towards maintaining the whole structure at a low 
operating temperature. 

Almost the whole of the interior of the glass bulb is covered with a fine 
carbon deposit to prevent the emission of secondary electrons. The 
inner wall of the bulb is continually bombarded by electrons which have 
missed the auxiliary grid and anode and ultimately impinged on the bulb. 
This continuous bombardment would normally cause secondary emission 
from the glass to the highest positively charged electrode, namely, the 
anode. This unwanted contribution to the anode current would be of a 
random nature, since it would not necessarily be proportional to the 
instantaneous grid voltage; in this way a portion of the anode current 
would be outside the control of the grid, a set of conditions which will 
introduce distortion. 
The output pentode as interpreted by various manufacturers shows 

wide diversity of design. The remarks made about the example at 
Fig. 165 may, nevertheless, be regarded as being of a general nature. 
The Output Tetrode.—The possibility of employing a tetrode valve 

was realised at about the same time as official broadcasting was com-
menced in this country, but until comparatively recently the character-
istic of a tetrode was thought to be inseparable from the negative resist-
ance kink which was fully explained in Chapter 14. This non-linearity 
of characteristic rendered the valve quite unsuitable for use in the output 
stage, where large anode swings are necessary in the interests of large 
output. 

It has been found that suitable modifications of the tetrode assembly 
will almost entirely remove the negative resistance kink, although careful 
examination of the anode current curve of an output tetrode will show 
that a slight trace still remains. The necessary modification consists of 
placing the anode at an adequate distance from the other electrodes, so 
that its immediate vicinity is not greatly influenced by the voltage-field 
of the auxiliary grid. Furthermore, the anode is provided with fins 
which effectively prevent slow-moving electrons from returning to the 
auxiliary grid. 

Relative Advantages.—The normal broad types of output valves have 
been briefly outlined above. It is now necessary that some remarks 
should be made regarding their relative advantages. It will not be 
necessary to dwell upon the application of the Class B and quiescent 
pentode valves, since their peculiar advantages are apparent. 
The triode valve is inefficient from the point of view of speech-output 

available from a given anode dissipation. The usual type of triode 
seldom exceeds an efficiency of 25 per cent. On the other hand, the 
triode is entirely free from third harmonic distortion, and, for this reason 
alone, it is rapidly effecting a return to popularity. The sensitivity of a 
triode valve is also low, and consequently a relatively large input is 
required for a given output; a disadvantage that may perhaps be off-set 
by the tolerance of the valve towards the condition of over-load which 
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allows the valve to be run at a relatively high mean speech-output, since 
the occasional over-load due to very heavy orchestration may be con-
sidered tolerable when compared with a pentode working under similar 
conditions. The triode is also tolerant to incorrect anode load, but this 
cannot be considered as a true advantage, since there is no reason why 
the optimum load should be seriously modified. 
The pentode is identified by its higher efficiency—examples being not 

uncommon which permit speech-output equal to 40 per cent, of the 
anode dissipation, and, slope for slope, the sensitivity of the pentode is 
higher than the triode. Against this it is necessary to weigh the dis-
advantages, which are the presence of third harmonic distortion, the 
tendency to permit loudspeaker resonance owing to high internal impe-
dance, a very noticeable intolerance towards over-loading, and the tendency 
to attenuate the higher audio-frequencies owing to high output capacity, 
i.e. the capacity existing between the anode and all other electrodes 
The output tetrode may be regarded as a modified pentode, and all the 

remarks made about the latter are applicable to the former, with the 
exception of those relating to loudspeaker resonance and high-note 
attenuation. The impedance of an output tetrode tends to be lower than 
that of a pentode, and provides a certain amount of damping which 
reduces loudspeaker resonance. Since a characteristic of the tetrode is 
the somewhat remote placing of the anode, it follows that the output 
capacity of this class of valve is relatively low. It would appear, there-
fore, that the tetrode may be regarded as a pentode capable of giving a 
superior quality of reproduction; there is, however, some doubt in 
the author's mind, as practice does not seem to completely sub-
stantiate this claim. 

Detector Output Valves.—Output pentodes and tetrodes are available 
with assemblies that are modified to include one or two small anodes 
which, with the cathode, form small diodes. This arrangement is 
intended to allow the output stage to perform the dual function of 
detector and output, and is made possible by the high sensitivity of such 
valves, since they may be easily loaded direct from the diode detector 
without demanding an excessive output from the intermediate-frequency 
amplifier. 

Optimum Load.—The method of determining the optimum load is 
usually by means of a set of anode-volts/anode-current curves. Fig. 166 
shows a typical family of curves taken from a directly heated triode 
having an anode dissipation of 12 watts, and rated for a maximum anode 
voltage of 250 volts. The first step is to find the operating-point which 
will normally be the maximum permissible. Since the valve is rated for 
250 volts, 12 watts, the application of Ohm's law will show that the 
operating-point is 250 volts, 48 milliampères, which may be marked on 
the curve where these two lines intercept, marked lo in the illustration. 
Since the valve is directly heated, it may be allowed to swing from Vg = o 
to twice the grid bias, which is 57 volts (curve shown dotted). It may be 
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observed by drawing an imaginary line through 10 parallel to Vg — 30 
that the grid bias is 28.5 volts. It is now necessary to draw a line 
between Vg = o and Vg — 57 at such an angle that the distance I max. 
to I° is equal to the distance 10 to I min. multiplied by le, since this 
relationship will introduce 5 per cent. second harmonic distortion. The 
use of a ruler graded in millimetres will show that the distance I0 to 
I min. is 63 millimetres, which multiplied by .191 = 77 millimetres. The 
distance Io to I max. is also 77 millimetres, thus the line I max., I min. 
fulfils the required condition. 
A celluloid ruler is available, which is so graded that the divisions on 

one side of the centre zero are equal in length to le of the divisions on 
the other side. When such a ruler is available, it is merely necessary to 
place the centre zero on the operating-point and revolve it until the 
division nearest to Vg — o bears the same numbers as the division 
nearest to Vg — 57. 
The next step is to determine the impedance represented by the load 

line. It will be noticed that it shows a change in current of 8o milli-
ampères, i.e. a swing from 12 to 92 milliampères and a change in voltage 
of 250 volts, i.e. a swing from 115 to 365 volts. To obtain impedance it 
is necessary to divide the voltage by the current, bearing in mind that 
the former must be expressed in millivolts, since the current is in milli-
ampères. 250,000 divided by 8o = 3,125 ohms or, in round figures, 
3,000 ohms. 

Undistorted Output.—The same values required to determine the 
optimum load may be used to determine the speech-output by means of 
the following formula: 

(I max. — I min.) (V max. — V min.) 

the various factors being determined from Fig. 166. It will be remem-
bered that the voltage change from the points marked I max. and 
I min. was 250 volts, and the current change, I max. — I min., was 
8o milliampères, which is .o8 ampère. 250 x .o8 is 20, which multiplied 
by -k = 25 watts. 

It is possible to calculate the optimum load and undistorted output 
by means of Brain's formula, which will be found in The Radio 
Circuits and Data Volume," but this formula, although extremely useful, 
is not always reliable and is sometimes capable of considerable error, 
particularly when applied to indirectly heated triodes. Nowadays valve 
manufacturers publish this figure which may be accepted with confidence. 
The Optimum Load (Pentode).—The calculation of the optimum load 

for a pentode valve presents certain difficulties, since there is no ready 
method of determining the angle of the load line, and several experimental 
load lines must be drawn and further curves plotted from the information 
thus obtained. Fig. 167 shows a dynamic grid-volts characteristic, which 
is arrived at by plotting the anode current for various grid voltages read 
from the points where the load line intercepts the grid voltage curves. 
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From the curve thus obtained the third harmonic distortion can be 
determined by the following formula: 

X — Y  Third Harmonic Distortion (per cent.) — , 
.1. max. — Io X i°° 

when I max. — I0 is the swing between the operating-point and I max., 
and X — Y is the deviation between the actual anode current at the 

mid-point between Io 
70  and I max., and the 

ideal condition, which max 
is a straight line join-

60 49 ing I max., Io, and I 
min. There are other 
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z stood that the total La 

harmonic distortion of =   
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the mere addition of 

Fig. z67.—The text describes how the third harmonic distortion can system, and the 
be calculated from data obtained from the above drawing. 

manner in which the 
plate current varied with input. It is therefore interesting to study 
the set of curves shown at Fig. 168, which shows the grid current, 
harmonic distortion, plate current, and power output plotted against 
various input voltages. It should be noted that the driver and Class B 
valve have been considered as a single stage, and the curves in question 
show the combined performance of the two valves, that is to say, the 
input volts are the R.M.S. value of the signal fed to the driver, the plate 

ILI 
Cà 20 the figures for each 
o liii type of distortion, but z   
< must be combined by 

adding them vectori-
ally. 
Harmonic Distor-

tion, Class B. — 
Reference was made 

8 6 4 2 0 in the previous chap-
ter to the performance 

GRID VOLTS of the Class B output 
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current is the combined current for both valves, and the harmonic curve 
shows the combined distortion of all harmonics for both valves; the 
power output curve naturally relates to the Class B valve only. It is 
interesting to note that the harmonic content rises rather abruptly when 
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Fig. i68.—Performance curves of a Class B output stage. The curves show the combined performance 

of driver and output valves. 

the input exceeds 5 volts; it is therefore reasonable to conclude that the 
maximum permissible input to the driver valve is in the region of 6 volts 
R.M.S. This illustration is interesting, since the whole question of 
Class B harmonic distortion seems to have been wrapped in mystery. 
The curve shown at Fig. 168 was taken from a typical small power valve 
as driver and a typical Class B valve, and, since an output of 2 watts is 
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obtainable without exceeding 6 per cent, total harmonic distortion, 
there appears to be no reason for this reticence. 
Automatic Bias.—In all stages other than the output stage the bias 

resistance bypass condenser may be regarded as a means of holding the 
cathode at earth potential from the A.C. standpoint, and, generally speak-
ing, a relatively small capacity is adequate. The bypass condenser 
across the bias resistance of the output stage must necessarily be rather 
large to avoid the attenuation of the lowest frequency. The bias resistor 
is virtually in series with the anode load, and, when the latter takes the 
form of a loudspeaker transformer, its impedance at the lowest audible 
frequencies is comparable with the resistance; a condition which will 
cause considerable loss of bass. To overcome this possibility it is neces-
sary to use a large condenser, usually 25 or 50 microfarads, so that the 
reactance is low compared with the anode load. For this purpose the 
electrolytic condenser will normally be used for the sake of economy 
and compactness. 
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THE LOUDSPEAKER 

BEFORE describing the more important types of loudspeakers it will be 
advantageous to outline the requirements for ordinary domestic pur-
poses. It is desirable, but not essential, that a loudspeaker should 
possess reasonable sensitivity, judged on the basis of apparent volume for 
a given input of energy from the output stage of a radio receiver or 
amplifier. It is important that the loudspeaker should have reasonably 
even frequency response over the audio range associated with 
broadcasting, which will generally be 25-7,000 cycles per second, or 
25-12,000 cycles per second for 
FM broadcasting, and not introduce 
spurious frequencies. In order to CONE LAMINATED 
eliminate the possibility of audible POLE PIECE 
distress, i.e. rattling and buzzing, 
the loudspeaker must have ade-
quate power-handling capacity; REED COIL 
it is generally accepted that the 
power-handling capacity should 
be 50 per cent. greater than the 
maximum power that it will be 
called upon to handle. 
Reed Types.—The most simple 

type of loudspeaker, ignoring the 
metal diaphragm horn type, which 
can be considered as obsolete, is 
the reed type which is shown at 
Fig. 169; these are still sometimes 
used in small low-priced midget 
receivers, but reference is made 
primarily to serve as a basic intro-
duction to loudspeaker technique. MAGNET 
The driving mechanism comprises 
a permanent magnet, around the Fig. 169.—A reed-type loudspeaker; some examples 

poles of which are placed two coils have a coil on both pole pieces 

which will have a D.C. resistance in 
the neighbourhood of L000 ohms. Unless adversely influenced by price 
considerations, the magnet will have a fair cross-section area, and will 
be perhaps half an inch by one inch and made of tungsten or cobalt 
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steel. The moving element consists of an iron reed firmly anchored to 
the apex of the diaphragm; it is important that the total mass should 
be as light as possible consistent with the necessary rigidity. It is 
equally important that the reed should be incapable of even small 
movement without the diaphragm, and vice versa. The reed must 
possess sufficient length to permit of the necessary flexibility, while, on 
the other hand, it must be sufficiently springy to prevent the magnetism 
of the pole pieces from drawing it into contact. These requirements call for 
some care in design, since, in the interests of sensitivity, the gap between 
the pole piece and reed must be relatively small, as the strength of the 
magnetic field will vary in inverse proportion to the length of the gap. 
The reed is generally connected to the diaphragm by a short, stiff bar 

fixed to the latter by fairly large conical washers to achieve rigidity. 
The diaphragm, which is colloquially referred to as the cone, must be 
both light and rigid, and is usually made of suitable paper which is 
specially manufactured for the purpose. The cone is connected to the 
edge of some fixed surround by means of flexible material, which is 
intended to isolate the front from the back while allowing free movement. 
It is probable that the very best substance for this purpose is thin chamois 
leather, but preference is given to light, flexible, densely woven cloth 
when expense prohibits the use of leather. 
The " fixed support," referred to above, usually takes the form of a 

suitable circular hole in a flat wooden board or cabinet which is of such 
dimension that the shortest distance between one side of the cone and 
the other is not leAs than some 18 inches. This barrier is known as the 
baffle, and is made necessary by the fact that the displacement of air on 
one side of the cone is out of phase with the displacement on the other 
side, which would cause acoustic interference in the absence of an 
adequate baffle. 
The mechanism shown at Fig. 169 is actuated by the audio-frequency 

current in the output stage passing through the coils and automatically 
increasing and decreasing the strength of the magnet and, consequently, 
the pull on the reed. The latter, being under tension from its own 
springiness, will move backwards and forwards in sympathy with the 
instantaneous pull of the magnet, and, in so doing, will move the cone 
backwards and forwards. It is practically essential that some adjust-
ment be provided to vary the relative positions of magnet and reed to 
permit a suitable compromise between sensitivity and power-handling 
capacity. 
The simple reed speaker abounds with disadvantages; it has been 

mentioned that the D.C. resistance of the coils will be in the neighbour-
hood of 1 ,000 ohms, but this figure is quite unrelated to the speech-
frequency impedance, which varies widely at different frequencies, and, by 
offering an inconstant load to the output valve, results in uneven output. 
The impedance variation is quite remarkable, and there are many types 
in existence which have an impedance of less than 5o ohms at 6o cycles 
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and more than 500,000 ohms at 5,000 cycles.. They have, nevertheless, 
proved acceptable to thousands of people, with no aid other than a 
condenser connected across the winding to limit impedance at the 
higher frequencies. 
As the reed moves towards and away from the magnet the pull of the 

latter will vary, not in a linear manner, but in proportion to the square 
of the distance; consequently the movement of the cone is not directly 
proportional to the current, since the movement in one direction vvill be 
different from the movement in the other direction, and if the input is 
sinusoidal the acoustic wave form of the output will exhibit distortion 
similar to second harmonic distortion. The percentage of distortion 
introduced in this manner is obviously proportional to the movement of 
the reed, and will, for this reason, be most noticeable on the lower fre-
quencies. Some slight improvement can be effected by so arranging the 
reed that it approaches the pole piece at a suitable angle, but it is 
doubtful whether any worthwhile improvement can be achieved. Other 
spurious frequencies are introduced by various resonances, particularly 
those associated with the coupling bar and the cabinet or baffle. 
Balanced Armature Mechanism.—The mechanism shown at Fig. 170 

is a modification of the simple reed movement designed to overcome non-
linear relationship 
between current and 
armature movement. 
It will be observed 
that the armature is 
pivoted at the centre 
and free to move for 
a short distance in 
either direction; it is 
held at rest midway 
between the magnets 
by means of a flexible. 
suspension which will / 
be provided with • 
some form of adjust- -  - • 
ment for centring • "  
purposes. The re-
lationship between 
current and cone movement is sensibly linear over a small range, 
but departs from linearity when the output is increased, resulting in 
the introduction of spurious harmonics. This type of mechanism 
suffers from the disadvantage that the natural frequency of the moving 
member is rather high, resulting in serious attenuation of the lower 
frequencies. The natural frequency may be lowered by the introduction 
of mechanical damping, but this results in considerable loss of sensitivity. 
The balanced armature loudspeaker enjoyed a certain popularity at the 

R.T. 1-14 

Fig. 

. , • • 
. • . •  

70.—Section of a balanced armature loudspeaker. 
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time of its introduction ; it is, however, relatively costly, and has, there-
fore, been completely superseded by the moving-coil loudspeaker, which 
is very much more efficient. 
The Inductor Dynamic Loudspeaker.—The inductor dynamic loud-

speaker was introduced some ten years ago—when it was hailed as a great 
discovery, since it was able to handle quite considerable output and 
avoided many of the disadvantages of the moving-reed and balanced 
armature types. Owing to the considerable available movement of the 
cone, it was able to handle the lower frequencies with comparative ease, 
but, owing to the weight of the moving member, suffered from very bad 
high-note attenuation. As the result of these two features, reproduction 
was of a deep and somewhat sepulchral tone, which some listeners mistook 

for bass reproduction. 
Admittedly, at least 
one interpretation of 
the inductor dynamic 
speaker was capable 
of reasonably good 
reproduction, but 
once again the 
moving-coil loud-
speaker offered at a 
popular price became 
the principal type of 
loudspeaker. 
The Moving-

coil Loudspeaker.— 
Fig. 171 shows the 
cross-sectional area of 
a permanent-magnet 
moving-coil loud-
speaker. It consists 
of a relatively mas-
sive magnet of high 
flux density provided 
with a very small cir-
cular air gap—which 
is often no more than 
.03 inch. 
The moving por-

tion consists of a 
coil of light but 
strong construction 

fixed to the apex of a cone which is freely suspended by chamois leather 
or other supple material. The coil usually consists of an impregnatedpaper 
or aluminium-foil former, wound with some 2o-50 turns of fine wire, and 

FLEXIBLE MOUNTING 

CONE 
  COIL 

CORE 

, 

SPIDER 

Fig. 171.—Simplified section of a permanent-magnet moving-coil 
loudspeaker; the chassis has been omitted for simplicity but may 
be seen in Fig. 174. 
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having an impedance in the neighbourhood of 2 ohms. Since this coil 
must be capable of moving backwards and forwards between the pole 
pieces with very little clearance, some means must be available for 
flexibly anchoring the coil to prevent side movement. This is usually 
accomplished by means of a flexible paper centring device, which is 
permanently secured to the coil and anchored at its centre by a screw 
which is tapped into the centre of the magnet. 
Such a device is termed the spider, a typical 

  / COIL example of which is shown at Fig. 172. Gener-
ally speaking, the hole in the centre of the spider 
will be somewhat larger than the screw, allowing 
a slight adjustment for the purpose of accurately 
centring the coil. 

It is apparent from the illustration that the 
moving section of a moving-coil speaker can be 
extremely light, and can be capable of con-
siderable backward and forward movement, 
providing that the spider is suitably designed 
and the annular surround sufficiently flexible. 
The impedance of the coil, which is usually termed the speech-coil, will 

be somewhat similar to its D.C. resistance, and must be fed by a trans-
former in order to provide the output valve with a load of adequate 
impedance. Low-impedance coils are almost entirely independent of 
frequency, the usual variation being from, say, 2 to VI ohms at 25,000 
and 7,000 cycles per second, respectively. When current is passed 
through the coil it is caused to move inwards or outwards according to 
the direction of flow and the polarity of the magnet. Movement of the 
order of a I inch is not unusual with the larger type of domestic 
moving-coil speaker. Since the impedance of the coil is sensibly constant 
for the audible range, it might be expected that the input to output ratio 
might be equally constant, and, in fact, is nearly so. Some frequency 
discrimination, however, arises from losses in the iron of the magnet and 
phase shift between coil current and the resultant magnetic flux. It is 
interesting to note that the radial field of the magnet is at right angles 
to the coil, with the result that interaction between the magnetic field 
and the field from the coil is of negligible proportions. 
The moving-coil loudspeaker undoubtedly represents the most efficient 

form of sound reproducer for normal purposes, but it should not be con-
sidered as nearing perfection. A stress has been laid upon the level 
frequency characteristics of the coil, but the acoustic response is subject 
to certain irregularities which are due to spurious frequencies introduced 
at low frequencies by the spider and the annular suspension offering 
mechanical resistance towards the termination of the comparatively 
large movement of the cone at these frequencies. Furthermore, the cone 
itself cannot be considered as a rigid structure, since limitations of 
rigidity are imposed by the necessity of reducing weight to a minimum. 

SPIDER SPEECH 

/ 

Fig. 172.—A typical " spider." 
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The entire moving assembly will undoubtedly possess resonance, and so 
will the baffle. With good design, however, the former is very small 
when compared with the latter. When the loudspeaker forms an 
integral part of a radio receiver, and has components, valves, and other 
obstructions placed immediately behind it, undesirable frequencies are 
introduced by the resonance of these varying objects. This distortion 
often reaches such large proportions that an obvious improvement can 
be effected by removing the loudspeaker from the receiver and fitting it 
on a separate baffle-board. 

In the interests of minimising baffle or cabinet resonance, some care 
should be given to the design of these accessories. The modern tendency 
of using ply-wood is to be deprecated, as this material is prone to reso-
nance. Soft pine wood of adequate thickness is a convenient and efficient 
material and, when made in the form of a cabinet, the depth of the 
structure should be as small as possible; but where consideration of con-
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Fig. 173.—A typical response-curve. 
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venience calls for the cabinet to be deep in comparison to the width 
some improvement may be effected by lining the loudspeaker compart-
ment with sound-absorbing material. 

Fig. 173 shows the response-curve of a typical low-impedance coil loud-
speaker having a cone diameter of approximately io inches. It will be 
observed that a small section is shown dotted, since the considerable 
deviation at this point is due to the resonance of the baffle on which it is 
mounted, and cannot be fairly considered as a defect in the loudspeaker. 
Some readers may be surprised at the irregularities in response when 
comparing them with certain published curves of loudspeakers which 
show a practically straight line. It is necessary to point out that the 
curve shown at Fig. 173 represents the actual response determined by 
means of a microphone of excellent characteristics placed in a room 
with a loudspeaker, the room being completely lined with many layers 
of sound-absorbing material. The almost straight-line characteristics 
are response-curves showing the actual impedance of the speaker at 
various frequencies, as distinct from its acoustic output. 
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Energised Moving-coil Speakers.— The loudspeaker shown at 
Fig. 171 is of the permanent-magnet type, that is to say, the magnet is 
of hard steel and magnetised during the process of manufacture. There 
is an alternative type known as the energised moving-coil speaker which 
differs inasmuch as the permanent magnet is replaced by an electro-
magnet; the hard steel inner and outer poles being replaced by soft iron 
or mild steel, which is magnetised by means of a coil placed round the 
pole piece, the whole 
arrangement being 
shown at Fig. 174. A 
few years ago the 
energised speaker was 
very much more 
efficient than the per-
manent - magnet 
speaker, but the 
difference in efficiency 
has narrowed con-
siderably due to re-
cent improvements, 
with the result that 
the superiority of one 
type over the other 
is not very marked, 
but, nevertheless, the 
mains-energised type 
still retains sufficient 
superiority to bring 
about slightly im-
proved bass response. 
The mains-ener-

gised type has two 
minor advantages; 
the permanent-mag-
net type is apt to 
deteriorate both with 
use and age, although it retains its magnetic properties long enough to 
outlast the average life of a modern receiver. It sometimes occurs in 
the course of ordinary usage that a particle of some ferrous material, 
i.e. a fragment of iron, becomes drawn into the gap, and, by lightly 
touching both coil and magnet, causes an unpleasant jarring noise which 
will be most noticeable when the speaker is reproducing some particular 
frequency. Once this particle has become lodged it cannot be easily 
removed, as it is held in the grip of a powerful magnet. This criticism 
does not apply to the energised type, since the magnets are practically 
demagnetised when the energising current is switched off. 

HUM BUCKING COIL 

Fig. r74.—section of an energised loudspeaker with hum bucking 
coil. 
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The energising current must be D.C. current, and may be supplied in 
several ways. As mentioned in an earlier chapter, the flux density of an 
energised magnet is dependent upon ampère turns; it is apparent, there-
fore, that the coil may consist of a relatively small number of turns of thick 
wire through which a considerable current is passed or, alternatively, a 
large number of turns of thin wire through which a small current is passed. 
It is equally apparent that a low voltage will drive the current through 
the former type of coil, since the resistance of the wire will be relatively 
low, but the converse applies in the latter case, assuming, of course, that 
the weight of wire is approximately the same in each case. 
The most obvious method of energising the speaker is direct from the 

same supply that is used to provide high-tension current for the various 
valves. The gauge of wire and number of turns are so proportioned that 
the required flux density is achieved by the current which will flow when 
the total available voltage is applied across the ends of the energising 
coil. This arrangement is not usually employed, except in receivers 
intended to work from D.C. current mains. 
When an energised speaker is used in a receiver working from A.C. 

mains, it is convenient to energise it by allowing the total anode 
current of the valves to pass through it or, alternatively, the current 
to the last valve. When the magnet is energised by the total anode 
current, it is convenient to allow the energising coil to serve the dual 
purpose of energising the magnet and assisting in the suppression of mains 
hum, a subject which is dealt with separately in the appropriate chapter. 
When it is convenient to energise the speaker by the anode current of 

the output valve, it is again possible to serve a dual purpose, since the 
coil can act as an output choke permitting the speech-coil to be fed 
through a suitable condenser so that D.C. is excluded, which will 
result in increased bass response, since the inductance of the loud-
speaker transformer will be increased owing to the absence of D.C. 
passing through the primary winding. 
The Loudspeaker Magnet.—It is impossible to generalise on magnets 

associated with reed, balanced armature, and inductor dynamic mechan-
isms, but some observations may be made regarding the magnets of 
moving-coil types. The flux density across the gap of a permanent-
magnet speaker is dependent upon the quality of the magnet and the 
dimension of the gap. As an example, however, it will be convenient to 
refer to a magnet where the gap has a mean diameter of r inch, a depth of 
.3 inch, and an actual gap-width of .04 inch. Magnets of approximately 
these dimensions have a flux density of more than 8,000 lines per square 
centimetre ; greater density is possible, and speakers are available with 
magnets having a flux density of some 15,000 lines per square 
centimetre, but their use is limited, since the gap-width is reduced to 
such an extent that the speaker is liable to show signs of mechanical 
distress when the output exceeds that associated with battery receivers. 
The energised speaker usually has a slightly larger gap-width, since it 
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will be used in a high power amplifier, and will normally be called up to 
handle a very large output. Assuming, however, that the gap-width and 
other dimensions are as given above, it will be possible to realise a flux 
density of the order of io,000 lines per square centimetre when the 
magnetising force is 3,000 ampère turns. It is interesting to note 
that under these conditions less than 75 per cent. of the total lines of 
force will pass across the gap, the remainder forming a field outside it 
which is referred to as the flux leakage. It should be understood that 
this figure is only a vague generalisation, as it is influenced by a number 
of factors, including actual shape of the magnet and the material from 
which it is made. 

Efficiency.—Comment has already been made on moving-coil loud-
speaker efficiency from the point of view of quality of reproduction, and 
some mention may usefully be made regarding the power efficiency. 
Here, again, it is only possible to attempt a vague generalisation. A 
high flux density loudspeaker conforming t a the specification already 
referred to will be capable of handling an input of about 4 watts, and 
will give an acoustic output of .75 watt; while at half the input, namely 
2 watts, it will give an acoustic output of .5 watt. These figures are 
quoted from tests made on a popular commercial speaker employing an 
8-inch cone having a total weight of 2 grammes, including the speech-
coil and employing very light suspension. 
Output Transformers.—It has been suggested that 2 ohms is a reason-

able impedance for the speech-coil of a moving-coil speaker, although 
examples of commercially manufactured speakers show variation between 
and 5 ohms. It will, however, be convenient to continue to use 2 ohms 

as an example. It is apparent from the previous chapter that the anode 
load required by an output valve is some thousands of ohms, and means 
must be found to reconcile the anode load required by the valve with the 
impedance of the speech-coil; this is accomplished by the use of an 
output transformer, the ratio of which will be such that the impedance of 
the coil is raised to the required value. The ratio of an output trans-
former may be determined by the following simple equation: 

/Required impedance  
Ratio 

"ti Speech-coil impedance 

This formula shows the true ratio that is required, but may be used to 
determine the turns ratio, for which purpose it is accurate when the ratio 
does not exceed about 5o: i ; above this figure the inaccuracy is appreci-
able, due to losses which cause the turns ratio to be different from the 
true ratio as obtained by measurement. 
The output transformer may have a profound influence on the response-

curve of the output stage as a whole. In order to preserve the lower 
frequencies it is necessary to have high primary inductance, which means 
a large number of turns; and a large number of turns is apt to mean high 
self-capacity, which will attenuate the higher frequencies. The average 
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well-designed transformer is generally satisfactory, due to the use of 
interleaved windings to reduce the self-capacity. There is, however, a 
tendency for the average output transformer to fall off below ioo cycles 
per second, but an improvement can be made by parallel feeding the 
primary to relieve it of the D.C. component of the output valve anode 
circuit. 

Hum Bucking.—When the energising current of a mains-energised 
speaker is derived from rectified A.C., there is a considerable possibility 
of hum arising from ripple, particularly when the energising coil is 
used for smoothing purposes. This is overcome by means of a hum-
bucking coil, which consists of some twenty or thirty turns of wire 
tightly coupled to the energising coil, and connected in series with the 
speech-coil. The hum-bucking coil is so connected to the speech-coil that 
it deliberately introduces a ripple voltage which is out of phase with 
the directly introduced ripple voltage and, if the proportions are correct, 
the ripple is cancelled out. 

The Crystal Tweeter.—The piezo-electric loud speaker, which is 
almost invariably referred to by its colloquial name of crystal 
tweeter or, in America, simply as the tweeter, is intended to be used in 
conjunction with a moving-coil speaker for the purpose of increasing the 
frequency response at the top end of the audible scale. This type of 
speaker has a response that is relatively small around 2,000 cycles per 
second, rising rapidly as the frequency is increased. It may be used to 
overcome the shortcomings of a moving-coil speaker, or to extend the 
range into regions well above 6,000 cycles per second—where the response 
of a moving-coil speaker begins to fall off rather rapidly. The piezo-
electric tweeter is also used deliberately to accentuate the response of 
the upper half of the normal audio-frequency range to overcome high-
note loss in cinemas and similar buildings; it will be remembered that 
the higher frequencies are easily absorbed by soft material, i.e. drapings 
and furnishings. 
The functioning of this speaker is dependent upon the fact that a 

suitable section of a Rochelle salt crystal will vibrate in sympathy with 
an alternating potential connected across it. 

Directional Loudspeakers.—The most familiar type of directional 
speaker is probably the horn type that was in general use at the inception 
of broadcasting. Many readers will recollect that it consisted of little 
more than a telephone earpiece provided with a horn forming an air 
column to provide a load for the diaphragm. The modern horn 
speaker uses a moving-coil movement, and is intended for use when 
directional properties are advantageous. Such a loudspeaker is illus-
trated diagrammatically at Fig. 175. This type of speaker is capable of 
giving extremely faithful reproduction when the horn is suitably shaped, 
that is to say, when its diameter increases according to an exponential 
law and its length is sufficient to provide a sensibly constant load on the 
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diaphragm over the whole audio-frequency range. An excellent example 
of this loudspeaker was built for the Science Museum, the horn having 
a length of approxi-
mately 22.5 feet. 
Another type of 

directional speaker is 
substantially an 
ordinary moving-coil 
speaker with a direc-
tional baffle; this type 
of speaker is in general 
use for addressing 
crowds in the open, 
where directional pro-
perties are necessary to 
avoid the serious loss *,,LY 
which would result if 
the sound were broad-
cast in all directions. 
Nomenclature.—In order to avoid confusion certain terms have been 

omitted from this chapter but are given below: 
The magnet is made up of two sections, the cylindrical inner portion 

and the outer piece. The former is usually referred to as the core or 
pole piece, while the latter is referred to as the magnet. 
The speech-coil is often referred to as the voice-coil or, occasionally, as 

the driving-coil or moving-coil. 
Permanent-magnet moving-coil loudspeaker is often abbreviated as 

P.M. speaker. The energised loudspeaker is sometimes called mains- . 
energised speaker. 
The term diaphragm is strictly applicable to that part of the speaker 

which actually produces sound waves. It is, however, usual to reserve 
this term for the appropriate portion of a horn speaker, and to refer to 
the diaphragm of a moving-coil speaker as the cone. 
The energising coil is often referred to as the field-coil or, simply, as 

the field, or pot. 
The term moving-coil loudspeaker invariable refers to the loudspeaker 

complete with output transformer, which may or may not have tappings 
to give alternate ratios. 
The metal structure which holds the magnet and the edge of the 

diaphragm is known as the loudspeaker chassis. 
The term baffle normally implies a flat sheet of wood or other material 

surrounding the diaphragm, but the term is sometimes intended to be 
interpreted as a box-like structure, i.e. the cabinet in which the loud-
speaker is housed. 
The centring device for holding the speech-coil in correct relationship with 

the pole pieces is alternatively referred to as the spider and centring ring. 

Fig. 175.—Section of a horn-type moving-coil loudspeaker; the 
shape of the horn usually follows an exponential law. Note 
the concave diaphragm. 
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Lesser-known Types.—There are in existence a surprising number of 
loudspeakers using little-known principles: a noteworthy example was 
developed in the early days of broadcasting and was capable of giving 
excellent reproduction direct from a crystal receiver without any 
additional amplification. The instrument comprised a horn, which was 
terminated by a small metal diaphragm the centre of which was fixed 
to a long but very light stilus, the other end of which was held rigidly. 
Just beneath the stilus a disc revolved slowly, driven by a clockwork 
motor; a cork pad rested lightly on the disc and was firmly fixed to the 
stilus. A telephone earpiece was placed above the cork pad, to which 
it was attached by a reed. This delicate instrument functioned by the 
movement of the earpiece diaphragm varying the pressure between the 
cork pad and the rotating disc, the disc " dragged " the cork pad in 
proportion to the mutual pressure which in turn pulled the loudspeaker 
diaphragm to an extent many times the movement of the earpiece dia-
phragm. This superbly delicate instrument gave excellent quality of 
reproduction and represented a remarkable and original achievement. 



CHAPTER 25 

AUTOMATIC VOLUME CONTROL 

THE phenomenon of fading has been dealt with in an earlier chapter, from 
which it will be remembered that signals from certain stations are 
received at varying amplitudes. It is apparent that the trouble can be 
overcome within certain limits by varying the gain of the receiver manu-
ally. Such a procedure, however, is inconvenient and impracticable 
when the fading is relatively rapid, and means must be found to vary the 
gain of the receiver automatically, so that the strength of the incoming 
signal determines the gain of the receiver in such 
a manner that the volume of output is as constant 
as possible. This principle is known as automatic 
volume control (A.V.C.). 
The principle of automatic volume control is, 

briefly, the rectification of the amplified input, 
which is used to produce a negative voltage 
which can be applied to all the pre-detector valves 
for the purpose of controlling the gain of the 
several stages. The valves controlled in this 
manner must have variable-mu characteristics, 
and must together give sufficient gain to over-load 
the output valve when the incoming signal is 
relatively weak. It is possible to use a single 
diode to perform the functions of detector and 
automatic control valve, but the practice has 
fallen into disuse, and attention is directed there-
fore to the use of a double diode valve, which 
permits the functions of detection and automatic 
bias control to be separated. 

Fig. 177 shows a typical automatic volume control circuit arranged as 
part of a superheterodyne receiver. It will be observed that the secon-
dary of the intermediate-frequency transformer is connected in series with 
the usual diode load and is across the cathode and one anode for the purpose 
of detecting the signal in the conventional manner; the diode load re-
sistance can take the form of a potentiometer to provide manual volume 
control, the moving contact being taken to the L.F. amplifier or output 
valve as required. The detector anode is connected to the automatic 
volume control anode, through a condenser, in order that the signal 
appears across the cathode and anode respectively; the latter is provided 
with a separate load, R, and the negative voltage appearing at the junc-

209 

Fig. f76.—The electrode as-
sembly of an indirectly 
heated double diode 
valve. 
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tion between the anode and the resistance, R, is led away through a 
resistance, R1, to the grids of as many valves as possible, connection being 
made to the low-potential end of the various tuned circuits. R1 has an 
associated capacity, C, which will serve three purposes: firstly, it will 

act as a bypass to 
complete the several 
H.F. circuits, which 
will have been discon-ii 

nected from the earth 
line; secondly, it will 
prevent the various 
frequencies present in 
the several tuned cir-
cuits from being fed 
back to the detector; 
and thirdly, it will 
ensure that the nega-
tive bias applied to 
the pre-detector valves 
will remain sensibly 

H. .- unaffected by depth of 
modulation, since the 
time-constant of R1 

TO ALL A.V.C. VALVES and C will not permit R1 
the rectified voltage 

Fig. In.—The circuit arrangement for simple automatic volume to vary appreciably at 
control. The H.T. (earth) line is emphasised to indicate that 
the leads shown below it are negative in respect to H.T.— audio frequencies. 

The arrangement 
described above will result in the reactance of the condenser, C, being 
common to the several tuned circuits through which the automatic bias 
is supplied; this common coupling will often cause instability, which is 
avoided by taking a separate resistance from the junction of R and 
the diode to each valve, and associating each resistance with its own 
condenser. This arrangement and other possible variations are dealt 
with in a subsequent chapter which is devoted to decoupling. 

Fig. 178 shows the performance of various automatic volume control 
systems, and attention is directed to curve B, which shows the performance 
to be expected from the circuit shown at Fig. 177. Inspection of this 
curve will show that the application of automatic volume control con-
siderably reduces the sensitivity of the receiver on signals that are of 
insufficient amplitude to load the output valve. This is due to the fact 
that the smallest input will produce some negative voltage which will 
lower the gain of the receiver; it is apparent that the ideal arrangement 
would be a circuit where automatic volume control would only start to 
function when the input is large enough just to load the output valve, 
and to prevent signals of greater amplitude from over-loading the output 
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Fig. ,78.—Performance curves of various automatic volume control systems. 
A = Receiver without A.V.C. C = Receiver with delayed A.V.C. 
B = Receiver with simple A.V.C. D = Receiver with delayed and amplified A.V.C. 

The 5 db. line can represent -3 watt and the 15 db. line 3 watts (approx.). The maximum output of 
the receiver may be assumed to be 3.25 watts. 

valve by adequate control of gain. This ideal is to some extent realised 
by the system of delayed automatic volume control, which is in general 
use in modern receivers. 
Delayed Automatic Volume Control.—Fig. 179 shows a double diode 

triode arranged for delayed automatic volume control; the simple 
diode shown at Fig. 177 has been replaced by a double diode triode, since 
it is necessary that D.C. flows through the bias resistance, RI. 
When it is desired to dispense with L.F. amplification the 
ordinary double diode may be used, and a suitable resistance connected 
between positive H.T. and the cathode to permit the necessary few 
milliampères to flow through R1. Reference to Fig. 179 will show that 
the arrangement of the detector anode circuit is unchanged, but that the 
automatic control diode is returned through R 2 to the negative side of 
the automatic bias resistance. With this arrangement the voltage drop 
across R1 will appear as a negative voltage on the automatic control diode, 
which will not pass current until the signal amplitude exceeds the nega-
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tive bias. In this way the action is delayed. As an example suppose 
that an input of 5 volts in the detector anode will result in output 
valves being nearly fully loaded. If the resistance, R1, is such that the 
negative voltage appearing on the control diode is 5 volts, then the 
latter will start to pass current when the signal input rises above 5 volts, 
and so endeavour to prevent the increased signal amplitude from over-
loading the output stage. Reference to Fig. 178, Curve C, will show that 
the action of delayed automatic volume control cannot entirely prevent 

 iH-

TO ALL A.V.C. VALVES 

Fig. r79.—Circuit arrangement for delayed automatic volume control, using 
a double diode triode valve. 

a condition of over-load, although it shows a vast improvement over the 
performance of the set with ordinary control, and without control. (See 
Curves B and A respectively.) As a compromise, the delay voltage may 
be, say, half of the signal voltage for the conditions set out above. 

Distortion.—Ordinary or delayed automatic volume control can intro-
duce various forms of distortion, both directly and indirectly, the most 
important of which is the tendency for the last pre-detector valve to over-
load on the local station, when the voltage output will be very large, and 
will be working under conditions that are not favourable, as there is 
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danger of unwanted anode bend detection due to the grid swing being 
forced beyond the cut-off point by the large value of automatic bias. 
This difficulty may be minimised by tapping the automatic volume con-
trol load resistance, and so feeding the last pre-detector valve with only a 
portion of the controlling bias. This modification is not a solution, and 
can barely be considered a compromise, since it materially reduces the 
efficiency of the 
automatic control;   
nevertheless delayed 
automatic volume 
control is in general 
use, although most 
of the troubles can 
be overcome by a 
system of amplified 
control. 

Amplified Auto-
matic Volume 
Controt.—The sys-
tem of amplified and 
delayed automatic 
volume control pro-
vides an almost ideal 
solution to the many 
problems involved, 
judged by the 
efficiency of control 
and absence of un-  T P.T.• 

desirable secondary 
effects. There are,   
however, one or two TO ALL A.V.C. VALVES 

practical disadvan-
tages arising from 
the necessity of pro-

-60V TO 100V 
ducing a potential 

that is negative in Fig. 'So.—Basic circuit for delayed and amplified automatic 
respect to the main volume control. 

earth line, which will 
usually be the chassis of the receiver. This potential, which will be 
50 or ioo volts negative, can only be produced by inserting a suitable 
resistance in the common H.T. negative lead across which the necessary 
voltage will appear. This means raising the H.T. voltage by, say, 
loo volts, and arranging for the circuits from which the power is 
derived to supply a further 5 or Ico watts, according to the total 
H.T. current of the receiver. Perhaps the most awkward difficulty to 
overcome is the fact that the chassis is not at zero potential, and all sorts 
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of precautions have to be taken to provide the necessary insulation in the 
power supply circuit; furthermore, a considerable voltage will appear 
between the heater and cathode of an indirectly heated valve, unless 
it is provided with a heater supply which is isolated from the other 
heaters. Valves are not normally designed to withstand such a poten-
tial difference between heater and cathode, and are consequently liable 
to give trouble. 
The arrangement for delayed and amplified automatic volume control is 

shown at Fig. 18o, where it may be seen that the signal detector circuit 
remains unchanged. Once again the signal anode load takes the form of 
a potentiometer, so that the required volume may be determined 
manually, and the automatic control allowed to maintain all incoming 
signals at this predetermined value, excepting, of course, those which are 
received at insufficient amplitude to overcome the delay. Reference to 
Fig. 18o will show that the grid of the triode section is returned to cathode, 
and that when no signal is being received grid current will flow through 
R and the diode load; the cathode will be held at a potential of some 
25 volts above earth by a suitable choice of values for R1 and Ra. 
A comparatively small signal on the detector anode will drive the grid 
negative and reduce the anode current flowing through R 2, which will 
drive the cathode in a negative direction. The automatic control diode is 
connected to earth through the load resistance, R 2, and will pass current 
when the cathode falls below earth potential, a condition which will 
obtain when only a volt or so is applied to the signal anode. When the 
incoming signals exceed the delay by a very small value the current flow-
ing through R 2 will cause a voltage drop which may be many times the 
voltage applied to the signal diode. The values are usually so arranged 
that current will flow through R 2 when the signal voltage exceeds about 
2 volts, and the value of R 2 can be such that when the signal voltage 
reaches, say, 2.5 volts a bias of, say, 20 volts is available for operating 
the automatic volume control system. The Curve D at Fig. 178 shows 
the performance which may be expected from delayed and amplified 
automatic volume control where the several resistance values are care-
fully chosen. It should be observed that the values of resistances are 
somewhat critical, and that the action of the automatic control is affected 
by the amplification-factor of the valve. It is apparent, therefore, that 
considerable consistency is necessary between various specimens of the 
valve used in order that eventual replacement will not upset the character-
istics of the system. Unfortunately the double diode triode is a type of 
valve which cannot be classed among the types that are prone to consistent 
characteristics, due, presumably, to the nature of the structure which 
divides the length of the cathode between the diode and triode sections. 
It is reasonable to conclude that amplified automatic volume control is 
an ideal arrangement when incorporated in a receiver built for individual 
construction, but undoubtedly presents difficulties for quantity produc-
tion, owing to the critical tolerance of valve characteristics. 
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Special Valves.—Double diode valves are available for both battery 
and mains working. The latter is naturally indirectly heated, while the 
former proves an exception to battery valves, inasmuch as it is also in-
directly heated, a modification that is rendered necessary by the diffi-
culty of preventing a slender filament from shorting to the anodes. It 
also provides means for applying delay by the use of a cathode bias 
resistance, which is sometimes preferable to battery bias when the valve 
is used for certain special purposes. 
The double diode triode consists of a normal triode assembly with a 

somewhat short anode and grid, so that about a third of the filament is 
available to be associated with the two diode anodes which usually form a 
tiny cylinder around the ends of the filament. Both mains and battery 
types are available, and special care is necessary in using the latter, since 
the two diode anodes are at a different potential to the mean filament 
potential; one is at the positive end, and one at the negative end of the 
filament, consequently the diode at the positive end of the filament is 
normally used as the detector, and the other anode for automatic volume 
control—which will provide 1 volt delay, since this anode works in con-
junction with a portion of the filament that is r volt negative in respect 
to the mean filament potential. 
When tuning a receiver which is equipped with automatic volume con-

trol the background noise between stations may rise to objectionable 
limits because, in the absence of a signal, the pre-detector valves will work 
at maximum gain; furthermore, when a station is approached a some-
what raucous noise may be emitted from the loudspeaker, due to the 
accentuation of the sideband, which will appear at volume above normal 
owing to the slight time-delay of the automatic volume control system. 
Means are available for overcoming both these objections, and are dealt 
with in a subsequent chapter devoted to inter-station noise suppression. 

Corrected Automatic Volume Control.—Some years ago considerable 
interest was aroused by the possibility of correcting automatic volume 
control by applying the control voltage to the low-frequency amplifier. 
The idea underlying the arrangement was brought about by the realisation 
of the fact that ordinary automatic volume control applied to the pre-
detector valves could not achieve anything approaching constant output. 
It will be realised that pre-detector control cannot give truly constant 
volume of output, since the actual bias voltage is derived from the signal 
itself and in order to obtain a large negative voltage the signal must rise 
above the required level; if it did not it would follow that various values 
of bias were derived from the same signal amplitude, which is absurd. 
The application of automatic bias to the low-frequency amplifier 

renders the ultimate sound-level independent of the automatic volume 
control curve of the pre-detector. In other words, it will be possible to 
design a low-frequency amplifying valve the gain of which would actually 
decrease with the application of negative bias to such an extent that the 
output volume would be reduced instead of increasing to the point where 

R.T. I-15 
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over-loading occurs. The essence of the arrangement lies in the fact that 
the application of variable bias on the low-frequency amplifier does not 
reduce the signal voltage, which, in fact, produces the variable bias. 

In order that bias may be applied to the low-frequency amplifier it is 
essential that the valve should have variable-mu characteristics in order 
that distortion is not introduced, and for the same reason the input to 
the valve must be kept reasonably small, making the use of a high-gain 
valve desirable. A special valve was designed to fulfil these requirements 
and took the form of a double diode low-frequency pentode ; the diodes 
are used for detection and automatic, volume control respectively, and 
the pentode section for low-frequency amplification. This system has 
fallen into disuse, but the description is included on account of its intrinsic 
interest. 



CHAPTER 26 

TUNING INDICATORS 

THE high selectivity of a modern superheterodyne makes tuning some-
what difficult, since slight mis-tuning causes accentuation of one sideband, 
and consequent distortion. Inconvenience is also caused on extremely 
selective receivers due to certain items being unsuitable to facilitate correct 
adjustment, with the result that the receiver when apparently correctly 
tuned sounds unpleasant on a following item containing heavy bass 
orchestration. A tuning indicator is very desirable with FM receivers. 
To facilitate tuning many receivers are fitted with some device which 

gives visual indication of the correct tuning-point. Such a device permits 
quick and easy tuning, and also allows the unmusical to tune correctly. 
Furthermore, correct tuning may be achieved even though the required 
station is tuned in during a programme interval. 

In order that some visual indicator can function it must be actuated 
by some potential or current which varies in proportion to the strength 
of the carrier, and for this reason tuning indicators are usually fitted only 
to those receivers which employ automatic volume control, although at 
least one type, the I« magic eye," may be used with receivers not so 
equipped. For the sake of completeness, mention must be made of 
the earliest type of indicator, which took the form of a milliammeter 
connected in the anode circuit of a leaky grid detector. When the 
signal input to a leaky grid detector is increased the anode current 
falls, and when the signal is accurately tuned the meter will show the 
lowest reading. This arrangement cannot be considered satisfactory, as 
the change in current is small when compared with the standing anode 
current, with the result that the indicating movement is also small 
and, furthermore, the deflection of the needle is scarcely noticeable 
between correct tuning and, say, r kilocycle per second off tune. Since 
the disadvantages of this arrangement render it unsuitable for modern 
requirements, attention may be directed to representative examples of 
specialised devices. 
Mechanical Indicators.—Mechanical tuning indicators are develop-

ments of the system described above, but are intended to rely on the 
large change of anode current present in the anode circuit of the valve, or 
valves controlled by an automatic volume control circuit. The most 
modest superheterodyne usually has two such valves, the frequency 
changer and the intermediate-frequency amplifier, which together may 
take ro milliampères under conditions of no signal and 4 milliampères 
when receiving a local transmission. This change of anode current, 
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which represents a ratio of 5 : 2, is sufficient to actuate a comparatively 
insensitive device. 

Mechanical indicators invariably consist of a coil which influences an 
iron armature or a small moving coil in the field of a permanent magnet. 
In the former case the anode current flowing to the appropriate valve 
causes the armature to move, while in the latter case the flow of current 
causes the coil to move ; it will be convenient to refer to the moving arma-
ture, or moving coil, as the moving member. The moving member will be 
provided with a hair-spring to maintain it at the zero position and offer 
the necessary slight mechanical resistance to its movement which will 
be determined by the current flowing through the coil. It will be re-
membered that the anode current of valves controlled by the automatic 
volume control circuit will reach a low value when the incoming signal is 
at a maximum. It is necessary, therefore, so to arrange matters that the 
standing anode current will cause the moving member to make the maxi-
mum permissible movement, which will appear as zero to the user. In 
this condition the action of the automatic volume control will allow the 
spring to shift the moving member an appropriate amount. 
From the above description it can be seen that the indicator would 

show a deflection due to a change of current flowing through the coil, the 
change of current being controlled by the action of the automatic volume 
control circuit, and the influence of the automatic volume control circuit 
being controlled by the amplitude of the incoming signal. The amplitude 
of the incoming signal should be at maximum when the receiver is correctly 
tuned. 

It will be noted that the word " should" is used, since it is impossible 
for any visual tuning indicator to function correctly if the receiver is so 
designed that the response-curve shows a double hump, as this would 
result in maximum indication when the receiver is off tune, a condition 
which the device is intended to avoid; it is extremely difficult to design 
a receiver that will give good quality and yet have a response-curve where 
the maximum height coincides with correct tuning. A compromise is 
usually effected by making one of the valves control the indicator, and 
providing this valve with a tuned circuit, the response of which takes 
the shape of a peak, the total response of the receiver being corrected by 
over-coupling some other tuned circuit. It should be understood that 
this paragraph is equally applicable to the several types of indicators 
described below. 
The two alternative types of movement have been described above, and 

some general remarks may be made regarding the manner in which this 
movement is presented to the eye. The most simple arrangement is 
probably a pointer equipped with a scale permitting the maximum 
deflection to be easily recognised, but, to make the device more attractive, 
the pointer could be geared and provided with a small clock-face or, in 
fact, with any type of dial calculated to make the receiver more attractive 
to those who are apt to place novelty before efficiency. Alternatively, 
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the pointer can be dispensed with, and use made of a rotating disc which 
could be, say, half white and half red and provided with a small escutcheon 
so that correct tuning is achieved when the maximum amount of red is 
showing; obviously there is no limit to the manner of presentation. 

Mechanical indicators tend to suffer from mechanical inertia, so that 
the visible indication is a fraction of a second out of step with the electrical 
change taking place. This is no disadvantage when the tuning condenser 
is rotated slowly, but when rotated quickly the indicator fails to 
respond in the required manner. For this reason preference is often given 
to purely electrical indicators, which 
have the additional advantage of being &T.+ 

more reliable from the service point 
of view. 
The Diminishing Light Indicator.— 

Fig. 181 shows the circuit of a simple A e 

indicator which can be very satisfactory   l 

but has never enjoyed the popularity it 
deserves. Reference to this diagram 
shows that the anode current of a suit-
able valve flows through the primary 
of a transformer which is so designed 
that the core is almost saturated by the 
anode current under conditions of no 
signal. The secondary consists of two 
sections which are connected in op- - , 
posite phase, and a small lamp in series 
with the secondary is illuminated at  r' 
considerable brilliancy by A.C. which 
can be derived from the heater supply. 
It should be particularly noted that the Av C. VALVE 

D.C. resistance of the secondary will be Fig. x8r.—Circuit of the diminishing light 

approximately equal to the A.C. im- indicator. A special transformer is 
necessary, as described in the text. 

pedance when the core is saturated. 
When a station is tuned in and the automatic volume control brings 
about a reduction in the anode current, the core will recede from satu-
ration-point, with the result that the secondary winding A.C. impedance 
will increase and the brilliance of the lamp diminish. With this 
arrangement the tuning control is manipulated so that the lamp is as dim 
as possible. 
The success of the diminishing light indicator is dependent upon the 

careful choice of constants. The core must be so proportioned that it is 
just saturated or nearly saturated by the standing anode current of the 
valve which actuates the device, usually the intermediate-frequency 
amplifier. The lamp must be so chosen that it responds quickly to 
a change in current, and so that the change in impedance of the 
secondary winding is the maximum possible. The A.C. supply of the 
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secondary can be taken from the valve heater supply, and will therefore be 
4 volts, and, to comply with the required conditions, it is suggested that 
a 2-volt lamp be used, passing about .2 ampère, working with a secondary 

D.C. resistance of about 12 ohms. These values allow the 
lamp to work just below normal brilliancy, so that a further 
reduction in current will bring about a very apparent 
change of brilliancy. Reference to Fig. 181 clearly shows 
the arrangement, and also shows that a condenser is con-
nected across the primary so that its impedance at radio 
frequencies is sensibly zero. This condenser should have a 
capacity of 4 1).F, or more. 

The Neon Tuning Indicator.—Fig. 182 shows the neon 
tuning indicator, which consists of a small glass tube filled 
with rarefied neon gas and equipped with one long electrode 
called the cathode, and two very small electrodes called the 
anode and primer respectively. The basic circuit is shown 
at Fig. 183, from which it will be seen that the primer is 
held at a voltage of approximately 40 volts below the cathode, 
and that the anode is held at a steady voltage of between 
145 and i6o volts, the value of R being appropriately 
adjusted. Under these conditions a potential difference of 
145 to ifto volts is maintained between the anode and 
primer, which will cause the neon gas to ionise in the vicinity 
of these electrodes 
and appear as a small it.te 

Fig. 182.— 
orange glow at the 

Sectional bottom of the tube. 
drawing of When the anode cur-
the neon 
tuning indi- rent falls, due to the 
cator. The action of the auto-
long elec-
trode is the matic volume control, 
cathode; the potential drop TO A.V.C. 
the short VALVE 
electrodes across R1 will be re-
are primer duced, with the result 
and anode. 

that the potential 
difference between the anode and 
cathode will increase and reach a 
value where ionisation takes place 
between the anode and the bottom 
of the cathode. A further de-
crease of current through R1 will 

bring about about a proportionately Fig. i83.—Basic circuit of the neon tuning indicator 
increased potential difference be-
tween the anode and cathode, causing ionisation to take place farther 
up the cathode; thus in use the device appears as a column of orange 
light, the length of which increases in proportion to the signal, and 

+145-160V 
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correct tuning is indicated when the column of light is as long as possible. 
The value of R1 should be such that the column of light starts to rise 
when a reasonably weak station is correctly tuned, but does not quite 
reach the top when the local station is correctly tuned. 
The primer is necessary owing to the backlash present in a neon tube, 

which causes the ionisation to cease at a lower potential difference from 
that required to restart it. The primer maintains slight ionisation so 
that the device is responsive to a small change of potential. Without the 
primer ionisation would not take place until the striking voltage attained 
a value corresponding to ionisation approaching the top of the tube. 
The neon indicator is usually provided with an escutcheon which just 
hides the anode and primer, but permits the remainder of the cathode to 
be seen. It is, however, sometimes presented end-on through a small 
circular escutcheon. This indicator is not in general use. 
The " Magic Eye."—The «« magic eye" is a comparatively elaborate 

indicating device, and is almost the modern standard. It actually con-
tains an ordinary triode in addition to the actual indicating electrodes. 
The device is presented with the top of the bulb showing through an 
escutcheon, so that the whole of a 
circular electrode may be seen; 
under conditions of no signal a 
cross of green light appears as 
represented at Fig. 184, but under 
conditions of maximum signal 
the cross broadens out like a 
Maltese cross until the aperture 
is nearly filled with light, see 
Fig. 185. In practice the device 
is entirely satisfactory, and with-
out inertia, since the light is ob-
tained by bombarding the circular electrode by a stream of electrons, 
the electrode being covered by a substance, usually zinc silicate, which 
has the property of becoming fluorescent when bombarded by electrons. 

Fig. 186 shows a sectional drawing of the g« magic eye" while Fig. 187 
shows a plan view of the device seen from the top. Reference to Fig. 186 
will show that the lower portion of the assembly consists of a normal triode 
made up by cathode, control grid, and anode. The cathode is extended 
so that it forms the centre of the upper section. The upper section con-
sists of the top of the cathode, around which are placed four thin vertical 
wires forming shadow grids, the whole being surrounded by a cone-shaped 
electrode called the target, the inner side of which is coated with zinc 
silicate or some other suitable substance. The shadow grid is internally 
connected to the triode anode, the assembly being completed by a small 
circular cap masking the shadow grid from view and connected to the 
target; in Fig. 187 this cap is omitted, but its position is indicated by a 
dotted circle. 

Fig. 184.—Appearance 
of the " magic eye " 
under conditions of 
no signal. 

Fig. 185.—Appearance 
of the" magic eye" 
under conditions of 
maximum signal. 
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Fig. 186 (Lower drawing) —A broadside view of the " magic eye," 
with target and anode cut away to show the shadow grid 
and control grid respectively. 

Fig. 187 (Upper drawing).—Plan view of " magic eye " ; the small 
cap is shown dotted. One of the four electron beams is 
represented diagrammatically. 

spaces between the shadow grid wires, 
shown at Fig. 184. When a signal is 
that the control grid is driven 
negative to an extent determined 
by the amplitude of the signal. 
This will decrease the anode current 
of the triode, and consequently the 
potential drop across R, with the 
result that the shadow grid will be 
driven in a positive direction and 
permit more electrons to flow, 

Fig. 188 shows the 
conventional symbol of 
the " magic eye," and 
identifies the different 
electrodes. Fig. 189 
shows the basic circuit 
of the " magic eye," and 
requires description, 
since it is difficult to 
follow the action from 
the diagram. Under 
conditions of no signal 
the control grid is held 
at cathode potential, 
and the anode current 
will be relatively large, 
resulting in a potential 
drop across R of, say, 
ioo volts; thus the 
triode anode, and con-
sequently the shadow 
grid, will be ioo volts 
negative in respect to 
the target, which will 
resist the passage of 
electrons from cathode 
to target and also 
marshal the electrons 
into a narrow beam 
which, impinging upon 
the inclined surface of 
the target, will cause a 
narrow strip of fluores-
cent light to appear; 
since there are four 

there will be four arms of light, as 
received the circuit is so arranged 
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Fig. 188.—The conventional symbol of the 
" magic eye." 
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producing an increased and wider electron beam, see Fig. 185. It 
should be understood that Fig. 184 and Fig. 185 represent maximum and 
minimum visible change, intermediate changes are brought about by the 
application of intermediate voltages to the 
control grid. The device is relatively sensi-
tive, several types being available which will 
bring about the visual change represented by 
Fig. 184 and Fig. 185 for a voltage change on 
the control grid of Vg = o to Vg = — 5. 

It will be noted that the control grid of the 
" magic eye" must be connected to a point 
which is zero in respect to the cathode under 
conditions of no signal, and which comes TO A.V.C. 

progressively negative as signal input in-
creases; only two such points present them-
selves, the signal and automatic volume control 
diode. The former suggests itself, since it is 
unlikely that the addition of the " magic eye" 
will upset the circuit, but, unfortunately, 
when so connected the indicator will only work on those stations which 
are received at sufficient strength to overcome the delay applied to the 
diode. It may be argued that visual indication is not required on the 
weakest stations, when this arrangement can be considered as the better 

Fig. t89.—Basic circuit of the 
" magic eye." 

R 

Fig. isto.—The complete circuit suggested for the " magic eye" fed from the anode of a diode detector. 
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choice. When the indicator must work on all stations, connection must 
be made to the signal diode, as shown at Fig. 190. 
The resistance, R, and condenser, C, form a circuit having a time-con-

stant such that the potential between the control grid and cathode is not 
varied by modulation. The diode load, RI, is shunted by two resistances 
in series to form a potentiometer, so that R is fed by only a portion of the 
total potential across R1, since the latter will often be greater than the 
voltage required to actuate the " magic eye"; the values of these resistances 
are determined by the maximum voltage experienced across RI, but to-
gether they must always be equal to a value that is several times greater 
than R1, so that the value of the diode load is not materially affected. 
When the maximum voltage experienced across R1 does not exceed the 
maximum voltage required to actuate the " magic eye," R may be con-
nected direct to the top of RI, but the value of R will have to be increased 
so that it is equal to a value several times greater than R1 for the reason 
described above. 
The potentiometer arrangement across R1 will be even more necessary 

if control is taken from the automatic volume control diode, as the voltage 
at this point will be at least 15 volts negative. 

Several modern versions of the if magic eye" differ from that shown at 
Fig. 186, inasmuch as a suppressor grid is placed round the upper end of 
the cathode and connected to the latter. This forms a space charge grid, 
so that the sensitivity is not greatly dependent upon the emissivity of the 
valve, which will be affected by temperature and age, and thus sensitivity 
is constant throughout its useful life. 



CHAPTER 27 

INTER-STATION NOISE SUPPRESSION 

THE maximum possible gain of a superheterodyne normally reaches a 
very high figure and when tuning from one station to another consider-
able background noise is heard. This increase of background noise is 
due to the absence of negative bias on the pre-detector valves consequent 
upon the automatic volume control ceasing to function owing to the lack 
of a steady incoming signal. Another unpleasant inter-station noise is 
experienced when tuning off one station and when tuning on to the next, 
and occurs when the tuning condenser is rotated to that position when 
the tuned circuit is about 3 kcs. per second off-tune, with the result that 
the higher frequencies are reproduced considerably above normal 
volume, the middle frequencies are attenuated, and the ba-cs frequencies 
virtually absent; this characteristic sound is known as sideband 
shriek. 

It is apparent that background noise and sideband shriek must be 
suppressed if it is desired to rotate the dial without experiencing un-
pleasant noise between each station. It will be convenient to deal with 
the suppression of sideband shriek before noise suppression, since many 
receivers have provision for eliminating the former but not the latter; 
but the converse does not apply. Sideband shriek is more noticeable 
when tuning on to a station than when tuning off a station, as the time 
constant of the automatic volume control circuit will not permit the cir-
cuit to function sufficiently quickly to prevent the sideband shriek from 
rising to abnormal amplitude: which results in this unpleasant noise 
attaining a volume several times that expected from the station which 
is about to be tuned in. It is apparent that for the virtual suppression 
of sideband shriek some arrangement is required whereby the automatic 
volume control is brought into action before the tuning condenser gets 
sufficiently close to resonance to permit the edge of the sideband from 
being reproduced. Fig. rgr shows a simple modification of the typical 
automatic volume control circuit which was shown in Chapter 25. It 
will be noticed, however, that while the detector anode is fed from the 
secondary of the intermediate-frequency transformer in the usual manner, 
the automatic volume control anode is fed from the primary; this modifi-
cation, although extremely simple, is very effective in reducing sideband 
shriek to limits which are not objectionable. The response-curve of the 
primary will be wider than that of the secondary. Assume that the 
response of the secondary is 7 kcs. per second wide at some fixed 
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amplitude, and that the primary is 9 kcs. per second wide at the same 
level; then it follows that the automatic volume control anode will receive 
the incoming carrier wave i kc. per second before the detector anode, 
which is sufficient to permit the pre-detector valve to be adequately 
biased by the time that the tuned circuit has reached the point where 
the signal potential is rising rapidly at the detector anode. 
The elimination of all sound between station may involve very 

elaborate arrangements, and numerous circuits have been used and sug-
gested for providing quiet automatic volume control (Q.A.V.C.), all of 

which endeavour to 
overcome various disad-
vantages that are liable 
to manifest themselves. 
It is perhaps desirable to 
outline the requirements 
of such a system. Firstly, 
the basic requirement is 
some means of rendering 
the receiver inoperative 
while the tuning con-
denser is rotating from 
one station to the next. 
Secondly, it is desirable 
that this muting action 
shall be so arranged that 
the receiver mutes and 
unmutes suddenly, other-
wise distortion must re-
sult; and thirdly, it must 
not hamper the normal 

R, automatic volume con-
trol action or cause 
distortion on deeply 

Fig. i9i.—A modified automatic volume control circuit where modulated but relatively 
the diode is fed from the primary of the intermediate-fre-
quency transformer to minimise sideband shriek. weak stations. In addi-

tion, it may be desirable 
to have some pre-set control so that weak stations having no entertain-
ment value are treated by the circuit as background noise and passed over 
in silence, the pre-set control determining the amplitude required to 
unlock the muting arrangements. So numerous are the circuit variations. 
that it is only practicable to give a representative selection. 

Fig. 192 shows one of the most simple arrangements for inter-station 
noise suppression. It will be seen that the signal diode is negatively 
biased, so that it does not function until the incoming signal reaches an 
amplitude greater than the value of bias. For simplicity the diagram 
shows a simple double diode valve; bias is obtained by the current flowing 

A.V.C. LINE 
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through the bias resistance and the feed resistance from high-tension 
positive. This simple suppression circuit has the advantage that it 
requires practically no additional components, as it is even possible to 
omit the resistances by returning the diode cathode to some suitable 
positive point, such as the cathode of the output valve. On the other 
hand, it possesses practically all the possible disadvantages, the most 
serious of which is the distortion of signals received at an amplitude 
sufficient to unlock the muting, but insufficient to permit the detector to 
swing without en-
croaching on the 
negative bias. 

Fig. 193 shows a 
more ambitious cir-
cuit that may be t 

considered generally I t 
satisfactory and yet 
does not require un-
duly elaborate equip-
ment. It should be 
particularly noted 
that the double diode 
triode performs the 
functions of detec-
tion, suppression, and 
automatic volume TO LP OR 
control; there is no OUTPUT 8TAGE 

low-frequency ampli-
fication, since the 
triode portion is not 
used as an amplifier. 
The bias resistor is of 
exceptional value, i.e. 

Fig. 192.—A very simple form of inter-station noise suppression 
about 2,000 ohms, a achieved by placing a negative bias on the detector anode. 

quarter of which is 
used to bias the grid of the valve. Assuming the anode voltage to be 
about 250 volts, a normal valve will settle down with an anode current 
of about 5 milliampères, giving a bias of 2.5 volts approx. The in-
coming signal is applied between the detector anode and a tap on the 
bias resistance, and also to the grid. The other diode is also fed by the 
signal, but is returned to a point that is io volts negative in respect to 
the cathode; thus it is normally inoperative and, being the detector, the 
receiver will be muted. The muting is unlocked when the incoming signal 
is sufficient to overcome the bias on D1. When D1 passes current it will 
drive the grid negative and reduce the anode current to a point where 
the potential across R1 and R 2 has dropped to sensibly zero, permitting 
the detector to function in a normal manner. 

I I 

II 

I l 
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it will be observed that the diode D 2 performs the dual function of 
detection and automatic volume control and is without adequate delay. 
This difficulty can be overcome where necessary by using a separate diode 
or by replacing the valve shown by a treble diode triode. In either case 
the modification is the same, the new diode being fed direct from the 
primary of the intermediate-frequency transformer and provided with a 

separate load resist-
ance and delay 
voltage. The modified 
circuit is shown at 
Fig. 194, where it will 
be seen that the delay 
voltage is obtained 
by the usual bias re-
sistance, or by return-
ing the control anode 

9), to the cathode end tià 

of the output bias 
• resistance or, if the 
• voltage so obtained 
6--) is excessive, to a suit-

able tap. It will be 
• noted that the control 
▪ diode is fed from the 0 

primary of the inter-
_ mediate-frequency 

transformer, and con-
sequently sideband 
shriek will be reduced 
to unimportant pro-
portions. 

.  I Another System.— 
Fig. 195 shows an 

e  unusual method of 
inter-station noise 

Fig. 193.—An improved Q.A.V.C. circuit. Note particularly that suppression that has 
the valve performs the function of detection, noise suppression, 
and automatic control. The triode section does not amplify. been used by the 

writer for experi-
mental purposes, with considerable success. The muting device consists 
of a triode valve. No particular novelty is claimed for the system, but 
inclusion is justified by the clear manner in which it shows the operation 
of Q.A.V.C. systems employing a separate muting valve. 

It will be noted that the cathodes of both detector valve and muting 
valve are joined together and returned through a single bias resistance 
to high-tension negative. The grid of the muting valve is controlled 
directly from the automatic volume control. Under conditions of no 

A.V.G. LINE 
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signal there will be no voltage imposed on the triode grid from the auto-
matic volume control and the valve will settle down to an anode current 
determined by the resistance R. If a low impedance output type of 
valve is used and R has a value of L000 ohms, the anode current would 
settle down at about io milliampères. The drop across R will be 
io volts and consequently the detector anode, which is returned to high-

_r• 

ta 
cs 
t-co 

o 

o 

o 

N.Y.C. LINE 

Fig. I94.—An improved version of Fig. 193, a separate diode be-ng used to separate the automatic 
volume control circuit and to permit the application of delay. 

tension negative, will be io volts negative in respect to its cathode and 
consequently quite inoperative. 
When an adequate signal is tuned in the automatic volume control 

will drive the triode grid negative and reduce the anode current, and 
consequently the voltage drop across R, to proportions which will not 
interfere with the action of the detector. By returning the control diode 
to a tapping on R delay is obtained, which will control the muting 
circuit so that it may be made to unmute on a signal of predetermined 
amplitude. 
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Automatically Discriminating Circuits.—There is no limit to the 
complications possible to achieve the ideal of suppressing every unwanted 
form of noise, so that rotation of the tuning dial tunes in a succession 
of stations of real entertainment value, all others being eliminated 
automatically. To accomplish this ideal it is obviously necessary to 
provide means for eliminating sideband shriek and inter-station back-
ground noise, but, in addition, it is necessary to devise some means of 
rejecting stations with an unacceptable signal noise ratio. 
The principle calls for the use of two very sharply tuned circuits peaked 

at, say, 3 kcs. per 
  second above and be-

low the intermediate 
frequency. These feed 
the diode anodes of 
an entirely separate 
suppressor valve, 
which is so arranged 
that it will only un-
mute the circuit when cD the input to this 
valve is equal to, or 
nearly equal to, the 
input to the detector. 
Consequently, when 
a station is tuned in 
plus extraneous noises 
the system will not 
unlock because the 
amplitude off-tune 
will be considerably 
less than the ampli-
tude at resonance. 

A.V.C. LINE Mechanical Sup-

Fig. 195.—A simple inter-station noise-suppressor circuit using a pression.—The most 
efficient form of sup-
pression consists of a 

relay which definitely shorts out a suitable grid circuit. The arrange-
ment is simple, and consists of a sensitive relay, the coils of which are 
connected in series with the high-tension line feeding the anode circuits 
of all valves controlled by the automatic volume control. The device 
is adjusted so that when the current passing through its coils reaches a 
predetermined value the moving armature is pulled down towards the 
coils and at the same time closes a circuit which can conveniently be 
the grid and cathode of the output valve, which will positively prevent 
the receiver from functioning. There are various mechanical systems 
applicable to motor-driven and push-button self-tuning receivers. 

TO L.F OR 

OUTPUT 
STAGE 

triode valve for muting. 



CHAPTER 28 

AUTOMATIC TUNING 

THE subject covered in this chapter is necessarily rather wide, since it 
covers automatic tuning arrangements which vary from simple switch 
types to complicated motor-driven systems. Broadly speaking, auto-
matic tuning may be defined as a means of accomplishing a precise 
adjustment without the necessity of expending either skill or care; in 
other words, a receiver incorporating automatic tuning will accurately 
tune a number of stations merely by depressing a button or moving 
a lever. 
Automatic tuning can be conveniently subdivided into three groups: 

(1) purely mechanical arrangements, whereby the ganged tuning con-
denser can be made to stop at a definite point by, say, the depression of a 
knob; (2) pre-selector systems, where a choice is made from a number 
of previously tuned circuits by the depression of an appropriate switch; 
and (3) motor-driven systems, where the tuning condenser is rotated by a 
small electric motor; this group is complicated by the addition of circuit 
arrangements to make final adjustments to the tuning automatically, 
as it is normally impracticable to provide a motor drive that will stop at 
an accurately determined point, since inaccuracy tends to be introduced 
due to wear of moving parts. It will be convenient to deal with the three 
groups in the order set out above. It will be appreciated that the pre-
adjustment may call for some skill in setting up, but the manual device 
for selecting the station must be simple, reliable, and certain in action. 
The Teledial.—An extremely simple and practical system is shown 

at Fig. 196. It consists essentially of a skeleton plate, the arms of which 
terminate in buttons which are marked A in the illustration; the skeleton 
plate may be rotated on a centre boss, and each button may be rotated 
on its independent axis. Each button is provided with a small tapered 
peg, B, on its perimeter, which may engage in the slot marked C when 
the skeleton plate is rotated to the appropriate position. The skeleton 
plate is normally covered by a dial with holes corresponding to the ten 
buttons. In use the finger is placed on the appropriate button, which is 
depressed and, by maintaining pressure on the button, the whole assembly 
may be rotated until the tapered peg on the button being depressed falls 
into the slot and further movement is impossible. In this manner the 
tuning condenser can be made to stop positively at any one of ten posi-
tions, merely by depressing the appropriate button and rotating until it 
engages iri the slot. 

R.T.I-I6 23T 
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Mention has been made of the fact that each button may be rotated on 
its own axis: since the peg is on the rim of the button, rotation will cause 
it to assume a position to the left or right of the centre of the button ; in 
other words, it controls the precise point where the rotating member will 
stop, the spacing between buttons being such that each may be set to 
stop at any point on its own section of the dial, which will be equal to some 
30 degrees of rotation. It will be understood that the dial must be 
geared to the condenser by such a reduction ratio that will result in the 

condenser turning 
through its maximum of 
18o degrees, while the 
dial is rotated through 
some 300 degrees. 
The buttons are set for 

ten suitable stations in 
the following manner: 
The desired station is 
tuned in manually in the 
ordinary manner, since 
the whole dial may be 
treated as though it were 
an ordinary tuning-knob. 
Next, the button nearest 
to the slot is depressed 
and a special key or broad 
screwdriver inserted in 
the slots in the button so 
that it may be rotated 
until the whole of the 
skeleton plate assumes 
the position appropriate 
for precisely tuning the 
required station; the 
name of the station is 
inserted in the button 
and the procedure is 

complete and is repeated for the additional buttons. It will be noted 
that reference is made to ten suitable stations ; this qualification is 
imposed, since each button can only be adjusted over a portion of the 
waveband, consequently the stations selected must be fairly evenly 
distributed. 

Reference to Fig. 196 will show that contact is made between the 
appropriate tapered peg and the metal back-plate when any button is 
depressed, and contact is maintained until the button is released at the 
completion of the rotation ; the skeleton plate is connected to earth and 
the circular plate is connected to an appropriate valve grid-circuit, pre-

Fig. i96.—Semi-section of the teledial automatic tuning system. 
Note that the pegs on the perimeter of the buttons do not 
touch the back-plate until depressed. 
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ferably the output. In this manner complete inter-station noise sup-
pression is achieved, since the set will be inoperative when the dial is 
rotated by means of a button; when the dial is rotated for normal manual 
tuning the suppression does not function and the receiver works in a normal 
manner. The metal back-plate is appropriately termed the muting plate, 
and to facilitate the operation of pre-setting the buttons this plate is not 
connected directly to a grid-circuit, but through a screw marked D in the 
illustration. This screw may be loosened so that contact between the 
muting plate and grid-circuit is broken; in this way the set is not muted 
when the button is rotated by means of the key, as described above. 

It will be understood that each button may normally be pre-set for one 
particular station and relies on the wave-change switch to select the 
correct waveband, since the teledial has no influence over waveband 
switching. The necessity for independent waveband switching makes 
possible the selection of an additional station. The long waveband may 
be trimmed in such a manner that the condenser setting, for a worth while 
long-wave station coincides with the setting for a popular medium-wave 
station; thus a long-wave and a medium-wave station may be tuned in 
with the same button, the choice being determined by the position of the 
wave-change switch. 

Reference to the illustration will show that the individual buttons are 
hollow, to accommodate replaceable discs which are made of celluloid 
and serve to protect the paper discs bearing the names of the appropriate 
stations. Fig. 196 reveals an interesting refinement in the form of a split 
gear-wheel, and although it is in no way peculiar to the teledial it warrants 
an explanation. It will be observed that the larger of the two gear-wheels 
is split and is, in fact, two thin gear wheels, only one of which is fixed to 
the spindle • the free member is attached to the fixed member by a small 
but powerful spring which would cause it to rotate if it were not checked 
by being in mesh with the smaller gear-wheel. This arrangement causes 
the two members of the large wheel to mesh with the small wheel under 
tension, and thus obviates the backlash which would otherwise be present 
or would occur through wear. 

Button-operated Selector.—The number of possible arrangements for 
rotating a condenser to a predetermined position is practically without 
limitation, and manufacturers are frequently devising new principles or 
modifications of existing ones. The example given above is operated by 
what is virtually a rotary movement, and below an example is given of 
a device which functions by merely depressing an appropriate button, 
and these two systems must suffice to illustrate the principle of the pure 
mechanical systems. Whatever arrangement is adopted, it is equally 
important that due care be taken to obviate the possibility of frequency 
variation through a change in temperature. 
The accompanying plate shows that the unit consists of four buttons, 

each of which terminates with a type of cam. Reference to the button 
shown depressed will reveal that both edges of the cam are engaged 

R.T. I-I6* 
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upon two flat bars which are connected by a link pivoted through the 
centre. A moment's thought will reveal that this bar assembly may 
rotate a condenser if connected by a link. The position of the cam is 
locked in relation to the button, so that when it is depressed it will move 
the bars into such a position that the edges of the cam rest on both. It 
follows, therefore, that the angle at which the cam is set will determine 
the position of the two bars and, consequently, the position to which the 
condenser is turned; 
in this way mechanical 
press-button tuning is 
accomplished. The 
operation of this device 
is shown diagrammatic-
ally at Fig. 197. 
The method of pre-

setting the buttons is 
extremely simple; the 
required station is 
tuned in by the manual 
control provided. The 
button intended to be 
used for this station is 
turned anti-clockwise, 
when it releases the 
cam; the button is 
then gently depressed, 
when the cam (which 
is now free to move) 
will take up a position 
resting on the two 
tuning bars. The 
operation is completed 
by rotating the knob in 
a clockwise direction, 
which locks the cam 
rigidly in its correct 
position. 

These illustrations do not reveal a further refinement of this unit, 
which takes the form of an arrangement for giving a reduction gear 
between the manual-tuning knob and the condenser spindle, to facilitate 
adjustment. 

Switch-operated Selector.—Attention may now be directed to an 
alternative system, whereby a number of tuned circuits are pre-tuned to 
a selection of stations and the appropriate circuit brought into operation 
by depressing one of a series of switches. This system presents two 
aspects, namely, the switch-gear and the tuned circuit. It will be 

Fig. 197.—A diagrammatic drawing 
push-button unit. 

showing the operation of a 
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convenient to deal firstly with the former, since this is unchanged in 
principle by consideration of the latter. 
The push-button switch-gear is, in principle, a series of switches, one for 

each station to be tuned automatically; provision is usually made for 
between six and ten stations. The author has refrained from illustrating 
a switch unit, since it is impossible to select one that may be considered 
as being typical, as their method of construction shows astonishing varia-
tion. It is sufficient to mention that push-button switch-gem is funda-
mentally the same as any other switch-gear, types being available to 
make contact with the necessary number of points demanded by the 
circuit in use. Generally speaking, each switch is electrically independent 
but mechanically linked, so that it stays in the depressed position but 
is released when another switch is depressed. Various refinements are 
available, one of which is a mechanical link between each switch and a 
shutter permitting the name of the station to be illuminated when the 
appropriate switch is depressed. 
The most obvious form of circuit arrangement for use with the switch 

selector is a tuning coil of appropriate inductance shunted with the 
ordinary tuning condenser for manual tuning and a series of pre-set 
condensers, each of which is brought into circuit when the corresponding 
button is depressed. With this simple arrangement the pre-setting for 
each button is accomplished by the appropriate adjustment of the pre-
set condenser. There are many examples of push-button receivers 
which employ this system, which is just as satisfactory as the pre-set 
condenser is constant. Pre-set condensers are inclined to suffer from 
capacity drift due to various causes, the most prominent of which is 
expansion and contraction of the metal plates when influenced by heat; 
there are, however, special condensers constructed in a manner to over-
come drift. Many manufacturers have chosen to dispense with pre-set 
condensers altogether and use permeability tuning. 

Permeability-tuned coils for push-button use are usually wound with 
Litz wire for the coils intended for use on medium waves, and single-
strand wire for the long-wave coils. They may be about / inch in 
diameter and provided with a dust-iron core moulded in the form of a 
screw, the coil formers being appropriately threaded. Tuning is, of 
course, accomplished by screwing the core in or out, which will vary the 
inductance of the coil; and by the careful choice of dimensions each coil 
may cover a fairly wide band, so that there is considerable over-lap 
between successive coils, permitting reasonable choice of stations. 
Motor-driven Systems.—Relatively elaborate receivers are fitted 

with motor-driven tuning, the greatest advantage of which is the ease 
with which remote control can be provided, since the actual switches 
control the motor and are not an electrical connection with the tuned 
circuit. Another important advantage is the absence of pre-set con-
densers, or equivalent devices, since tuning is accomplished by the rota-
tion of a normal ganged condenser. Fig. 198 shows a diagrammatic lay-
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out of a relatively simple motor-tuning system. It will, perhaps, be 
desirable to identify the various sections before proceeding with a 
description of the arrangement. The transformer marked (t) is intended 
to step the mains voltage down to the voltage required by the motor, 
usually 25 volts, which is used to drive a r2-volt motor. This consider-
able over-load is permissible, since the motor will not only run for very 
short periods and it increases the starting torque of the motor by about 
five times; a thermal delay-switch is usually incorporated to switch the 
motor off if it is caused to run for an excessive period should, for example, 
some uninformed person be disposed continuously to press buttons to 
watch the mechanism working. Item (2) is a reversible electric motor 
which, when intended for A.C. working, is of a highly specialised type, 
since such a motor is not normally reversible. Item (3) is, of course, 

Fig. 198.—A composite illustration showing the principle of motor tuning using the direct-homing 
method. 

a normal ganged tuning condenser, while item (4) is a single selector disc 
of the direct-horning type. 

(5), (6), and (7) are the pre-selector contacts, any reasonable number 
of which may be provided. They will normally be arranged to slide 
round some form of frame, to position them so that they make contact 
with the rim of the control disc at the point necessary to tune the required 
station. They will be provided with some arrangement whereby they 
may be released and moved to the appropriate position, ultimate adjust-
ment being achieved by some vernier device to facilitate accurate adjust-
ment. In order to follow the working of the arrangement it will be con-
venient to assume that button No. 7 is depressed, which will complete 
the circuit from earth through section 4A of the control disc, through 



A TYPICAL FORM OF MECHANICAL PRESS-BUTTON TUNING. 

Mechanically operated press-button tuning; note position of the tuning 
bars when the end button is depressed. The tuning bars are directly 
connected to the spindle of the tuning condenser by means of a link. 

The same mechanism as that shown on the left; note the different 
position of the tuning bars due to the position of the cam brought into 
action by depressing the second button. The angle of each cam is 

easily adjustable. 
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coil 2A of the motor, thence through the armature to the secondary of 
the transformer, the other terminal of which is earthed and completes 
the circuit. The motor will then start and rotate the disc in a clockwise 
direction until the circuit is broken by the insulated segment of the disc, 
marked 8 in the illustration, coming opposite to contact No. 7, which will 
break the current and stop the motor; if the position of No. 7 switch 
contact is correct the condenser will have stopped at the proper position 
for tuning the appropriate station. 

In order to avoid confusing the reader it will be convenient to assume 
that the moving section is again in the position shown at Fig. 198, and 
that on this occasion button No. 5 is depressed. Reference to the illus-
tration will show that the contact thus made will cause the current to 
flow to the motor via section 4B of the control disc, and thence through 
coil 2B of the motor, which will cause the motor to rotate in an anti-
clockwise direction until the insulated segment stops it in the correct 
position. At first sight this reversal of direction might seem unnecessary, 
but by splitting the control disc in half the disc automatically rotates in 
a direction which will give the insulated section the shorter journey to 
the contact, thus avoiding irritating delay. 
Once again, possible arrangements for motor driving are too numerous 

to be described in detail, but the one explained above and illustrated at 
Fig. 198 serves to illustrate the principle excellently. It is known as the 
direct-homing type, since by means of a split disc the condenser always 
rotates in the right direction. Where this principle is not employed a 
switched circuit is included so that the motor reverses when the con-
denser reaches maximum or minimum. This system has the disadvantage 
that considerable delay is experienced when the motor switch is set for, 
say, the clockwise direction and the required station is a few degrees 
anti-clockwise of the condenser setting, resulting in the condenser making 
a complete traverse in the clockwise direction, reversing and returning 
to the required tuning-point. 

In Fig. 198 a single disc is shown around which the pre-selector contacts 
are placed. An alternative arrangement consists of a separate disc for 
each station and a row of contacts in line, preadjustment being accom-
plished by correctly positioning the disc on the spindle. This method 
appears unnecessarily cumbersome, and for this reason is unlikely to 
achieve great popularity. 
Muting.—Motor-driven tuning is usually provided with some device 

to mute the receiver for the purpose of inter-station noise suppression 
while the motor and ganged condenser are revolving. Several muting 
systems are possible, one of which consists of deliberately arranging end-
play for the motor armature and arranging a spring so that the armature 
is pushed out of the exact centre of the pole pieces; when the motor is 
switched on the armature will centre itself, and this small movement may 
be made to close a pair of contacts situated at the end of the motor shaft. 
When this arrangement is used, the coupling between condenser and 
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motor must be such that this movement may take place without moving 
the condenser spindle. 
Automatic-frequency Control.—Unless very special arrangements 

are incorporated, it is impossible to make the motor stop at the precise 
position required for the accurate tuning of a station, consequently means 
are usually employed to correct this slight mis-adjustment by purely 
electrical means. The circuit for accomplishing this correction is known 
as an automatic-frequency control circuit, usually abbreviated as A.F.C., 
which has the additional advantage that it will correct frequency drift 
in the oscillator circuit; it is, of course, assumed that the circuit employed 
is of the superheterodyne type, since motor tuning would not normally 
be employed with a straight receiver. 

Fig. 199 shows a block diagram of a superheterodyne receiver with 
automatic-frequency control. It will be realised that if the ganged con-
denser is slightly mis-tuned, two or more circuits will be out of alignment, 
but the circuit that really matters is the oscillator circuit which will 
control the intermediate frequency. 

RADIO 
FREQUENCY 
AMPLIFIER 

FREQUENCY 
CHANGER 

OSCILLATOR 
CONTROL 

INTERMEDIATE 
  FREQUENCY 

AMPLIFIER  

1  

<—DISCRIMINATOR 

DETECTOR OUTPUT 
LOUD 

SPEAKER 

Fig. i99.—Block diagram of a superheterodyne with automatic-frequency control. 

Assume that the mis-adjustment is such that the intermediate fre-
quency is actually 463 kcs. per second, whereas the intermediate-
frequency transformers are tuned to 465 kcs. per second. Reference to 
Fig. 199 will show that the voltage developed across the intermediate-
frequency transformer is led to the discriminating circuit, which may 
consist of a special double diode valve having a separate cathode asso-
ciated with each anode, the resistive load connected between the cathode 
and centre tap resulting in a voltage being developed in a negative direc-
tion if the intermediate frequency is too high, or in the positive direction 
if it is too low. In this manner a potential is produced which varies in 
direction and amplitude in proportion to the intermediate-frequency 
drift; this voltage may be used in several ways to correct the frequency 
of the oscillator and in consequence the intermediate frequency. 
The voltage output of the discriminating circuit is usually fed to an 

oscillator control-valve. It may appear as a potential between grid and 
cathode of a triode valve, so that the latter becomes, in effect, a variable 
impedance which is virtually connected across the oscillator coil, so that 
it increases or decreases the impedance and consequently the frequency 
to which the oscillator coil is tuned. 
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FREQUENCY MODULATION 

ALL previous reference to modulation has referred to amplitude modula-
tion, which is a system whereby audible sound frequencies are imposed 
on carrier waves by varying the amplitude. In this system the funda-
mental frequency of the carrier waves remains constant although side 
bands above and below the carrier frequency are introduced in the pro-
cess of modulation ; thus the pitch of the audible sound to be transmitted 
varies the amplitude and forms what it will be remembered is termed 
the modulation envelope, and the intensity of the audible sound being 
transmitted varies the extent or depth of modulation. There are, 
however, other systems of modulation, all of which are of a semi-experi-
mental or restricted nature, with the exception of frequency modulation, 
a system which forms the subject-matter of this chapter. 

Frequency modulation is not new, and the basic idea was suggested by 
authorities in the early days ; in fact this form of transmission was used 
experimentally in the United States of America before the World War. 
It is not, however, intended that this remark should convey either the 
impression or otherwise that the United States are in front of Great 
Britain in this development, but it is obvious that a system which has 
greater freedom from noise has fundamentally greater advantage in that 
country where atmospheric interference is more serious than in the 
British Isles. It would be unfair, however, to end this historical note 
without tribute to Major E. H. Armstrong who, in the author's view, 
is the chief pioneer of this system. 
The British Broadcasting Corporation commenced experimental FM 

transmissions in 1944 and opened a regular service on 2nd May, 1955, at 
Wrotham in Kent to serve London and South-east England and then 
started to cover the whole country with a network of stations; the service 
uses the V.H.F. band and occupies from 87.5 to loo mcs. 

Frequency modulation has certain material advantages over amplitude 
modulation and is likely to gain in popularity, although its use is restricted 
to the higher frequency bands, since its advantages are only apparent 
when it occupies a wide band width which would not be tolerated on the 
lower frequency bands. A special type of receiver is necessary to receive 
frequency modulation, and while the system soon became popular in 
coastal areas when interference is bad, its adoption inland was somewhat 
disappointing. It has, however, unique possibilities in connection with 
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television or where it is desired to establish a broadcasting system under 
conditions where atmospheric disturbance would render the amplitude 
modulation system impracticable. 

It is not intended to go into the advantages and disadvantages of 
frequency modulation in any great detail, since there are so many cir-
cumstances which may attend a communication requirement when the 
various features of the two systems have varying advantages and draw-
backs. It is, however, desirable to stress three important advantages, 
namely, greatly increased signal-to-noise ratio, which is probably the 
over-ruling advantage; less interference between stations on adjacent 
channels or from A.M. transmitters; the audio modulation may be subject 
to less amplitude compression. The signal-to-noise ratio improvement 
of frequency modulation over amplitude modulation is between 250 : 
and 750 : i according to the extent to which the possible advantages are 
used. 

1 

1 /// 
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Fig. 200.-A diagrammatic representation of frequency modulation. (For ease in drawing and general 
clarity straight lines have been used instead of curved lines of sinusoidal character.) 

The Basic System.—Any system of modulation used to transmit 
sound must be capable of conveying two quantities, frequency and 
amplitude. In frequency modulation the carrier frequency is varied 
by the modulation frequency, that is to say the carrier frequency is 
speeded up and slowed down at a rate equal to the modulation frequency. 
For example, if the modulation frequency is 500 cycles per second, then 
the carrier frequency must be varied 500 times per second. It is import-
ant to note that the modulation frequency corresponds to the rate that 
the carrier frequency is varied and not to the amount of variation which 
is controlled by the amplitude of the modulation frequency. 
To recapitulate, frequency modulation is a system by which audio 

pitch controls the rate of frequency variation of the carrier, audio ampli-
tude controls the extent of carrier frequency variation while the carrier 
amplitude itself remains unchanged. In conformity with amplitude 
modulation, frequency modulation occupies a definite band in the 
frequency spectrum the limits of which will be determined by the change 
in amplitude of the modulation and not by the modulation frequency. 
The extent of the deviation of the carrier frequency may be set within 
any reasonable limits, but for practical purposes the deviation of plus 
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and minus 50 to 150 kilocycles per second may be taken as indicative of 
the band width occupied by the system. 
The Frequency-modulation Receiver.—Fig. 201 is a block diagram 

of a frequency-modulation receiver from which it will be seen that the 
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AND 

OUT Pu-r 

Fig. 201.—Block diagram of a frequency-modulated superheterodyne receiver. 

first three stages and the last correspond to the orthodox receiver, but 
that the second detector and automatic volume control system are 
replaced by a frequency-amplitude converter stage and limiter stage 
respectively. These two stages are dealt with below, and before leaving 
the other stages of the receiver it is necessary to emphasise that the 
frequency changer stage calls for special care in design, since greater 
frequency stability is required from the local oscillator. De-tuning of 
the oscillator in amplitude modulation merely results in accentuating the 
higher audio-frequencies, but in a frequency-modulation system it causes 
amplitude distortion by flattening the upper or lower half of the wave-
form. It is also necessary to provide the oscillator stage with adequate 
smoothing to prevent any trace of modulation due to mains hum, a 
state of affairs that is most serious in a frequency-modulated receiver, 
as the converter stage will change such frequency modulation into an 
audible signal. 
The Limiter Stage.—The function of the limiter stage is to reduce 

to the smallest possible proportions any amplitude modulation of the 
carrier wave form due to static, electrical interference, valve noise, or 
interference from unwanted stations. It is apparent from the previous 
paragraphs that the amplitude of a frequency-modulated transmission 
remains constant; it is desirable, therefore, that the same condition 
should obtain before the received signal is converted to audio-frequency. 
It is also fairly obvious that such an arrangement will greatly increase 
signal-to-noise ratio, an aspect which is again referred to in a later para-
graph. There are numerous possible forms of limiter, but only one is 
considered below, the saturated amplifier, which is the most suitable for 
general purposes. 
The circuit diagram of a saturated amplifier limiter circuit is given at 

Fig. 202, while its performance curve is shown at Fig. 203. Reference 
to Fig 202 will show that the valve is arranged somewhat like a leaky 
grid detector. The carrier input is rectified by the valve and automatic 
bias is produced across RI, and if the working conditions are so arranged 
that the gain of the valve is inversely proportional to the bias across R1, 
then amplitude modulation will be substantially absent across the output 
circuit providing that the voltage across R1 faithfully follows any 
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T 
Fig. 202.—The limiter valve; Fig. 203 shows the performance of a typical stage. 

changes of amplitude fed from the I.F. amplifier. In order to fulfil 
these requirements a pentode having a short grid base is essential, 
that is to say, it should be what is colloquially known as a straight pen-
tode and should not be of the variable mu type; other requirements are 
suitable anode and screen voltages and correct values for R1, CI. 
The correct value of anode and screen voltage must, of course, vary 

with different valves, but normal examples require an anode and screen 
voltage between 35 and 45 volts. The values of RI, C1 must be chosen 
so that adequate voltage is produced across R1 for proper control of 
I.F. and H.F. stages, while at the same time the voltage produced 
faithfully follows any amplitude modulation which, it will be remembered, 
it is desired to eliminate. Generally speaking, R1 may be o•I to 0.15 
megohm and C1 roo !le. Reference to Fig. 203 will show the per-
formance of a typical limiter stage and illustrates that the output of the 
device remains substantially constant irrespective of input, providing, 
of course, the input is big enough to produce the necessary condition of 
saturation. The upper of the two curves fulfils the requirements as 
well as can be expected in practice, while the lower curve is included 
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to emphasise the point that undue overlimiting is produced by R1 having 
too high a value. 
Frequency-amplitude Converter.—Before describing in detail the 

frequency converter stage it will be useful to define the meaning of the 
term " frequency converter," since this will reveal the precise function 
that it is desired to accomplish. It will be remembered that the fre-
quency converter stage replaces the detector stage of the normal receiver, 

although the frequency con-
verter stage in itself incorpor-
ates a normal detector arrange-
ment. In fact the frequency 
converter stage is in essence 

0 a frequency-modulation to am-
plitude-modulation converter 
plus a comparatively normal 
amplitude-modulation detector. 
The requirements of the fre-

20 5 quency-amplitude converter are 10 15 2, 3, 0  
VOLTS linearity and high conversion I P UT  

Fig. 2o3.—Action of the limiter valve; typical input- efficiency ; linearity is essential, 
voltage, output-voltage curves, that is to say, the resultant 

amplitude modulation developed 
in the anode circuit must be directly proportional to the frequency 
modulation applied to the grid circuit, otherwise untrue rendering of 
the original audio modulation must obviously result. High conversion 
efficiency is necessary, otherwise the advantages of frequency modulation 
are correspondingly offset. 

Perhaps the most obvious way of converting frequency to amplitude 
modulation is to apply the frequency-modulated carrier to the grid cath-
ode circuit of a suitable valve, the anode load of which is a tuned circuit 
tuned off resonance either above or below the unmodulated carrier 
frequency; with this arrangement the voltage developed across the 
anode load will vary in proportion to the frequency change across the 
grid cathode circuit, the function of the stage being completed by detect-
ing the amplitude-modulated carrier thus obtained by means of a diode 
or other detector in the normal manner. This single arrangement, 
unfortunately, has two serious drawbacks, the desired linearity of con-
version is only preserved if the input is very small and the conversion 
efficiency is very low, as the anode load is seriously off resonance and 
must be heavily damped to accommodate the necessary band width of 
the modulation. In practice there are two basic circuits in general use, 
usually referred to as the detector and the phase ratio detector, typical 
arrangements of which are described below. 
The Ratio Detector.—Unfortunately, it is not possible to go deeply 

into the functioning of this system or that of the phase detector, which 
follows, without the use of a purely mathematical approach which would 

O. 
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be inconsistent with this work as a whole, the author hopes, however, that 
the following brief details will be sufficient for most purposes. Fig. 204 
shows the basic circuit of a frequency amplitude converter which is known 
as a ratio detector and is the system in most general use. Other methods 
exist, most noticeable among which is the phase detector which has 
merits that are sometimes overlooked. It is described on page 245. 

T 

T 

R I 

e 
C3 

R2 

L.F. 

OUTPUT 

C2 

Fig. 204.—The ratio detector. 

The screened pentode in this illustration is the limiter valve and is 
coupled to the ratio detector diodes by a special type of transformer 
which has a coupling coil connected between the centre tapped second-
ary and L.F. lead. The system relies on the fact that the voltage induced 
in the transformer secondary, due to its coupling with the primary, is out 
of phase with the voltage injected into the circuit by the coupling coil. 
This injected voltage is 9o° out of phase with the voltage at either 
end of the secondary when the carrier frequency is the same as the reson-
ant frequency to which the transformer is tuned. When, due to fre-
quency modulation, the incoming frequency varies, this balance is upset 
and the current flowing through the two diodes will be unequal depend-
ing on the ratio between this current and the current arising purely from 
the primary-secondary coupling. On successive half cycles an audio-
frequency voltage is developed across C2. The filter, C3, R2 across C2, 
is a special form of tone compensation known as de-emphasis; it is 
referred to on page 247. 
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The Phase Detector.—This circuit, which is also known as the Foster-
Seeley Detector, is shown at Fig. 205. Briefly, the phase detector makes 
use of the fact that the tuned primary of the h:gh-frequency transformer 
is go° or 270 0 out of phase with its tuned secondary at resonant 
frequency. 

In the arrangement of Fig 205 the secondary winding is centre tapped 
and one half is in series with the primary. Thus the effective sum of the 

CI 

H.F. 
CHOKE 

L.F. 

OUTPUT 

Fig. 205.—The phase detector frequency-amplitude converter. 

two voltages developed is applied to one diode detector, the other half of 
the secondary being similarly arranged in series with the primary and 
applied to the other diode. The diode loads R1 and R 2 are arranged in 
opposition as in the amplitude converter circuit so that the voltage 
developed across R1 and R 2 will be the sum of that developed across 
each and proportional to the frequency change applied across the grid-
cathode circuit. 

Correct functioning of the phase detector is controlled, largely, by 
the tuning of the primary and secondary windings and the coupling 
existing between them. In general terms the correct tuning of the prim-
ary so balances the circuit that its response to a given change of frequency 
above the mean carrier frequency has the same effect as an equal change 
in the opposite direction; correct secondary tuning produces the required 
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state of zero voltage across R1 and R 2 when the carrier is unmodulated, 
while the degree of coupling, in conjunction with the magnification of the 
inductances, gives the desired conversion linearity. 

In preceding paragraphs the inductive coupling has been referred 
to as a high-frequency transformer in order to avoid any possible confusion 
in the mind of the reader between the subject under discussion and the 
functions of the ordinary superheterodyne frequency changer. In prac-
tice, however, it will normally be a special form of intermediate frequency 
transformer, since it is most unlikely that a frequency-modulated receiver 
would employ other than the superheterodyne principle, though there is 
probably no fundamental reason why the straight high-frequency ampli-
fication could not be used other than the ridiculously low efficiency that 
would result inherent with tuned circuits designed to handle a wide 
band width at high frequency. To prevent any possibility of misunder-
standing, the block diagram at Fig. 201 should be studied, which shows 
the sequence of operations of a typical superheterodyne frequency-
modulated receiver. It will be noted that both frequency changers and 
frequency amplitude converter stages are used, both performing their 
separate special functions. 

It should be particularly noted that in Figs. 202, 204, and 205 a limiter 
valve circuit is shown separately from the frequency-amplitude converter 
circuit. This course has been adopted to simplify explanation, but in 
practice a single valve usually performs both functions. Reference to 
Fig. 202 will show that the function of the limiter valve is largely carried 
out by the grid-cathode and merely requires that the anode load operates 
over the band width to be handled; reference to Figs. 204 and 205 and 
the explanation given above will show that the function of conversion 
is accomplished entirely in the anode circuit and merely requires the 
frequency-modulated input to be developed between the grid and cathode; 
thus the requirements for both functions are compatible and a single 
valve will perform both; in other words, the limiter valve for Fig. 202 
should be regarded as the same valve as that illustrated at Fig. 204 or 205. 
As already stated, the limiter valve and the amplitude frequency conver-
sion valve may be in fact a single valve; conversely, if desired they 
may be separate valves coupled by a normal transformer, and this practice 
is employed in some receivers. 
The Combined Limiter and Frequency Converter.—The function of 

limiter and frequency amplitude converter may be combined and a 
possible arrangement is shown at Fig. 206, which has the advantage of 
enormous stage gain. The circuit is, essentially, a pair of leaky grid 
detectors with fixed reaction arranged for push-pull working, the input 
circuit being a transformer made up of three coils which will be the last 
intermediate frequency transformer or tuned signal frequency trans-
former depending upon whether the receiver is of the superhet type or 
otherwise, one secondary is tuned above and the other below the carrier 
frequency. Sufficient reaction is introduced to cause the valves to 
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oscillate violently but such action is prevented however, by a system 
of rapid interruption known as quenching, that is the periodic choking of 
the valve by grid current at a frequency pre-determined by the value of 
the grid leaks and condensers. 
The chosen quenching frequency is normally well above audio fre-

quency and is not, therefore, audible although some distortion is intro-
duced; ioo,000 and 250,000 times per second is normally used. The 
lower frequency gives greater gain but introduces distortion apparent 
to a critical listener whereas the higher frequency gives lower gain with 
apparent freedom from distortion. The limiter action is quite automatic 
and relies on the fact that the grid swings from cut off to saturation due 
to the super-regenerative action and any increase of grid swing caused by 
variation in the incoming signal swings beyond cut off and saturation and 
consequently has no effect on the output. 

Fig. 2o6.—An interesting circuit which combines the functions of limiter and frequency-amplitude 
converter; using the super-regenerative principle this arrangement has very high stage gain. 

Pre-emphasis.—The signal-to-noise ratio, already greatly improved by 
the use of the frequency-modulation system, can still further be increased 
by the introduction of pre-emphasis, a system whereby the higher audio-
frequencies are transmitted at disproportionately high amplitude and 
can be restored at the receiver end by the de-emphasis which is achieved 
by reducing the amplification of the high audio-frequency to an extent 
equal to the increase imposed in the transmission; de-emphasis is ac-
complished in Fig. 204 by the condenser C2 and resistance R2. 
The Frequency-modulated Transmitter. — Frequency-modulation 

transmitter technique is complicated in its advanced form but the 
following notes will illustrate the basic principle. The simplest form of 
F.M. transmitter is a single valve oscillator with a condenser microphone 
connected across the tuned circuit. If a sound wave is directed to the 
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microphone it will cause a change of capacity proportional to the intensity 
of the note. The higher the pitch the more rapid the change; the lower 
the pitch the slower the change. The louder the note the greater the 
change; the softer the note the smaller the change. Since the microphone 
is connected across the tuned circuit these changes of capacity will affect 
the oscillator frequency and its output will be frequency modulated. 
The more usual arrangement is a most ingenious device known as the 

reactance modulator but sometimes referred to as the phantom induct-
ance for reasons which will become apparent. Its action cannot be 
explained precisely, or even adequately, without recourse to mathematics 
but it is hoped that the following broad outline will be found useful. The 
fundamental requirement is that the audio frequency input shall change 
the frequency of the oscillator V2 which is dependent on the inductance 
and capacity of its oscillatory circuit; the reactance modulator, shown at 
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RI 

A.F. 
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Fig. 207.—A typical reactance modulator circuit coupled to a simple oscillator. 

Fig. 207, in effect, converts a change in audio frequency current into a 
change of inductance. Providing that the reactance of C is small com-
pared with the resistance of R the voltage developed across the former will 
cause the anode current of the reactance modulator VI (which flows through 
the oscillator inductance) to lag a quarter of a cycle behind the oscillator 
current. Since inductance causes the current flowing through it to lag 
a quarter of a cycle behind the voltage across it, the lagging current 
introduced by the reactance modulator valve will have the same effect 
as though an inductance were connected across the oscillator inductance Li. 
The effective value of the phantom inductance on the oscillator fre-
quency is determined by the audio frequency input to the reactance 
modulator valve; thus, frequency modulation is achieved. 
The oscillator will normally function at a sub-multiple of the ultimate 

frequency to be broadcast and will be followed by the necessary number 
of frequency multipliers which will multiply the deviation frequency as 
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well as the carrier frequency of the oscillator thus reducing the deviation 
necessary in the oscillator-reactance modulator circuit. Frequency 
multiplication is described in Chapter 8, Volume II. 
Advantages and Disadvantages of Frequency Modulation.— 

It is desirable to summarise the advantages and disadvantages of the 
system under discussion and analyse the several factors which produce the 
very favourable signal-to-noise ratio that is a feature of the system. 
As stated earlier in the chapter, the three principal advantages are 
increased signal-to-noise ratio, less interference between stations on 
adjacent channels, freedom from A.M. jamming, and audio-modulation 
may be subject to less amplitude compression. To these may be added 
greater output at the receiving end for a given transmitter power, although 
this feature is rather one of economic than purely fundamental advantage. 
The principal disadvantage of the system is the very adverse effect of 
selective fading, which produces much more unpleasant results than when 
using the amplitude-modulation system. This disadvantage is mainly 
due to the fact that low audio-frequency produces a very large number 
of side bands and selective fading makes any audio output based on these 
frequencies quite unintelligible even under conditions that would be 
tolerable when using amplitude modulation on the same frequency at 
the same time and in the same place. The cause of selective fading 
is dealt with in an earlier chapter and need not be further discussed. 
Since selective fading is so objectionable, it follows that the use of the 
system is restricted to a service area where the receiver receives sub-
stantially only the direct transmitter ray and no reflected rays from the 
upper atmosphere. The B.B.C. employ a number of limited range 
transmitters; even so, multi-path distortion can be serious. 
The increased signal-to-noise ratio is tabulated below under four 

main headings, the last of which has a gain of two, due to the greater 
transmission efficiency of the system; but, as already explained, this is to 
some extent purely an economic advantage, since the same gain could be 
achieved with any system by building a transmitter having twice the 
power. The figures quoted are in round terms. 

IMPROVEMENT OF SIGNAL-TO-NOISE RATIO FREQUENCY MODULATION 
COMPARED TO AMPLITUDE MODULATION 

Due to action of limiter valve . . . . . . 
Due to wide band width (deviation 75 kcs each side of carrier) . 
Use of pre-emphasis . . • 5 
Due to efficiency of transmission . . . 2 „ 

. 3 times 

. 25 „ 

The above summary shows an increased signal-to-noise ratio of 750: I 
under the conditions quoted; if the gain due to transmission efficiency 
is ignored for reasons already stated and pre-emphasis is not employed, 
the gain is 75 : i, a factor which shows the fundamental advantage of 
the system and at the same time draws sharp attention to the advantage 
of pre-emphasis, which converts the gain of 75 : I to 375 : I. 
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Aerial Arrangements.—For receiving B.B.C. broadcasting using the 
frequency-modulation system, special aerial arrangements are highly 
desirable, not because of the special type of modulation employed, but 
because the transmissions are on very high frequency (V.H.F.) or, to be 
precise, on a band extending from 87.5 to ioo mcs. It is, therefore, 
convenient to deal with the point in this chapter and not as part of 
general aerial considerations in Volume II. 
For the proper functioning of the F.M. system the signal supplied by 

the aerial must reach a certain level so that the input to the limiter 
valve is large enough to allow it to perform its function efficiently. 
Failure to produce this condition due to an inadequate aerial will make the 
receiver liable to interference from electrical apparatus, particularly the 
ignition systems of motor vehicles; it may also allow some fading when 
the receiver is situated towards the limit of the transmitter service area. 
When the receiver is situated io miles or so from the transmitter, or 

even 20 miles in favourable circumstances, good reception is usually 
possible when using a compressioned dipole aerial inside the receiver 
cabinet. If a better aerial is required but an outside aerial is unneces-
sary, a simple indoor aerial can be made by taking a length of 6o-8o ohm 
twin television feeder and splitting the top end for a distance of 32 inches 
and bending the two arms thus formed to a " T " shape. If possible, 
the top arms of the " T " should be at right-angles to the direction of the 
transmitter. The receiver will be fitted with twin aerial sockets, since 
whatever form of aerial is used it will be connected to the receiver by 

twin feeder cable; always use proper low 
loss feeder of 6o-8o ohms impedance as it 
has special characteristics that permit reasoi-
able matching between aerial and receiver. 
The theory of the dipole aerial is dealt with 

at length in the section devoted to televisi0n 
aerials which commences on page 178 of 
Volume II, but it must be remembered 
that B.B.C. transmitters on V.H.F. use 
horizontally polarised aerials, consequently 
the receiving dipole must also be horizontal. 
Fig. 208 shows a simple dipole aerial which, 
when fixed to the chimney stack of a normal 
two-storey house, is usually adequate up 
to the outer limit of the B.B.C. service area. 
Difficult locations or distances beyond the 

service area may require more efficient aerials which are obtainable 
with two or more elements, suitable for chimney fixing. 

Fig. 208.—A Simple dipole for 
V.H.F. reception. 
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MODERN PRACTICAL RADIO 

AND TELEVISION 
VOL. II 

CHAPTER 1 

THE POWER PACK 

NUMEROUS diagrams in the preceding chapters have been shown with 
high-tension positive and negative rails, and it has been understood that 
these are fed from some source providing the high-tension supply. In 
the case of battery-operated receivers power will be derived for heating 
the filaments from some such source as an accumulator, while the high-
tension current will normally be supplied by a battery having an E.M.F. 
of 65-10o volts; such a battery will contain about 45-65 cells of the 
so-called dry type and of dimensions commensurate with the current to 
be drawn. The average battery receiver employing four valves will 
take an anode current of about 6-9 milliampères while a six- or seven-
valve superheterodyne may take upwards of 15 milliampères. 

Class B Working.--Some care is required when selecting a high-
tension battery for use with a receiver employing quiescent output. A 
receiver with quiescent output may take an average anode current of, 
say, 14 milliampères, and a battery rated to deliver a maximum current 
of 15 milliampères might appear suitable. Such a receiver will take peak 
currents up to about 30 milliampères for fairly long periods, such as during 
an organ recital, with the result that the high-tension battery develops a 
certain amount of internal heat—sufficient to dry up the paste electrolyte 
—resulting in uneconomic life. Such receivers should work with a battery 
rated to deliver about 50 per cent, more current than the average current 
consumption of the receiver. 

Mains Operation.—The question of high- and low-tension supply for 
a mains-operated receiver cannot be dealt with in the brief manner 
adopted for battery-operated receivers. Mains receivers may be divided 
into two classes, i.e. those intended for working from alternating-current 
mains, and those for working on either alternating-current or direct.. 
current mains; receivers designed for working on direct current only 
are virtually obsolete, and can therefore be ignored, but some explanation 
is called for regarding the necessity of employing receivers for use on 
alternating current only when there is an alternative system available 
which functions on either type of supply. Receivers intended for use on 
ither alternating or direct current are known as universal or A.C./D.C. 
receivers, and are preferable for those likely to move to a different 
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supply or have their existing supply changed, and are fundamentally 
inferior, since it is impossible to raise the high-tension voltage supplied to 
the valves above the mains voltage; consequently, such a receiver would 
not be chosen unless it was likely to be used on direct-current mains. 

Either type of mains receiver is required to work from alternating 
current, and means must be found for converting to direct current for 
the high-tension supply; although the heaters may be fed with alternating 
current, since they will be of the indirectly heated type with the possible 
exception of the output valve. The conversion from alternating to direct 
current is known as rectification, and is accomplished by means of a valve 
or metal oxide rectifier ; the former will first receive consideration. 
The Rectifier Valve.—A rectifier valve is in principle a diode, but 

differs from the detector diode inasmuch as it is more heavily constructed 
to enable it to pass the heavy 
anode current required and dis-
sipate a considerable amount of 
heat without distress. Fig. 
shows a full-wave mains rectifier, 
although it is difficult to convey 
a true mental picture with an 
illustration. It may be mentioned, 

however, that a rectifier is more heavily constructed than those 

types of valves previously men-
tioned, and employs a heavy fila-
ment, or heater usually rated at 4 or 
6.3 volts for A.C.working,while a cur-

rent\  rating of .2 amp. is practically standard for A.C./D.C. receivers, 

the voltage rating being 20-80 
volts or even more depending on 

\ the demands on the valve. It 
may be observed from Fig. i that 
the valve is a dual assembly com-
prising two anodes and two fila-

ments; such a valve is known as a full-wave rectifier, whereas a 
single assembly is known as a half-wave rectifier. 

Fig. 2 shows the basic circuit of a full-wave rectifier arranged for use 
in an alternating-current mains receiver. The mains are connected 
direct or through a fuse to the primary of the transformer. Three secon-
dary windings are usually provided for supplying the heaters of the receiv-
ing valves, the heater, or filament of the rectifier, and the anodes of the 
rectifier; the first-mentioned winding is not shown in the illustration. It 
will be noted that the windings are centre-tapped. The alternating 
potential across AB will cause electrons to flow from the cathode, or 
filament to each anode in turn during successive half-cycles, so that the 

Fig. i.— A full-wave rectifying valve. 
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Fig. 2.—Basic circuit using a full-wave valve rectifier. 

flow of current is uni-directional in relation to the points CD, from which 
may be taken rectified current to supply the receiver. 
The condenser C is usually called the reservoir condenser, although the 

Americans sometimes rather appropriately call it the tank condenser 
or, if the whole expression is to be Americanised, " tank capacitor." The 
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Fig. 3.—Performance curves for full-wave rectifier. 

80 

capacity of this component will influence the voltage across the points 
CD, but it will also assist in removing the ripple which will be super-
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imposed on the direct-current output. Fig. 3 shows a typical per-
formance curve taken with a full-wave rectifier with a 4 1.8.F condenser 
across the load; each curve shows the performance for a stated applied 
alternating voltage and permits the rectified voltage to be determined 
for various values of rectified current. As would be expected, the 
voltage is greater for a small value of output current, and vice versa. 
The extent of the change in voltage resulting from a change in current 
is referred to as the voltage regulation, and should be as small as possible, 
since it is obviously desirable that the voltage between the high-tension 

positive and negative rails 
should remain as constant 
as possible, although the 
current taken by the various 
receiving valves may vary. 

Figs. 4, 5, and 6 show 
oscillograms taken from the 
circuit shown at Fig. 2. Fig. 4 
shows the residual ripple 
taken across the points 1, 2 
when the choke L and con-
denser CI are removed. This 
illustration may therefore 
represent the efficiency of the 
rectifier with its attendant 
reservoir condenser to per-
form the function of recti-
fication without additional 

Fig. 5.—Oscillogram showing mains ripple appearing at 
points 3 and 4 when CI has a capacity of 2 µF. aid. 

Fig. 5 shows the poten-
tial across the points 3, 4 
when the choke L is con-
nected as shown and CI is 
2 [IF. It will be observed 
that the alternating com-
ponent is reduced. Fig. 6 
is taken across the points 
3, 4 with the condenser CI 
raised to 16 ; due to the 

small size of the illustration it may appear that the alternating component 
has been entirely eliminated; actually, it has been greatly reduced. 
Some small residual alternating component will be present, but this is 
unimportant if it has been reduced to limits which do not result in the 
loudspeaker emitting an audible note due to this ripple. A humming 
noise emitting from the loudspeaker, due to inadequate smoothing, is 
known as mains hum. When a full-wave rectifier is used the mains hum 
will take the form of a note having a frequency of ioo cycles per second, 

Fig. 4.—Oscillogram showing mains tipple appearing across 
the points r and 2 in the circuit arrangement shown 
at Fig. 2. 

Fig. 6.—Oscillogram taken under the same conditions as 
Fig. 5, except that the capacity of C, is 16 F. 
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if the periodicity of the mains is 5o cycles per second; if a half-wave rectifier 
is employed, the hum will have a frequency of 50 cycles per second. 

Reference to Fig. 2 will show that the rectified current must pass 
through the high-tension winding, and it is apparent, therefore, that the 
resistance of this winding will influence the potential difference across 
the points r and 2. It is desirable that the resistance of this winding 
should be relatively low, as it will adversely affect the voltage regulation 
of the complete unit. If a really badly designed transformer is used with 
a good rectifying valve, the voltage regulation is largely determined by 
the resistance of the high-tension secondary, since under these conditions 
the impedance of the valve will be unimportant. Bad transformer design 
will adversely affect voltage regulation for reasons other than those 
described above, the most important being the change of alternating-
current voltage across the points A and B due to partial saturation of 
the core. 

It is impossible to lay down any definite values for C, L, and CI. since 
it will be influenced by the design of the actual receiver. Generally 
speaking, C will not be less than 4 F, and will often be 8 [I,F, particularly 
if the condenser used is of the electrolytic type. The inductance of the 
choke L may have a value of, perhaps, 20 henrys, this rating being the 
inductance obtaining when the required value of current is flowing through 
it. This proviso is important, as a choke rated at 20 henrys may only 
have an inductance of, say, 5 henrys when passing a relatively heavy 
current. The condenser C1 will have a relatively large capacity, 8 tF 
and 16 i/F condensers being often used for the position. 
The Metal Rectifier.—The metal rectifier is fundamentally a series of 

metal plates, each of which is either oxidised or coated with selenium on 
one face and held in firm contact with its neighbour, this has the 
peculiar property of 
offering high resis-
tance to the flow of 
current in one direc-
tion and low resis-
tance to the flow 
of current in the 
opposite direction. 
Fig. 7 shows the 
basic circuit of a 

metal type rectifier Fig. 7.—Basic circuit of metal rectifiers arranged for voltage 
arranged for voltage doubling. 

doubling, since this 
may be considered the most popular circuit arrangement. The term 
voltage doubling" is intended to indicate an arrangement whereby 

the rectified output voltage is approximately double the alternating-
current input voltage, when the latter is expressed as an R.M.S. value. 
Reference to the illustration will show that one side of the secondary is 

A.
C.

 M
A
I
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taken to the centre of two condensers connected in series across the 
output. The capacity of these condensers exercises remarkable influence 
over the rectified voltage developed. It is usual to make each of these 
condensers 4 p.F, although special types of rectifiers call for larger values. 
The electrolytic condenser is unsuitable for use in this position. 

Heat Dissipation.—When designing a mains pack considerable care 
must be taken to provide adequate ventilation, since the mains trans-
former and rectifying valve or metal oxide rectifier will dissipate a con-
siderable amount of heat. If ventilation is inadequate, the temperature 
inside the receiver cabinet will rise—with serious results. The effect of 
heat may appear at a number of points in the circuit, but a frequent 
cause of trouble is distortion of the loudspeaker cone due to warping, 
which in turn causes the voice-coil to touch the pole pieces. Another 
trouble is the tendency for capacity drift in trimming and padding con-
densers due to rise in temperature. Other unfortunate effects of undue 
temperature rise include failure of electrolytic condensers and ultimate 
breakdown of the mains transformer, particularly if its windings are 
impregnated with wax. 
Universal Mains Pack.—Fig. 8 shows the basic circuit of a universal 

mains pack. It will be noted that the mains are connected direct to the 

 C 

TO VALVE HEATERS CONNECTED IN SERIES 

 (MM  

 rrolP  

Fig. 8.—Basic circuit of a universal receiver mains pack; the tapped resistance permits adjustment 
to suit various mains voltages. It will be noted that the rectifier must be of the indirectly heated type. 

anode of the rectifier on the one side, and direct to the high-tension 
negative rail on the other side. The heater of the rectifier valve and 
the heaters of the receiving valves are connected in series, a suitable 
resistance being included, to limit the flow of current ; it is necessary 
that a team of valves for universal working have similar heater current 
rating, although the heater voltage rating may be different for various 
stages. In this way each valve functions at its correct temperature 
when the proper current is flowing through the circuit. It will be observed 
that the resistance in series with the heaters is tapped to permit alterna-
tive tappings for various mains voltages. 
When the mains pack is connected to direct current, the anode of the 
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rectifier valve is held at a positive potential and electrons flow from 
cathode to anode. Under these conditions the rectifier valve may be 
regarded as a low resistance. When the mains pack is connected to 
alternating current, the valve functions as a half-wave rectifier, the 
residual ripple being smoothed by the condensers and choke. Fig. 8 
is described as a basic circuit. Nevertheless, a refinement is shown which 
takes the form of an air-cored choke in each mains lead associated with 
a condenser. These components are intended to attenuate static and 
other electrical disturbances which are picked up by the electric- light 
mains, and which would otherwise find their way into the receiving cir-
cuit. The interference with reception is so great when these precautions 
are omitted that they may be considered as an essential part of the 
equipment. 

Special Precautions on Direct-current Mains.—Many districts are 
wired on the three-wire system, and the electric-light cables taken down the 
road are three in number, the outer ones having a potential difference equal 
to double the voltage supplied to the consumer, the middle cable being 
earthed. Each alternate house or each side of the road is fed from one 
of the outer cables and the centre cable ; consequently, 50 per cent. of 
the consumers are supplied with mains that are earthed on the positive 
side. It is therefore absolutely essential that there should be no direct 
connection between a universal receiver and the earth lead, since this 
would constitute a short circuit on the mains when the positive main 
is earthed. The difficulty is overcome by connecting a condenser 
between the receiver and its earth terminal, while for similar reasons a 
condenser is connected between the aerial coil and the aerial terminal, 
as without this modification the aerial would be live and capable of 
imparting an electric shock if touched. It is important that the con-
denser in both the aerial and earth lead should be capable of withstanding 
the mains voltage on which the receiver is used plus an adequate safety-
margin. 
Almost all modern receivers are constructed on a metal baseboard, or 

chassis, which is invariably connected to negative high tension and, in 
fact, constitutes the negative high-tension rail, so that all cathode circuits 
and earth returns can be connected to a convenient point. It is apparent 
from these and the above remarks that the chassis will be live in respect 
to earth when used on direct-current mains which are earthed on the 
positive side. It is therefore necessary that precautions be taken to 
prevent the chassis from being touched accidentally. A similar pre-
caution obviously applies to any metal-work that is in metallic connection 
with the chassis, and care is necessary to avoid overlooking some trifling 
component, such as the grub-screw which holds the tuning-knob to the 
condenser spindle. 
Mains Hum.—It has been stated that the inductance of the smoothing 

choke and the capacity of the associated condensers will be determined 
by the characteristics of the receiver, but some further remarks are 
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necessary. The most important characteristic will be the sensitivity of 
the receiver, since it will amplify any alternating-current voltage which 
appears as a potential between the grid and cathode of the receiving valves. 
It does not necessarily follow, however, that this potential will be intro-
duced into the first valve. The grid of the first valve should be quite 
free from alternating-current ripple, since it has no metallic connection 
to high-tension positive. If the coupling between the first and second 
valves takes the form of a tuned anode, a ripple voltage will appear between 
grid and cathode of the second valve If, on the other hand, transformer 
coupling is used, there will be no ripple in the grid-circuit of the second 
valve, as the coupling between the anode of the first valve and the grid-
circuit of the second valve will be purely magnetic. It is apparent than 
the smoothing arrangements must be very much more thorough when 
using tuned anode or tuned grid coupling than when using high-frequency 
transformer coupling; all other characteristics being equal. 

Modulation Hum.—A peculiar phenomenon may be observed in 
certain receivers, inasmuch as mains hum is entirely absent when the 
receiver is tuned to a frequency that is not occupied by a transmitter, 
but when the receiver is tuned to receive any station mains hum is 
immediately audible. This phenomenon is known as modulation hum, 
and arises through the signal frequency being present in the mains pack, 
or through cross modulation. Assume that the first two stages of a 
receiver are coupled by means of high-frequency transformers and that 
the smoothing is such that the sensitivity of the third and subsequent 
stages will not result in audible mains hum. If the second valve is 
working under conditions that permit cross modulation to occur, the 
ripple voltage will modulate the carrier frequency and consequently 
appear across the grid and cathode of the third valve after being 
amplified perhaps 200 times. In the absence of cross modulation the 
ripple voltage would not appear before the anode circuit of the third 
valve, and the hum-level would consequently be of the level ob-
tained when cross modulation is present in the second valve. The same 
remarks apply if a ripple voltage is picked up by the grid of the first 
valve, but this is unlikely, although it may happen in a universal re-
ceiver working on alternating-current mains. 

Heater Sequence for A.C./D.C. Working.—In order to reduce mains 
hum in universal receivers it is desirable to choose the sequence of the 
valve heaters carefully. Here again it is not possible to suggest any 
hard-and-fast rule, but the following suggested sequence will serve as 
a guide : 

Detector. 
Frequency changer. 
Intermediate-frequency amplifier. 
Output. 
Rectifier. 



THE POWER PACK 9 

It should be understood that the above sequence is from negative to 
positive, that is to say the detector is connected direct to the negative 
end of the supply; the actual connections for such a sequence are shown 
at Fig. 9. 

44 

rs;44' rese 7-44 
0, C> 444 J 1 51 

ç> , 

Fig. 9.—Suggested sequence for connecting heaters in a universal receiver. 

A.
C.
 O
R
 
D.

C.
 
M
A
I
N
 

Indirectly Heated Rectifiers.—Reference to Fig. 8 will show that a 
big potential difference exists between the heater and cathode of the 
rectifier valve used in a universal power pack. It is therefore essential 
that the valve shall have an indirectly heated cathode. The use of a 
directly or indirectly heated rectifier is optional in an alternating-current 
mains receiver, but the indirectly heated type is usually preferable, as it 
prevents excessive voltage being applied to the anodes of the receiving 
valves and the several condensers associated with the anode circuits 
while the cathodes are warming up. Indirectly heated rectifiers are 
designed so that they take longer to reach working temperature than 
the receiving valves, consequently voltage rise is avoided. 

Mains Suppression.—As already explained, mains suppression is 
highly desirable in receivers designed for universal working. Some 
similar arrangement is not so essential, but desirable for receivers designed 
for use on alternating-current mains; the most simple form of suppression 
is a static shield between the primary and secondary of the mains trans-
former, which may take the 
form of a copper, brass, or  rMn 
aluminium sheet placed be- ! ge . .... 
tween the two windings and ›. ---1-• «, 
connected to earth, the core mi  j or 0 .1 
of the transformer being 

gC 

also connected to earth. T  
This arrangement is 
usually sufficient but may 
be supplemented by air-

Fig. io.—A simple mains filter. The dotted section in-
cored chokes and conden-

R.T. II-2 

dicates alternative or additional connections. 
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sers, in highly sensitive receivers as shown at Fig. o ; the condensers 
must be constructed to withstand the mains voltage. 

Voltage Doubling.—The circuit, Fig. 7, shows the metal type 
rectifier arranged for voltage doubling, and was chosen as the basic circuit 
for describing the principle, as this type of rectifier is often used in this 
manner. The basic circuit for valve rectification shown at Fig. 2 
is once again typical of general practice. It is, however, possible to 
use a special form of rectifier valve for voltage doubling. 

Fig. II shows a circuit arranged for voltage doubling using valves. 
It will be observed that each anode is associated with a separate 

o 

•••• 

Fig. IL—Voltage doubler circuit employing valve rectification; note that the filaments must be 
led out separately and not connected together inside the valve. 

filament and that the two filaments are not directly connected. It is 
therefore necessary that the valve used should be specially designed so 
that the two filaments are led out to separate pins and not connected 
together internally. 

It is difficult to suggest a use for the voltage doubler circuit shown, 
unless for the purpose of supplying a relatively high voltage with a 
measure of economy, since transformers developing a relatively low 
voltage are inclined to be disproportionately cheaper than those rated 
to deliver a voltage of 1,500 vats or more. The circuit shown at Fig. II 
can be modified by the use of indirectly heated rectifiers, so that voltage 
doubling can be accomplished without the use of a transformer (see 
Fig. 12). In this way it is possible to produce a voltage approximately 
double that of the supply voltage. It will be observed that a minimum 
of equipment is required, and no disadvantages arise, except those of a 
purely legal nature, since a few " local" regulations insist that apparatus 
such as radio receivers and transmitters shall be isolated from the mains 
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by a double-wound transformer. Voltage doubling without a trans-
former is, therefore, restricted for use on what might be termed private 
sources of supply and the scheme is often used to double the voltage 

o 
A C. 

rfinfr 

Fig. 12.—Voltage-doubling circuit arranged for direct connection to alternating-current supply. 

delivered by small alternators, which may be driven from internal 
combustion engines or from direct-current motors as a means of obtaining 
alternating current from direct-current mains. 

A.C. 

Fig. 13.—Voltage-quadrupling circuit arranged for direct connection to alternating-current supply. 

Voltage Quadrupling.—The principle of the voltage doubler can 
be extended to voltage quadrupling, a suitable circuit for which is shown 
at Fig. 13. It will be observed that the circuit is arranged for use 
without the transformer, and consequently indirectly heated valves 
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are necessary. The condensers can be of the order of io tiF each and 
the valves must be so constructed that the heater insulation is sufficient 
to withstand the total voltage developed plus the peak alternating-
current voltage supply. So far as the author is aware, there are no 
valves generally available at the time of writing capable of being used 
with an input of the order of 200 volts, since such a condition would 
require a heater to cathode insulation sufficient to withstand a potential 
difference of more than I,000 volts. This difficulty does not arise, 
however, if the arrangement is transformer fed, since each heater can be 
supplied by a separate secondary winding, heater and cathode being 
tied together; in fact, when each valve is fed from a separate winding 
it is possible to use directly heated valves if these are more convenient 
for any reason. 
The circuit as shown at Fig. 13 is convenient for producing a normal 

voltage from a 50-volt alternating-current supply. The author had 
occasion to employ this principle to raise the output voltage from a 
small alternator; with an input voltage from the alternator of 50 volts 
a direct-current output of 220 volts was obtained with a load of 
50 milliampères. 

(gaseous Rectifiers.—The valves used as examples for the several 
circuits included in this chapter have all been of the high-vacuum type, 
and some mention must be made of the gas-filled rectifier. The modern 
gas-filled rectifier should not be confused with the cold-cathode type, 
such as employed for accumulator charging, the use of which presents 
various difficulties if used as an integral part of a power pack. The type 
of gas-filled rectifier in general use is not dissimilar in construction to 
the high-vacuum type and employs a hot cathode, although it should be 
clearly understood that this is to bring about the initial ionisation, and 
does not emit an electron stream, as in the case of the high-vacuum type; 
in this class of rectifier, rectification is dependent upon the action of the 
ionised gas within the bulb, which provides a very low impedance path 
in one direction but a very high impedance path in the opposite direction. 

Gas-filled rectifiers are usually employed when high values of rectified 
current are required at a relatively moderate potential. Their use is 
not actually restricted to this condition, but for reasons of general 
convenience the valves are usually employed in this manner. Certain 
specialised types are available capable of passing really high current, 
very much higher than could be obtained from high-vacuum rectifiers 
of similar dimensions. Among their other advantages they have low 
internal impedance, wide cathode to anode spacing, and are therefore 
not likely to cause serious damage through mechanical failure. 

Multi-stage Smoothing.—The several circuits shown in the foregoing 
portion of this chapter have employed a single inductance to provide 
the necessary smoothing, and occasions often arise when very low hum 
ripple is required, which would require a very large value of inductance 
and/or capacity. When a low hum ripple is desired it may be more 
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economical to use two stages of smoothing, particularly if the low hum 
level is required to feed the earlier stages of the receiver, a normal level 
being deemed sufficient for the later stages. As an example, the output 
stage of a receiver may have a relatively high mains ripple in the anode 
supply without producing audible hum from a loudspeaker, while, on the 
other hand, the earlier stages, particularly the detector and frequency 
changer, may require very much more efficient smoothing. These 
factors can be employed to advantage, since the output valve will pass a 

H.T. — 

H.T. + 1 

H.T. 1- 2 

Fig. r4.—Two-stage mains filter arranged to give additional smoothing to the earlier stages of 
the receiver. 

relatively high anode current, making a large value of smoothing 
inductance somewhat uneconomic. 
The percentage ripple after a single inductance and condenser is given 

by the following simple formula: 
Ioo 

Percentage ripple L—C 

when C equals capacity in 1.1.F and L equals inductance in henries. 
It should be understood that the above formula and the one given 

immediately below express the percentage relationship between the 
ripple appearing across the smoothing condenser when compared with 
the ripple appearing across the reservoir condenser. In other words, 
the reservoir condenser is not considered as part of the smoothing system 
for the purpose of making comparisons. The illustration at Fig. 14 
shows a two-stage filter or, to use an alternative term, cascade filter. 
There is no reason why the inductances should bear any numerical 
relationship to each other, and if the first inductance only is included in 
the supply to the output valve it will normally have a very much lower 
value than the second inductance, the current flowing through which 
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will be relatively low. For all practical purposes the ultimate choke 
and condenser can be ignored when calculating the percentage ripple of 
the high-current line, while the following formula may be used for 
calculating the percentage ripple of the low-current line or, in other 
words, the percentage ripple of the two filter stages: 

Percentage Ripple 
L 1 L 2 (65oCi + C2)2 

when C equals capacity in i/F and L equals inductance in henries. 
A glance at the above formula will show that the expression L1 L 2 

(C1 + C 2)2 must total 650 if the percentage ripple is to be reduced to 
per cent., 1,300 if the ripple is to be reduced to per cent., and so on. 

In a really high-gain superheterodyne it may be necessary to reduce 
the ripple to •I per cent., or even less. 

Voltage Stabilisation.—Certain points of voltage distribution in a 
radio receiver are required to remain sensibly constant irrespective of 
current variation within certain limits. These requirements are usually 
met with by the use of potentiometer feed, but when exceptional voltage 
regulation is required there is an electronic device available, known by 
the general name of the voltage stabiliser. It consists of a structure 
generally resembling that of a thermionic valve, and has a number of 
grids accurately interposed between cathode and anode. The geometry 
and functioning of the device is such that the voltage on any inter-
mediate electrode bears a relationship to the total voltage that is deter-
mined solely by geometrical relationship and is virtually independent of 
the current drawn from the electrode in question. A voltage stabiliser 
of the type under discussion cannot be regarded as a normal component 
of a radio receiver, but the device has very definite uses in the laboratory, 
while it certainly has applications in specialised types of receivers for 
use on ultra-high frequencies. 

The Neon Voltage Stabiliser.—There is a simplified type of voltage 
stabiliser available, the cost of which is only a fraction of that referred 
to above, but which is very much more limited in its application. It 
consists essentially of two electrodes, anode and cathode, in a bulb 
containing a low pressure of neon gas mixed with certain other rare 
gases. When used in conjunction with a standard circuit arrangement, 
which is shown at Fig. 15, it has natural stabilising voltage in the 
neighbourhood of 130 volts, which figure cannot be varied, as it is 
inherent with the construction of the device. 
The neon voltage stabiliser in intended to achieve a constant voltage 

when the load is varying within wide limits. When used in conjunction 
with a standard circuit, shown at Fig. 15, it is capable of limiting the 
change of voltage to 7 volts, with a change of load from 5 to 70 
milliampères. Alternatively, it will limit the change of voltage to less 
than i volt with a change of load from 30 to 70 milliampères. The 
device functions in a very simple manner and relies upon the fact 
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that its impedance falls very rapidly as the potential across it increases; 
thus, if the current drawn by the load and by the stabiliser is fed through 
a common resistance, the tube tends to keep the flow of current constant, 
maintaining the voltage within the narrow limits indicated above. The 
value of the resistance has a profound effect on the functioning of the 
device, the current value for a variety of conditions being easily deter-
mined from the table sup-
plied with the tube. It H.T. •H.T.+ 

should be understood that 
the various factors con- TO 

trolling potential must be RECEIVER 

such that the potential 
across the stabiliser does H.T. 

not drop below the figure 
necessary to maintain ioni-
sation and also must rise at the instant of switching on to the striking 
voltage of the tube, which is in the neighbourhood of 175 volts. 

It is quite practicable to use two neon stabiliser tubes in series to 
produce a natural stabilising voltage in the neighbourhood of 260 volts. 
It is usually necessary to connect a resistance across one of the tubes, 
which may have a value of io megohms, in order that both tubes have a 
potential across them to bring about the initial ionisation. Without 
this resistance each tube would be isolated by the other from the applied 
potential, and unless a leak is present neither will strike. Theoretically, 
it should be possible to use more than two in series, but the author has 
had little success when using more than two in this manner. Under 
certain conditions a neon voltage stabiliser will introduce an effect which 
causes the apparent presence of self-oscillation and brings about a small 
but rhythmic rise and fall of the stabilised voltage. This phenomenon 
is rare and is instantly cured by the connection of a condenser in parallel 
having a capacity of some 2 p.F or more. It is interesting to note that 
if this device is used as part of a smoothing system its A.C. impedance is 
such that it has an effect equivalent to some 5 F. 

Safety Factors.—Fundamentally the power pack should be at least as 
reliable as any other section of the receiver. In actual practice, however, 
a considerable percentage of receiver failures are attributable to break-
down in this section. A rectifying valve is fundamentally robust, due 
to the heavy gauge of its filament and the relatively wide spacing between 
the electrodes ; in practice 95 per cent. of breakdowns in the power 
pack are caused by premature failure of electrolytic condensers or defective 
insulation developing in the high-tension secondary winding of the mains 
transformer. It should not be concluded from these remarks that 
electrolytic condensers are less satisfactory than those using a solid 
dielectric, or that mains transformers are inherently unreliable. 

It is probably true to say that 90 per cent. of power-pack faults axe 
avoidable inasmuch as they are due to an inadequate margin of safety. 

Fig 15.—Basic circuit of a neon voltage stabiliser. 
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Dealing, first of all, with the mains transformer, it is not unusual to find 
a power pack so designed that the mains transformer is subject to a very 
considerable temperature rise with the result that a relatively small 
overload raises the temperature to the danger point. Premature failure 
of electrolytic condensers may also be attributed to an inadequate safety 
margin in almost every instance ; the manufacturers of these components 
state clearly the permissible working conditions, but these are often 
exceeded in the interests of initial economy or alternatively exceeded 
through lack of appreciation of the fact that the maximum voltage 
developed across the condenser is considerably greater than the normal 
D.C. working. 
The allowance of an adequate safety factor is particularly desirable 

in the case of a condenser since the resultant cost of a breakdown is out 
of all proportion to the initial economy, owing to consequential damage 
to the mains transformer or rectifying valve or both, in addition, of 
course, to the condenser itself. 



CHAPTER 2 

DECOUPLING 

MENTION has been made in the appropriate chapters of the necessity for 
screening various stages and of preventing energy in one circuit from 
being fed to another due to unwanted capacity and magnetic coupling; 
there is yet another means by which energy may pass from one stage to 
another due to the presence of certain impedances which are common 
to two or more stages. A simple example will serve to illustrate this 
possibility. The anode circuit of each stage in a battery receiver is ulti-
mately connected to the high-tension battery, which will possess resistance 
forming a coupling common to all stages, and the voltage developed 
across it will appear at various points unless precautions are taken. 
The most simple means of reducing the coupling of the high-tension 

battery takes the form of a relatively large condenser connected from 
high-tension positive to high-tension negative, when the impedance 
common to all anode circuits will be approximately equal to the reactance 
of the condenser; such a condenser is known as a bypass condenser, and 
is a very necessary refinement, since the resistance of the battery will rise 
very sharply as the voltage of the battery falls in the course of service. 
The bypass condenser is an elementary refinement, but is usually in-
sufficient, particularly as the reactance of the condenser may be fairly 
large at the lower audio-frequencies. 

Fig. 16 shows two valves coupled by the familiar resistance-capacity 
method, and would be similar to a circuit shown in a previous chapter if 
it were not for the fact that each anode circuit is decoupled. Decoupling 
may be defined as the practice of preventing coupling between stages 
due to the presence of common impedances. Reference to Fig. 16 will 
show that a resistance R has been inserted in each anode circuit, the lower 
end being connected through a condenser C to a point of zero potential, 
usually high-tension negative. Reference to the illustration will show 
that R and C form a potentiometer from the alternating current point 
of view. The resistance of R is very great compared with the reactance 
of C, consequently the anode is tapped into the junction which is a point 
of low alternating current potential; it is apparent, for example, that 
if R has a value of ro,000 ohms, and C has a reactance of 50 ohms, only 
a fraction of any alternating current potential existing between high-
tension positive and negative will appear across C. This reduction is, in 
effect, enormously increased by the fact that any alternating current 
potential existing between the anode of the valve and its cathode is 
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H 
Fig. i6.—Two stages with anode decoupling, which is effected by 

means of resistances and condensers. 

if every stage is decoupled; in practice it 
is not usually necessary to decouple every 
stage. 
Grid Decoupling.—Fig. 17 shows an 

example of grid decoupling, R and C being 
used to decouple the grid-circuit from the 
A.V.C. line, which may be necessary in 
certain cases, since the time-constant resist-
ance in the A.V.C. line forms a resistance 
that is common to all grid-circuits that are 
returned to the A.V.C. line. 

Fig. 18 shows another variation of grid 
decoupling which is necessary where there 
is an impedance common to several grid-
circuits. Since R forms the grid leak 
which may have a low value, it is possible 
to make R1 relatively large, since its effect 
on the audio-frequency response of the 
circuit will be insignificant if the value of 

directly across the 
condenser C. and, due 
to its relationship 
with the resistance R, 
only a fraction of the 
voltage will appear 
between high-tension 
positive and negative 
In other words, the 
decoupling resistance 
R and the decoupling 
condenser C prevent 
the valve from pro-
ducing a big alternat-
ing current potential 
difference between 
high-tension positive 
and negative, and 
also prevent any ap-
preciable part of such 
potential from ap-
pearing across the 
grid-circuit of another 
stage. This ideal con-
dition only holds good 

A.V.C. LINE 

Fig. 17.—Arrangement for decoupling 
a grid circuit from the common 
impedance of the A.V.C. 
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Fig. r8.—Grid decoupling. 

the decoupling condenser C is sufficiently high. It should be borne in 
mind, however, that any grid current flowing in the circuit will pass 
through both resistances, and their total value must not be so great that 
grid current will produce a potential capable of seriously altering the 
grid potential. 

Fig. 19.—Grid-bias decoupling. 

Fig. 19 shows a modification of Fig. 18 arranged for grid-bias de-
coupling in a battery receiver; this precaution is not generally required 
when a grid-bias battery is used, since the impedance of such a device 
will be relatively low. When automatic grid bias is employed it is 
generally necessary to decouple at least one of the grid-bias leads. 

Grid Stoppers.—Strictly speaking, the use of grid stoppers should not 
be included under the 
heading of decoupling, 
but they are included for 
convenience. A grid 
stopper may consist of a 
resistance connected in 
the grid-circuit of a 
low-frequency valve to 
attenuate high frequen-
cies which may be pre-
sent in the circuit. 
Reference to Fig. 20 will 
show that the grid stopper 
is placed immediately next to the grid; the condenser shown dotted 
represents the input capacity of the valve, i.e. the capacity between the 
valve-grid and everything else. The stopper resistance acts as a potentio-
meter in conjunction with the input capacity of the valve; the reactance 
of this capacity is small compared to the resistance of the stopper at 
high frequencies, consequently a very small proportion of the unwanted 

Fig. 20.—Circuit to illustrate the function of a grid stopper. 
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high-frequency potential across the secondary of the transformer will 
appear across the grid/cathode circuit of the valve. 
The reactance of the input capacity will be very great at audio-fre-

quencies, and the attenuation of these frequencies will be very small; 
it is often possible, therefore, to make the resistance of the stopper 
Ioo,000 ohms, or more, before attenuation of the higher audio-
frequencies becomes apparent. 
The resistance of the grid stopper does not appreciably reduce the 

gain of the receiver, as there will be no potential drop across it unless 
grid current is flowing, a condition which should not obtain in the low-
frequency or output stage. 

Parasitic Stoppers.—High-slope valves sometimes cause trouble, owing 
to self-oscillation at very high frequencies due to resonance between the 
immediate anode- and grid-circuits; that is to say, the actual electrode 
plus the short length of wire connecting it to the appropriate component. 
To prevent this some small resistance or impedance is inserted in the anode 
or grid lead, which may take the form of, say, ioo ohms resistance or a 
small high-frequency choke having perhaps twenty turns on a 4-inch 
former. To make such a device effective it must be connected imme-
diately against the valve-holder, so that no appreciable length of lead is 
between the parasitic stopper and the valve itself. 

Small chokes are used as stoppers for preventing parasitic oscillation in 
various grid-circuits—notably in the frequency-changing stage, where this 
trouble is particularly prevalent. 

Tuned Stoppers.—Occasions may arise when a particular frequency 
which appears at considerable amplitude must be prevented from reach-
ing a particular grid-circuit; the necessity for taking elaborate precau-
tions is somewhat rare, but nevertheless examples may be found in a 
number of commercial receivers. As an example, a possibility may be 
cited of the oscillator frequency in a superheterodyne appearing in the 
discriminating circuit and causing trouble. The use of a grid stopper is 
impossible, as the wanted and unwanted frequencies are somewhat similar, 
and recourse may be made to a tuned circuit to act as rejector. It is 
probable that this tuned stopper will be in series with the normal tuned 
circuit and will inevitably cause some attenuation of the wanted fre-
quency, but by making the value of the inductance large and the capacity 
relatively small its impedance to the wanted frequency may be made 
low. 

General Remarks.—The values of decoupling resistances and con-
densers must be chosen to comply with the requirements of the circuit. 
It will be realised that an anode decoupling resistance will drop a pro-
portion of the high-tension voltage, and this consideration alone will place 
a limit on its value. For a given efficiency, reduction in the value of 
anode resistance must be compensated by an increase in the value of the 
decoupling condenser; as an extremely rough guide the value of the 
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decoupling resistance in thousands of ohms multiplied by the value of 
the condenser in i.tF may equal 20, thus ro,000 ohms may be associated 
with 2 11.F and 20,000 ohms may be associated with iF. The limitation 
of condenser capacity is purely one of economy, since it may be increased 
to any extent. 
When instability is a major problem and limitations are imposed on 

the value of decoupling resistances, recourse may be made to high- or 
low-frequency chokes. Such circumstances often arise in short-wave 
receivers intended for battery working where limited high-tension voltage 
is available, anode currents are high, and stability difficult of achievement. 
The use of a high-frequency choke will often offer a solution, as its im-
pedance is high and its direct-current resistance is low. It is usual, 
however, to use a limited value of decoupling resistance augmented by 
a choke. 

Receivers capable of delivering really large volume usually employ 
a low-frequency amplifier to load the output valve; the anode current 
of the former may be relatively large and render resistance decoupling 
inconvenient when the use of a low-frequency choke will often solve the 
difficulty. Here again considerable impedance at low frequencies may 
be obtained with low direct-current resistance. 
The practical application of decoupling will receive further consideration 

in the chapter devoted to circuits of complete receivers. 
Inductive and Non-inductive Condensers.—Attention has been 

drawn to the fact that the capacity of a decoupling condenser may be 
increased to any extent. While this statement is perfectly correct, 
there is a factor which must not be overlooked. Certain types of 
condensers are inductive to such an extent that their impedance is 
considerable at radio frequencies. The effect of inductance may not 
prove objectionable when the condenser is used for certain purposes, 
such as low-frequency coupling or as a reservoir condenser connected 
across a potentiometer to prevent noise due to bad contact between 
slider and element, but inductance can be very detrimental if the 
condenser is used for decoupling. 
Non-inductive condensers are available, and these should always be 

used for decoupling; paper dielectric condensers of this type may be 
considered entirely suitable for all but the highest frequencies for use, 
say, below 20 megacycles per second. 
Decoupling at Very High Frequencies.—For the very high fre-

quencies, e.g. the television bands, very considerable care must be taken 
when choosing decoupling condensers, as the impedance of an ordinary, 
non-inductive condenser may be very considerable. For example, a 
•I p.F condenser might have an inductive reactance of only •oi ohm at 
r,000 kilocycles per second and an inductive reactance of 25 ohms at 
45 megacycles per second, and recourse is made to condensers of relatively 
small capacity, since their low inductive reactance results in decreased 
impedance, notwithstanding the fact that capacitive reactance is increased. 
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For working at 45 megacycles, condensers of the order of roo ilp.F are 
commonly used and may be of the flat-plate mica type or the ceramic type. 
The former are usually about half an inch by three-quarters of an inch, and 
extremely thin, due to the necessity for reducing the dielectric material 
to a minimum; these condensers are colloquially known as " stamp "-
type condensers. The ceramic-type condenser is usually cup-shaped 
and employs the dielectric from which it takes its name. 

Occasions may arise when a low impedance must be provided for 
normal and very high frequencies, in which case it is convenient to use 
two condensers in parallel, e.g. a ceramic condenser having a capacity 
of roo p.p.F and a non-inductive paper condenser having a capacity 
of .r liF. 



CHAPTER 3 

THE GRAMOPHONE PICK-UP 

THE practice of using a gramophone pick-up for the purpose of repro-
ducing records needs no introduction, but attention may be directed to 
the construction of the several types of pick-up and their electrical con-
sideration. The purpose of normal pick-ups is to convert mechanical 
movement into audio-frequency voltage which may be amplified by the 
audio-frequency section of the receiver and reproduced by the loud-
speaker at adequate volume. Fig. 21 is a drawing of a typical pick-
up with the ornamental cover removed. It consists, essentially, of a 
clamping device to hold an ordinary gramophone needle, which is free to 
move from side to side for 
a limited distance. The 
moving section is provided 
with an armature which 
takes the form of a flat 
iron strip and may be seen 
immediately above the 
needle-screw in the illus-
tration. This armature 
occupies the central posi-
tion between two pole 
pieces which are associated 
with a U-type permanent 
magnet, and each is pro-
vided with a coil which may 
have a direct-current resis-
tance of about 500 ohms. 
When the armature moves from side to side in sympathy with the 

sound-grooves on the record, variations of magnetic flux are brought 
about which set up a voltage in the coils, the frequency of which will be 
determined by the sound-grooves on the record: thus the operation is 
accomplished of converting mechanical movement into electrical change. 
Some means is necessary to stop the armature from becoming fixed to 
one pole piece, and also to re-centre it. Innumerable arrangements are 
possible, but the pick-up shown in the illustration employs a small piece of 
live" rubber, which is affixed to the plate, and may be seen immediately 

above the pole pieces, and presses sufficiently heavily on the top of the 
armature to hold it in correct alignment. It also exerts sufficient down-

Fig. 21.—Movement of a simple gramophone pick-up shown 
to illustrate the principle (cover removed). 

23 
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ward pressure to take up any wear in the needle pivots which may occur 
after long service. The rubber and its attendant fixing-plate are known 
as the damping element; the latter is fixed to the pole pieces by two 
screws which pass through slots permitting the plate to be moved side-
ways to provide adjustment for accurate centring. It should be under-
stood that this adjustment is carried out by the manufacturers, and is not 
intended for readjustment by the user. 
The foregoing description may suggest that the design of a gramophone 

pick-up is a comparatively simple matter, but this is far from the truth, 
since very great care is necessary if the output of the pick-up is to be 
reasonably constant throughout its frequency range. The weight of the 
moving element must be carefully calculated in relation to the width of 
the gap between the pole pieces and the effective weight of the pick-up 
at the needle-point. The question of weight is important, since it must 
be a compromise between minimum record wear and reasonable output 
at the lower frequencies. 

In order to avoid unduly wearing the side of the record-groove the 
pick-up must be mounted on an arm which swivels very freely on its 
mounting, as any mechanical resistance will appear as friction on the side 
of the groove; the majority of pick-up arms rotate on ball bearings. 

Reference to the response-curve of any commercial pick-up will show 
that the curve is extremely erratic, but nevertheless has a fairly constant 
response over the middle frequencies. When such a pick-up is associated 
with a gramophone record the response falls off rapidly at both ends of 
the musical scale. The attenuation of the lower frequencies is due to the 
standard record-groove being too narrow to permit the swing necessary 
to maintain the lower frequencies at the same amplitude as the middle 
frequencies. 
The higher frequencies are attenuated by the response of the actual 

pick-up and also by mechanical inertia which prevents the needle from 
changing its direction sufficiently rapidly to follow the impression for the 
full width of the groove. Various attempts have been made to lighten 
the armature and attendant accessories, but level response is most readily 
obtained by the use of correction circuits. 
The Needle-armature Pick-up.—Mention has already been made of 

the desirability of reducing to a minimum the weight of the moving 
element in gramophone pick-ups. At least one manufacturer has pro-
duced a pick-up where this weight is reduced to seemingly minimum 
proportions, since the moving element consists solely of a gramophone 
needle. In brief, the principle involved is the use of a gramophone needle 
as the actual armature; the space between the pole pieces of the magnet 
is filled with rubber into which the needle is pushed, so that a reasonable 
proportion of it is held between the pole pieces and varies the flux in the 
magnetic circuit in sympathy with the vibrations imposed on the needle 
by the sound-track on the record. 
The needle-armature pick-up has the advantage of low armature weight, 
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but unfortunately has rather a small voltage output, with the result that 
adequate acoustic output cannot be obtained by means of the amplifica-
tion available in the low-frequency section of many receivers. It is also 
questionable whether record wear is materially reduced, as the needle 
tends to wander to some extent and presents the worn edge in a direction 
where it can cause a certain amount of damage. 
The Moving-coil Pick-up.--Among the various forms of gramophone 

pick-up that have been introduced from time to time there are two 
further examples which appear worthy of mention. The moving-coil 
pick-up was introduced to provide really excellent frequency character-
istics with low record wear at the expense of voltage output. Ad-
mittedly the actual recording falls off rapidly at the higher and lower 
audio-frequencies, but this is a deficiency that can be fairly easily corrected 
by means of suitable circuits and presents no difficulties if the response 
of the pick-up is free from serious peaks. The moving-coil pick-up con-
sists of a light coil, mechanically coupled to the needle, placed in the field 
of a permanent magnet; the principle is somewhat similar to the moving-
coil speaker, except that it works in the reverse manner, that is to say 
the coil is moved mechanically in the field of the magnet, which induces 
a voltage in the former in sympathy with the movement of the needle. 
The moving coil is of the low-resistance type, and a step-up transformer 
is usually employed to raise the voltage output available. 
The moving-coil pick-up is usually associated with cinema work, as it 

is difficult to justify such a piece of apparatus for normal domestic pur-
poses; the modern cinema uses a sound-track printed on the film in 
place of the old records, and consequently this type of pick-up is probably 
used somewhat infrequently. It is interesting to mention that the re-
cords used in conjunction with films to produce moving pictures are 
very much larger than the ordinary domestic record, and are intended 
to revolve at thirty-three revolutions per minute and commence in the 
middle and play outwards towards the edge. 
The Crystal Pick-up.—Probably the greatest advance in the design of 

gramophone reproducers takes the form of the crystal or piezo-electric 
pick-up, which is fundamentally different from the various types described 
above, since it is without any form of coil and relies on the property of 
Rochelle salt crystals of producing a potential difference when subjected 
to change of pressure. Basically it consists of a Rochelle salt crystal 
cut from a big crystal at a critical angle and placed between two metallic 
plates so arranged that the pressure on the crystal is varied in sympathy 
with the vibration of the needle. 
The modern crystal pick-up is characterised by high sensitivity, wide 

frequency response, a natural lift at the lower frequencies, and ability to 
deal with musical attack in a manner that is probably unequalled by any 
other principle. Record wear is very low, since high output may be 
obtained with less than one ounce pressure on the record. The pick-up 
may have a capacity of about •ooi LIF and an impedance of about 

R.T. II-3 
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roo,000 ohms at 6o cycles, more or less progressively decreasing as 
frequency increases. In this manner the natural bass attenuation of the 
record is more than offset, and reasonably level response is obtained by 
means of a top-note lift circuit, details of which are given below. 
From a direct-current point of view the crystal type pick-up may be 

regarded as a condenser and cannot be placed directly into a circuit where 
direct-current continuity is required. It 

-> GRID is important to note that this type of 
pick-up may be damaged if appreciable 
direct-current potential difference exists 
between the two plates, and it is some-
times necessary to isolate it by means of a 
condenser, when it is essential to complete 

 > HT— the direct-current path across the pick-
Fig. 22.-A circuit to isolate a crystal up by a resistance or other means. 

pick-up. This illustration shows the 
conventional symbol for this type Fig. 22 shows the normal isolating circuit. 
of pick-up. The value of the shunting resistance must 

be very high to avoid attenuation of the 
lower frequencies. A parallel resistance of •I megohm will produce 
noticeable attenuation, and this or a lower value may be used when it is 
desired to give less prominence to the lower frequencies. On the other 
hand, this end of the musical scale can, if desired, be emphasised by 
connecting a condenser across the pick-up. Bearing in mind that the 
capacity of the pick-up is of the order of •oor ¡LE', capacities of similar 
order and above may be used as required. 
Volume Control.—Generally speaking, the con-

trol of volume should be effected between the 
pick-up and the valve into which it works, in order 
that distortion is not introduced by working the 
valve over too large a portion of its grid swing; 
in the case of the superheterodyne receiver the HT AMPLIFIER 

pick-up will generally be connected across the GRID 

diode load resistance, which usually takes the 
form of a potentiometer, so that the volume con-
trol on both radio and gramophone is effected 
by the same component. By slightly modifying 
this arrangement it is possible to provide the 
volume control with a central zero position, and Fig. 23.—A volume control 

arrangement which is de-
to increase volume on radio by rotating the scribed in the text. 

knob in one direction and on gramophone by rota-
tion in the opposite direction. This arrangement is shown at Fig. 23. 
The resistance of the volume control is fairly important, and should 

be chosen so that it is not so low that it attenuates the higher frequencies, 
nor so high that it attenuates the lower frequencies; reference to Fig. 24 
will show that the total resistance of the volume control is in parallel with 
the pick-up, but that an appropriate section of it is in series with the load 
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when the control is at a position other than maximum. For the average 
type of pick-up a volume control having a resistance of 50,000 ohms is 
suitable, but, as already intimated, the piezo-electric pick-up must not 
normally be shunted by such a low 
value, and 500,000 ohms is usually 
selected. 
GramophoneNeedles.—With a really 

bad pick-up it is perhaps unnecessary 
to trouble unduly about the needle 
used, but the effect of using an un-
suitable needle is very marked with a 
well-designed radio-gramophone. Speak-
ing quite candidly, there is a tendency to use soft-tone needles; which 
is unfortunate, since they cause attenuation of the higher frequencies, 
which are often already inadequate. It would appear that this tendency 
is due to the fact that a box of soft-tone needles contains several times 
the quantity of the extra-loud type. The needle to be chosen differs 
with various pick-ups, but it is inconceivable that any type of pick-up 
exists that calls for a soft-tone needle. The average moving-armature 
pick-up may be used with a loud-tone steel needle or, alternatively, 
with a fibre needle of the round-shank variety. The normal crystal 
pick-up is usually used with a half-tone needle or fibre needle. An 
exception must be made in the case of pick-ups working with an 
automatic record-changer, when a needle must be used of the type intended 
to play an adequate number of records without being changed. 
Response Correction.—Response correction circuits may be used for 

the purpose that the term implies or 
they may be used to produce a sharp 
cut-off at the scratch frequencies for 
eliminating needle-scratch. Fig. 25 
shows an inductance and condenser 
arranged to produce the necessary 
band cut, but actually it is unusual 
to use such an arrangement, as the 
higher musical frequencies must 
necessarily suffer. It is, in fact, 

usual to accentuate the higher frequencies in order to obtain high-fidelity 
reproduction. 
As already intimated, the moving-iron type of pick-up plus the natural 

deficiencies of a record produce attenuation of the higher and lower 
frequencies, and top-lift and bass-lift circuits can be introduced to level 
out the over-all response. Fig. 26 shows a typical bacs-lift arrangement, 
the values shown being suitable for a low-impedance pick-up, i.e. an 
impedance of about 600 ohms. The condenser C and resistance R may 
be considered as a potentiometer, one half of which—the resistance—is 
independent of frequency, while the other half—the condenser—will vary 

Fig. 25.—A typical top cut or scratch-filter 
circuit. 
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Fig. 24.—The normal connections for 
gramophone pick-up and volume control. 
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with frequency. As the reactance of the condenser will fall as frequency 
increases, it follows that the output of the lower frequencies will be at 
maximum and will fall off as frequency increases. The resistance R1 

is included to prevent the higher fre-
GRID quencies from being seriously 

  ated. It is apparent that the response 
c of the pick-up can be raised at the 

low-frequency end by using suitable 
constants in the manner shown in 
Fig. 26, but that the higher fre-

fi t quencies would unavoidably suffer 
some attenuation from the circuit in 

  addition to that introduced by the 
MT— other causes already mentioned. 

Fig. 26.—A bass-lift circuit for a 600-ohm Some method must, therefore, be 
pick-up; the parallel condenser may be found to increase the higher fre-
•oo4µ F., R. 3o,000 ohms, C. -out F., and 

zl000 ohms. quencies. 
It is inconvenient to introduce top 

lift in the pick-up circuit, but it may be introduced in the anode circuit 
of the valve amplifier, a typical arrangement being shown at Fig. 27, 
which takes the form of a tuned circuit re-
sonating at about 6,000 cycles, the relationship 
between inductance and capacity being chosen 
so that the circuit has a fairly fiat response. 
The inductance is often wound with resistance 
wire or shunted with the resistance to further 
level response. The actual resonant frequency 
of such a circuit must be determined in con-
junction with the response-curve of the pick-
up, and innumerable refinements are possible. 
For example, two tuned circuits could be used 
in series, one tuned to, say, 5,000 cycles and 
arranged to have relatively flat response, and 
one tuned to, say, 6,000 cycles rather more I OUTPUT 
sharply tuned. In this manner the high- VALVE 
frequency end of the response-curve can be 
sensibly flattened, terminating in a very sudden 
drop at about 6,000 cycles, so that the response 
is considerably attenuated at those frequencies 
associated with needle-scratch. The frequency 
band covered by needle-scratch is fairly wide, 
due to the fact that the speed of the record 
relative to the needle is greater at the edge of the disc than at the centre. 
The circuits shown at Fig. 26 and Fig. 27 were used by the author 

in conjunction with a 600-ohms pick-up, and the values shown proved 
satisfactory. The arrangement has now been replaced by a modern 

Fig. 27.—A top-lift circuit using 
an inductance tuned by a 
condenser as part of the anode 
load. Typical values are 
•oo6 µ F. and • z henry and 
3,000 ohms. 
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crystal pick-up, without correction at the lower frequencies, but with a 
top-lift circuit consisting of two tuned circuits forming part of the anode 
load of the amplifying valve. Admittedly a suitable resistance across the 
pick-up would produce almost equally good response characteristics, but 
the top-lift method was chosen in order to reduce needle-scratch to 
acceptable limits. This arrangement also results in maximum voltage 
output. 

Electric Turn-tables.—It is customary to drive the record turn-table 
by means of an electric motor of a somewhat specialised type. The 
design and construction of electric motors is not within the scope of this 
work, but a few remarks on the general requirements will not be out of 
place. In order to prevent electrical interference the motor is usually of 
the induction type or, less frequently, of the repulsion type—two systems 
which obviate the use of commutators or split-rings, and consequently 
automatically eliminate sparking, which would cause interference. The 
mechanical load on the motor varies considerably with the recording, and 
consequently a mechanical governor is employed to regulate the speed, 
or more frequently the motor is of synchronous type. In either case the 
turntable is driven via two or more wheels with friction bands and so 
arranged that a wheel or wheels of appropriate size is brought into 
the driving sequence by the operation of a lever. In this way 
the modern turntable may be driven at 33f, 45 or 78 revolutions 
per minute to accommodate long playing and standard records. As a 
means of reducing possible mains hum, it is customary to earth the motor 
frame and, in fact, every piece of metal that can be earthed without 
introducing a short circuit. 
Most modern gramophone motors are provided with some form of 

automatic stop, which is arranged to apply the brake and trip the motor 
switch by a frictional arrangement which is actuated by the sudden in-
ward movement of the pick-up consequent upon the needle entering the 
run-off groove which terminates the sound-track of a standard record. 

There are numerous ingenious forms of automatic record-changers 
which provide for the automatic playing of a number of selected records 
without manual attention. These are purely mechanical devices, and 
are far too elaborate and intricate to be dealt with here. To appreciate 
the method by which the automatic record-changer functions it is 
necessary to observe the mechanism in action. 

Pick-up Microphony.—A gramophone pick-up, it will be remembered, 
is a device for converting mechanical movement into electrical change 
and should unwanted vibration reach the needle it will appear in the loud-
speaker in the form of a howl or humming. Such a vibration may be 
caused by cabinet resonance, which will convey the sound output to the 
pick-up via the framework, motor, spindle, turn-table, and record, which 
causes a most unpleasant droning background noise. Alternatively, 
motor vibration may be conveyed to the pick-up in the same way. 

Pick-up microphony can be prevented by increasing the pick-up 
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damping if the trouble is slight, otherwise the only effective cure is to 
prevent the vibration from reaching the pick-up, which can be accom-
plished conveniently by floating the whole gramophone motor-unit on 
springs or a rubber mounting. Microphony due to motor vibration 
normally suggests a fault or bad design in the motor and must be dealt 
with accordingly. 
The term " microphony " has been used in the foregoing chapters as 

a matter of convenience, but it should be noted that the term is not 
strictly applicable to a device that is deliberately designed to bring about 
an electrical change consequent upon vibration, and should be reserved 
to describe a howl set up by mechanical vibration bringing about an 
electrical change in a component where such an effect is not intended. 



CHAPTER 4 

GENERAL MECHANICAL AND ELECTRICAL CONSIDERATIONS 

THOSE who constructed receivers in the early days of radio will remember 
that little consideration was given to the positioning of components or 
to considerations of the mechanical suitability of variable condensers and 
other units. The introduction of one-knob tuning brought new standards 
of engineering into the radio industry, since condensers and coils had to 
be made to fine limits and be so constructed that these limits would not 
vary through age, wear, or rough treatment. 

In the early days components were usually mounted on the under-
neath of the insulating panel or on a wooden baseboard, the sole purpose 
of which was to hold the components in position. The increasing com-
plexity of circuits and the numerous wires requiring ultimate connection 
to high-tension negative became so great that the baseboard was covered 
with metal foil which was connected to high-tension negative, and acted 
as a general return for all leads to be connected to the same point. It 
also ensured the adequate bonding of metal coil cans and other screening, 
and at the time this arrangement proved satisfactory. 
When radio became less of a novelty and more of a domestic appliance, 

thought was given to the question of making a receiver more compact, 
and the use of a metal chassis became general. It consisted of an alumin-
ium base-plate with the edges turned down to give it height, permitting 
the smaller components and the majority of the wiring to be underneath 
and the larger items, such as ganged condenser, coils, and valves to be 
mounted on the top. Aluminium was chosen largely for convenience, 
but proved somewhat unsatisfactory, as it is inherently soft, resulting in 
warping of the chassis, which caused electrical change in certain com-
ponents; the soft metal raised other difficulties, including its inability 
to withstand the weight of a mains transformer at any point other than 
the corner. Plated iron or mild steel is now generally used. 
The extremely high gain in the stages of a modern receiver calls for very 

great care in disposing the components so that capacity and inductive 
coupling is reduced to a minimum. High-gain short-wave receivers 
have innumerable stray fields, and the chassis carries a multitude of 
alternating currents of varying frequencies. Commercial examples of 
such receivers are often so critically arranged that instability results if 
the earth wire is connected to the chassis only an inch from the earth 
terminal; similar effects are obtained by moving certain other com-
ponents or varying slightly the position of wires which make direct contact 
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with the base-plate. Obviously the modern chassis must be strong 
enough to permit the placing of components to the best advantage from 
the electrical point of view, unhampered by considerations of the strength 
or weakness of the chassis. 
The thickness of the metal used for a chassis is determined by the 

weight that it has to carry, but it is also influenced by one or two less-
obvious considerations. The average mains transformer will have an 
appreciable field which is capable of causing the top of a chassis to 
vibrate in the manner of a loudspeaker diaphragm, the remedy being 
thicker metal. Another consideration is the necessity for the top of the 
chassis to remain perfectly flat, as bending might distort the tuning con-
denser or one of the coil cans to an extent capable of producing misalign-
ment of a tuned circuit. When trimming condensers are constructed 
with a single movable plate and so mounted that the chassis forms the 
other plate, the necessity for rigidity becomes a real one; this practice 
is, fortunately, rapidly becoming obsolete. 
The surface of iron or steel is liable to rust and the surface resistance 

is too high to permit efficient bonding, so the entire chassis is plated 
with cadmium or other suitable metal which gives reasonably high 
conductivity, coupled with the convenience of using a plating material 
that may be deposited directly on to iron. Cadmium plating is by no 
means universal, some manufacturers preferring tin plating, others employ 
copper plating on the under side and a rust-proof spray on the upper side. 
When it is necessary for a wire to pass through the chassis it is custom-

ary to protect the wire from abrasion by means of a rubber or plastic bush 
so shaped that it automatically retains its position in the chassis; these 
bushes are known as grommets. 

Plastics.—Perhaps the greatest modern trend in radio design is the 
increased use of plastics. The influence of this group of materials has 
been noticeable from about 1930 onwards in the form of moulded cabinets 
and such accessories as tag panels. In these early days plastic cabinets 
were almost invariably brown with the notable exception of a dark green 
plastic cabinet introduced in 1933. The postwar era has witnessed the 
introduction of plastic cabinets in a variety of brilliant and pastel colours, 
and the increasing use of moulded plastics in the internal construction of 
the receiver, even to the extent of the chassis. 

Coil Cans.—As explained in the appropriate chapter, some or all of 
the tuning coils are screened by means of metal boxes, which usually take 
the form of a one-piece container with base. These screening cans, or 
coil cans as they are sometimes called, may be made of aluminium or 
tin-plate, and do not call for special mention except when employed in 
receivers working at very high frequencies, when screening is so difficult 
to achieve that it is sometimes necessary to solder the can on to its lid, 
since connection relying on a tight fit may prove inadequate. At these 
frequencies some difficulty is sometimes experienced if the can is made 
of metal electrically dissimilar from the chassis, which results in certain 



MODERN PLASTICS 

Plastics play an ever-increasing part in radio design; the photograph shows a 1,650-
ton press used for thermo-setting moulding in the Plastics Division of the Southend-on-
Sea works of Messrs. E. K. Cole, Ltd.; this type of press is used for making radio 

cabinets and other large-scale mouldings. 
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rectification phenomena existing when the metal has become oxidised 
through the action of the atmosphere over a relatively long period. 
The most urgent consideration of the coil can is the problem of mount-

ing the coil so that its position cannot change, since such variation will 
cause a change of inductance, the effect being almost invariably to de-
crease inductance—assuming that the coil was originally mounted in the 
exact centre. Coils intended for direct connection to the top terminal 
of a valve usually employ a screened lead projecting from the top, while 
similar arrangements are sometimes made through side apertures for con-
nection to the tuning condenser. The design of coil cans is further com-
plicated by the necessity of arranging for their easy removal—which may 
be necessary to effect repairs. 

Mains Transformers.—The general appearance of a mains transformer 
is well known. The core consists of the usual laminations, which are 
separated by thin paper for the purpose of reducing eddy-current losses. 
The laminations are held firmly together by a cast or pressed metal 
framework of girder construction secured by four bolts. The neces-
sity for clamping the laminations is a very real one, since they are liable 
to vibrate and cause an audible sound, which may take the form of 
a hum determined by the frequency of the mains, or a hum plus a noise 
produced by the clatter of the laminations against each other. Lamina-
tion hum is surprisingly persistent and may appear, when the core is 
apparently rigidly clamped, due to the middle section bulging slightly 
unless the winding bobbin is a really tight fit. Similar remarks apply 
to smoothing chokes if so positioned in the circuit that the winding 
carries an appreciable alternating-current component. 

Low-frequency Transformers.—The remarks made about mains 
transformers apply, in limited degree, to low-frequency transformers; it 
is necessary that the laminations of the core be reasonably tightly clamped, 
as they will otherwise tend to vibrate in sympathywith the speech-current 
flowing through the windings. The older type of transformers would 
occasionally permit the programme to be heard within a radius of a few feet 
without the assistance of the loudspeaker. There are many instances 
on record where listeners have disconnected the loudspeaker and have 
been frightened or otherwise perturbed by their ability to hear traces of 
the programme. 

Tuning Condensers.—The general appearance of a modern ganged 
condenser is no doubt familiar; the framework is die-cast as a solid 
piece of metal and is braced and strengthened to make twisting im-
possible. Special attention is directed to the moving- and fixed-vane 
elements, which are each a solid die-casting and are not built up of separate 
vanes. This method of construction ensures that the greatest bugbear 
of condenser design is absent, namely, capacity variation due to move-
ment of a vane in relation to its neighbour. In condensers of orthodox 
design the fixed vane unit is provided with means of attaching it to insula-
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tors supported by the main framework so that the unit is fixed with com-
plete rigidity and insulated from the framework by the minimum mass of 
insulating material. 

For use as a means of tuning several circuits it is obvious that the 
capacity of each section shall be correct at any degree of rotation; the 
acceptable tolerance is such that the most accurate manufacture and 
assembly may not produce accuracy at every degree of rotation. To over-
come this difficulty the outer plates of the moving section are sometimes 
slit radially, so that they may be slightly bent to adjust the capacity 
at various degrees of rotation. Such adjustment is carried out in con-
junction with suitable apparatus for measuring capacity. Trimming 
condensers are sometimes embodied in the tuning condenser and are 
usually mounted on the side. 
A flexible plaited-wire pigtail is usually employed to make positive 

connection between the moving-vane element and the condenser frame-
work, as a mere pressure contact of the bearings will usually cause irritat-
ing noises to be emitted from the loudspeaker when the condenser is 
turned; condensers specially designed for use in short-wave receivers 
sometimes employ non-metallic bearings, as a metal-to-metal bearing 
will cause noises even when the two elements are bonded together by a 
pigtail. 
Tuning condensers sometimes take highly specialised forms when incor-

porated in receivers designed for the very short wavelengths, and when 
cost is not a prime consideration, the vanes are often silver-plated to pre-
vent high frequency surface resistance from reaching serious proportions. 
Since the capacity of such condensers is relatively small a three-ganged 
unit may be no larger than a matchbox, and be very attractive from a 
purely mechanical standpoint. 
Condenser Microphony.—Tuning condensers for short-wave receivers 

are usually made with rather thick vanes or, alternatively, the vanes are 
bonded together to give extra rigidity, as at these high frequencies 
microphony is often introduced by changes in a tuned circuit arising 
from changes of capacity due to the vanes vibrating in sympathy with 
the sound emitted from the loudspeaker. The tendency towards con-
denser microphony is aggravated in short-wave receivers by the tuned 
circuits which are often designed so that the response-curve is shaped 
as a peak in place of the flat-top response-curve used in receivers intended 
for operation on the broadcast wavelengths; the effect of the peak 
response-curve is to bring about an increased change of stage-gain for a 
given variation of the associated capacity. 
Rubber Suspension.—As suggested above, the tuning condenser may 

be so designed that it will remain unaffected by vibration due to the 
sound from the loudspeaker impinging upon it. The average modern 
receiver has the loudspeaker mounted directly on the cabinet, and con-
sequently vibration will reach the chassis and tuning condenser by 
direct means and at sufficient amplitude to cause almost any tuning con-
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denser to be microphonic when working on the higher frequencies. To 
prevent this direct transmission of vibration it is customary to mount 
the tuning condenser on rubber bushes, which are placed above and below 
the condenser-mounting lugs, so that no direct metallic connection is 
present. The rubber used for this purpose is far more resilient than t hat 
usually met with and is capable of absorbing a surprising amount of 
vibration. It is useless to mount the condenser on rubber if the tuning-
knob or spindle is to touch the cabinet, and several manufacturers break 
the spindle between the tuning-knob and the condenser by means of a 
rubber coupling in preference to the alternative arrangement of bringing 
the rod through a large hole and ensuring that the knob is free from the 
cabinet. The dial and slow-motion gear, if any, is also in direct contact 
with the condenser, but these are usually arranged to float free from 
contact with the cabinet or, alternatively, the dial is anchored to the 
cabinet or ornamental escutcheon by means of springs or elastic. 
The rubber mounting of the tuning condenser is usually insufficient 

to prevent microphony in high-gain superheterodyne receivers, and it 
is usual to suspend the chassis on rubber as an additional precaution. 
The chassis may rest on rubber bushes, as described above, or, alter-
natively, the chassis may be held at the side by special rubber mouldings 
fixed to the side of the cabinet. Apart from preventing microphony 
rubber mounting also prevents irritating rattling noises which may be 
heard on some receivers emanating from valve electrodes, insulating 
washers, or any other small accessory which is free to move. 

Slow•motion Tuning.—The high selectivity of the modern super-
heterodyne is such that some form of gearing is desirable between the 
tuning-knob and the condenser. The large change in frequency per 
degree of rotation when working on the V.H.F. waveband renders some 
form of gearing almost imperative, as without such an aid for tuning, 
correct adjustment can be extremely difficult. The most obvious slow-
motion arrangement consists of a pair of gear-wheels; but this simple 
mechanism will normally suffer from back-lash, which prevents critical 
tuning, since it will be possible to move the knob a small amount without 
moving the condenser. This may be overcome by making one of the 
gear-wheels as two thin wheels with a spring so arranged that the wheels 
would tend to revolve in opposite directions, which they are prevented 
from doing by the other gear-wheel with which they engage. The split 
gear-wheels will expand as much as the companion gear will allow, and 
effectively take up back-lash. 
A popular slow-motion drive consists of a small pulley-wheel working 

on the inside edge of a large circular disc. Such an arrangement is cheap 
and effective, permits of large reduction ratio, and is almost unaffected 
by wear if the pulley is made of two flat discs held together by a spring. 
Some form of drive is necessary to actuate the pointer, which usually moves 
horizontally and is often driven by means of a cord which is wrapped 
round the large disc, the perimeter of which is turned over to form a 
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drum. Obviously, innumerable possibilities offer themselves for actuating 
the various types of pointers and scales with which manufacturers decorate 
or endeavour to make their receivers attractive. 

It is unnecessary to detail the numerous types of slow-motion gear„ 
but mention may be made of the planetary gear, which consists of a 
spindle, a few ball bearings, and a ball-cage. The spindle is, in fact, the 
rod to which the tuning-knob is attached, and revolves in the centre of 
the cage, which is attached to the spindle of the tuning condenser, the 
space between them being occupied by a few ball bearings. When the 
spindle is rotated the ball bearings also rotate, but rather slower than 

the spindle, and in turn travel round the stationary 
outer ring much more slowly; the ratio of move-
ment in revolutions is, of course, determined by 
the size of the components, but a ratio of 5 : I is 
easily accomplished. 

Fig. 28 shows a planetary gear; the illustration 
is full-size. This type of gear has the advantage 
of small size, and requires only sufficient anchor-
age to prevent the outer ring from rotating; it 
also acts as a very easy-working clutch, pre-
venting the ganged condensers from being forced 

Fig. 28. — A diagrammatic when the tuning-knob is turned beyond the 
illustration of a planetary maximum or minimum dial setting. 
gear. The arrows show 
the relative direction of Printed Circuits. —A comparatively new 
rotation of the three main technique has started to influence the design of 
units; the outer ring is 
stationary. domestic radio and television, this is the printed 

circuit. Briefly the system is the use of " metal 
lines" printed on a plastic chassis, each " line" taking the place of the 
conventional wire. The advantages are less weight, compactness and 
lower cost. The most obvious disadvantage is when component replace-
ment is necessary, but this can be minimised by care in design. 

It should be possible to fill a complete volume with the mechanical 
considerations affecting the design of a radio receiver and its components. 
The few considerations detailed above will serve to show that considerable 
engineering experience is necessary to interpret the electrical requirements 
of components. This work is not intended to touch on the problems 
of the manufacturers, except as a means of giving an insight into those 
aspects of radio engineering which are nearly always ignored in radio 
textbooks. Certain components, such as switches, volume controls, trim-
ming condensers, loudspeakers, and even cabinets, call for great care 
from the mechanical point of view if they are to prove reliable in service. 



CHAPTER 5 

FIVE CIRCUITS ANALYSED 

THE early chapters are devoted to principles relevant to radio engineering, 
and consequently, with but few exceptions, each stage or principle has 
been considered separately. This chapter is included to present an 
opportunity for considering a selection of components, couplings, and 
various refinements incorporated into the circuit of complete receivers; 
which serves the purpose of showing the team-work of the various stages 
in a manner that may readily be understood. 
The following discussion on five circuits presents an opportunity for 

arguing the various merits and possibilities of sundry details which has 
been impossible in previous chapters, since the advantages of various 
possible refinements and combinations are somewhat meaningless unless 
they are considered as part of a complete circuit and have, therefore, some 
very definite object in view. 

Perhaps some warning is necessary: with the exception of the five-valve 
A.C. receiver, these circuits are rather over-elaborate, since they have 
been arranged with a view to illustrating as many principles as possible, 
but emphasis is laid on the fact that the author has handled all the 
receivers described. Certain remarks which are included in the text 
refer to points of design which cannot be perceived by examining the 
circuit diagram, but are derived from an inspection of the actual receiver. 
The author feels confident, however, that the reader will have no difficulty 
in recognising the comments which are derived in this manner, and con-
sequently it is not anticipated that these extra details will cause confusion. 
A Four-valve Class B Battery Receiver.—The circuit diagram facing 

page 40 shows a four-valve straight receiver, class B output, and may 
be considered as being a compromise between exemplary design and 
commercial practice. It is unlikely that such circuits would be found as 
a commercial entity, as the modern tendency is to provide a super-
heterodyne receiver stripped of all refinements, rather than a straight 
receiver incorporating refinements which are relatively costly. The 
several circuits have been drawn slightly differently to illustrate the general 
practice of expression. 
When designing a receiver it is usual to draw up a preliminary specifica-

tion by starting at the loudspeaker and working backwards, but for the 
present purpose the reverse procedure will be more convenient, and atten-
tion may be directed forthwith to the aerial coupling. The aerial coupling 
consists, essentially, of a two-circuit filter tuned by the variable con-
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densers C1 and C2 ; the medium-wave section consists of the primary 
LI, and the secondary L2, which form a bandpas circuit; it will be 
noted that the coils are of the iron-cored type. The long-wave coils L3 
and L4 are air cored. Each coil is provided with a simple shorting 
switch to short circuit the coil when the receiver is used for medium 
waves. When switched for long waves, L1 and L3 will be in series, and 
so will be L2 and L4. It is apparent, therefore, that the inductance of the 
long-wave windings must be such that it will cover the required wave-
range with the condenser used when in series with the medium-wave 
winding. The design of the long-wave coils will require considerable 
care, as otherwise they might act as an absorption circuit and considerably 
lower the efficiency of the receiver on the medium waveband. 
The aerial is not directly connected with the bandpass filter, and is so 

arranged that a different type of coupling is effected on each waveband 
without the use of switching. When the tuned circuits are switched to 
long waves the actual aerial is coupled by mutual coupling between L5 
and L3. Admittedly, it is also coupled through C3, but the capacity of 
this condenser is so small that its effects are negligible; the series aerial 
condenser C4 is provided to limit the effective aerial capacity, so that 
the tuned circuits are not thrown out of alignment when the receiver is 
used with an aerial having unexpected characteristics. When the 
receiver is switched for medium waves L5 ceases to act as a coupling 
device, since it is associated with the coil that is now short circuited, and 
coupling is effected solely through C3, the capacity of which is significant 
at frequencies associated with the medium waveband. Some care must 
be taken regarding the characteristics of the coil L5, as it must offer 
reasonably high impedance to the frequencies associated with the medium 
waveband, otherwise the attenuation of signal strength would be serious. 
The High-frequency Amplifier.—The first stage employs a variable-

mu screened pentode, variable bias being obtained by manual control of 
the potentiometer R1. It will be noted that the circuit is completed 
from the high-frequency point of view by the condenser C5. The anode 
load takes the form of a high-frequency transformer using iron-cored 
coils for the medium-wave winding, and air-cored coils for the additional 
long-wave section. Once again the latter are provided with simple 
switches to short circuit the unwanted windings when working on the 
medium waveband. It will be noted that the long-wave coils are placed 
on the high-tension positive side, since this rail is sensibly at earth poten-
tial from the high-frequency point of view, although it is some 120 volts 
positive from the direct-current point of view. It will be observed that 
the high-frequency path back to the filament is completed through the 
condenser C7, which also serves another purpose, which will be discussed 
later. The secondary of the high-frequency transformer is tuned by the 
variable condenser Cs, and it is assumed that the variable condensers 
C1, C2, and C8 will be ganged together, and are consequently each pro-
vided with a trimmer for the purpose of equalising the stray capacities. 
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It will be noted that the anode circuit of the first valve is not decoupled, 
such precaution usually being unnecessary when using transformer 
coupling, although it is probable that decoupling would be necessary if 
the coupling shown were replaced by the tuned-anode or tuned-grid 
system. 
The screened potential is applied through the resistance R 2, the value 

of which is determined by the required screen voltage and the screen 
current. If the total high-tension voltage is 120 volts, and a screen 
potential of 6o volts is required, it follows that if the screen current is 
.5 milliampère, then the resistance of R 2 must be 120,000 ohms. For any 
required condition the value of R 2 may be easily determined by the appli-
cation of Ohm's law. The condenser C9 is connected between the screen 
and low-tension negative for the purpose of reducing the high-frequency 
potential of the former to zero or as near to zero as possible. It is im-
portant that this condenser should be so constructed that its inductance 
is very low, otherwise its function will be to some extent defeated. 

Bearing in mind that the screen current of the variable-mu valve will 
be affected by the control grid potential, it might be thought that the 
screen should be fed by a potentiometer, so that variation of current will 
not affect the screen potential unduly. This arrangement is ideal from 
the theoretical standpoint, but may be rejected on the grounds of economy, 
since the potentiometer would pass a certain amount of high-tension 
current, which would be two or three times greater than the screen current 
if the voltage regulation obtained is worth while. The obvious solution 
is direct connection to a suitable tapping on the high-tension battery; 
this would necessitate the use of a third high-tension lead, and the general 
public or the manufacturers, or both, seem to insist that the number of 
high-tension leads shall be limited to two. 
The Detector Stage.—The detector stage is designed round a screened 

pentode and works on the leaky grid principle. Here again the desired 
screen potential is obtained by breaking down the voltage across the 
resistance R 3, the screen being tied down from the high-frequency point 
of view by the condenser C. It is interesting to note that the series 
feed to the screen is actually preferable to a potentiometer in this stage, 
as it minimises overloading when the receiver is tuned across a powerful 
station when the gain control is in a sensitive position. This refinement 
is achieved by so arranging the circuit that the detector overloads just, 
but only just, before the output valve ; when the input from the aerial 
rises above that required to fully load the output valve the detector over-
loads, the screen current rises abruptly, with the result that the screen 
voltage falls, which decreases the gain of the detector and tends to prevent 
the input of the next valve from rising beyond the required amplitude. 
The detector anode circuit includes reaction, which is controlled by the 

variable reaction condenser C. Two reaction coils are provided, one 
coupled to the medium-wave coils and one to the long-wave coils; in 
this way proper control of reaction can be obtained on both wavebands. 
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It will be noted that C13 is the detector anode bypass condenser and 
that R4 and C14 are included to effect decoupling. 
R5 forms the detector anode load and is associated with the coupling 

condenser C16 and grid leak R7. It will be remembered that it is impera-
tive to keep supersonic frequencies from reaching the grid of a class B 
output valve; in the chapter dealing with class B amplification mention 
was made of a condenser connected across the driver transformer second-
ary for the purpose of attenuating such frequencies. In the circuit under 
discussion this arrangement is avoided, preference being given to the use 
of a high-note filter made up by the inductance L1, and the condenser 
C1,3* The use of the filter will preserve the higher audio frequencies, 
since the response can be made to fall off far more sharply in this way 
than by a condenser across the driver transformer secondary, consequently 
the higher audio frequencies can be preserved, while frequencies above are 
adequately attenuated. 
The Driver Stage.—It may be seen that the driver valve is a triode 

and could be of so-called L.F. type or, alternatively, it could be a small 
output valve. As the grid bias applied is 7-¡ volts, it can be assumed 
that the latter is intended. The anode load takes the form of a driver 
transformer T1, which will have a step-down ratio commensurate with 
the maximum grid current of the class B valve. This stage is 
decoupled by means of R, and C17 ; no further remarks regarding 
this stage are called for, except to draw attention to R9 and C1,, which 
form a tone control for the purpose of providing means of reducing 
heterodyne whistles or for attenuating the higher audio frequencies to 
meet the personal taste of the user. It is worth while mentioning that 
the tone control has been placed in the driver circuit in preference to con-
necting it in the anode circuit of the class B valve, partly because both 
sides would be above earth potential and connection would be incon-
venient, and partly because it is desirable that the impedance of the 
Class B output circuit should be optimum, so that the maximum output 
available is not in any way determined by the tone control. Another 
reason for including the tone control in the position shown is in the 
interests of battery economy; it will be remembered that the high-tension 
current drawn by a class B valve is more or less proportional to the input, 
consequently there is no point in using high-tension current to handle 
frequencies which are not to appear in the loudspeaker. 
The Output Stage.—The output stage is perfectly conventional; it 

will be noted that the centre tap on the driver transformer secondary is 
returned to low-tension negative; obviously, therefore, the class B valve 
must be of the type intended to work with zero bias; some class B valves 
are so designed that they require a small negative bias, although they still 
run into grid current except when handling very small inputs. It will 
be observed that a condenser is connected across each half of the output 
transformer to limit the impedance. The transformer will have a ratio 
appropriate to raise the impedance of the speech-coil to the load required 
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by the valve; the primary must have relatively low resistance, as the 
peak anode currents are very high, and distortion must result if the voltage 
at the anode varies appreciably through voltage drop due to D.C. resist-
ance in the anode circuit. 

General Remarks.—It will be noted that the high-tension battery 
tappings are limited to two, but that there are three grid-bias tappings. 
Attention is directed to the three-point switch which disconnects the grid-
bias positive lead when the set is switched off. This is necessary to pre-
vent current flowing continuously from the grid-bias battery through R1 
when the receiver is not in use. The high-tension negative lead is con-
nected to low-tension negative, in line with general practice, since connec-
tion to low-tension positive is unsafe, as it renders the filaments of the 
valves liable to damage in the event of accidental short circuit. As an 
additional precaution a fuse is included in the high-tension negative lead; 
a fuse bulb will give a measure of protection to the valve filament, but is 
not an infallible safeguard and is, of course, quite useless if an accidental 
short circuit is made in such a manner that the fuse bulb is not included 
in the path of the resulting flow of current. 

Mention must be made of the condenser C7, which is connected directly 
across the high-tension battery. As already stated, it serves to complete 
one of the tuned circuits from the high-frequency point of view, but its 
chief purpose is to limit the impedance offered by the high-tension battery, 
which may reach a high value when the battery is becoming used through 
service. It also has a reservoir action and makes possible the use of a 
battery which has become " noisy " with age, and which would otherwise 
have to be replaced. 
C 5 will normally have a capacity of about •I ki F, which is adequate for 

the purpose of completing the circuit between the lower end of L 3 and 
low-tension negative. It is sometimes desirable to use a much larger 
condenser as a means of preventing noise when R1 is rotated, should the 
moving contact become imperfect. For this purpose 2 11.F is usually 
employed, and since the average condenser of this capacity has relatively 
high inductance, it is desirable to use it with a -1 1.1.F non-inductive con-
denser in parallel. 

A Five-valve Four-band Superheterodyne Receiver.—The inset 
facing page 44 shows the circuit of a five-valve four-band superheterodyne. 
Once again it will be convenient to commence with the aerial and work 
progressively through the circuit. 

The Aerial Coupling.—The aerial coupling takes the form of a single 
tuned circuit with separate aerial coupling coil. It will be noted that 
each waveband has its own coils, and in no case are two or more coils used 
at the same time in the same circuit. Switching is accomplished by a 
wafer-type switch which connects the grid and the aerial to the appro-
priate pair of coils. 

It will be noted that the low-potential ends of the secondaries of the 
R.T. 11-4 
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long, medium, and short band (SW2), are connected to the automatic 
volume control line, but the low-potential end of the short-wave coil SW1 
is taken directly to high-tension negative, in order that the first valve 
shall work at maximum gain, with a view to improving signal to noise 
ratio, which is liable to be bad on this waveband. 
Tuning is accomplished by means of the variable condenser C1, which 

automatically appears across the appropriate coil. Each secondary is 
provided with a separate trimmer, permitting the stray capacities of the 
circuit and the self capacity of the coil to be equalised on each waveband. 
Once again it will be observed the medium-wave coils are provided with 
iron cores, and it will perhaps be desirable to mention that there is no 
fundamental reason why all four wavebands should not use this type 
of coil. 

It will be observed that the primary of the aerial coupling SWIL is con-
nected to the aerial at both ends, one directly and one through the switch; 
this may be taken to mean that a doublet aerial may be used for the 
short wavebands, which is a special type of aerial dealt with in a sub-
sequent chapter. When the use of such an aerial is not desirable, the 
aerial terminal connected to the lower end of the coil will be connected 
to the earth terminal by means of a piece of wire, or by other device. 
The High-frequency Amplifier.—The first valve is obviously a high-

frequency pentode, and may be presumed to be of the variable-mu type, 
since its grid is returned to the automatic volume control line. It will 
be observed that the screen potential is broken down by means of a 
trailer resistance R1, and that the screen is held at filament potential 
from the high-frequency point of view by means of the usual condenser Cr 
The anode coupling consists of four sets of high-frequency transformers, 

each having inductances appropriate for the waveband to be covered. 
The switching arrangement is somewhat similar to that used for the aerial, 
since the primary and secondary are switched for each waveband. Again, 
the medium-wave coil is iron cored and the others are air cored, each coil 
being provided with a separate trimmer for the same reason as that 
applied to the aerial coupling. Tuning is accomplished by means of Cs, 
which is permanently connected to the grid of the frequency changer and 
will be automatically connected across whichever coil is switched into 
circuit. 
The Frequency-changing Stage.—The frequency-changer valve is a 

triode heptode. It will be remembered that this valve has variable-mu 
characteristics in the heptode section and would normally be returned to 
the A.V.C. line via the frequency changer grid coils to the junction of C,,, 
Rs; since, however, this circuit is intended purely for discussion these coils 
are grounded to show usual practice when A.V.C. is not used, thus making 
an interesting comparison between the grid circuits of V, and V2. The 
oscillator employs separate reaction and grid windings for each wave-band, 
the appropriate coils being selected by the third wave-change switch. 

Following the principle adopted with the previous sets of coils, each 
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oscillator secondary is provided with a separate trimmer, the main tuning 
being accomplished by the variable condenser Ce. It will be observed 
that the reaction coils are isolated from high-tension positive and are, in 
fact, resistance-fed by R2 and isolated by the condenser C5. This 
arrangement makes little difference from the high-frequency point of 
view, and is adopted so that high D.C. potential is excluded from the 
switching; the wafer type of switch is quite capable of withstanding any 
difference of potential that will be met with in a battery receiver, but it 
is sometimes considered desirable to isolate the high tension, as dust 
settling on the switch might produce noises through leakage. Another 
way, of course, is to seal up the under side of the chassis so that 
dust cannot penetrate, but it is more convenient to adopt the former 
arrangement. 
The secondary of the oscillator coils is tuned by the variable condenser 

Ce; the secondary is not returned directly to the oscillator grid, since a 
condenser Ce is interposed, allowing the grid to be returned to high-tension 
negative through a resistance R3, so that the triode section of the valve 
may bias itself by grid current. The advantage of obtaining bias in 
this manner is that the valve will work with approximately opti-
mum bias even if replaced by a valve having somewhat different 
characteristics. 

It will be observed that the low-potential end of the oscillator secondary 
is not connected to high-tension negative directly, but through pre-set 
condensers which are, in fact, the padding condensers; these are some-
times distinguished from trimmers by a dot on the end of the arrow, a con-
vention that seems to be more often omitted than used. The use of the 
padding condenser to correct the oscillator tracking has been previously 
described, but it is interesting to note that all four wavebands are equipped 
with a padding condenser. It is therefore reasonable to assume that the 
ganged condenser does not use specially shaped vanes for the oscillator 
section. It is also worthy of note that the long-wave trimming condenser 
has a fixed condenser C7 in parallel; this is to permit the trimming con-
denser to be of relatively low value and consequently less liable to 
oscillator drift. 
The anode of the heptode is coupled to the following valve by means of 

an iron-cored intermediate-frequency transformer which may be tuned 
to one of several frequencies, but, as already mentioned in an earlier 
chapter, a choice is usually made between 128 and 465 kcs. per second. 
It will be noted that the parallel condensers are not variable, but there 
is an arrow through each coil in addition to the larger arrow through both 
coils. The smaller arrows indicate that the inductance of the coil is 
variable, and since no other means is indicated, the inductance is obvi-
ously varied by permeability tuning, i.e. the iron cores are arranged so 
that they may be screwed in and out. The large arrow indicates that the 
coupling between the two coils is variable, which will permit manual 
control of selectivity. 
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The Intermediate-frequency Amplifier.---The intermediate-frequency 
amplifying valve is again a variable-mu high-frequency pentode, the grid 
potential of which is controlled by the automatic volume control line. 
The screen is fed in a similar manner to the first valve. The anode 
coupling takes the form of another intermediate-frequency transformer 
working with fixed parallel capacity and tuned by varying the inductance 
of the coils by adjustment of the appropriate iron cores. Normally, this 
transformer will be considerably over-coupled in an attempt to keep the 
response-curve flat, when the first intermediate-frequency transformer is 
in the least selective position and therefore considerably over-coupled. 
It will be realised that it is in this position that the best-quality repro-
duction will be obtained. The capacities associated with the coils of 
the second intermediate-frequency transformer will be chosen so that 
the response of the primary is wider than the secondary, to assist in the 
elimination of sideband shriek, since the automatic volume control circuit 
is fed from the primary. 
The Detector.—The fourth stage performs the function of detection, 

low-frequency amplification, and automatic volume control and employs 
a double diode triode. The signal anode is fed directly from the trans-
former secondary, the other end of which is connected to high-tension 
negative through the diode load. The diode load consists of a poten-
tiometer R4, providing manual volume control, and is connected to the 
triode section through a direct-current isolating condenser C8 and a 
high-frequency stopping resistance R5, the other resistance R8 providing 
a direct-current connection to the automatic grid bias circuit. It will 
be understood that the stopping resistance must be low in value in com-
parison with the grid-bias return lead, in order that the potentiometer 
effect of the two resistances does not seriously attenuate signal strength. 
It will be noted that the lead from the grid stopper to the grid is encased 
by dotted lines, the conventional manner of indicating a screened lead. 
Normally, the use of such a lead is not shown on the theoretical diagram, 
but it is included at this point, since it has special significance, inasmuch 
as it will effectively increase the input capacity of the valve and, in con-
junction with the grid stopper R5, will increase the attenuation of the 
unwanted radio and intermediate frequencies. The automatic volume 
control anode is fed from the intermediate transformer primary, and is 
provided with delay voltage from the automatic grid bias circuit; the 
delay obtained from this source will be increased by r volt if the anode 
nearest the positive end of the filament is used. 
Automatic Volume Control Decoupling.—It will be observed that 

the automatic volume control circuit is elaborately decoupled. The 
delay voltage lead is decoupled by C9 and the diode load R7, and then 
progressively each of the control leads is decoupled, the intermediate-
frequency amplifier by R8, Ci0, the frequency changer by R9, Cn, and 
the radio-frequency amplifier by R10, C12. The only grid return lead 
that is not completely decoupled is the output grid return, although the 
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several sections of the bias resistance Rn is shunted by a condenser Cie 
which will normally be of the electrolytic type, having a capacity of 
some 2o 1F, and rated at about 12 volts. Such a condenser is extremely 
compact, owing to the low voltage rating. 
The triode anode load takes the form of a resistance Ru, the primary 

of the low-frequency transformer being capacity fed, CH. Manual tone 
control is provided by a variable resistance R13 in series with a fixed 
condenser C16, connected between the triode anode and high-tension 
negative. The resistance will be one so constructed that the moving 
member does not lift off the resistance element at the minimum position, 
so that the impedance of the circuit is always limited at the higher audio 
frequencies. If the resistance is not so constructed, a condenser will be 
connected across the primary to prevent supersonic frequencies reaching 
the quiescent output stage. 

The Output Stage.—In this receiver a quiescent push-pull double 
pentode is used, which has the advantage over class B triodes that greater 
sensitivity is obtained. Once again the two sections of the output 
primary are shunted by a resistance R14 and condenser C16 in series to 
limit the impedance at the higher audio frequencies. Quiescent push-pull 
is, in other words, class C output, which requires low resistance windings 
for the output transformer primary, since it will be required to pass large 
peak current. The secondary of the input transformer does not require 
to be of low resistance, as grid current does not flow; consequently it is 
possible to include the grid stoppers R16, R16. It will be remembered 
that precisely converse considerations apply with class B output. As 
grid current does not flow, it is unnecessary to use a step-down input 
transformer, and the low-frequency gain may be increased by using a 
step-up ratio. 

Grid Bias.—It will be observed that there are no grid-bias battery 
tappings, all grid-bias return leads being taken to the automatic bias 
resistance Rn, the value of which will be such that the total high-tension 
current flowing through it will bring about the voltage drop required by 
the output valve, which will, of course, vary with the type of valve used, 
but will generally be about 9 volts. The resistance is appropriately 
tapped to supply the delay voltage and the grid potential for the triode. 
Quite apart from the convenience of dispensing with the grid-bias battery, 
it has the great advantage that the grid-bias voltage will fall more or less 
in proportion to the high-tension voltage; consequently the output valve 
and, incidentally, the other valves, will work with decreased negative bias 
as the high-tension battery voltage falls, which is most important, since 
a quiescent output stage produces the most horrible distortion if over-
biased, a condition which would obtain if the grid bias remained constant 
when the high-tension battery voltage decreased with age. 

General Remarks.—It will be noted that the high-tension rails have 
the usual reservoir condenser C17 connected across them, and that the 
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oscillator anode circuit is decoupled. Attention is also drawn to the 
battery switch, which is of the three-pole type, the extra point being 
used to completely disconnect high-tension negative. It should be 
understood that although the appropriate end of the high-tension battery 
is connected to the terminal marked HT—, the true high-tension negative 
is the earth rail, since the difference in potential between these two 
points is employed as grid bias. 
A Three-valve A.C./D.C. Mains Receiver.—The inset facing page 

48 is a three-valve plus rectifier receiver for working on either A.C. or 
D.C. mains. A cursory glance will show that four valves are employed, 
but since one of these is included solely for the purpose of rectifying the 
high-tension supply when the receiver is used on A.C. mains, it may be 
considered more reasonable to refer to it as a three-valve receiver, a 
point of view that is adopted by the majority of manufacturers. Sin 
the circuit is primarily included to introduce the principle of the A.C./D. 
receiver, it will be unnecessary to dwell at great length on the rest f 
the circuit. It is, however, the first mains receiver that has been pre-
sented, and some consideration may therefore be directed to the biasing 
arrangements. It will, however, be convenient to vary the previous 
procedure, and describe the mains rectifier circuit and then to proceed 
to the aerial coupling and work through progressively to the output 
valve. 
The mains, whether they are on the A.C. or D.C. system, are con-

nected to the points indicated, and are separated from the receiver by the 
mains filter LI, L s, and C1. That side which is intended to be con-
nected to the positive main when working on D.C. is connected straight 
to the anode of the indirectly heated rectifier. An alternative route 
from the positive main passes through the three resistances R1, R2, and 
R 3. The first two are intended to be interposed as necessary to permit 
the receiver to work on voltages varying between 200 volts and 250 volts, 
while the resistance R 3 is intended to limit the heater current of the four 
valves to the rated value. It will be noted that the four heaters are in 
series, the heaters being shown in a vertical array for convenience, the 
order being indicated. As the heaters are in series they must all have the 
same current rating, usually •2 or .3 ampère. The voltage rating, 
however, may be mixed indiscriminately, such ratings as 13, 20, 30, and 
40 volts being quite common; in this way the appropriate heaters may 
have increased wattage dissipation, although the current is constant. 
The value of R 3 will be determined, therefore, by the total voltage rating 
of the several valves in series, the current rating, and the applied voltage. 
If, however, a dial light is to be included as shown in the circuit diagram, 
its resistance and the shunt resistance must be taken into account. The 
shunt resistance R 4 is necessary, since the average small bulb is quite 
incapable of standing the initial surge of current which occurs when the 
heaters are cold. It will be appreciated that the resistance of a filament 
increases with temperature, consequently the initial heating current will 
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be considerably in excess of the rated working current. The problem of 
arranging dial lights to give adequate illumination and reasonably long 
life is so acute that at least one manufacturer has thought it necessary 
to arrange a thermal delay switch. 
The Mains Rectifier.—It will be seen that the rectifier cathode 

(which is high-tension positive) has a reservoir condenser C2 and smooth-
ing condenser C2; the usual smoothing choke being replaced by the 
field winding of the loudspeaker, an arrangement that has the merit of 
economy only. Obviously, the total current taken by the valves must 
be very considerable if the loudspeaker field is to be adequately energised 
without serious voltage drop. To make this point clear, it must be 
remembered that the flux density of the speaker is proportional to 
ampère-turns, and in the present circumstances the number of turns will 
be limited in the interests of using fairly thick wire to keep the resistance 
to allow value; consequently the current must be relatively high. Since 
the valves do not, in the present instance, pass sufficient current, it is 
increased by the resistance R5, so that the total current passing through 
the field winding reaches an adequate value. It will be noted that the 
reservoir and mains-smoothing condensers are indicated with polarity, 
showing that they are of the electrolytic type. The above remarks 
conclude the description of the power pack, with the exception of an 
observation on the rectifier, to draw attention to the fact that the insula-
tion between cathode and heater must be capable of standing the total 
high-tension voltage of the receiver plus the applied peak voltage of the 
mains when used on alternating current. It is perhaps desirable to 
mention that the receiver will function on A.C. mains with the wall plug 
either way round, but on D.C. mains will only function when the plug 
is the correct way round, giving the desired polarity. 
The aerial coupling is similar to that shown in the circuit facing page 

40, with one exception: it will be observed that the cathode has a 
series resistance Re to provide a small fixed bias, and a variable resistance 
R7 to provide variable bias to give control of gain in conjunction with 
the variable-mu characteristics of the first valve. It will be remembered 
that the grid bias on a mains valve is derived from the potential drop 
across the resistance in the cathode, the grid being returned to high-
tension negative. A certain amount of difficulty is experienced with a 
variable-mu valve, since increase of negative grid potential brings about 
a decrease of anode current, consequently a very large resistance is 
required to bring about large negative bias, since this is obtained when 
the anode current is very small. It is difficult to obtain a bias resistance 
of high value and small size capable of standing a large current and able 
to withstand constant usage. To overcome this difficulty the lower end 
of the bias resistance is connected to the condenser C4, so that movement 
of the volume control away from the cathode increases the negative vol-
tage on the valve and decreases the portion of the resistance that is, in 
effect, connected between aerial and earth; in this manner adequate 
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control of volume is obtained without reducing the gain of the valve to 
an extent which introduces the difficulties outlined above. 
The First Stage.—Once again the first valve is a variable-mu high-

frequency pentode, the screen being fed from the high-tension positive rail. 
The anode coupling is a simple tuned anode arrangement—which is chosen 
in preference to the high-frequency transformer, since this form of 
coupling is capable of very high gain—which is particularly necessary in a 
universal receiver, as the valves are working at an efficiency level that is 
lower than that of similar valves working in an A.C. mains receiver, 
owing to the limited high-tension voltage available. It will be observed 
that the tuning condenser C5 is not connected across the coil but between 
anode and earth, the tuned circuit being completed by the fixed con-
denser Ce. This arrangement is adopted in order that one side of the 
tuning condenser can be at earth potential, obviating the necessity for 
completely insulating one section of the ganged condenser. The coupling 
between first and second valves is accomplished by the grid condenser 
and leak, which also perform a normal function as essential components 
of a leaky grid detector. 
The Detector Stage.—Another screened pentode is used in the detector 

stage, with capacity-controlled reaction coupled back to the tuned anode 
coil. The detector anode coupling takes the form of a resistance-fed 
transformer, the inclusion of the latter component being desirable as a 
further means of increasing the gain of the receiver. It will be noted 
that a resistance R 8 is connected across the transformer primary; this 
resistance will introduce a certain amount of damping and tend to flatten 
the response-curve of the transformer. Attention is drawn to the resist-
ance R 9 and the condenser C 7, which form a high-frequency filter circuit 
to prevent radio frequencies appearing across the grid/cathode circuit of 
the output valve at sufficient amplitude to give trouble. The duty of 
the resistance R10 is usually undertaken by a high-frequency choke which 
is entirely satisfactory, but in the circuit under review the resistance has 
been included purely for economic reasons, as it is very much cheaper 
than a choke and is entirely adequate. 
The resistance Ril and the condenser C 8 are included to attenuate 

the higher audio frequencies, but will also act as an additional means of 
attenuating any radio frequencies which may be present in this part of 
the circuit. The top cut brought about by this resistance and condenser 
might appear somewhat severe, unless it is remembered that the tuned 
anode coupling will have a peak response-curve rendered inevitable by 
the need for using coils with a high magnification factor to obtain 
maximum gain. The output valve is a tetrode, but could equally well be 
a pentode. Grid bias is obtained in the usual way by a cathode resist-
ance Ri2, with the usual bypass condenser C9, which on this occasion 
is of the electrolytic type. 
The anode load of the output valve is the primary of the output trans-

former, which is shunted by a condenser CiL0 and resistance R 13 in series 
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to limit the impedance at the higher audio frequencies. As already 
mentioned, the field-energising coil of the loudspeaker is used as the 
smoothing choke, and in the normal course of laying out the circuit the 
field coil appears remote from the loudspeaker but, nevertheless, is one 
and the same assembly. 

Decoupling.—The decoupling in this receiver must represent the basic 
minimum, since only one decoupling resistance is included, without which 
this principle would be entirely absent. The resistance R 14 decouples 
the first and second stage from the output stage, but will also contribute 
considerably to the smoothing circuit, as it has a large capacity on the 
anode side, namely, Cu. This condenser is of the electrolytic type and 
might be considered unsuitable for anode decoupling, but it is not required 
to perform this function; it is there for the purpose of increasing the 
smoothing, since the condenser C6 is in parallel. 

Gramophone Pick-up.—A glance at the detector grid circuit will show 
that means are provided for the convenient connection of a gramophone 
pick-up between the grid and cathode of the detector valve, bias being 
obtained from the bias resistance R 15 in the detector cathode lead. It 
will be noted that when the pick-up is in circuit the grid is returned through 
a relatively low resistance path to the negative side of the bias resistance, 
with the result that the potential drop across it appears as negative grid 
bias. When the pick-up is removed no connection exists between the 
grid and the negative end of the bias resistance, the grid leak R 16 being 
returned direct to the cathode. It should be understood that in the 
absence of any switching arrangement for the pick-up it will have to be 
disconnected when the receiver is used on radio, usually by means of a 
plug and socket permitting disconnection by merely withdrawing the plug. 

General Remarks.—High-tension negative is not joined directly to 
earth, since a condenser C 12 is interposed to isolate the entire receiver 
from earth from the D.C. point of view. This precaution is, of course, 
unnecessary when a negative electric-light main is earthed, but is usually 
included as a standard precaution so that the receiver can work on any 
main. It is unwise to rely on a negative main being earthed, as it is not 
unknown for a power-supply company to change the polarity of the 
mains without warning when rearranging the mains on connecting new 
subscribers. Another precaution to prevent the possibility of shock 
takes the form of a double-pole mains switch, so that both mains are 
broken. A similar precaution appears in the aerial lead in the form of a 
condenser Ci3 to prevent short circuit in the event of the aerial collapsing, 
and danger from electric shock. The extension loudspeaker terminals 
are also isolated by condensers C14 and C 15, so that all external wires 
and terminals are isolated in the sense that they have no metallic con-
nection with the mains. It is, of course, necessary to see that no other 
exposed metalwork appears in the form of grub-screws or controls. It 
will be observed that one pick-up terminal is connected to chassis and 
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apparently no precautions are taken to guard against the possibility of 
electric shock when touching the pick-up. The actual chassis from 
which the circuit was taken was a small radio-gramophone in which 
the difficulty was overcome by the use of a suitable type of pick-up; 
if the pick-up connections were presented as a socket for use with an 
external pick-up, each lead would need to be broken with a condenser 
and the grid circuit completed by a resistance. 
A Five-valve A.C. Mains Receiver.—The receiver shown in the 

inset facing page 52 is both an excellent and typical example of com-
mercial practice; as an indication of typical resistance and condenser 
values, a table is given showing the values of those used in this circuit. 
It will be convenient to commence with the aerial circuit and work 
progressively through the five stages. It will be noted that a fixed con-
denser C1 is connected in series with the aerial to limit the aerial capacity 
that may appear across the tuned circuits. The aerial and the grid of 
V1 are each led to one pole of the three-pole three-way wafer switch Si, 
so that each pair of coils may be selected according to the waveband 
required. It will be observed that the switch S1 is of the three-pole type, 
but reference to the illustration will show that the switch S3 is of the 
four-pole type; it is, nevertheless, of the three-way type, making it 
possible to gang together these apparently dissimilar switches. The 
reason for the additional contact on S3 will be seen in due course. 
The three sets of aerial coils are each provided with the usual trimmer 

across the secondary, an additional fixed condenser C5 being placed 
across the long-wave trimmer to reduce its capacity and make it less prone 
to drift. It will be noted that the trimmers are not connected directly 
across the secondaries but between the high-potential end of the secondary 
and the earth line, a practice that is common in modern commercially 
built receivers, merely for the convenience of having one side of the 
trimming 'condenser in metallic connection with earth to obviate the 
necessity for insulating it. 

It will be observed that the low-potential ends of all three secondaries 
are linked together and taken to the automatic volume control line, the 
high-frequency path being completed by the condenser Cs. It will be 
noticed that the cathode of V1 is connected direct to high-tension nega-
tive without the usual bias resistor, which is rendered unnecessary by the 
voltage produced by the potential drop across R16. 
The arrangement of V1 is quite conventional, except for the fact that 

the screen of this valve has a feed common with Vs and V3, the voltage 
being broken down by the resistance R1 and the grid tied down, from the 
high-frequency point of view, by the condenser Cs. The anode of V1 
is taken direct to the switch S2, and consequently the anod voltage will 
appear on the switch contacts. It can be seen by tracing the connec-
tions of the coils that the switch will select any one pair according to its 
position. The secondaries are tuned by the condenser C14. which is con-
nected direct to the grid of the frequency changer, and will appear, there-
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fore, across whichever secondary is selected by the switch. Once again 
the secondaries are provided with trimmers, one side of each being taken 
direct to chassis, the same precautions being taken to prevent drift by 
the use of a fixed condenser Cu in parallel with the long-wave trimmer. 
The Frequency Changer.—V2 takes the form of a triode hexode, 

the circuit of which is conventional. It is worth noting, however, that 
the grid of the hexode section is biased by the voltage drop across the 
cathode resistor R4, but that the triode grid is unaffected by this drop, 
as it is returned to the cathode end of R 4, and instead is biased by grid 
current flowing through R3 and producing a voltage drop across it. This 
arrangement ensures that the valve is working with approximately 
correct bias, as it will automatically set itself so that the extreme ends of 
the positive half-cycle of the oscillatory waveform will just cause the 
valve to run into grid current. The grid of the oscillator is connected 
through the D.C. stopper condenser C16 to the switch S3, and thence to 
the secondary winding appropriate for the waveband in use. It is 
interesting to note that, unlike the previous two switches, the high-tension 
voltage is excluded from its contact by the condenser C 15 ; this is in 
order that certain of the contacts may be earthed for reasons which are 
dealt with below. It will be observed that each secondary winding has 
its independent trimmer, and once again a fixed condenser Cm is used in 
parallel with the long-wave trimmer. 

Reference to the illustration will show that the short-wave winding is 
connected directly to high-tension negative, and it can be assumed 
therefore that the vanes are shaped in such a manner that correct tracking 
is obtained on this waveband. The low-potential end of the medium-
wave secondary includes the usual padding condenser C21, which in this 
particular instance takes the form of a fixed condenser, which must neces-
sarily be made with very considerable accuracy and with the precise 
value necessary to introduce the requisite correction. The low-potential 
end of the long-wave secondary is connected to high-tension negative by 
way of the usual variable padder C24, and attention is drawn to the fact 
that here again the fixed condenser C25 is used in parallel to reduce the 
possibility of drift. 

Reference to the illustration will show that the switch S3 has an 
additional component in the form of a quarter-segment, which is so 
arranged that it connects together three adjacent points. The contacts 
are so arranged that in any one of the three possible positions of the 
switch, this segment (which moves as an integral part of the switch) will 
short one winding completely and connect it or its companion winding to 
earth to prevent the unused windings from influencing the coils in actual 
use. Admittedly, the segment will in some cases short a secondary and 
in others a primary, but this is unimportant, as the coupling between 
oscillator coils is so tight that the effect of shorting one coil will be 
transferred to the companion coil to a sufficiently large extent. 
The hexode section of V2 is coupled to V 3 by means of a permeability-
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tuned intermediate-frequency transformer, each coil having fixed con-
densers in parallel (C27 and C 28 in the diagram). The low-potential end 
of the secondary is connected to the centre tap of a small coil, which is 
coupled to the primary. When the switch S4 is in one position the wind-
ing of the small coil L 21 will be in the same sense as the primary to 
which it is coupled and increase the coupling between L 10 and L 20, but 
when this switch is in the other position the small coil L 21 will be in the 
opposite sense to L 20 and will weaken the coupling. When the first-
mentioned condition appertains, the frequency response characteristics 
of the coupling will be broadened, and when in the alternative position 
the response characteristics will be narrowed. 

The Intermediate-frequency Stage.—The pentode V 3 is a perfectly 
straightforward amplifier, with the possible exception of the minor 
point that its initial negative grid voltage is obtained by the drop across 
R 16 and not by the conventional cathode resistance. The second inter-
mediate-frequency transformer is permeability tuned and in other ways 
similar to the first intermediate-frequency transformer, but it is not pro-
vided with the additional coil to alter the band-width. It is, however, well 
worth noting that both coils are centre-tapped. The primary coil L 22 

is connected by way of the D.C. stopper condenser C 30 to the automatic 
volume control diode, and by virtue of the fact that the response-curve 
of the primary is wider than the secondary some relief will be obtained 

COMPONENT VALUES 

The values given below refer to the circuit shown opposite, and are included as an example 
of general commercial practice. These values hold good if the following valves are used: 
Vl-MVS/Pen., V2-41STH., V3-MVS/Pen., V4-DDT., V5-2P., V6-431U. (All Cossor.) 

Resistances: 
R1-15,000 
R2-30,000 Q 
123-25,000 (2 
R4-300 (2 
R 5-5,000 

R 2-50,000 £2 
129—.1 MQ 
R8-50,000 el 

Condensers 

Ci—.0005 pF 
C2—S.W. trimmer 
C,—M.W. trimmer 
C4—L.W. trimmer 
C2— i5 pp F 

p F 
C9—•00054 F 
C2—•05 uF 
C2—S.W. trimmer 
C„—M.W. trimmer 
C11—L.W. trimmer 
C11— I5 pp F 
C12—'05 p F 
C14—•00054 p F 

R,—.5 MD 
R10-2 MD 
R11—'i MQ 
R12—.5 MD 
R13-100,000 

R14-25 
R12-25 Q 
Loudspeaker field coil— I,250 Q 

C„--0002 p F 
C1,--000I p F 
C17— i p F 
C21—.00051 p F 
C12—S.W trimmer 
C„—M.W. trimmer 
C21-570 pit F 
C,2—L.W. trimmer 
C22-40pp F 
C„—L.W. padder 
C,5— I20 ppF 

p F 
C29-225 pp F 
C22-225 pp F 

R12-20,000 
R17-300,000 û 
R15—•75MQ 
R19—.5 MD 
R„-- .5 MQ 
R21-2 MS2 
R„--r 1\19 

C„-6o pp F 
C„-50 pp F 

Ca1- 75 pp F 
C„—•r p F 
C„- 50 pp F 
C„-50 pp F 
C,5— oz p F 
C92—'0I p F 
C3,—•03 p F 
C„—.1 p F 
C„-8/2F 
C„-8µF 
C41— I0 e F 
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from sideband shriek. The secondary of this transformer is centre-
tapped and feeds the detector diode; in both cases the coils are centre-
tapped to reduce the load imposed on each coil by the respective diodes. 
This modification will have the effect of narrowing the response-curve of 
the second intermediate-frequency amplifier as a whole in such a way 
that the sides are made steeper. The diode load consists of two por-
tions, R8 and R9, thus the manual control will not reach absolute 
maximum, but, since the value of R9 is some ten times the value of R8, 
this effect will scarcely be apparent. The condenser C33 is the diode load 
bypass condenser, and C34 may be similarly regarded, as it is in parallel 
with the greater portion of the diode load. R9 takes the form of a 
potentiometer, giving manual control, and is connected through the 
usual D.C. stopper condenser Cm and through the usual grid stopper 
resistance R7 to the grid of V4. The grid is returned to its source of 
negative bias through R10, and it is obvious that R10 must be very 
much greater than R7 in order that the input voltage is not seriously 
attenuated. 
The triode portion of V4 is coupled by the anode resistance R6 and 

condenser C36 to the grid of the output valve, Rii forming the conven-
tional grid stopper. It will be noticed that variable tone control is pro-
vided by the condenser C37 and variable resistance R13, which are 
virtually in parallel with the anode load, although one end of R13 is 
connected to high-tension negative for convenience; this will allow 
one side of the variable resistance to be in metallic connection with the 
chassis or, in other words, the usual type of variable resistance can be 
bolted direct to the chassis without the need for insulation. The output 
valve is a directly heated triode, and is fed from a separate heater winding, 
not in this case to prevent shorting out the bias arrangements but because 
its filament is rated at 2 volts 2 ampères to reduce the hum-level. It 
will be appreciated that half the potential difference across the filament 
of a directly heated valve will appear on the grid and produce a propor-
tionate hum-level; by reducing the total potential across the filament 
by half, the A.C. potential appearing on the grid will similarly be reduced 
by half. 

The Smoothing System.—The loudspeaker field winding serves also as 
a smoothing choke and is placed in the high-tension negative line, instead 
of, what is perhaps more usual, the high-tension positive line. From the 
point of view of efficient smoothing there is little to choose between the 
alternative positions. In the circuit under discussion it is placed in 
the negative lead so that the potential drop across it can be used for 
negative grid bias on the several valves, thus avoiding further voltage 
drop, which would otherwise reach a fairly high figure as the bias required 
by a triode capable of substantial output is necessarily considerable, 
being of the order of 30 volts. It will be observed that the resistances 
R16, R17, and R18 form a potentiometer across the loudspeaker field, 
the bypass condenser Ca is only connected across R16 and R17 as the 
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potential drop across Rlit is not used for bias purposes, the component 
merely being in the position shown to reduce the drop across the outer 
ends of R 16 and R 17, since the total drop across the field winding is 
greater than that required for grid bias. As no grid current will flow in 
V1, Vs, V 4, V 5, or the hexode section of Vls, the value of the resistance 
network can be relatively high, and in the receiver in question the actual 
values are R 16, 20,000 ohms; R 17, 300,000 ohms; R 18, 750,000 ohms. 
It is absolutely essential that the resistances together form a high figure, 
as they would otherwise form an appreciable bypass across the loud-
speaker field and reduce its efficiency as part of the smoothing system to 
a greater or lesser extent. The smoothing arrangements are completed 
by the reservoir condenser C40 and the smoothing condenser C36. 

Strictly speaking, the decoupling of a receiver is an aid to general smooth-
ing, but in the circuit under discussion the only relevant decoupling con-
sists of that used in the anode circuit of V6, which consists of a 5,000-ohm 
resistance R 5 and a •I ILF condenser C32, the influence of which is negligible 
from the point of view of reducing the hum-level. 
With the exception of the slightly unconventional position of the 

smoothing choke, the power pack is perfectly conventional and is pro-
vided with a metallic shield between the secondary of the mains trans-
former and the core and primary to prevent radio frequencies being 
transferred to the receiver by pick-up on the house-wiring system. 
A Ten-valve Superheterodyne Receiver with Automatic-frequency 

Control and Paraphase Push-pull Output.—The inset facing page 6o 
shows the circuit of a relatively ambitious receiver, with some of the 
more important, although optional, refinements. The average British 
receiver employs not more than six valves, and it might therefore be 
considered somewhat unnecessary to qualify the description by saying that 
it is relatively ambitious. The term is quite justified in view of the fact 
that some slight mention has been made of American practice; judged 
by British standards the receiver under discussion is elaborate, but judged 
by American standards it might almost be considered simple, since in 
that country twenty-valve sets are not exceptional, and the average high-
class domestic receiver often uses between fifteen and twenty valves. 
One may wonder how so many valves could be applied, but the funda-
mental answer is that the Americans prefer to use a lot of relatively low-
efficiency valves, with the result that they use about twelve valves to do 
the work of eight, and then add a few more valves for purposes that 
may almost be considered as falling into the class of gadgets, such as tone-
control valves, tone-expansion valves, interference-suppressor valves, and 
so on. 

Returning to the circuit at present under discussion, the power pack 
needs no particular introduction, which permits the circuit to be reviewed 
from the aerial onwards. It will be observed that the circuit falls con-
veniently into two sections, the valve chain V1 to V 7 forming the signal 
path, and the other section formed by valves V8, V 6, and V10, which are 
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solely concerned with automatic-frequency control and automatic volume 
control. 
The Aerial Coupling.—The aerial is taken direct to a wafer-type 

switch, which permits selection from three pairs of coils, each of which 
constitutes a single tuned circuit. It will be noted that the short-wave 
coils and long-wave coils are air cored and that the medium-wave coil is 
iron cored. The main tuning is done by the variable condenser C1, which 
is permanently connected between the grid and chass.is; each secondary 
coil being provided with its own trimming condenser. The fourth posi-
tion of the switch connects the grid of V1 to earth for the purpose of 
positively eliminating radio noise when the receiver is being used for 
gramophone reproduction. It will be observed that the medium- and 
long-wave secondaries are taken to the usual automatic volume control 
line, whereas the short-wave secondary is taken to a separate automatic 
volume control line, which is so arranged that it provides only a propor-
tion of the available control voltage, so that V1 always works under con-
ditions of appreciable stage gain, which will increase the sensitivity of the 
receiver on weak stations and improve the signal to noise ratio. 
The second aerial A 2 is taken to the low-potential end of the short-wave 

primary and shows the possibility of using a di-pole or doublet aerial. When 
this type of aerial is not used the terminals marked AT are linked together, 
so that the low-potential end of the primary is connected to the chassis. 

The Radio-frequency Amplifier.—V1 is a perfectly conventional 
radio-frequency amplifier. Both anode and screen are decoupled, the 
anode by means of the resistance R1 and condenser C2, and the screen 
resistance R 2 and condenser 4 The anode is taken direct to one side 
of a wafer-type switch, the other half of which is connected directly to 
the frequency changer V 2. Once again the switch permits one of three 
pairs of coils to be selected; these take the form of high-frequency trans-
formers, the short-wave coil and long-wave coil being air cored and the 
medium-wave coil iron cored. 

It should be noted that the low-potential ends of the medium- and 
long-wave secondaries are taken to the normal automatic volume control 
line, whereas the short-wave secondary is taken to the reduced automatic 
volume control line, so that the frequency changer always works under 
conditions of relatively high gain, thus improving the signal to noise ratio. 
The wafer switch has only three positions, since the fourth, the gramo-

phone position, is not required. It should be understood, however, that 
the switch should be so arranged that it has four positions, even 
although one position is without contact, so that it may be ganged with 
the aerial switch. Tuning of the radio-frequency amplifier anode circuit 
is accomplished by the variable condenser C4, each secondary winding 
being provided with its own trimmer. 

The Frequency Changer.—The frequency changer valve V 2 is a 
normal triode hexode. The hexode anode circuit and screen circuit are 
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decoupled by the resistances R3, 124, and condensers Cs, C6 respectively. 
The oscillator section of the valve is biased by grid current through the 
grid leak R5, the grid being isolated by the condenser C7; the hexode 
section uses cathode resistor bias in the normal manner. 
The oscillator anode is not connected directly to the appropriate coil 

from the D.C. point of view, but is provided with the anode resistance R6 
and coupling condenser C8, which is connected directly to one half of the 
wafer switch, the other half being connected to the grid. Once again the 
wafer switch is so arranged that one of three coils may be selected; all 
coils are air cored, the grid coil of the short-wave section is provided with a 
trimming condenser and padding condenser, since the oscillator section 
of the main ganged condenser has not specially shaped plates to give the 
necessary tracking. The medium-wave secondary is provided with a 
trimming condenser and padding condenser. The long-wave coil is pro-
vided with a variable trimmer and with a fixed trimmer Co, so that the 
capacity of the former can be relatively small to minimise frequency drift. 
A padding condenser is also provided. Variable tuning is accomplished 
by the variable condenser C10. The low-potential ends of the secondaries 
are all connected to chassis, since variable bias is not required on the 
oscillator, which should deliver an output that is fairly critical, since 
insufficient heterodyne voltage will reduce the conversion gain of the 
stage as a whole, while too much voltage will increase the tendency 
towards oscillator harmonics. The wafer switch is provided with a 
contact to earth, the grid of the oscillator (and, incidentally, the injection 
grid of the; hexode), to prevent the valve from self-oscillation in the 
gramophone position, since without this connection the grid would be 
on open circuit. 
The hexode anode circuit is coupled to the grid circuit of these three 

by means of a special type of intermediate-frequency transformer, giving 
a choice of two band-widths, the switch S1 is ganged to the switch S2, so 
that a top-cut circuit is automatically introduced when the switch S1 is 
in the more selective position. As may be seen from the circuit, the 
intermediate-frequency transformer consists of two iron-cored coils and 
associated with a fixed capacity provided by condensers C11 and C12, 
trimming being accomplished by manipulation of the respective iron cores. 
The secondary winding is taken to a tap on a small coil which is tightly 
coupled to the primary. The coil is so arranged that either half may be 
thrown into circuit by switch Si, which, in effect, reverses the sense of the 
winding and either increases or decreases the coupling between the two 
coils. When the coupling is increased the band-width is also increased, 
and vice versa. The arm of the switch is taken to the normal automatic 
volume control line; as will be seen later, the automatic volume control 
is amplified by a separate valve, and it might appear that the application 
of the full automatic volume control voltage would cause distortion due 
to over-biasing. This danger could be overcome by connecting the grid 
to the reduced automatic volume control line, but this might militate 
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against efficient control, and it is considered preferable to use one of the 
pentode valves that have a very long grid base and are capable of rela-
tively large output; this type of valve has the advantage of a normally 
shaped grid characteristic at the zero end, but a long trailing characteristic 
at the negative end, so that it can handle a large signal when heavily 
biased. Such valves have high anode current, and, since maximum 
anode voltage is required, decoupling has been omitted. 
The Intermediate-frequency Stage.—V3 is coupled by means of 

a permeability-tuned iron-core transformer, which is provided with 
fixed capacity C 13, C14, and is trimmed in the same manner as the first 
intermediate-frequency transformer. The low-potential end of the 
secondary is taken to the diode load, which consists of a centre-tapped 
potentiometer R 7. It will be noted that only the upper half of this 
potentiometer forms the diode load, since the centre tap is connected to 
the cathode, and consequently the associated condenser C18 is connected 
across this portion of the resistance. The other half of the potentiometer 
forms the volume control for gramophone reproduction and may be con-
veniently ignored for the moment, since it is associated with a fairly 
elaborate tone-corrector circuit. The automatic volume control diode DI 

is provided with a diode load resistance R 8, the top end giving full 
automatic volume control and the tap giving reduced automatic control 
voltage for purposes already explained. The reduced automatic control 
voltage is decoupled by the resistance R9 and condenser Cm, which also 
form the necessary time-constant circuit to prevent the voltage being 
affected by modulation. This line is further decoupled from the grid of 
V1 by the resistance R10 and associated capacity C 17. The full 
voltage line is decoupled by the resistance R11 and capacity C18 and 
decoupled from the first stage by the resistance R 12 and capacity C/9. 

It should be particularly noted that the automatic volume control 
diode D1 does not derive its signal voltage from the anode circuit of the 
intermediate-frequency amplifier V 3 but from the anode circuit of an 
auxiliary intermediate-frequency amplifier V 8. This valve amplifies a 
portion of the output that appears across the primary of the second 
intermediate-frequency transformer, and serves the purpose of supply-
ing both the automatic volume control diode and automatic-frequency 
control diodes, thus relieving the intermediate-frequency amplifier V 3 of 
damping. In view of the fact that the signal voltage on the diode D1 
will be many times the voltage appearing on the diode D 2, it is essential 
that adequate internal screening be present between the two diodes, 
otherwise the feed-back from DI to D 2 would have serious consequences. 
Many double diode triode valves are not sufficiently screened, and if the 
use of such a valve is desirable for some special reason, then it would be 
necessary to use a separate diode valve for automatic volume control. 
The grid of the triode V4 is connected to the moving arm of the 

potentiometer R7 which provides manual volume control, but is isolated 
from the D.C. point of view by the condenser C20. The resistance R 13 

R. T. U-5 
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acts as a grid stopper, and the resistance R14 forms the usual resistance 
in the grid return to prevent the signal voltage from being shorted out. 
The triode section is very much over-biased by means of a relatively 
high resistance R12 in the cathode circuit, so that the valve is muted. 
The valve is unmuted by virtue of the fact that the grid is driven positive 
by the action of the automatic tuning-control diode, the action of which 
is explained below. It should be understood that the grid is driven in 
the positive direction, but not to such an extent that it becomes positive 
in respect to the cathode. It is apparent that unless the automatic 
volume control is perfect, which it certainly is not, the voltage supplied 
for the purpose of unmuting the valve will be subject to some variation, 
which means, in fact, that the grid bias under working conditions is not 
constant. 
The variation of bias under working conditions, referred to above, is 

immaterial, as it will not vary on a strong signal to an extent that will 
permit grid current; while on a weak signal the bias will not be so great 
that the valve is rectifying, always providing the signal is strong enough 
to unmute the valve in a proper manner. Fortunately, it is unnecessary 
for the triode to accept a signal greater than 50 per cent. of its capacity, 
since adequate low-frequency gain is available, even though the anode 
load is relatively low. Obviously, if the valve is only required to accept 
half the permissible -grid swing, then the bias may vary 25 per cent. 
above and below this point without introducing distortion. 
Tone Compensation and Manual Control.—The anode load 

comprises the resistance R16 in series with a tuned circuit resonating 
at 6,5oo cycles, which is switched into circuit by S2 when the switch S1 
is in the position of maximum band-width. When the switch S1 is 
switched to narrow band-width, the top-lift circuit is shorted out. The 
third position switches the top-lift circuit so that it resonates at 
3,000 cycles, due to the extra capacity connected across it C22, at the 
same time throwing a condenser Cm across the anode load for the purpose 
of cutting the top. This arrangement provides a deliberate peak at about 
3,000 cycles, which gives the apparent effect of improving the top response, 
which is considerably attenuated by the condenser C. 
Tone control is effected by the usual variable resistance R17 and con-

denser C. It functions equally on gramophone and radio, the same 
remark applying to the tone-selector switch S2, although this will normally 
be placed in either the high-fidelity position or the middle position, as 
required, since it is obviously undesirable to introduce a deliberate peak, 
bearing in mind that the mere attenuation of the higher frequencies can 
be accomplished by the variable tone-control. 

It will be noted that the anode circuit of V4 is decoupled, and that it 
is coupled to the grid of V6 by the usual condenser C. 
The Low-frequency Amplifier.—The output valves are triodes 

working in push-pull, and consequently a comparatively large input 
voltage is required, which is developed by the low-frequency amplifier Vs, 
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which is a small power valve, the ordinary so-called low-frequency valve 
being unable to produce the large output voltage required without intro-
ducing a certain amount of distortion. The output valves could be fed 
by means of a low-frequency transformer having a centre-tapped secon-
dary, but for various reasons the transformer has been omitted in order 
to achieve the very best quality of reproduction. It is necessary to feed 
the two grids in opposite phase, consequently ordinary resistance-capacity 
coupling would be unsuitable and recourse is made to the paraphase 
system, which entails the dividing of the anode load and placing one 
portion in the cathode. These resistances are marked R19 and R20 
respectively. This arrangement allows the output to be taken from the 
anode and cathode, which points are 180° out of phase. The actual 
coupling is by means of the usual coupling condensers C26 and C27 
respectively, associated with the grid leaks R 21 and R22, which are 
connected to chassis. 
The Output Valves.—Arrangements have been made so that each 

output valve has independent bias. As the valves are of the directly 
heated type, it has been necessary to supply each filament from a separate 
secondary winding. This additional winding is amply justified, since 
with common grid bias the failure of one valve will often destroy the 
other valves. Each filament has a small centre-tapped resistance across 
it which may have a value of 25 ohms; the centre tap being taken to 
chassis through the appropriate bias resistances marked R23 and R24 

respectively, each being shunted by the usual bypass condensers C20 and 
Cu. It will be observed that there is no D.C. connection between the 
filament secondaries and the chassis, except through the bias resistance. 
It may be relevant to mention that the centre tap is necessary to minimise 
the change of grid potential due to the application of A.C. through the 
filaments, and, in addition, imposes half the A.C. voltage on the grid, 
although the latter consideration is relatively unimportant because the 
A.C. voltage arising from the filament circuit can be made to appear at 
each anode in the same phase if the filaments are connected to their 
respective secondaries in the correct sense. The hum voltage appearing 
in phase at both anodes will not appear in the loudspeaker, since the 
potential will be equal to each anode in respect of the centre tap of the 
output primary, and consequently will not produce any field, as the 
currents will be flowing in opposite directions. 
The output circuit is made up by the usual loudspeaker output 

transformer and will be of reasonably massive construction, since the 
output valves may be expected to deliver, say, 7 watts. 
The Power Pack.—It will be convenient to deal with the power pack 

before going on to the circuits associated with the valves V, and V 9, 

since the former is to some extent inseparable from the output stage. It 
will be observed that two smoothing chokes are shown. The loudspeaker 
field forms the choke marked L.S. field, and provides adequate 
smoothing for the output valves, but cannot be considered sufficient to 
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smooth the earlier stages. The inductance of the field winding will not 
be very great, as it will have a relatively small number of turns and will 
pass a fairly heavy current; that is, of course, assuming that the normal 
type of heavy-duty loudspeaker is employed. 
Three electrolytic smoothing condensers are used in conjunction with 

the choke and loudspeaker field coil. The values of these three 
condensers are to some extent arbitrary, but since the condenser C3.2 is 
the reservoir condenser, its capacity will not be unduly high, to avoid 
placing an unnecessary load on the rectifier, which will obviously be 
required to produce a large output. The rectifier circuit is quite conven-
tional and uses an indirectly heated rectifier, although a directly heated 
type should be satisfactory, since the output valves are also directly heated. 

It will be observed that the mains transformer is provided with three 
low-tension secondaries in addition to the winding supplying the rectifier 
heater. It is necessary to supply directly heated output valves by a 
separate winding to reduce hum and provide convenient means of obtain-
ing bias. On the other hand, it is desirable to provide each of the output 
valves with a separate winding, so that each may work with independent 
bias, for reasons that have already been explained; the output valves 
have their filaments marked bb and cc respectively, and are connected to 
the transformer windings so marked. 
The winding aa is intended to supply valves V1 to V10 inclusive and 

also the dial lights. In the diagram four dial lights are shown, which are 
intended to illuminate the tuning scale, but obviously any elaborate 
arrangement of switching could be employed to light separate scales for 
each waveband or to illuminate waveband indicators. It is usual to 
use miniature bulbs rated at 6.5 volts, since 4-volt bulbs will not stand 
up to continuous running on alternating current and, in any case, the 
illumination is too dazzling for dial lighting. 

It will be observed that a dotted line is shown between the primary 
and the core of the mains transformer, indicating the presence of a metal 
screen, which is duly earthed and is intended to reduce the transference 
of electrical interference from the primary and secondary. This arrange-
ment is very satisfactory for receivers of moderate gain, but is somewhat 
inadequate for receivers which develop really high gain; consequently it 
it was thought desirable to include a mains filter in the mains lead, con-
sisting of the chokes L8 and Le and the associated condensers C83 and C. 
Attention may now be directed to the tuning indicator T1 and the 
section employing V8, Ve, and V10. 
Automatic-frequency Control.—The tuning indicator and the auto-

matic-frequency control section has been relegated to the end, not because 
it is unimportant, but because the receiver will function perfectly well 
without it. They are simply and solely refinements, unless, of course, 
it is intended that the receiver be fitted with some form of motor-driven 
automatic tuning, when automatic-frequency control becomes a virtual 
necessity. 
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The tuning indicator can be disposed of in a few lines, as it forms a 
perfectly conventional arrangement of the magic-eye, the grid being 
controlled by connection to the signal diode through the usual time-
constant circuit R28 and Cm. The functioning of this device is fully 
explained in the chapter devoted to tuning indicators. 
The automatic-frequency control circuit consists essentially of an 

auxiliary intermediate amplifier V8, the discriminating valve V9, and 
the frequency-control valve V10. It will be observed that the grid of the 
auxiliary amplifier V8 is connected to a tapping near the high-potential 
end of the second intermediate-frequency transformer in the anode circuit 
of V3; the purpose of this auxiliary amplifier is to perform the obvious 
function of supplying an amplified signal to the discriminator and to 
relieve the normal intermediate-frequency transformer of the load and 
other undesirable qualities which would be imposed by the discriminator 
circuit. Use is also made of the auxiliary amplifier to feed the automatic 
volume control diode. It will be noted that the automatic volume 
control is tapped into the anode circuit in order that the auxiliary trans-
former shall not be unduly damped. 
The discriminating circuit employs a double diode valve, each anode 

being provided with a tuned circuit L2 and L3, which is coupled fairly 
tightly to the primary LI. It will be seen that the coils L2, L3 employ 
capacity tuning for the purpose of pre-setting their resonant frequencies. 
The primary L1 is adjusted to resonate at the intermediate frequency, 
465 kcs. per second, while the secondaries are tuned above and below this 
frequency by an equal amount, usually 2 or 3 kcs. per second. Each 
anode circuit is completed to cathode through the resistances R27 and 
R28, the junction of L2 and R27 being taken directly to the grid of V10. 

If the oscillator tuning condenser C-10 is correctly adjusted, the beat 
note will be the true intermediate frequency, and the voltage induced 
across the discriminator coils L2 and L3 will be equal, so that equal 
current will flow through the resistances R.27 and R28, and consequently 
the grid potential of V10 will be unchanged. If the oscillator tuning 
condenser C/0 is carelessly adjusted (or inaccurately adjusted in the case 
of motor tuning), the intermediate frequency will be other than 465 kcs. 
per second, with the result that one discriminator coil will develop a 
larger voltage than usual and the other a lower voltage, which will cause 
current to flow, since the voltages are unequal although still in opposite 
phase. This flow of current will cause the junction between L2 and R27 
to be driven progressively positive or negative according to whether the 
frequency appearing in the primary LI is greater or less than the true 
intermediate frequency. 
To summarise, the discriminator circuit is an arrangement which will 

cause a potential to be developed across two appropriate points, the sign 
of which is dependent on whether the intermediate frequency is above or 
below the correct frequency, and the amplitude of which is dependent 
upon the amount by which the intermediate frequency differs from the 
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correct frequency. It now remains to be seen how this change of potential 
can be used to correct the frequency of the oscillator circuit and so correct 
the intermediate frequency. It should be understood that the arrange-
ment only corrects the oscillator frequency, which will leave the aerial 
and radio-frequency circuits slightly mistuned, but such mistuning is not 
as serious, if the tuned circuits are suitably designed, as an equivalent 
mistuning of the oscillator frequency. It will be remembered that the 
selectivity of the intermediate-frequency transformers is very much higher 
than the tuned circuits in front of the frequency changer. 
V10 consists of a triode valve, the anode of which is connected through 

a small condenser C36 to the high-potential side of the oscillator secondary 
circuit. It is obvious that a small condenser connected between this 
point and chasis could be used as a manual means of correcting the 
oscillator frequency. The problem is to vary the capacity automatically. 
If this condenser is connected in series with a resistance of, say, io megoluns, 
the effect of the capacity will be negligible, which suggests that the con-
denser could be made fixed and its influence on the tuned circuit controlled 
by the resistance, which would have to be variable. This arrangement is 
adopted in the circuit under discussion, the condenser is marked C30, 
and " the resistance" takes the form of the valve V10 or, being more 
precise, V10 acts as a variable resistance in series with the capacity C30, 
the former being varied by the potential applied to the grid; it will be 
remembered that the impedance of a valve is influenced by grid potential. 
The valve V10 is biased so that its impedance is normally about the middle 
of its useful variable range, and the discriminator circuit will, when neces-
sary, decrease or increase the bias, which will in turn decrease or increase 
the impedance, which, being in series with the capacity Cm, will increase 
or decrease the frequency of the oscillator until it is sufficiently near to 
the correct frequency to give normal quality of reproduction. 

It will be noted that the bias resistance of V10 is variable, to allow the 
valve to be biased to the middle of its useful range. The resistance R20 
merely provides an impedance to prevent the high-tension supply from, 
in effect, shorting out the valve impedance. 

Efficiency.—The circuit arrangement of V 8 and V 6 is quite satisfac-
tory, but it is necessary to stress in the most definite terms that the 
oscillator control circuit cannot be recommended as the most satisfactory 
system. It will be realised that the circuit under discussion was designed 
purely for the purpose of co-ordinating the information contained in 
numerous preceding chapters, and consequently the author selected the 
system which could be most readily understood. Several systems are 
available, one of the most desirable being an arrangement using a screened-
grid or screened-pentode valve, which is so arranged that the inductive 
reactance of the grid-circuit appears amplified in the anode circuit which 
is directly connected to the oscillator secondary. This arrangement 
feeds back energy into the oscillator circuit, which, in effect, decreases or 
increases the inductance. 
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Noise Suppression.—It has been stated that V 4 is biased to cut off, 
and that the grid is returned to the centre of the resistances R2., and R28 
in the discriminator circuit. When a signal of sufficient amplitude is 
received and the oscillator frequency duly corrected, the junction between 
R27 and R28 will become positive and unlock V 4 by driving the grid in a 
positive direction. The arrangement is reasonably satisfactory, and it 
may be noted that this can be considerably improved by using a pentode 
in place of the triode V 4 ; the junction between R27 and R28 being 
taken to the suppressor grid, the control grid being returned to chassis in 
the ordinary way. Unfortunately, however, objection may be raised 
to the use of a pentode on entirely different grounds. It will be observed 
that the lead between the cathode of V 9 and the grid of V 4 has a double 
high-frequency stopper made up of the resistances R 3,, R 31, and the 
condensers C37 and C88 ; this rather unusual precaution is necessary, 
since the presence of high frequencies on the grid of V 4 might be expected 
to cause considerable trouble. 

Three-valve Superheterodyne Receivers.—Fig. 29 shows the skeleton 
circuit of a three-valve superheterodyne, and is included in conjunction 
with Fig. 30 to indicate the two popular methods of designing receivers 
which enjoy some of the advantages of the superheterodyne receivers 
although limited to only three valves. In both these circuits waveband 
switching has been ignored, since the intention is to illustrate the sequence 
of the various stages. 

Fig. 29 shows an arrangement where the first valve is the frequency 
changer, the second valve is the intermediate-frequency amplifier, and 
the third valve fulfils the function of signal detector, rectifier, automatic 
volume control rectifier, and output. For this purpose one of the 
specialised output valves must be used: either a double diode pentode or 
a double diode tetrode. It is apparent that the same arrangement could 
be achieved by using a separate double diode valve and a separate output 
valve. Obviously, therefore, the use of the combined output valve is 
purely an economic consideration. 

Fig. 30 shows an alternative arrangement, where the first valve is the 
frequency changer, the second valve a high-gain detector with reaction, 
and the third valve the output valve. The circuit shown at Fig. 29 has 
the advantage of rather high gain, makes automatic volume control pos-
sible, but selectivity is limited. The circuit shown at Fig. 30 has the 
advantage that reaction allows gain and selectivity to be simultaneously 
increased, but has the disadvantage that automatic volume control is 
impracticable. 

Fig. 31 shows a modified intermediate-frequency coupling provided 
with switching to vary the frequency when the receiver as a whole is 
switched to short waves; this coupling could be used in any of the super-
heterodyne circuits in this chapter. The switching is so arranged that 
the intermediate frequency is considerably higher when working on the 
short waveband, the oscillator circuit being, of course, also suitably 
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Fig. 29.—Skeleton circuit showing a possible arrangement of a three-valve midget superheterodyne receiver. The power pack is 
omitted, as it is perfectly conventional. 
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Fig. et—An alternative way of arranging a three-valve superheterodyne receiver. Note that no intermediate-frequency stage 
is used. Circuits of this type are used in midget receivers. 
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arranged; the use of a high intermediate frequency on the short wave-
band separates the fundamental frequency from the image frequency to 
such an extent that the two do not fall within the compass of the sam 

Fig. 31.—A special type of intermediate-frequency coupling, giving 
alternative intermediate frequencies. 

waveband, thus avoiding the annoyance of powerful stations being 
received at two dial settings, a condition which obtains with low inter-
mediate frequencies. 



CHAPTER 6 

AERIALS, EARTHS, AND NOISE SUPPRESSION 

DURING the last 20 years the aerial and earth system has been relegated 
to a position of minor importance, although there is now a tendency to 
pay more attention to this part of the receiver equipment. It is probably 
not an exaggeration to suggest that a million listeners who are a little 
disappointed or a little dissatisfied with their receivers could be made 
happy by an intelligent aerial system. 
Many thousands of people who should be better informed are under 

the most erroneous impression that the greater the gain of the receiver 
the more inappropriate may be the aerial. True, this idea holds good if 
results are judged by sheer noise, but if good reception is required, free 
from interference caused by local electrical machinery, it follows that an 
increase in receiver sensitivity calls for more care in aerial design in order 
that the signal to noise ratio may be favourable. 
The numerous transmitting stations of the British Broadcasting Cor-

poration are relatively powerful and close together, with the result that 
good reception can usually be obtained from the nearest of these stations 
when using a metal plate inside the cabinet or a few feet of wire. An 
entirely opposite set of circumstances is presented by the requirements 
of short-wave reception, where the desired station may be 5,000 miles, 
or more, away. FM reception requires adequate aerial arrangements 
on the outskirts of the service area, see Chapter 29, Vol. I. 

Before going deeply into the question of the several types of aerials and 
the various systems for reducing electrical interference, it is desirable to 
establish a clear understanding of its requirements. The ideal aerial 
system will be extremely efficient as a collector of energy radiated from 
transmitters, and entirely incapable of inducing any other form of radiated 
energy into the receiver' : the first-named requirement can usually be 
achieved by making the aerial of adequate size and maximum height, but 
the second requirement presents considerable difficulty. The chief source 
of unwanted energy is that radiated by electrical machinery, which may 
be conveniently called man-made static, to distinguish it from natural 
static—atmospherics—which cannot be eliminated by aerial design. 
Man-made static can appear in the aerial system from two prime causes: 

direct radiation from the source of interference, and interference conveyed 
to the site along electric-lighting wires, or similar means, and thence 
radiated to the aerial. Direct radiation is difficult to check, although 
there is one system at least which will combat it successfully; this system, 
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curiously enough, is more efficient when the interference source is very 
close than when it is relatively distant. Interference carried by the 
mains, termed mains-borne interference, can be controlled by means of a 
suitably designed aerial system—comprising an aerial erected as clear as 
possible from the mains and led to the receiver by a screened downlead, 
as described below. 
The Standard Aerial.—The standard L-type aerial is so familiar that 

some apology is necessary for mentioning it, but this course is rendered 
desirable as a preliminary step towards describing the modifications for 
eliminating mains-borne interference. Fig. 32 shows the conventional 
L-type aerial, although it shows points of refinement that are rarely seen 
at the average dwelling-house. It will be noted that the downlead end 
of the aerial is supported by the highest point of the building, which will 
have the combined advantage of keeping the aerial as far as possible 
from fields of mains-borne interference and make the downlead as long 

as possible. It may 
also be observed that 
the downlead, which 
marks the termina-- — 
tion of the aerial, is 
some io feet or so 
away from the house, 
allowing the down-
lead to approach the 
house at some little 
distance, so that its 
whole length is not 
actually in the 
strongest areas of 

interference. It will be realised that the average house is wired so 
thoroughly, that the outer walls and the roof may be considered as 
radiators of mains-borne interference or, more correctly speaking, the 
wiring attached to them may be considered in this manner. In addition 
to the interference borne by the mains, a considerable amount of partially 
earthed metal work must be taken into account, such as water pipes, 
gas pipes, etc., which can reduce the efficiency of an aerial if placed too 
close to them. 
The L aerial exhibits some directional properties, and is most efficient 

when the downlead is pointing towards the transmitter. In principle, 
therefore, the aerial downlead should point towards Central Europe, 
America, or wherever maximum reception is desired. In practice, how-
ever, the aerial will usually run down the length of the garden and point 
whichever way the house faces. Fig. 33 shows an L aerial fixed 
between two masts and possessing much greater effective height and, 
consequently, greater efficiency than the arrangement shown at Fig. 32. 
This arrangement is a little costly, but actually the difference in expendi-

Fig. 32.—A typical L aerial. 
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ture is not serious if a pole has to be purchased for the down-the-garden 
type. It also has the advantage of offering the choice of at least two 
directions, and, with a little ingenuity, the choice 
of several more. 

It should be understood that the relatively large 
aerials referred to above are in themselves in-
herently fairly efficient and, furthermore, continue 
to fall into this category as part of the equipment 
of a modern superheterodyne, which is so designed 
that selectivity is not noticeably influenced by the 
amplitude of the input; it must be realised, how-
ever, that midget and three-valve straight receivers 
require rather different consideration if situated Fig. 33.—An L aerial 

within, say, 20 miles of a powerful station, mounted above the roof 
to give since they are insufficiently selective to cope with tive heigincreased effec-ht. 

the large input, and give better results from the 
selectivity point of view with very short aerials. Such a receiver situated 
within, say, a mile of a powerful B.B.C. station may call for an aerial of 
less than a dozen feet in length if the three principle programmes 
are to be separated. It is desirable to mention that the expression 
" efficient " aerial is intended to convey the performance of the aerial 
quite apart from the requirements of those receivers which are incapable 
of dealing with reception conditions in the district in which they are used. 
A glance at a few out-of-date popular textbooks will reveal a surprising 

number of different aerials, such as the T-type aerial with the downlead 
taken from the centre; the multi-wire aerial, which is intended for trans-
mission; and various other modifications, none of which are worthy of 
further comment. There is one type of aerial, however, that calls for 
special attention, and that is the vertical aerial. 
The vertical aerial has enjoyed a following for many years on account 

of its low capacity, and some twenty years ago specialised forms of vertical 
aerials made their appearance, consisting of cage-like structures, metal 
spheres, and even " brushes " intended to be supported on a pole fixed to 
the chimney-stack. These devices enjoyed a certain amount of popularity, 
primarily due to the ease of obtaining considerable effective height; it will 
be realised that such an aerial erected on a mast some fifteen feet in length 
strapped to the chimney-stack would naturally give better results than 
an L-type aerial attached directly to the chimney-stack. The same 
remarks apply, in substance, to a simple vertical wire fixed to the top of the 
mast. In the early days of broadcasting most remarkable forms of pole-
top aerials were devised, without proper regard to their true efficiency. 
The Sky Rod Aerial.—The strange vertical aerials referred to above 

have given place to a simple form of vertical aerial which makes a real 
contribution to aerial efficiency. It consists, in principle, of a metal rod, 
which may be fixed by an insulated bracket to the chimney-stack, as 
shown at Fig. 34, or attached to a mast as shown at Fig. 35. In 



Fig. 34.—A vertical 
aerial. 
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either case the arrangement provides an aerial which achieves, auto-
matically, maximum possible effective height with maximum freedom 

from mains-borne interference and, incidentally, 
possesses the attribute of neatness. The advantage 
of such an aerial being placed outside the field of 
mains-borne interference is lost if the downlead passes 
through it, but this difficulty can be overcome, as 
described below. 

Special aerials for short-wave re-
ception, such as the dipole aerial, 
receive attention in a later chapter, 
but the various freak aerials which 
are offered to the general public can 
best be ignored. 

Screened Downleads.—A glance 
at Figs. 33, 34, and 35 will show 
that the actual aerial is sufficiently 
remote from the building to be either 
outside the field of mains-borne 
interference or at least in the area 
where such interference is very greatly 
attenuated and, in order to preserve 
this advantage, it is necessary to 
lead the aerial to the set in such 
a manner that mains-borne inter-

ference will not be picked up by the downlead. This 
could be accomplished by using a screened downlead, i.e. a 
suitable conductor running through a densely woven metal-
braided tube, which could be so designed that the inner 
conductor is separated from the outer screen by an air 
space with only an occasional insulated ring or loose 
cotton packing to hold the two or more components in 
position. Unfortunately, the capacity of such an arrange-
ment would introduce very serious losses to which some 
dielectric losses would be added. Furthermore, the im-
pedance of such a conductor would be very low, perhaps 
only ioo ohms, resulting in most unfortunate mis-matching; 
the load imposed by such an input arrangement would 
have such an adverse effect on the tuned circuit that any 
good qualities it might possess would be rendered com-
pletely valueless. 
The low impedance of the screened downlead can be 

dealt with by the use of matching transformers, which will 
normally be placed between the aerial and the screened 
downlead and also between the screened downlead and the 
receiver. These transformers are so designed that the 

Fig. 35.—A vertical 
aerial mounted 
on a mast to 
increase the 
height. 
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impedance of the screened aerial downlead is raised to the impedance 
of the aerial at one end, and the approximate impedance of the receiver 
input at the other end. Such transformers call for careful design in order 
that they shall be free from frequency discrimination. It is sometimes 
considered necessary to provide the lower transformer with a waveband 
switch, so that appropriate coils are brought into circuit; the aerial 
transformer may be double wound or of the auto-transformer type, but 
in either case it is 
provided with an earth 
connection, the most   BRAID BRAID RUBBER WIRE 

usual arrangement en-
tailing the use of a 
conductor with two Fig. 36.—A section of twin screened feeder with each layer cut back 

inner wires within the 
metal braiding; thus the aerial and braiding are connected to either side 
of the primary and the two inner wires to the secondary (see Fig. 36). 
The aerial transformer is usually provided with means to attach it to 

the aerial, or it may be so constructed that it forms one of the aerial in-
sulators, a purely mechanical refinement. For use with sky rod aerials, 
special types are available which fit to the lower end, making a very neat 
assembly. 

Down/ead Impedance.—Considerable confusion appears to exist 
regarding the whole question of twin or concentric downlead impedance. 
Many appear puzzled by the reference to a stated impedance irrespective 
of the total length of the cable. It should be understood that, within 
limits, the impedance of a feeder is independent of total length. The 
impedance is controlled by the ratio of capacitive reactance to inductive 
reactance and may be most easily determined by dividing the mean 
distance between the conductors by the radius of one of the conductors, 
the actual impedance of a twin downlead being obtained from the follow-
ing formula: 

WATERPROOF 
COVERING METAL COTTON 

 ,4e:feet 
to show the construction. 

2D 
276 log10 d-

when  d is the diameter of the wire, D the mean distance between the two 
conductors, and K the effective dielectric constant of the material sur-
rounding the conductors. 

The above formula is for twin conductors placed parallel in space, 
i.e. without metal braiding, and is approximately correct for frequencies 
between 40 mcs. and 300 kcs. The calculatiori of the impedance of a 
braided conductor becomes somewhat complicated, as it entails considera-
tion of not only the size of the braid but the disposition of the conductors 
within it. It is usually more convenient to arrive at the impedance of 
such a cable by measurement, but the method of calculating the impe-
dance may be found in the several books which are almost entirely 



V K 
when D equals the internal diameter of the outer conductor and d is 
the diameter of the inner conductor. 
The formule mentioned above ignore resistance, since this factor is 

unimportant in lengths of cable likely to be used as aerial downleads at 
frequencies between 40 mcs. and 300 kcs., bearing in mind that the dia-
meter of the conductors will be fairly large for mechanical as well as 
electrical reasons. With suitable transformers, a non-screened twin cable 
may be used, providing it is terminated by a coupling coil which is earthed 
at the electrical centre and separated from the grid coil by an earthed 
capacity-shield. This arrangement is necessary so that the interference 

picked up by the two leads 
 INSULATORS - '  may appear in phase op-

  position across the coil. 
The Doublet Aerial.— 

Fig. 37 shows a doublet 
aerial which consists of 
two arms which are led 
separately to the receiver 
by separate conductors, 
the twin downlead being 
called a feeder. This type 
of aerial is extremely use-
ful when reception is 
required from a single 

high-frequency or narrow band of frequencies, but is inefficient at fre-
quencies removed from that to which it is tuned. The natural wave-
length of such an aerial may be determined by the following formula: 

Fig. 37.—A doublet aerial. 
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devoted to this subject. The impedance of a concentric downlead may 
be determined from the following formula: 

D 
138 log10 -d 

X if 

48 
when A is the wavelength in metres and L the total length of the two arms 
in metres, assuming a small gap between wires. For reception of the 
B.B.C. V.H.F. stations, each arm can be 32 inches long. The doublet aerial 
is highly directional, although it is obviously capable of receiving at 
maximum efficiency from two opposed directions, since it is a symmetrical 
structure. Its efficiency is maximum when at right angles to the trans-
mitter. Consideration of the above formula will show that the doublet 
aerial is normally limited to use on the short waveband, as its size 
becomes somewhat impracticable for the lower frequencies. It is intended 
that the two inner ends be connected to the opposite ends of a coil, the 
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centre of which is preferably earthed. It is a matter of simple switching 
to arrange for the two ends to be connected together, and to one end of a 
coil, when working on medium or long waves, so that the aerial acts as a 
normal T-type aerial when working on these wavebands; and, although 
not very efficient, on account of the small dimensions, it 
is nevertheless far more satisfactory than using the aerial 
as a doublet. 

Transposed Feeder Wires.—It is intended that a 
doublet aerial should be led to the receiver by means of 
conductors which are incapable of picking up energy, 
and a low-loss 7o-ohm twin feeder is satisfactory up to 
ioo mcs. or, alternatively, transposed feeder wires may be 
used and may also act as a normal aerial on other 
bands. This arrangement consists of a pair of ordinary 
conductors laid parallel, some 2 inches apart, for a short 
distance, crossed over and led for a similar distance, and 
crossed over again ad infinitum. Fig. 38 shows the 
arrangement of a transposed feeder and typical insulators 
designed to facilitate this arrangement. It is equally 
possible to lay the feeders side by side and separate them 
by insulating struts, but, owing to their displacement in 
space, they may not pick up the same amount of energy, 
with the result that unwanted interference will appear 
across the aerial coil in phase but not necessarily at the 
same amplitude; consequently the energy picked up by 
the feeder lines will not be entirely balanced out. The 
formula given on page 71 may be used to determine very 
approximately the impedance of a transposed feeder. It 
is obviously not quite accurate, owing to the effect of the 
numerous transpositions, but is nevertheless sufficiently 
accurate to give a rough idea. 

It should be clearly understood that the impedance of 
the feeder from a doublet aerial should match the im-
pedance of the aerial at the point of connection. The 
impedance at the centre of a half-wave doublet is 
approximately 70 ohms, whereas the impedance of a Fig. 38.—Enlarged 
normal transposed feeder will be several times this view showing a 

figure. It is apparent, therefore, that connection should sposed feeder. section of a tran-

not be made to the extreme inner ends of the aerial. Note the special 

When the loss associated with twin and concentric cable ployed. insulators em-

is not considered a serious obstacle, this cable can be 
used (having a characteristic impedance of 75 ohms), connection being 
made direct to the inner ends of the aerial. 

Interference Suppression.—The screened downlead aerials described 
lbove may be considered as systems for the elimination of interference, 
5ut are ineffective when the field of interference is so great that it iS 

R.T. II-6 
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impossible or impracticable to erect an aerial that is clear of it. Such a 
difficulty can arise when the aerial is situated close to a building using 
a number of electric motors. Several means have been put forward for 
suppressing such interference, the most interesting of which is an arrange-
ment using the inherent phase-changing properties of a valve. Fig. 39 
shows the arrangement of a suppressor valve and twin downlead which 
consists of two wires laid parallel and about inch apart, one of 
which is attached to the aerial in the ordinary way and is referred to as 
a downlead, while the other one is left open circuit at the top and is 
referred to as the extra downlead. It will be observed that the aerial 

is connected to the grid of 
V the valve, and the extra 

downlead to the cathode. 
The aerial circuit is com-
pleted by means of a variable 
resistance R1, while the extra 
downlead is provided with a 
load R 2, which also acts as 
the bias resistor. Note 
particularly that the usual 
bypass condenser is absent. 
The effect of the grid and 

cathode upon anode current !., 
is directly opposed. For 
example, if the grid is driven 
negative, the anode current is 
reduced; and if the cathode 
is driven positive, the anode 
current is also reduced. It 
is apparent, therefore, that 
similar inputs to grid and 
cathode will result in the 
anode current remaining 
unchanged; consequently, if 

R1 is so adjusted that it is equal to R 2, then energy picked up by the two 
downleads will have no effect whatever on the anode current and no 
signal or other alternating voltage will appear across R 3. 

It is apparent from the above remarks that when R1 is equal to R 2 the 
downlead behaves as though it were a screened downlead. The arrange-
ment shown at Fig. 39 goes a step farther—it relies upon the realisation 
of the fact that the field of very-local interference is so distributed that it 
induces more current per foot at the bottom end of the downlead than at 
the horizontal portion of the aerial. By suitably adjusting R1 in relation 
to the voltage due to interference it is possible to cancel out the inter-
ference and leave the signal energy to appear equally across R1 and R2, 
and zero across R 3. 

Fig. 39.—The circuit arrangement of a local interference 
suppressor, which utilises the phase-reversing proper-
ties of a valve. 
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It is apparent that R1 could be so adjusted as to allow just the right 
amount of interference to appear across R 3 to cancel out, ultimately, direct 
mains-borne interference from the same source. It has been stated above 
that the grid and cathode are exactly out of phase in respect to the anode 
current, and some qualification is necessary, since it is only true to refer 
to the phase as being exactly opposite when the frequency is so low that 
the valve capacities may be considered to have infinite reactance. In 
practice the phase relationship is sufficiently close to 18o degrees when 
using a triode valve for the device to work up to about 1,500 kcs. per 
second (200 metres), but by the use of a pentode valve the range may be 
extended to about 2,000 kcs. per second (150 metres). This improvement 
is brought about by a certain amount of incidental negative reaction 
consequent upon the load R 2 appearing in the cathode circuit without the 
usual bypass capacity. It is apparent that a valve must be chosen which 
will work with the bias resistor having a value that is not unsuitable to 
act as an aerial load, since for normal conditions R1 will be so adjusted 
that it is of the same order as R2. 

The Frame Aerial.--The frame aerial is familiar as part of a portable 
receiver. It consists of a number of turns of wire on a frame which is 
usually square or rectangular. The frame aerial is highly directional, and 
is used in certain direction-finding systems where it is usual so to orientate 
the aerial that the station to be located is heard at minimum strength, 
since this position is more easily determined than the point of maximum 
strength. This type of aerial possesses advantages for use where an 
outdoor aerial is impossible, as its signal to noise ratio is more favourable 
than the more usual form of indoor aerial; owing to its high inductance 
it cannot be connected to the average receiver, as it would be necessary 
to attach the ends to the aerial and earth terminals respectively, which 
would form two inductances in parallel and hopelessly misgang the aerial circuit. 

Mains Aerials.—The average mains will act as a reasonably good 
collector of energy. Unfortunately they are equally efficient as collectors 
of interference from electrical machinery; nevertheless, such an aerial 
may give satisfaction in districts that are electrically " quiet " or in 
districts that are so close to a powerful broadcasting station that a suitable 
signal to noise ratio is obtained. 

A mains aerial may consist of a very small condenser, usually about 
.0005 gF, connected between the aerial terminal and one of the mains 
leads. With this arrangement results are sometimes more satisfactory 
when the mains plug is inserted a certain way round in its socket. An 
alternative, which is perhaps a more popular arrangement, consists of a 
length of insulated wire, about 3 feet long, connected to the aerial 
terminal and intertwined with, but not connected to, the mains lead. 

Makeshift Aerials.--Occasions may arise calling for use of a very 
temporary aerial, and there is no limit to the items which may be pressed 
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into service to act in this manner. Popular ideas include spring mat-
tresses, curtain wires, lead roofs (when they are reasonably well insulated 
from earth). There is, however, one possibility that deserves to be better 
known, which consists of making connection to a suitable metal plate and 
simply standing the telephone on it, sufficient capacity existing to make 
use of the energy picked up by the telephone wires. It will be understood 
that any direct connection would be illegal. 
The Earth.—The earth connection is intended to provide a point of 

zero potential for the purpose of " tying down" the aerial system so 
that the maximum potential difference is obtained across the aerial 
coupling and to " tie down" certain other parts of the receiver to achieve 
stability. The author has had too much practical experience to offer any 
of the advice often given regarding the burying of a metal sheet about a 
yard square, not less than 3 feet deep. Such a procedure necessitates 
the lifting of nearly half a ton of earth. For those concerned with the 
practical aspects of making an earth, a decent connection to a main water 
pipe or connection to a copper earth-tube must suffice. It is, however, 
desirable that the earth lead should be as short as possible, and be of 
reasonably heavy gauge wire. For short-wave reception the earth con-
nection is more important; with centre-tapped aerial coupling coils a 
good earth is necessary to balance the various twin downlead systems. 
The earth connection often makes little or no difference with a mains 

receiver, due to the very great chassis-to-earth capacity which exists via 
the mains. 
The Counterpoise Aerial.—The counterpoise aerial may be defined 

as an aerial laid near to the ground and preferably similar to and under-
neath the normal aerial. This arrangement is sometimes beneficial when 
the earth lead allows the entry of electrical interference. It also has 
special uses, such as in deserts, where an earth connection is impossible 
owing to the ground being non-conductive. 
Mains-borne Inter ference.—Several systems have been described in 

this chapter for eliminating mains-borne interference radiated from the 
mains to the aerial. It is apparent that such precautions are useless if 
mains-borne interference is allowed to reach the receiver directly through 
its mains connection. Details of shielded transformers and mains filters 
are given in Chapter i of this volume; either or both of these devices 
can be used to prevent direct mains-borne interference. 
Atmospheric Suppression.—Many attempts have been made to devise 

circuits capable of eliminating atmospherics, but little success has attended 
the efforts; there are, however, a number of means of making the effects 
of atmospherics less unpleasant by limiting audio output for the duration 
of bad static. 

Fig. 40 shows a typical static-suppression circuit. It is particularly 
useful for illustrating the principle, since most systems employing valves 
are arranged on similar lines, but differ inasmuch as they employ noise 
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amplifiers and other devices to increase efficiency, although such elaborate 
systems are not incorporated in ordinary broadcast radio. It will be 
noted that the diode valve has two separate cathodes, which is an 
essential part of the system. The diode DI is the normal detector diode, 
and is connected to the input circuit and the diode load resistance R1. 
Under normal conditions the anode and cathode of the diode D 2 are at 
the same potential, and the diode is non-conductive. A sudden change 
of voltage, such as that occasioned by static, will drive the cathode of 
D 2 negative, although the anode will not change its potential owing to the 
time-constant of R2 and C, which may have values of t Mn and r 
respectively. When the cathode is driven negative in respect of the 

I I 
II 

I I 

A V.C. LINE 

Its 

R 3 TO L.F OR 

OUTPUT STAGE 

Fig. 4o.—Typical static-suppression circuit. 

anode, the diode becomes conductive and may have an impedance of the 
order of 1,000 ohms; thus the diode load is in effect shunted by the low 
impedance of the diode, in series with the low reactance of C, with the 
result that the audio output is greatly attenuated. The inclusion of a 
resistance R 3 will cause the audio output to be attenuated to a negligible 
value when D 2 is conductive, but has little effect when D 2 is non-conduc-
tive. With the circuit shown at Fig. 40 there is some danger of distortion 
on deeply modulated signals. This may be overcome by taking the lead 
at present joined to the top of RIL to a suitable tapping, say, half-way 
down RI. It will be observed that provision is made for automatic 
volume control in the circuit shown, this has been introduced by con-
necting the automatic volume control line to the top of R1, the usual 
time-constant circuit being, of course, introduced. 
The circuit shown above is one of many possible arrangements; such 
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circuits are not used to any great extent in British receivers, but are 
widely used in America, a large area of which is prone to atmospheric 
disturbances of an amplitude and duration rarely experienced in this 
country. 
In certain localities, particularly near the Equator, some arrangement 

is practically essential, as without some limiting device, atmospherics 
would be reproduced at a volume capable of damaging a loudspeaker; 
when headphones are used in such areas it is absolutely imperative to 
employ a limiting arrangement to protect the operator from injury to 
the ear. 



CHAPTER 7 

CAR RADIO 

DURING the last few years remarkable strides have been made in the 
development of car radio, and to-day it is possible to really enjoy recep-
tion while travelling at speed. It is undoubtedly true to consider car 
radio as new, from the point of view of efficient and practical apparatus; 
the idea, however, is far from new. The author was associated with car-
radio experiments as long ago as 1925, and personally equipped a car 
which travelled to Edinburgh and back, and succeeded in obtaining 
loudspeaker reception from at least one broadcasting station over 90 per 
cent. of the mileage covered. 
A car-radio receiver is fundamentally similar to the ordinary domestic 

type, but differs in certain details, and incorporates a specialised form of 
power supply. The experimental car radio referred to above derived its 
low-tension supply from the car lighting battery but employed an ordinary 
high-tension battery in addition. This arrangement has been used in at 
least one of the car-radio receivers offered for sale during the last few 
years, but it constitutes an exception, since the standard modern car 
radio employs means of obtaining a suitable high-tension voltage from 
the low-tension accumulator; thus the equipment is entirely independent 
of batteries, with the exception of the car battery, which must obviously 
be carried for reasons quite apart from radio. 
The Power Unit.—It is apparent from the foregoing remarks that the 

power unit forms an essential and important section of car-radio equip-
ment, and calls for detailed consideration. The fundamental principle 
employed is to convert the car accumulator current into alternating current 
by means of an interruptor which will make and break the circuit 
or, in more advanced types, make, break, and reverse the circuit. It 
should be understood that the waveform of the current produced in 
this manner does not bear the least resemblance to a sine wave, but it 
does possess continuous change of amplitude permitting the available 
voltage to be stepped up by means of a transformer. 

Fig. 41 shows the full circuit of a typical power unit, while Fig. 42 shows 
a typical vibrator which forms an essential part of it. Reference to 
this latter illustration will show that the vibrator consists of an electro-
magnet and an armature which is attached to a flexible steel blade, 
arranged so that the armature may travel approximately at right angles 
to the pole-piece of the magnet. The illustration shows the armature at 
rest, and it will be noted that while at rest it is out of line with the pole-
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piece. The central blade is provided with a contact through which current 
must pass to the magnet coil. When the device is switched on the electro-
magnet pulls the armature across, and in so doing breaks the circuit with 
the result that the spring returns the blade to its original position, while 
momentum makes it travel for nearly a similar _ _ _ _ 

r-- --, distance beyond. On returning to its dead-beat 1   
position the contacts come together and the cycle •I•I • ..... ••• 

is repeated. 
The blade is provided with two further sets of .,, 

contacts, both of which are open when the blade  
is in the dead-beat position, but the gap is ,,, 
sufficiently small to permit of each pair of contacts 

Oil coming together as the blade swings in each 
„,   direction. These contacts make and break the 1, e 

lâ1 current from the accumulator, and provide the .„ ,•9 

necessary alternating current.  
Reference to Fig. 41 will show that the twin 1, I 

r >, contacts are connected to each side of the primary, 
the centre of which is connected to low-tension ,,, I . le 

positive; the middle blade is connected by way 01 or e 

of the chassis to low-tension negative. It may 
be seen by tracing the circuit that each pair of . .. 

, Oe 11 1 /0 e 

0 . é 

the twin contacts will allow current to pass „, " II through the primary in a different direction. .. ,,, 
,, 

ilr 

II 

These components complete the primary circuit, 
with the exception of precautions to stop arcing io) rf 

Ief 

at the contact points, which take the form of (. . . 
resistances R1, R2 over each half of the primary I i / 

// 

which have the low value of about ioo ohms 
each, and will therefore effectively prevent a surge eel off 

voltage from being built up. To prevent arcing ri,,1!, 41  ,•,„ 

I II e 

between the contacts which maintain the move-
ment of the blade, recourse is made to a closed   
circuit winding coupled tightly to the electro- U .,..,. -..,- U 
magnet winding, which very effectively damps 

Fig. 42.—A simple v brator. 
the circuit and prevents a surge voltage appear- It will be noted that the 

ing across these contacts. The earlier type of whole assembly is 
mounted on springs 

vibrators used the same contacts for making and which are mechanically 

breaking the primary circuit and the electro- damped by an inset of 
sponge rubber. 

magnet circuit, but this arrangement caused con-
siderable trouble, as the comparatively heavy current caused the contacts 
to fuse together, under which condition the battery current would rise to 
some 35 ampères, which would ruin a battery in a few minutes 
unless the fuse burnt out and broke the circuit. Under normal conditions, 
when the vibrator is functioning correctly, the mean current is of the 
order of 4 ampères for a 12-volt battery. The separate contacts for 
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the electro-magnet circuit almost entirely overcome this danger, as they 
carry a current that is very small compared with the twin contacts; and 
there is little danger of these fusing together, as the blade is still free to 
move, and pulls on the shorter blade which gives sufficient leverage to 
break the contact apart. Consideration of the primary circuit may be 
completed by drawing attention to the filter circuit made up of the 
inductance Li and the condensers C7. and C2, which are intended to prevent 
radio frequencies generated as harmonics in the primary circuit from 
reaching the receiver. It will be noted that the shield is placed between 
the secondary and the rest of the transformer for the same purpose. 
The secondary of the transformer will develop 300, or more, volts across 

the total secondary winding, which will produce a rectified voltage of 
150 volts, or more. The outer ends of the secondary are connected to the 
anodes of an indirectly heated rectifier, the centre tap being connected to 
high-tension negative. It should be understood that the high-tension 
negative is in no way influenced by the polarity of the low-tension 
battery, which may be connected either way round in this circuit without 
making any difference to the output voltage. It is necessary to point 
out that the valves in the receiver are indirectly heated, consequently 
the polarity of the low-tension supply does not carry the effective high-
tension voltage as it does in an ordinary battery receiver where the valves 
are directly heated. 

It will be observed that a condenser C7 is connected across the trans-
former secondary to limit the peak voltage, since the waveform across 
the secondary is such that the instantaneous peak voltage is exceedingly 
high when compared with the mean voltage; the value of this condenser 
is determined by the characteristics of the winding, but is often of the 
order of •I tF. It is interesting to note that the absence of this condenser 
will permit a serious modulation hum to appear in the receiver, since the 
filter, if of normal design, will be unable to attenuate sufficiently the peak 
voltage developed. 
The air-cored inductance L3 and the capacity C4 form a radio-frequency 

filter, the coil, like L1 and L 2 may consist of some 80 turns of wire 
wound in two or more layers, while C4 may have a capacity of •or p.F. 
L 4 is the usual iron-cored smoothing choke, and will normally have an 
inductance of from 5 to ro henrys. The associated capacities C5 and Co 
may have a capacity of 5 pr, or more, and may be of the electro-
lytic type. 
The filter L 2 and Cs is intended as a further precaution to keep the 

radio or audio frequencies from reaching the receiver; as already men-
tioned, I 2 may consist of some 8o turns of wire, but, in common with 
Li, it must be made of heavy-gauge wire, usually 16 S.W.G., owing to the 
relatively heavy current that will be passing. C3 may have a capacity 
of I p.F. 
The filters shown may be considered as the basic minimum likely to 

prove satisfactory in a modern car, and it is often necessary to add a 



CAR RADIO 83 

further filter in the form of an inductance and associated capacity in 
the battery lead, which is not grounded to the chassis. This filter is in-
variably placed close up to the receiver, and its purpose is to prevent the 
battery lead from radiating. 
The Receiver Circuit.—The receiving section of a car radio differs 

little from ordinary home radio, except that it must be designed to 
occupy minimum space and have very high overall gain, since the aerial 
efficiency is unavoidably low. High gain is also imperative, since the 
automatic volume control must be very efficient—as considerable fluctua-
tions of input voltage must occur when the car passes between high build-
ings or under bridges and is shielded by other vehicles. 
As already mentioned, the valves used are indirectly heated and are 

specially designed to occupy the minimum space and give maximum 
efficiency for a given heater wattage, since this last factor tends to limit 
the possible efficiency of the receiver. Some artificial limitations must 
be imposed by the current which the car accumulator can be expected to 
provide, bearing in mind that the accumulator will at times supply the 
car radio, the engine ignition system, the windscreen wiper, the side, 
head, and tail lamps, and such minor accessories as dashboard illumina-
tion. The average car-radio receiver is so designed that additional gain 
is obtained at some small expense in fidelity; this loss is quite unimpor-
tant, bearing in mind that reproduction can never be comparable with that 
available from a similar home receiver, owing to the very poor acoustic 
properties which exist inside the body of a motor-car. 

Ignition Inter ference.—The ignition system associated with the motor-
car engine is capable of causing serious interference with reception, the 
extent of which may be readily appreciated when it is remembered that 
passing motor-cars may seriously interfere with an ordinary home-type 
receiver. It has been shown that under certain conditions the instan-
taneous peak current at the beginning of the discharge across a sparking 
plug may reach ioo ampères. In order to eliminate this form of inter-
ference in car radio it is usual to incorporate a suppressor system in the 
actual ignition circuit. In addition, some form of suppression is desir-
able in the receiver to deal with interference radiated from the ignition 
systems of nearby cars. In some receivers the latter form of suppression 
is relied upon almost entirely. 

Suppression devices are used at various points, the first of which to be 
considered will be those associated with the ignition system. A special 
type of resistor is inserted in each sparking-plug lead close to the actual 
sparking plug. It may have a resistance of from io,000 to 15,000 ohms and 
must be capable of standing the very considerable heat of the sparking 
plug and engine; it is suggested that the ohmic values mentioned should 
not be exceeded, as high values are not necessary, but encourage the 
formation of soot on the sparking-plug contact points. If the ignition 
system employs a coil a suppressor must be inserted in the high-tension 
lead at the point where it enters the distributor; it may have a value of 
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from ro,000 to 15,000 ohms; this resistance is omitted when magneto 
ignition is employed. 

Suppression of the ignition system, whether magneto or coil, is com-
pleted by means of a condenser connected across the contact points. It 
may have a value of .5 p. F, and must be of special type owing to the con-

siderable temperature of the engine, which will be 
in close proximity. Fig. 43 shows a typical con-
denser, one side of which is connected to chassis by 
means of its supporting clip, while the other end is 
provided with a pigtail for connection to the appro-
priate side of the contact breaker. 

Interference may be caused by other electrical 
apparatus associated with the car, such as the 
charging dynamo, horn, petrol pump, windscreen 
wiper, self starter, and, when employed, the constant-
voltage relay. Generally speaking, interference from 
these devices can be checked by a condenser such 
as that illustrated at Fig. 43, connected by means 
of its pigtail to the terminal that is not connected to 
chassis, the only exception being the constant-voltage 
device already referred to, which is sometimes singu-
larly difficult to suppress and requires enclosing 
totally in a box made of metal perforated to give 
the necessary ventilation. When roof-type aerials 
are used, the value of the condenser indicated is 

seldom sufficient for the windscreen wiper, which may require a 
capacity of 12 i.tF or 25 [1. F. The condenser employed may be of the 
electrolytic type. 

Static-suppression Circuits.—Innumerable possibilities exist for the 
suppression of certain types of static interference. Many take the form 
of reducing the gain of the receiver (or rendering the receiver inoperative) 
during the period of the actual disturbance. It will be realised, therefore, 
that these circuits can only be used to suppress static of short duration 
and relatively infrequent occurrence, such as ignition radiation from cars; 
if such a circuit be used to suppress interference of a continuous nature, 
it would actually silence the receiver completely. 
Some car receivers employ a most remarkable system, whereby advan-

tage is taken of various peculiarities. For example, one type of car radio 
effectively suppresses interference by deliberately picking up interference 
and feeding it through a condenser to a critical point in the circuit, where 
it will appear out of phase with the interference voltage introduced via 
the aerial. 
Car Aerials.—One of the greatest problems of car radio is the arrang-

ing of an aerial that is efficient and yet not unsightly. Fig. 44 shows a 
roof aerial which is efficient both from the point of view of energy picked 
up and reasonable freedom from interference radiated by the electrical 

Fig. 43. — A condenser 
of the type specially 
designed for motor-
car ignition inter-
ference suppression. 
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Fig. 44.—A roof aerial of the single-rod type. 

Fig. 45.—Another type of roof aerial. 

equipment. The same remarks may be made about the aerial shown at 
Fig. 45, which differs only inasmuch as it may be considered preferable 
by some people purely from the appearance point of view. Connection 
is made to either type 
of aerial through one 
of the fudng screws by 
means of a screened 
lead to the aerial 
terminal of the re-
ceiver. For this pur-
pose a special screened 
concentric cable is 
employed having a 
single conductor run 
through the middle of metal-braided tubing, spaced by some means which 
will reduce capacity to the lowest possible minimum. 

Fig. 46 shows yet another type of aerial which has proved very popular, 
probably on account 
of its high efficiency. 
The upper half of the 
rod slides in the lower 
half, permitting the 
total length to be 
adjusted; this refine-
ment may be looked 
upon as a convenient 
means of adjusting 
the aerial to a par-
ticular height deter-

mined by appearance or such exigencies as the garage roof. On the 
other hand, it may be looked upon as means whereby the aerial can be 
reduced to its minimum proportions if the car is normally used in a 
neighbourhood where field-strength is relatively high, but extended for 
exceptional occasions when the car is taken on a long journey away from 
the transmitter which it is desired to receive. 
When an external aerial is rejected on the grounds of appearance, it is 

usual to employ one of the several types of aerial intended to be fixed 
under the chassis. The most common example is a metal rod supported 
on insulators under one of the running boards; it is important that the 
aerial rod should be adequately spaced from the running board, which 
may result in the clearance between aerial and ground being reduced to 
dangerous limits. This difficulty has been overcome by designing the 
aerial in the shape of a miniature snow ski and mounting it on flexible 
rubber insulators so that it will yield immediately if it comes in contact 
with the ground while driving on a rough road. As an additional refine-
ment this type of aerial may be obtained with dashboard control, 
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permitting it to be raised or lowered for use on rough roads or good roals 
respectively. 
Controls—Some form of push-button tuning obviously commends 

itself for car radio, as the driver will often desire to change the programme 
with the minimum 
of distraction from 
driving. The push-
button or manual-
tuning control and 
the volume control 
may be mounted on 

  the actual receiver or 
  extended by means of 

a cable to a remote-
control panel which 
may be conveniently 
mounted on the steer-

 / ing column or else-
° where. Manual tuning 

and volume control 
are usually coupled 
between the remote-
control panel and the 
receiver by means of 

Fig. 46.—Telescopic vertical aerial. the Bowden wirb 

principle, but when press buttons are employed on a remote-control 
panel it is usually more convenient to accomplish the connection electri-
cally. 
Some receivers consist of two units, one containing the loudspeaker 

power pack and the bulk of the actual receiver. The other unit, which 
is usually very much smaller, contains the tuned circuits and the 
frequency-changer valve. It is connected to the larger unit by means 
of a multi-way cable of very special construction, various leads being 
independently screened as well as all the leads being run through an 
outer screened cable. It will be appreciated that several of the leads 
will be carrying radio frequency, while others will carry the high-tension 
supply to the frequency changer and possibly an automatic volume 
control line. It is also possible that the cable will carry a low-tension 
supply to the heater of the frequency changer, but this is often run as a 
separate lead, owing to the difficulty of eliminating ignition interference 
if one of the high-tension leads is in close proximity to a low-tension lead. 
The smaller unit, which is usually referred to as the control unit or 

tuner unit, will almost invariably employ press-button tuning, since, in 
the absence of this refinement, there would be little justification for 
splitting the receiver into two halves, since manual tuning could easily 
be accomplished by means of a Bowden wire. The press-buttons maY 
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actuate a tuning condenser by direct mechanical means or may take the 
form of switches working in conjunction with permeability pre-set tuners. 
Either arrangement can be designed so that the buttons may be re-set, 
each by a single control from the front of the unit. It is generally 
considered that permeability tuning has the advantage of a degree of 
reliability which is not enjoyed by alternative systems, and is capable of 
tuning the station accurately and without readjustment throughout the 
course of many thousands of miles. The direct push-button operated 
mechanical systems have the advantage that any button may be set for 
any station whether on the long or medium waveband, but such examples 
as the author has had the opportunity of using have required some slight 
readjustment after a few thousand miles. 
The possibility of employing pre-set trimming condensers cannot be 

entirely overlooked, but at the time of writing the author is unaware of 
any economic form of trimming condenser that will remain sufficiently 
constant throughout the considerable temperature-changes and con-
tinuous vibration to which any car radio must be subjected. 

Car-radio receivers are available in a particular form, so that the main 
unit may be placed underneath the chassis. Such an arrangement 
commends itself for very small cars and for two-seater sports cars, where 
a radio unit might well prove inconvenient or even dangerous in the 
usual position. This type of instrument is also useful on very large cars 
of the limousine type, where accommodation is often restricted in the 
front compartment and the set is not wanted in the main compartment. 
The principal unit is necessarily housed in a water-tight case of suitably 

robust construction and the actual receiver is usually suspended between 
rubber buffers as some measure of protection from such dangers as flying 
stones. The receiver is operated from a remote-control unit linked by 
either electrical or mechanical means; obviously, the loudspeaker must 
also be suspended and may be incorporated with remote control or 
comprise a separate unit. 

Installation.—Some mention has already been made of the general 
principles of ignition-interference suppression, but these may be viewed 
in the light of a brief explanation. When the actual installation of a 
car radio is undertaken, a variety of difficulties may present themselves, 
including considerable ignition interference, even after the normal 
suppression arrangements have been fitted. Occasionally a car radio 
may be fitted, together with the simple suppression that has already 
been outlined, and the performance will be satisfactory. On the other 
hand, ignition interference is so bad on some motor-cars that complete 
elimination is seemingly impossible; before dealing with the more 
serious side of the installation problem it will be desirable to establish 
one or two points. 
Earth.—The chassis may be regarded as the earth of the system as a 

whole and, on the average motor-car, the chassis will be in good electrical 
contact with all the larger masses of metal, due to deliberate contact 
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being made for the purpose of forming an earth return for the normal 
electrical equipment. There are, however, a number of older cars still 
on the road, and one or two makes of modern cars that use two-pole 
systems for the headlamps and other accessories, in which case the 
electrical system will be insulated from the chassis. When fitting 
radio to such a car it will be necessary to earth one side of the system, 
after taking due precautions to be certain that an earth does not already 
exist either deliberately or accidentally. When making a test to 
ascertain whether or not the electrical system is in contact with the 
chassis it is necessary that every electrical accessory be switched on, 
and also the engine, to guard against the possibility that one or more 
accessories might be so connected or constructed that they earth the 
electrical system when in the " on " position only. 

Large masses of metal, such as the body, are liable to cause difficulties 
if they are not in metallic connection with the chassis, while small pieces 
of metal may give rise to objectionable crackling noises if they make 
occasional or intermittent contact with any piece of metal which is, in 
turn, connected to the chassis. Such difficulties are seldom met with in 
the so-called " popular" make of cars, since the body is invariably 
riveted to the chassis and almost everything else is in turn riveted or 
welded to either body or chassis. The more exclusive types of cars may 
give rise to considerable difficulty, since the body and other metal parts 
may be bushed with rubber to prevent rattles and squeaks. There is 
at least one type of car where the four wheels fail to make any reasonably 
low-resistance contact with the chassis, the springs being mounted on 
rubber bushes and the engine being mounted on rubber; the only 
contacts existing, therefore, through such incidental connections as the 
hand brake cable and petrol pipe. In such cases it is necessary to earth 
the more important masses of metal. The actual engine of the small 
modern car is frequently mounted on rubber and may make indifferent 
contact with the chassis, in which case it is often essential to bond these 
two together. 
Earth Bonding.—It should be clearly understood that earth bonding 

is seldom effective unless carried out in a really thorough manner. For 
this purpose wire may be regarded as useless, and woven copper tape 
having a width of at least half an inch may be considered as the only 
suitable conductor. If it is necessary to use a conductor of such low 
resistance, it is obviously necessary that it is terminated by the very best 
possible contact; most parts of a motor-car are extremely difficult to 
work on in comfort, and most parts under the bonnet are oily to a greater 
or lesser extent. These two factors are apt to result in an indifferent 
connection being made, and therefore emphasis is laid on the necessity 
for carrying out this part of the installation in a really thorough manner. 

Preliminary Considerations.—Before taking initial steps, which may 
consist of fitting the aerial and receiver, it is well worth while to devote 
some time to considering precisely where these items can be located. 
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The position of a roof or side aerial is determined by obvious consideration, 
but the same remarks do not apply to the under-car aerial; the actual 
under-car aerial may be fitted with some special form of clip, enabling it 
to be directly fitted to the inside edge of the running-board or to some 
other horizontal projection (see Fig. 47). On the other hand, the aerial 
supporting pillars may be determinated by a simple lug or, alternatively, 
the car may not provide any suitable projection on which clips may be 
secured. In either case it will usually be necessary to make some form 
of bracket as a means of bolting lugs to the car. The nature of these 
will be determined by circumstances and the resources or equipment of 
the individual. A radio engineer may excusably be ignorant of auto-
mobile engineering, and a word of warning may not be out of place 
regarding the inadvisability of using existing bolts under which to clamp 
the aerial lugs or brackets. A body bolt can safely be used for this 
purpose, but it is in-
advisable to use bolts   J ( 
associated with brakes 
or springing, unless 
the possible effects of   Ji   Co ooc 
so doing are either o o o 
apparent or fully un-
derstood. The author 
is personally aware of 
a fairly serious accident which was caused by an under-car aerial being 
fitted under the nut on the end of a bolt holding a rear spring of 
the chassis. 
The position of the aerial is of considerable importance, and, as already 

intimated, it should be fairly close to the ground. It should, for obvious 
reasons, be as far as possible from such fitments as the silencer or exhaust-
pipe, and as far as possible from the car wiring; the latter consideration 
usually determines the position as being underneath the near-side running-
board, since the car leads to the rear light, stop light, etc., are usually 
carried down on the off-side. 
Although the converse might appear more logical, the aerial lead 

should be taken from the front end of the aerial and the aerial lead 
braiding should be earthed to the nearest practicable point. The 
importance of making good contact at this point cannot be over-
emphasised, since freedom from ignition interference is literally dependent 
upon a low-resistance contact at this point. 
The position of the receiver must be governed by considerations of 

comfort, but a choice of positions is usually available. Generally 
speaking, the best position is on the near-side of the car, attached to 
either the footboard or bulkhead (fire-screen). Alternatively, a suitable 
position may be found on the off-side of the car, although, on the average 
model, some inconvenience would be caused in the manipulation of the 
car controls. The centre of the bulkhead or underneath the centre of 

RS. II-7 

Fig. 47.—An under-car aerial. 
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the dashboard may be considered as the least desirable position, as 
innumerable instrument leads, switch leads, and ignition leads are usually 
bunched together at this point and very serious difficulty may be 
encountered from ignition interference picked up from these leads. 
To summarise, therefore, it is apparent that on the average car the most 
practicable position for fitting the car radio is on the bulkhead, as close 
to the near-side as possible. 
Some types of car radio are provided with a single large bolt and nut 

for the purpose of attaching to the bulkhead. It must not be forgotten 
that this nut supplies the earth return for the entire power-supply and 
also the earth return to the chassis from the high-frequency point of view. 
It is imperative, therefore, that the bulkhead should be scraped clean 
and bright for an area at least as large as the fixing nut or washer, if one is 
employed. If there is any doubt regarding the electrical connection 
between the bulkhead and chassis, the possibility of a bad earth shoukl 
be avoided by clamping a piece of inch-wide woven copper tape under 
the fixing nut and connecting it in an equally efficient manner to the 
chassis. It is, perhaps, unnecessary to point out that the fixing nut 
cannot be satisfactonly screwed down on to copper braid, and that a 
brass or copper washer is interposed between them. 

If the receiver is of the two-unit type with a tuning unit connected by 
electrical means, it will be necessary to determine the position with equal 
care. It is obviously intended that this unit should be placed in a 
convenient position, so that the stations may be changed while driving. 
On the other hand, this should not be interpreted in such a manner that 
the unit is placed in a field of high-interference level. It should not, 
therefore, be placed on the steering column or under the middle of the 
dashboard, for reasons that have already been mentioned. It may, 
however, be placed in the dashboard compartment immediately above 
the main unit or under the dashboard towards the middle, although not 
farther than necessary for the convenience of the driver. Generally 
speaking, it is not intended that the unit should be earthed to the metal-
work of the car, but care should be taken to see that it does not make 
intermittent contact between the case and some metal object, which 
might well result in producing crackling noises. 
Remote control actuated by mechanical means can be placed anywhere, 

so far as electrical considerations are concerned. It is important, 
however, that it should not be placed in such a position or at such an 
angle that the control cable is bent sharply, which would result in the 
control operating in a jerky manner and bring about a premature fracture 
of the inner wire. 

Additional Suppression.—The standard suppression consists of a 
resistance in the lead between coil and distributor, a condenser between 
the live side of the coil and earth, and a condenser between the output 
terminal of the dynamo and earth. These points have already been 
mentioned earlier in the chapter, but some further remarks are called 
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for, applicable to those occasions when such suppression is ineffective. 
It is probably true to say that any car can be satisfactorily suppressed 
without resistances in the sparking-plug lead. If, on the other hand, 
unlimited time is not available for experimenting, it will be desirable to 
fix such suppressors. The additional precautions are necessarily treated 
in a very general manner below, since the details must be dependent 
upon a large number of variable circumstances. 
The ignition coil is usually strapped to the bulkhead, and in some 

types of car this results in a very long lead between coil and distributor, 
causing a high level of interference radiation which may be picked up by 
the aerial. One method of overcoming this is to move the coil nearer 
to the distributor; this may cause mechanical difficulties, and it is 
suggested that it is usually more convenient to screen this cable. While 
the usual type of metal screening (duly earthed) will suggest itself on the 
grounds of convenience, it must be pointed out that its screening 
properties are often inadequate, and in difficult cases it may be necessary 
to employ a brass or copper tube. 

Motor-cars employing more than six cylinders invariably have long 
leads between the distributor and the outermost cylinders, which may 
cause serious radiation unless plug suppressors are used having a 
resistance greater than that recommended, and it may therefore be 
necessary to screen some or all of the leads in order to obviate the 
necessity for plug suppressors or permit the use of low-resistance types. 
For this purpose metal sleeving is perfectly satisfactory, providing it is 
reasonably densely woven. It is necessary that the sleeving should 
terminate an inch and a half before the plug terminal or distributor 
terminal, to prevent the possibility of a spark occurring between plug and 
sleeving which would cause the engine to misfire. 

If a roof-type aerial is employed, interference may be picked up from 
the roof-light wire, which may carry ignition interference. The only 
cure for this trouble is a choke in the lead in question at a point remote 
from the aerial. It is assumed that the aerial circuit in the receiver 
will employ some form of choke capable of offering a high impedance to 
frequencies associated with ignition interference, but this will be in-
sufficient to prevent ignition interference if the aerial pick-up is 
considerable. 
When ignition interference fails to respond to the usual precautions, 

it is worth while reversing the low-tension leads to the coil, care being 
taken to transfer the suppression condenser to the other terminal, so that 
it is still connected to the live side. Before testing for ignition inter-
ference it is necessary to close the bonnet and secure it by the means 
provided. This precaution is particularly necessary if a roof aerial is 
employed. If interference persists, the bonnet may be opened and, if the 
trouble is not intensified, the fixing should be examined to ascertain il it 
is in electrical contact with the chassis. It is particularly important 
with the type of bonnet the top of which opens upwards, as in certain 
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cases it rests on insulated material and the hinge is bolted to wood: 
if necessary the bonnet should be earthed by means of copper braid, 
which is, of course, flexible. 
To ascertain whether interference is picked up through the aerial or 

low-tension wiring the aerial may be disconnected. If this test indicates 
that the interference is not due to aerial pick-up, attention may be directed 
to the low-tension supply-lead. It.is customary to take this connection 
from the battery side of the ammeter or fuse-box, but when interference 
is known to be entering the receiver through this connection the lead 
should be carried straight back to the appropriate accumulator terminal. 
It is important that the lead should not run close to other electrical 
wiring, irrespective of whether connection is made to the battery or 
elsewhere. It may be necessary to employ a choke and condenser in 
this lead in addition to a similar unit which is usually fitted inside the 
actual receiver. 
An additional cause of ignition interference arises in car-radio receivers 

employing a separate tuning unit, due to the multi-wave connecting 
cable picking up interference. It is necessary that this cable should be 
kept well clear of any other wiring, including the actual low-tension 
supply to the receiver. 

Trouble may arise when a car is travelling along the road, although 
interference is entirely absent when the car is stationary with the engine 
running. This may be due to dynamo interference caused by increased 
engine speed, to intermittent contact between two pieces of metal agitated 
by road vibration, to wheel static, or, if the trouble is intermittent, it may 
be due to any of the electrical equipment, many items of which are 
suggested at Fig. 48. In every case a condenser may be connected 
across the component without interfering with this operation, and such 
precaution will usually prove adequate. 

Interference from wheel static is easily distinguished by the fact that 
it is of a continuous nature and will appear when the car is running 
freely along the road with the engine switched off. The first point to 
receive attention should be the portions of the chassis adjacent to the 
brake-drums, which may be muddy and which, when dry, will set up 
friction between the brake-drum and the " cover plate" which is used to 
prevent the entry of water; this can be removed in the usual way. If 
this fails to effect a cure, attention may be directed to the possibility of an 
accumulation of powdered material rubbed off the brake linings during 
normal use. Removal of this dust usually requires the removal of the 
brake-drums, both drums and brake linings being cleaned with petrol. 
It should be noted that only the purest petrol should be used for this 
purpose, as any tendency to form a film of oil will considerably decrease 
braking efficiency. It is possible that wheel static may be caused by the 
edge of a brake lining rubbing on the drum; but this may not be seriously 
considered unless the brakes have been adjusted within, say, r,000 
miles before fitting the radio. Realising that brake static can be cured 



G H 
Fig. 48.—This illustration suggests some of the possible causes of car-radio interference, the actual interference being caused, in most 

cases by bad contacts, resulting in a minute but more or less continuous arcing. (A) Headlight-dipping device. (B) Brake-drum 
static. (C) Radiator-temperature rheostat. (D) Fan-belt static. (E) Ignition system. (F) Dynamo. (G) Electric petrol pump. 
(H) Loose or dirty contacts on dashboard switches. (I) Brake-stoplight static. (J) Windscreen wiper. (K) Roof-light contacts. 
(This trouble is prevalent when a roof-type aerial is used.) (L) Petrol-indicator rheostat. (M) Stoplight switch (if remotely 
controlled). (N) Looseness of large pieces of metal, such as bumpers, mudguards, valances, etc. 
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by even a moderately low-resistance path between the brake-drum and 
chassis, engineers have suggested that the normal hub grease be replaced 
by a graphite compound grease. Admittedly, this will often considerably 
reduce the interference, but it should never be put into practice without 
consulting the manufacturers of the car or a highly competent automobile 
engineer. Graphite in certain forms has a pronounced tendency to creep, 
and may in the fullness of time work its way on to one or more of the 
brake linings, resulting in a very serious skid. It is, in short, a very 
dangerous practice. 
General Remarks.—Before any elaborate precautions are taken it 

is usually worth while consulting the manufacturers of a car radio, the 
makers of the car, or both, as there are isolated cases of particular car 
models that cause interference in some quite unexpected manner or which 
call for some precaution of an unconventional nature which is not likely 
to be discovered until a considerable amount of time has been expended. 

Occasion may arise when it is desired to fit a 6-volt car radio on to a 
car using a 12-volt battery. The practice is obviously wasteful, as 
half the wattage used will be dissipated in the resistance, but it is 
appreciated that many will be disinclined to purchase a new car radio 
when changing a car employing 6-volt equipment for one employing 
12-volt equipment. It will be necessary to measure the exact 
current taken by the set and to place a suitable resistance in series. 
This will have to be capable of passing a high current and able to dissipate 
some 30 watts over long periods without over-heating. It is often 
difficult to avoid placing this resistance somewhere under the bonnet, 
and it should therefore be totally enclosed in copper gauze as a precaution 
against fire if the petrol pipe should become fractured. When practicable 
the resistance should be placed as far as possible from the receiver, and if 
modulation hum is apparent it should be shunted by an electrolytic 
condenser having a capacity of not less than 25 p. F. It may be desirable 
to connect the condenser immediately across the resistance or from a 
point on the low-tension lead close to the receiver itself; the other end 
must, of course, be connected to earth and the correct polarity observed. 
The average type of car radio works equally well irrespective of whether 

the car battery is earthed on the positive or negative side. If electrolytic 
condensers are used for any form of suppression, it is, of course, necessary 
to ascertain which side of the battery is earthed, in order that the polarity 
of the condensers can be correctly observed. Car radios employing self 
synchronising vibrators in place of the more usual vibrator and rectifying 
valve call for some adjustment to be made, according to whether the 
positive or negative terminal is earthed. 



CHAPTER 8 

PRINCIPLES OF LOW-POWER TRANSMISSION 

THE technique of transmission is a very wide and complicated subject 
Reference has been made to the actual fundamental principles of both 
telephony and television transmission in the appropriate chapters. To 
deal with the subject of transmission in all its branches is quite im-
practicable and even undesirable, since the technique of high-power 
transmission can only interest the very small number of engineers who 
have access to such equipment. It is felt, however, that the very brief 
reference to transmission that appears in other chapters scarcely covers 
the subject in an adequate manner; for various reasons an increasing 
number of people are being brought into contact with small transmitters 
and communication equipment. Quite apart from the experienced amateur 
transmitters in this country, there are many who have occasion to use 
such apparatus in the services and elsewhere. It is thought, therefore, 
that the following brief outline of low-power transmission technique will 
not only serve as a means of illustrating the principles involved, but will 
also prove of genuine interest to a large number of readers. 
The Oscillator.—There are many possible starting-points for a survey 

of transmission technique, but the oscillator seems a logical starting-
point because it is the only part of a transmitter that is completely 
indispensable. It is the duty of the oscillator to produce the fundamental 
frequency, and with the aid of a morse key it is in itself a complete trans-
mitter. The telephony transmitter must include as a basic minimum an 
oscillator and some means of modulating it. It will be realised that the 
oscillator will produce the carrier frequency, and it is the duty of the 
modulator to vary the amplitude of the carrier. 

It will be convenient to divide the transmitter into several sections 
and, as already intimated, the oscillator will first receive consideration. 
The oscillator circuit is fundamentally a simple reactive circuit whereby 
oscillation is produced and maintained by reintroducing energy from the 
anode circuit to the grid circuit, a function that will normally be accom-
plished by suitable coils, ignoring specialised forms of very high frequency 
transmitters which employ wires of critical length. Fig. 49 shows the 
basic circuit of a simple oscillator connected to an aerial system. It will 
be observed that both the anode coil and grid coil are tuned, and it is 
important that the relationship of inductance and capacity shall be 
suitably chosen, to limit as far as possible the amplitude of the attendant 
but unwanted harmonics. 

95 
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Grid Bias.—Grid bias is necessary with almost any type of oscillator 
valve, and it may be derived and supplied in a number of ways. The 

most obvious method is self-
+ bias by means of a grid leak 

and condenser, as shown at 
Fig. 49. This method is 
satisfactory for valves with a 
reasonably high slope and for 
use at normal frequencies. It 
is not to be recommended for 
ultra-high frequencies, due to 
the fact that the capacity 
existing between earth and 
the actual grid leak and con-
denser is an addition to the 
input capacity of the valve 
and is, therefore, in parallel 
with the grid circuit. This 
difficulty can be overcome by 

=-, placing the grid leak and con-
Fig. 49.—A simple oscillator loosely coupled to a single denser at the low-potential 

wire aerial. 
end of the grid winding, but 

this makes it impossible to earth the grid circuit directly, or if the grid 
circuit is earthed, it is then impossible to directly earth the main high-
tension negative line. There 
is yet another means of in-
troducing the grid leak, as 
shown in the modified circuit 11  
at Fig. 50, the high-frequency 
choke being introduced to 
prevent the grid circuit being 4c)) 
shunted by the relatively low 
resistance. This circuit is 
usually used when grid bias  II 

taken to that point. With 
the self-biasing grid arrange-

is obtained from a source of 
fixed potential, the bottom 
end of the resistance being 

ment it is usual to connect a 
suitable current - measuring -.,--— 
meter in series with the grid 
circuit, as shown at Fig. 51, in Fig. 50.—A modified oscillator circuit allowing grid bias 

to be obtained from a D.C. source. 
order that the grid current 
can be measured and, since the value of the grid resistance is known, the 
grid potential can be determined by the simple application of Ohm's law. 

+ 

G. B.— 
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Transmitters using quite low power can conveniently include a 
resistance in the main high-tension negative lead to provide a potential 
drop for the purpose of obtaining grid bias, but such a procedure is 
uneconomic in larger transmitters, since the grid bias obtained is a 
reduction in the total high-tension voltage, the further increase of which 
may often present problems and greatly increase the cost of power-pack 

Fig. 5i.—A very simple, but nevertheless complete, transmitter. The method of keying is not recom-
mended for practical purposes. 

components. In these circumstances it is both convenient and economic 
to provide a separate rectifier for the purpose of supplying grid bias. 

Increasing Power.—The majority of transmitters will employ a high-
frequency amplifier between the oscillator and the aerial, but, nevertheless, 
occasion may arise when it is necessary to increase the output to the 
oscillator to increase the output of the transmitter, if the oscillator is 
coupled directly to the aerial, or to provide adequate driving voltage 
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for a larger high-frequency amplifying valve. At first sight it might 
appear that this could be very easily accomplished by connecting two 
similar oscillating valves in parallel. Such a procedure is perfectly 
sound at normal frequencies, but at very high frequencies it has the 
disadvantage of doubling the input capacity and it is more convenient 
to use a push-pull oscillator when the input capacity of the two valves 
is virtually in series. Normally, however, power output will be increased 
by a high-frequency amplifier, which is dealt with in detail later in the 
chapter. 

A Practical Oscillator.—The oscillator circuits already shown are 
purely diagrammatic, and attention may be directed to the circuit shown 
at Fig. 51, which may be regarded as an elementary, but nevertheless 
complete, transmitter, with the exception of the power pack, which has 
been omitted, since it will not differ materially from the normal type of 
power pack associated with receivers. The illustration shows an 
extremely simple arrangement, with a separate aerial coupling coil which 
may lead to a tuned aerial by way of a low-impedance feeder line. It 
should be understood that the grid and anode inductances are not 
intended to be deliberately coupled, energy from the anode circuit being 
fed to the grid circuit by means of the capacity existing between the 
grid and anode or, in other words, the inter-electrode capacity of the 
valve. It should also be noted that the oscillator frequency is mainly 
controlled by the inductance capacity constants of the anode circuit, 
although the grid circuit will have some influence. Normally the circuits 
will not be tuned to resonance, the grid circuit being tuned to a slightly 
lower frequency. 

Simple Keying.—As the illustration is intended to represent a simple, 
but complete, transmitter, it will be necessary to include some provision 
for keying the circuit, in order that the carrier wave may be broken up 
into the dots and dashes of morse code by the manual operation of a 
morse key. Many possibilities present themselves, some of which are 
referred to later, but for the present purpose a key is inserted in an 
auxiliary grid-bias circuit, so that when the key is idle the grid is so 
negative with respect to the filament that the valve does not oscillate. 
On depressing the key the auxiliary voltage is removed, and the valve 
will oscillate: it will be noted that normal operating bias is obtained by 
a grid leak. 
The Hartley Circuit.—Fig. 52 shows a circuit arrangement known as 

the Hartley oscillator. It has enjoyed considerable popularity and, 
incidentally, also enjoyed great popularity some years ago modified for 
reception. It will be observed that the anode and grid coils are, in fact, 
a single inductance, the high-tension supply to the anode being parallel-
fed through a choke or other high impedance. Since the anode current 
of an oscillator must be fairly considerable, it would be extremely wasteful 
to procure the necessary impedance by means of a pure resistance. On 
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the other hand, a choke may introduce undesirable characteristics unless 
very carefully designed. A common compromise is to use a high-
inductance choke in series with a small resistance, the latter being on 
the anode side. 

It will be observed that the ends of the coil are connected from the 
high-frequency point of view to the anode and grid respectively, blocking 
condensers being provided to prevent a short circuit between the high-
tension supply and earth and to allow the grid to be biased by means of a 
grid leak. The main earth line is connected to a tap on the inductance, 
the position of which will determine the amplitude of the oscillatory 
anode current. Under normal conditions this tap will be between a 
quarter and a half of 
the total inductance, 
reckoning from the 
earth end. Once again 
keying is accomplished 
by auxiliary negative 
bias, which in this 
case is provided by a 
cathode resistance 
which is shorted out 
when the key is de-
pressed. This varia-
tion is included merely 
as an interesting alter-
native, and the pre-
vious arrangement 
could be equally well 
employed. 

Electron. coupled 
Oscillators.—T he Fig. 52.—A modified oscillator using the Hartley principle. 
more interesting type 
of circuit is shown at Fig. 53, in which the triode valve is replaced by a 
tetrode and anode to grid coupling and is achieved by so-called electron 
coupling, making use of the fundamental principle that the cathode circuit 
possesses characteristics in common with the anode circuit. Reference 
to the illustration will show that the circuit used is a modified Hartley 
oscillator, the total inductance being connected between grid and high-
tension negative and that the cathode is connected to a suitable tap. The 
position of this tap will control the amplitude of oscillation, and it must 
be most carefully adjusted to obtain the best results and to maintain 
adequate stability of the output frequency when the transmitter is keyed. 

It is imperative that this type of oscillator is very carefully arranged 
and provided with adequate screening. As a further adjunct to proper 
stability it is customary to so arrange and manipulate the tuned anode 
circuit that it resonates at a frequency equal to the second harmonic of 
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the fundamental grid-circuit frequency. Other points that need care 
are the correct choice of operating potentials, which in the case of the grid 
potential implies suitable choice of the grid leak. 
Frequency Drift.—The circuits so far described can be classed as 

self-controlled oscillators and are extremely liable to frequency drift. 
This tendency to drift may be classed under two headings: the effect 
on frequency during that period after switching on when the valve has 
reached working temperature, and when it is thoroughly warmed up. 

\c> 

Fig. 53.—An example of the so-called electron-coupled oscillator; note that keying is accomplished by 
means of a biasing resistance in the high-tension negative lead. 

The drifting during this period will be relatively considerable and is 
normally overcome by switching on the transmitter some time before 
it is actually intended to radiate; a procedure which is obviously 
inconvenient. The tendency to drift, which may be classed under the 
second heading, is slight but continuous, and is caused by the capacity 
change of condensers due to temperature-rise in addition to changes 
of valve characteristics. These remarks apply to all the circuits so 
far mentioned, and although this difficulty can be overcome to some 
extent by under-running the oscillator and providing it with adequate 
ventilation, it is obvious that some method must be introduced to bring 
about real frequency stability, particularly if the transmitter is allocated 
a definite frequency to which it must adhere with very small tolerance. 
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Large transmitters employ the most elaborate systems for frequency 
stability, but for low-power work it is convenient to make use of the 
properties of quartz crystal. 

Crystal Control.—It does not seem desirable to break the present 
sequence of presentation in order to digress on an elaborate explanation 
of the numerous variations to be obtained by cutting quartz crystals in 
various ways. It is sufficient, therefore, to mention that a piece may be 
cut from a quartz crystal in the direction known as the X axis. If an X-
cut crystal is clamped be-
tween two metal plates which 
are connected to the grid and 
cathode of a triode valve in 
the manner shown at Fig. 54, 
the circuit can be made to 
oscillate at a frequency de-
termined by the thickness of   
the crystal. It is, however, 
necessary to produce the 
requisite feed-back from the 
anode circuit to the grid 
circuit, which can be con-
veniently achieved by a 
tuned circuit to act as an 
anode load, adjusted to a 
frequency a little in excess 
of the natural, or funda EJ 
mental, frequency of the 
crystal. It is apparent, there-
fore, that the frequency of 
the oscillator is directly de- 
termined by the thickness of 
the crystal, and that it is G. B.-
only possible to produce one 

Fig. 54.—The bamic arrangement of a crystal-controlled 
particular frequency or its oscillator. 

harmonics with any par-
ticular specimen. Crystals may be purchased accurately ground to 
oscillate at stipulated frequencies; on the other hand, many amateur 
transmitters undertake the grinding of crystals, which is not actually 
difficult, but is tedious and calls for considerable care, as a crystal must 
necessarily have truly flat surfaces, otherwise numerous undesirable 
characteristics are introduced. 

While a crystal-controlled oscillator is a perfectly practicable arrange-
ment, its use is limited to relatively small output, since the energy in the 
grid circuit must be limited in order that the crystal is not damaged and, 
furthermore, it is desirable that the energy of the grid circuit be further 
limited to prevent heating up of the crystal unit, which would bring 
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about a different pressure between plates and crystal, which would, in 
turn, cause a very small, but nevertheless undesirable, frequency drift. 
To summarise, it is apparent that the energy in the grid circuit of a 
crystal-controlled oscillator should be small, and since it is desired that 
the output should be as large as possible, the valve used should possess 
high sensitivity or, in brief, a crystal-controlled oscillator will normally 
employ a screened tetrode or screened pentode valve. 
The circuit is not illustrated, since it is precisely the same as the 

circuit shown at Fig. 54, except that the valve is a tetrode, necessitating 
a suitable high-tension supply to the screening grid, which will be tied 
to earth from the high-frequency point of view by the usual condenser 
connected between screen and cathode. If a pentode valve is used, the 
suppressor grid is, of course, tied to the cathode in the usual manner. 
There is, however, one additional modification which may be necessary 
with valves having an exceptionally low control grid/anode capacity 
resulting in inability of the valve to commence oscillation. This rather 
paradoxical drawback can be overcome by introducing a minute capacity 
between the anode and control grid, which will usually be of the order 
of I to 3 p.p.F. The introduction of this small capacity presents some 
practical difficulties, owing to the distance between the anode and grid 
terminals of the valve, which means that the lead must be long and 
liable to introduce unwanted coupling with other parts of the circuit, 
while, if the wires are screened to overcome this difficulty, the input 
and/or the output capacity is increased. Nevertheless, it is customary 
to introduce this capacity when necessary, but the author has had some 
success with this class of oscillator feed-back being increased by intro-
ducing a few ohms in series with the condenser connected between 
screen and cathode, so that the control grid/anode capacity is thereby 
raised. Before leaving the subject of artificially raising anode/grid feed-
back, it will be desirable to draw attention to the fact that the very 
minimum should be employed consistent with obtaining reliable excitation, 
since too much feed-back may well destroy the crystal. 
A glance at Fig. 54 will show that the operating negative grid bias is 

parallel-fed, an arrangement for which there is no alternative, since the 
crystal forms an effective stopper. It is, however, quite feasible to use 
grid-leak bias connecting the resistance in question in series with a high-
frequency choke between grid and cathode. The choke is necessary, 
since the value of resistance required to obtain the requisite bias will be 
low enough to introduce a severe load on the grid circuit. Yet another 
arrangement is to return the grid to cathode through a choke and 
resistance and to provide additional bias by means of the conventional 
cathode-bias resistance. This latter arrangement or, alternatively, the 
first-mentioned arrangement, will be employed with valves having 
relatively low mutual conductance, whereas the first two methods may 
be considered suitable for normal use with valves having a high mutual 
conductance. 
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Reference to Fig. 54 will show that the circuit employs a single tuned 
coil, which will be tuned to the frequency of the crystal. It should be 
understood that this adjustment has a negligible effect on the frequency 
of oscillation, but is necessary to provide the highest possible anode 
load in order to obtain optimum power output. 
When the anode coil is connected to the high-frequency amplifier a 

load will be introduced into the anode circuit, and once again it will be 
desirable to tune the anode coil to a frequency slightly higher than the 
natural frequency of the crystal. The reason for this can be readily 
seen by reference to Fig. 55, which shows anode current plotted against 
frequency. It will be observed that the circuit is liable to be unstable 
when tuned to resonance, as a very small change in the direction of a 
lower frequency will bring about a considerable rise in plate current and 
the valve will cease oscillating. If, on the other hand, the anode circuit 
is tuned to the frequency denoted by the 
dotted line, a change in this frequency 
will bring about a relatively small change 
in the anode current and stability of 
oscillation will be maintained. In order 
to emphasise this point the curve shown 
at Fig. 55 is typical of the type of 
oscillator under discussion when not 
working into an external load; a load 
introduced by a coupling in the anode . 
coil will cause a dip to be much less pro- E   

nounced, but the sharp rise in anode min FREQUENCY 11laR 

current just below the fundamental fre- Fig. 55.—The relationship between 

quency remains, and it is therefore frequency and anode current of a 
normal oscillator. 

equally important that the anode circuit 
should be tuned just above the fundamental frequency. 
Crystals.—The very briefest mention has been made of the actual 

crystal and some further details are desirable. The quartz crystal has 
numerous uses in the world of mechanical, electrical, and optical 
engineering. The properties of the crystal are determined by the angle 
at which it is cut out of the natural raw crystal. The original crystal 
has a number of axes, the principal three being known as the X, Y, and Z 
axes, which are classed as electrical, mechanical, and optical axes 
respectively. This arbitrary division is an unhappy one, since a crystal 
in one class may have useful properties in another class; this is par-
ticularly true of the mechanical and electrical. Fig. 56 shows diagram-
matically the orientation of X and Y crystals, it being understood that 
the hexagon represents the perfect crystal when viewed from above. 
The Z axis is at right angles, but is of no interest when considering the 
design of a transmitter. 

The most commonly used crystals are those having an X cut, Y cut, 
and A.T. cut, while a V-cut crystal is occasionally employed. The A.T. 
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cut may be described as a Y-cut crystal, which is cut at an angle to the 
perpendicular, while retaining its horizontal axis. It will be desirable to 
describe the three major cuts in some detail. 

The X Cut.—The X-cut crystal has a negative temperature charac-
teristic; that is to say, the natural oscillatory frequency of the crystal 
decreases when the temperature of the crystal increases—the actual 
frequency drift for each degree of temperature-change being of the order 
of 25 in 1,000,000 cycles. It will be selected in preference to a Y-cut 
crystal when it is to be used near the upper edge of the restricted band, 
so that the frequency cannot drift outside the prescribed limits. 

A Y-cut Crystal.—The Y-cut crystal nominally has an opposite 
characteristic to the X-cut crystal, inasmuch as it has a positive tem-
perature coefficient, so that frequency increases with temperature-rise. 
It must be pointed out, however, that specimens are sometimes obtained 
having a reverse temperature-characteristic, i.e. negative. The extent 

of frequency drift is of a somewhat higher 
order, being 50 in 1,000,000 cycles per 
second. Bad specimens, however, often 
reach three times this figure. Some 
indication of frequency drift is readily 
apparent from the following example: A 
crystal that has a fundamental frequency 
of 10 megacycles per second at 50° 
Centigrade may drift 25 kilocycles if the 

temperature is raised to roo° Centigrade; if the receiver is reasonably 
selective, the transmitter frequency would drift into inaudibility. Methods 
of combating temperature-rise are dealt with later, but in the meantime 
attention may be directed to the A.T.-cut crystal. 

The A.T. Cut.—An A.T.-cut crystal has the advantage of a sensibly 
zero temperature coefficient and it might appear at first sight that a 
crystal so cut should always be selected. There are, however, other 
considerations, the most important of which is the permissible power 
that may be handled in the grid circuit which is excited by the crystal, 
and in this respect the A.T.-cut crystal is at a disadvantage, since the 
permissible power is rather less than half that obtaining with X- and Y-
cut crystals. 
The Crystal Holder.—There are two types of crystal holder or crystal 

clamp in general use and they differ fundamentally from each other. One 
type is arranged so that the crystal is actually clamped between two 
metal surfaces, while the other type has the crystal in contact at one 
plate only and an air-gap between the other face of the crystal and the 
opposite plate. This air-gap may vary between ,h and -2-010-6 of an inch, 
and has the advantage that adjustment of the gap effects a change of the 
natural frequency of the crystal, although, unfortunately, it only amounts 
to a few kilocycles per second. 

Fig. 56.—The axes of a quartz crystal: 
(Left) the X cut; and (Right) the 
Y cut. 



AN AMATEUR TRANSMITTER 

This photograph shows the 150 watt transmitter (telephony and c.w.) G2UK, built and operated by Dr. A. C. Gee, of Boston, Lincs. The units 
of the transmitter are : Top, push-pull power amplifier using HY25 valves. Bottom row, left to right, crystal oscillator, frequency doubler and 
quadrupler, modulator and variable frequency oscillator. Amateur radio G2UK is one of over five thousand in the United Kingdom; amateur 

radio is equally popular in almost every country in the world. 
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The gap type of crystal holder is usually used only with an A.T.-cut 
crystal, since crystals cut on other axes are apt to introduce frequency 
instability. If for any reason this type of holder is used for a crystal 
having an unfavourable temperature coefficient, it is necessary to provide 
means for limiting temperature-rise. 
The crystal holder intended to be used with an X- or Y-cut crystal is 

usually provided with some cooling fins and, as an additional means of 
controlling temperature, one plate, which may conveniently form the 
base, possesses considerable mass. This feature is restricted to one 
plate, owing to the inconvenience of having both sides of large dimensions, 
which would result in undesirable stray capacities. While this chapter 
does not cover purely practical considerations, it is perhaps not out of 
place to mention that a crystal may fail to oscillate if there is the least 
trace of oil on its surface, even the minute trace resulting from picking it 
up in the fingers. 
When absolute frequency stability is necessary, it may be desirable to 

directly control the temperature of the crystal. It is obviously incon-
venient to limit temperature-rise, since any such arrangement as water 
cooling would introduce innumerable difficulties and it would be extremely 
difficult to obtain automatic control. It is convenient, therefore, to 
enclose the crystal and holder in a small " oven," which is heated to a 
temperature above that which the crystal could reach under normal 
operating conditions. To obtain stability it is simply necessary to arrange 
a thermostat to control the source of heat so that it cannot rise above 
the predetermined limit. Obviously, the thickness of the crystal must 
be such that the desired frequency is obtained at the selected temperature. 
The High-frequency Amplifier.—It will be apparent from the 

foregoing remarks that it is impracticable to obtain any considerable 
power from the oscillator and quite impossible if it is crystal-controlled. 
Therefore, in order that the oscillator output can be raised to the ultimate 
output power, it is necessary to employ one or more stages of high-
frequency amplification; this stage may employ almost any class of 
valve possessing a control grid, the actual choice being determined by a 
number of considerations. The amplifier may be divided into two 
distinct classes, that using some form of screened-grid valve, so that the 
energy fed from the anode circuit to the grid circuit to the capacity 
within the valve will not be sufficient to cause self-oscillation or, alter-
natively, a triode valve may be used, in which case it will be necessary to 
introduce some means to prevent self-oscillation, which may take the 
form of neutralisation, the principle of which is discussed later. 

Before going deeply into the merits of a screened grid as opposed to 
neutralised circuits, attention may be directed to one or two fundamental 
facts which are common to all types of amplifiers, excepting those 
intended for use on comparatively long wavelengths, which are outside 
the scope of this chapter, as low-power transmitters invariably employ 
a fairly high frequency. 

R.T. 11.-8 
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The conditions under which a transmitting amplifier functions are 
fundamentally different from those obtaining in a receiver. If it is 
intended to realise an output approaching that of which the valve is 
capable, it will be necessary to allow some portion of the input cycle to 
encroach on the positive region of the grid characteristic, with the 
result that heavy grid current will flow. It might appear at first sight 
that this excursion into grid current would introduce distortion, but this 
is not actually the case, since the anode load will only reach a high 
dynamic resistance at the resonant frequency. Admittedly, some 
distortion of waveform will result, but, being at radio frequency, it will 
not directly introduce distortion which will be apparent after detection 
at the receiving end, and, furthermore, the modulation may be unaffected 
if reasonable care is used. 
Harmonics.—Waveform distortion introduces undesirable effects in a 

sphere quite removed from the considerations of audio-frequency quality 
and takes the form of generating unwanted harmonics. If a single 
valve is used, the harmonic generated will be the complete range, second, 
third, fourth, etc., but fortunately the higher harmonics are greatly 
attenuated unless the design of the anode load is very bad. It is apparent, 
therefore, that the second and third harmonics and, to a lesser extent, the 
fourth harmonic, may be radiated at considerable amplitude and steps 
must be taken to prevent this occurring by suitably designing the tuned 
circuit coupling and even the aerial itself. Quite apart from the natural 
desire of all good operators to avoid unnecessary interference, the 
radiation of the harmonics may well place an operator in a serious 
position, since the transmitter will be radiating outside of the frequency 
band officially allocated. The necessity for suppressing harmonics 
suggests the use of a push-pull output amplifier, since this class of working 
automatically cancels out all even harmonics; thus the principal harmonic 
remaining to cause trouble will be the third, which is well removed from 
the fundamental frequency. The cancellation of even harmonics is, of 
course, only complete providing the two halves of the circuit are 
adequately matched. Valves in push-pull will radiate approximately 
the same power as two similar valves in parallel and require the same 
order of input from the oscillator. They have the additional advantage 
that the grid to earth capacities of the two valves are effectively in series 
and also the anode to ground capacities of the two anodes are in series, 
resulting in a lower capacity across the coils, which is advantageous at 
the higher frequencies, since it permits a more favourable inductance/ 
capacity ratio. 
Coupling.—The coupling between the oscillator and amplifier is not 

as straightforward as it might appear, particularly when working at 
frequencies above, say, ro megacycles per second. The simplest form 
of coupling is shown at Fig. 57, and is similar to the tuned anode coupling 
used in a receiver. For the latter purpose tuned couplings resonating 
at the frequency of the received signal are not usually employed at 
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very high frequency, the superheterodyne principle being usually used. 
Difficulties arise in the transmitter, although from somewhat different 
directions. Reference to the illustration will show that the inter-
electrode capacity of both valves will appear across the tuned circuit, 
which will place limitations on the inductance/capacity ratio and effect a 
reduction in the anode load of the oscillator. Furthermore, any losses 
arising from dielectric material in both valves will also appear across the 
tuned circuit. Fig. 58 shows an alternative method of capacity coupling 
which overcomes the paralleling of the two valve capacities, but calls 
for some care in selecting circuit constants, since the effect that it is 
desired to avoid is 
only obviated if the 
tap is near the centre 
of the coil, and in 
this and the previous 
circuit it is intended 
that the tap should be 
so adjusted that the 
output load of the 
oscillator is matched 
to the input impe-
dance of the amplifier, 
which, it will be re-
membered, will con-
sume power if it runs 
into grid current 
during some portion 
of the cycle. 
Inductive Coup- F ig. 57.—A straightforward high-frequency amplifying stage. 

ling.—The obvious 
way of avoiding the difficulty of parallel valve capacity and, at the 
same time, the convenient adjustment of ratio, is by the use of 
inductive coupling, which may take the conventional form of a high-
frequency transformer, both the anode circuit of the oscillator and the 
grid circuit of the amplifier being tuned. This arrangement, however, 
may advantageously be modified at higher frequencies by employing a 
closed circuit coupling link. Fig. 59 shows an inductively coupled 
circuit in which it is intended that two coupling coils should be coupled 
together by a low-impedance feeder line. While it is often convenient 
to use the low-impedance twin feeder associated with feeder aerials, it 
cannot be recommended except, perhaps, for coupling an oscillator 
to an amplifier when the former is worked under such a condition 
that the voltage developed across the load is relatively small. This 
form of coupling introduces a very convenient feature, inasmuch as the 
feeder may be several feet long without appreciable attenuation, thus 
permitting the oscillator and amplifier or when employed, a second 
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amplifier, to be built on the unit principle and conveniently spaced from 
each other. There is no alternative means whereby such units could be 
coupled together without the introduction of loss or the danger of 
instability. At frequencies of the order of several megacycles and 
above, the coupling coils will consist of a few turns of wire, but in order to 
facilitate the impedance matching of the oscillator output and amplifier 
input, some arrangement must be made for varying the coupling. Loose 
coupling in the sense of varying the distance between the coupling coil 

Fig. 58.—A high-frequency amplifying stage with an improved type of coupling which is explained in 
the text. 

and tuned coil is very unsatisfactory, as a large movement is necessary 
and, quite apart from the necessary mechanical arrangements, the moving 
coil is inclined to come into some external field. When the purpose to 
which the transmitter is put permits of such manipulation, it is convenient 
to expand the coupling coil spring fashion and thus vary its inductance 
and consequently the mutual inductance between the coils. . This 
method is admittedly clumsy, and for service or commercial receivers 
recourse is usually made to a coupling coil that is arranged to rotate in 
relation to the tuned circuit. It should be noted that in the illustration 
the coupling coils are shown at the low-potential end of the tuned circles, 
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and this relationship is normally preserved in practice. In the case of a 
push-pull amplifier coupled to a push-pull oscillator, the coupling coils 
will normally be wound over the centre of the tuned coils, which is, of 
course, a point of low radio-frequency potential. If it is desired to couple 
a single oscillator to a push-pull amplifier, then one coupling coil will be 
placed at the low-potential end of the anode coil and the other at the 

Fig. 59.—This illustration shows the use of link coupling between the oscillator and high-frequency 
amplifier. 

centre of the grid coil ; the converse applies if a push-pull oscillator is 
used to drive a single amplifier. 

The Choice of Amplifier Circuit.—As already intimated, the amplifier 
may employ a triode or some form of screened valve. Considerations of 
the latter are straightforward and may be conveniently dealt with before 
the principle of neutralisation. The circuit arrangements of an amplifier 
using a screened valve is so straightforward that it is almost superfluous 
to illustrate it, nevertheless a typical arrangement is shown at Fig. 6o. 
Attention is drawn to the necessity for tying down the heater circuit 
from the radio-frequency point of view unless, of course, the amplifier 
is not to be worked on the higher frequencies. The circuit is arranged 
to be coupled to the oscillator by an inductive link, but if capacity 
coupling is used the grid circuit is removed and the grid of the amplifier 
fed through a condenser to a suitable tap on the oscillator anode coil. 
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Since it is necessary to apply a negative bias to the amplifier, it will be 
essential to provide a D.C. return between the grid and the source of 
bias. Note particularly that a resistance must not be used for this 
purpose, as it is intended that the valves shall run into grid current, and 
therefore a choke must be employed having a low D.C. resistance but 
adequate impedance. 

If two stages of amplification are used, the anode load of the first will 

TO OSCILLATOR 

G. B.— 

Fig. 6o.—A high-frequency pentode as amplifier. It is desirable but not essential to apply a small 
positive bias to the suppressor grid. 

be coupled to the grid of the second, and while the same coupling will 
normally be used as that employed between the oscillator and first 
amplifier, there is no fundamental reason why this should be so, but the 
consideration that caused the particular coupling to be suggested for 
the one purpose will usually suggest that the same method be employed 
throughout. 
When working at very high frequencies it may be difficult to obtain 

adequate stability, even when employing screened valves of good design. 
This condition is somewhat aggravated by the difficulty of adequately 
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screening the grid and anode circuit, while providing adequate ventilation. 
Stability can be maintained by the introduction of a little out-of-phase 
feed-back from anode to grid, a subject which will be further discussed 
after the principle of neutralisation has been explained in some detail. 
Neutralising.—The tendency of a triode to oscillate when its grid 

and anode circuits are tuned to the same frequency is fully discussed in 
the appropriate section of Volume I ; it will be remembered that the 
cause of this tendency to oscillate is due to the capacity existing between 
the anode and grid, permitting the feeding back of energy in the anode 
circuit to the grid 
circuit. This inherent 
tendency can be off-
set by applying the 
principle of neutrali-
sation, which can be 
briefly described as 
the introduction of 
energy into the grid 
circuit which is out of 
phase with that fed TO OSCILLATOR 

back to the valve 
capacity. This prin-
ciple was popular in 
the receiving set some 
years ago, and re-
ceivers so arranged 
were often called 
neutrodynes. While 
perfectly satisfactory 
from the stability 
point of view, it fell - 
into disuse owing to 
the inherent stability 
of the screened-grid 
valve, which had the additional advantage of higher stage-gain. The 
requirements of a transmitter are somewhat different, with the result 
that triode amplifiers stabilised by the neutrodyne principle have not 
fallen into disuse. Admittedly, this arrangement is more popular for 
C.W. working, but nevertheless it is often met with in telephony trans-
m ters, where its use is sometimes objected to, owing to the slight 
difficulty of maintaining proper neutralisation when the audio frequency 
is modulated on the carrier. Although the practice of neutralising really 
belongs to the triode amplifier, it is often used to balance out the effect of 
the minute grid/anode capacity of a screened tetrode or pentode, either 
to preserve stability at very high frequencies or to increase efficiency 
when conditions are such that feed-back is detrimental to performance. 

Fig. 6i.—A typical high-frequency amplifier employing grid 
neutralisation. 
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The possible detailed arrangements for neutralising the amplifier are 
extremely numerous and three circuits must suffice to illustrate the 
principle. The first two represent fundamental groups which can be 
classed as grid-neutralising circuits and anode-neutralising circuits. 
The third circuit is merely a rearrangement which has certain advantages 
of pure convenience. Fig. 61 shows a typical circuit employing gi id 
neutralising, which takes the form of a feed-back circuit from anode to a 
tap on the preceding tuned circuit. It will be noted that the small 
variable condenser in this lead acts as a means of controlling the amount 

of feed-back and, inci-
dentally, acts as a D.C. 
stopper. It should be 
understood that the 
connections to the pre-
ceding tuned circuit 
must be so arranged 
that the energy led 
back through this con-
denser produces a volt-
age across the grid/ 
cathode of the amplifier 
that is out of phase 

TO OSCILLATOR 
with the voltage pro-
duced by the energy fed 
back through the valve. 
In the circuit used as 
an example this con-
dition is obtained by 
introducing the tap at 
a point on the opposite 
side of the earth tap, 
so that the current fed 
back through the neu-

tralising condenser flows through the coil in the opposite direction to 
that fed back through the valve capacity. 
An example of anode neutralising is shown at Fig. 62, which makes 

use of a twin variable condenser for tuning the anode coil. This refine-
ment is not fundamentally necessary, but is desirable, since the anode to 
cathode capacity can be almost double the capacity across the coil as a 
whole, resulting harmonics being somewhat attenuated. The neutralising 
principle is exactly the same, inasmuch as energy is fed back out of phase 
into the grid circuit, the out-of-phase component being obtained by 
connecting a neutralising condenser to the opposite end of the anode 
coil, which is earthed at the centre from the radio-frequency point of view, 
with the result that the opposite ends of the coil are in opposite phase. 
The third example is included to illustrate the considerable variation 

Fig 62.—An improved arrangement for anode-circuit 
neutralisation. 
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of detail that exists. The connections are exactly the same as that of a 
reactive circuit, as may be seen by reference to Fig. 63. The difference 
lies in the fact that the coil shown in series with the neutralising condenser 
bears the reverse relationship to the grid coil, so that the energy fed back 
by the magnetic coupling is out of phase with that fed back through the 
valve capacity. By suitably proportioning the turn ratio between the 
coils and their physical separation, it is possible to cover a reasonable 
waveband range without the 
necessity for serious readjust-
ment of the neutralising 
condenser. 
When the principle of 

neutralisation is applied to 
screened-grid valves, precisely 
similar circuit arrangements 
can be used, but difficulty 
sometimes arises in providing 
a sufficiently small neutralising 
capacity. With particularly 
good screened valves it may 
be impossible to provide a 
capacity of sufficiently small to OSCILLATOR 
value, and it may be necessary 
to slightly increase the inter-
electrode capacity of the valve 

by allowing a short length of 
wire connected to either anode 

in order that it may be large 
enough to neutralise. This is 
extremely easily accomplished 

or grid to be unscreened. 
Frequency-multiplying   

Circuits.—It is common prac- 7---e-
tice to transmit on a frequency Fig. 63.—Another arrangement for neutralising a high-
that is a harmonic of the frequency amplifier; the grid coil is so connected that 

the energy fed back is out of phase with the energy fed 
oscillator frequency, and cir- through the inter-electrode capacity of the valve. 

cuits for achieving this con-
dition are known variously as frequency multipliers, harmonic generators, 
or frequency doublers; the use of the latter term being restricted when 
the radiated frequency is the second harmonic of the oscillator frequency. 
The reasons for employing this principle are somewhat varied; the most 
obvious reason being that of economy, quite apart from the fact that 
the monetary value of a crystal increases rapidly with frequency, it is 
possible to use a single crystal to work on several wavebands by frequency 
multiplying, always providing, of course, that the bands to be worked 
have a suitable relationship to each other. Another reason for using 



114 PRINCIPLES OF LOW-POWER TRANSMISSION 

frequency multiplication is to avoid the difficulties of obtaining com-
pletely stable operation of the oscillator stage at very high frequencies. 
In the case of portable transmitters or those that may be subjected to 
rough usage, the value of frequency multiplication is obvious, as it 
avoids the necessity for using a very thin crystal, which would be easily 
broken. 

Frequency-multiplying circuits are subject to considerable variation, 
but they may be grouped under two fundamental headings, the adaptation 
of a high-frequency amplifier for frequency multiplying, or a special 
circuit arrangement where a single valve performs the dual function of 
oscillator and frequency multiplier. An example of the first-named 
group is a simple high-frequency amplifier in which the anode circuit is 

tuned to a harmonic 
of the input fre-
quency. It is, how-
ever, necessary to 
vary the operating 
conditions in order to 
produce the greatest 

TO AMPLIFIER possible waveform 
distortion. It is usual 
to bias the valve well 
beyond anode current 
cut-off, and to drive 
it by a large input 
voltage, so that the 
maximum waveform 
distortion is obtained. 
Such an arrangement 
will provide a range 
of harmonics of useful 
amplitude. If, for 

some reason, only odd harmonics are required, the circuit can be arranged 
with two valves to function as a push-pull arrangement, which will result 
in the automatic cancellation of all even harmonics. 
The other type of harmonic generator, the existence of which has 

already been mentioned, is shown at Fig. 64, which shows a pentode 
arranged to perform the dual functions of oscillator and frequency 
multiplier. It will be noted that the cathode is taken to a point above 
earth, although both the screen and suppressor grids are at earth potential 
from the radio-frequency point of view. It is intended that the tuned 
circuit in the cathode lead be adjusted to a frequency very much higher 
than the fundamental frequency of the crystal, while the tuned anode 
circuit is adjusted to resonate at the crystal frequency or at a harmonic 
thereof. Circuits of this type are satisfactory for C.W. transmitters, 
but they suffer from frequency instability when used for telephony unless 

Fig. 64.—A pentode valve arranged as a combined oscillator and 
harmonic generator. 
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elaborate precautions are taken, so elaborate, in fact, that it is advan-
tageous to use a separate frequency multiplier. 
Keying.—Surprising difficulties arise when it is desired to control a 

transmitter by means of a key for the purpose of splitting the carrier 
wave into the dots and dashes of the morse code. A simple arrangement 
is referred to earlier in the chapter for the purpose of illustrating a 
principle, but attention can now be directed to more detailed con-
siderations. The fundamental requirements of good keying are absolute 
cessation of the carrier until the key is depressed, and complete absence 
of frequency drift at the instant of depressing the key or relaxing it. 
Failure to maintain the carrier frequency at all times results in what is 
colloquially called chirpy keying. This condition is extremely difficult 
to avoid if keying is accomplished in the oscillator stage. The desirability 
of the complete cessation of the carrier is obvious, since any radiation of 
power when the key is inoperative means that the dots and dashes will be 
received as a rise and fall in volume instead of an audible note " cut up" 
by complete silence. 

If chirpy keying is to be avoided, it is apparent that keying must be 
accomplished in the amplifier, and if a silent background is to be obtained 
the amplifier must cease to function absolutely. If a single amplifier is 
used, this can be realised by the application of sufficient negative voltage 
to the grid, but if it is preceded or followed by a further stage there is 
danger of some energy being radiated by the aerial. It is apparent that 
the negative bias system of keying is fundamentally satisfactory, but not 
altogether easy to accomplish in practice. 
The most certain method of keying is to block the high-tension supply 

to the amplifier or amplifiers, the oscillator being adequately screened 
and its power-supply leads adequately filtered. The most obvious way 
of arranging cessation of high-tension supply is to include a relay in the 
high-tension negative lead, which can be operated by the key. Objection 
to this method is the severe strain placed on the rectifier. The difficulty 
can, however, be overcome by using a special type of rectifier valve 
known as the grid-control rectifier. 
The Grid-control Rectifier.—The circuit arrangement of a high-

tension supply using grid-control rectifiers is shown at Fig. 65, where a 
key-operated relay throws the requisite negative bias on the grid until 
the key is depressed. The valves are of the gaseous type, and emission 
will cease completely if adequate negative voltage is applied. It should 
be understood that this type of rectifier cannot be used to control a 
rectified current, since it is necessary for the anode voltage to fall to zero 
for the grid to regain control once ionisation has taken place. This 
condition is fulfilled when the valves are used as rectifiers, since the anode 
potential will swing maximum negative once during each cycle. A 
modified form of valve is available in which ionisation is controlled by an 
external magnetic field, making it possible to dispense with the relay, 
since the key may be connected directly in series with the coils without 
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the risk of shock which would obtain if the key were connected directly 
into the grid circuit of the grid-controlled type. 

Telephony Transmission.—This work is mainly concerned with the 
science and art of broadcasting. The above remarks on the subject 
of keying are perhaps incidental, and attention may be turned to the 
more important subject of modulating a carrier wave at speech frequency. 
Before describing suitable arrangements for modulating it is desirable to 

A.C. 

 nMSr 

TO KEY 

Fig. 65.—The use of grid-controlled rectifiers for keying a transmitter. 

mention that the oscillator, the amplifier, and the buffer stage, if used, 
shall form a team capable of producing a carrier wave of constant 
amplitude and frequency unaffected by the modulator except when the 
amplitude is deliberately varied in the process of modulation. 

It will be remembered that a modulated carrier is made up of a 
fundamental frequency, the amplitude being varied at audio-frequency 
or, in other words, modulated. The actual modulator valve will be 
comparable with the ultimate amplifier, it may even dissipate more 
energy than the amplifier, and it is obvious that the modulator will 
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require its own audio-frequency amplifier in order that the output from a 
microphone may appear at sufficient amplitude to drive the modulator 
valve. A portion of this amplifier is sometimes called the microphone 
amplifier when low-output microphones are employed which require 

TO OSCILLATOR 

TO L.F 

AMPLIFIER 

Fig. 66.—The basic circuit of the Heising modulating system; neutralising is omitted for clarity. 

one or more stages of amplification closely associated or even actually 
built into the head or base of the microphone itself. 
Modulation.—Various circuits are available for modulating, some of 

which are extremely complicated. For the present purpose three basic 
types may be considered, the Heising, or choke modulator, the auxiliary-
grid modulator, and the grid modulator. These three all bring about 
amplitude modulation, but differ in the manner of its achievement. 
Frequency modulation is also used in low-power transmission and a general 
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explanation may be found in Vol. 1, Chapter 29, which also outlines the 
basic principle of transmission. 

The Heising Modulator.—The Heising modulating system may be 
classed as anode modulation and the basic circuit is shown at Fig. 66. 
It will be observed that the ultimate amplifier is driven either directly 
from the oscillator or by a chain of valves commencing with the oscillator, 
and is loosely coupled to the aerial system. The modulator is driven 

from its speech am-
plifier and both valves 
derive their high-

P , 
tension supply through 
an audio - frequency 
choke. The output of 
the modulator is de-
veloped across the 

't ) II choke and is super-
To OSCILLATOR imposed on the high-

tension current of the 
amplifier, thus vary-
ing the amplitude de-
veloped across the 
anode coil of the 
radio - frequency am-

T plifier. It will be 
noted that a high-

 _ frequency choke is in-
___L terposed between the 

 IH> anodes of the modu-
lo L.F lator and the anode 
AMPLIFIER of the amplifier in 

order to prevent the T high frequencies ap-
pearing in the anode 
circuit of the latter 

Fig. 67.—The basic circuit for grid-bias modulation: neutralizing is from appearing in the 
omitted for clarity. 

modulator circuit. If 
it is desired to modulate at a depth anywhere approaching ioo per cent. 
it will be necessary that the voltage appearing in the anode of the 
modulator must be greater than that appearing on the anode of the 
amplifier. A convenient way of securing this condition is to return 
the high-tension feed of the amplifier to the positive side of a suitable 
resistance in the high-tension positive line, the high-tension feed of 
the modulator being returned to the other or less-positive side of the 
resistance. 

Auxiliary-grid Modulation.—Providing the amplifier is of the 
tetrode or pentode type it is possible to modulate by varying the potential 
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of one of the electrodes at audio frequency. Modulation of the screening 
grid produces such serious difficulties that it is rarely, if ever, used, but 
suppressor-grid modulation of a pentode amplifier is quite practical and 
straightforward and, providing the valve is expressly designed for this 
purpose or happens to have suitable characteristics, it is possible to 
modulate to a depth approaching ioo per cent., while distortion is kept 
to negligible limits. It is convenient to hold the grid at a suitable 
negative potential in respect to the cathode, and it is desirable to interpose 
a simple radio-frequency filter consisting of a choke and condenser 
between the suppressor grid and the audio-frequency coupling. In the 
illustration, coupling is effected by means of an audio-frequency trans-
former, but this is not a fundamental necessity, and it requires little 
imagination to visualise that the resistance which appears across the 
secondary could be the anode resistance of a low-frequency amplifier 
always providing that the amplifier derived its high-tension supply in 
such a manner that its anode will be negative in respect to the cathode 
of the high-frequency amplifier by an amount equal to the negative bias 
required from the suppressor grid. Admittedly, resistance coupling 
could be more simply arranged by feeding the resistance through the 
D.C. stopping condenser, but the possibility of direct coupling is 
interesting. 

Grid-bias Modulation.—As its name implies, grid-bias modulation 
is a system whereby the grid voltage of the high-frequency amplifier is 
varied at audio frequency, in order that it may so control the amplitude 
of anode current. A typical circuit is shown at Fig. 67, where the audio-
frequency output of the modulator appears directly across the grid/ 
cathode of the high-frequency amplifier. Note that the small standing 
negative voltage is provided by resistance in the filament to high-tension 
negative connection of the valve. Once again it will be possible to apply 
direct coupling, as suggested above. This system is relatively efficient, 
but requires very careful design, particularly if the high-frequency 
amplifier works under conditions which allow grid current to flow during 
a portion of the operating cycle, a condition which usually obtains in 
transmitters where it is desired to maintain a favourable ratio between 
input power from the source of supply and energy delivered to the 
aerial. 

Fidelity and Bandwidth.—It is unnecessary to generalise on the fact 
that the design of the transmitter as a whole will limit the maximum 
possible quality of reproduction at the receiving end; there are, however, 
one or two points that can be emphasised. Both amplitude and fre-
quency distortion can be introduced at the receiving end; in fact, both 
these undesirable characteristics can be introduced in a single stage of the 
low-frequency amplifier. This is, however, an aspect that is properly 
dealt with in an earlier chapter which is devoted to low-frequency amplifi-
cation. 

Perhaps the first consideration when reviewing fidelity is the micro-
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phone itself, since its characteristics are, broadly speaking, the optimum 
characteristics of the transmitter as a whole—although it is possible to 
correct certain inherent shortcomings by means of corrector circuits or 
by suitable amplifier design. There are various types of microphone 
in general use, including the carbon, moving coil, ribbon, and crystal; 
all have their particular advantages, but for broadcasting purposes their 
directional properties cannot be overlooked. Some types of programme 
require a microphone that is, as far as possible, equally sensitive in all 
directions; other types of entertainment demand a highly directional 
microphone in place of, or in conjunction with, a non-directional pattern. 
Whatever type of microphone is used, it is imperative that its output is 
handled in such a manner that its good qualities are not impaired. 
The question of over-all response is not entirely controlled by the 

wishes of the designer; the first consideration is the available bandwidth 
on the frequency at which the transmitter is to be worked. On the 
official broadcasting bands the separation between stations is only 
9 kilocycles per second, which imposes a seemingly serious restriction; on 
the other hand, it is possible to find room for much wider bandwidths 
on the short and ultra-short wavebands. The other limitation on 
bandwidths is one of economics, since a wide-band amplifier is necessarily 
more expensive and more bulky than one of less-ambitious design. 



CHAPTER 9 

THE HIGH-VACUUM CATHODE-RAY TUBE AND ITS 
APPLICATION TO TELEVISION 

THE following chapters in this volume are devoted to the principles of 
television and an example of modern vision receiver design. No detailed 
reference is made to optical-mechanical systems as they have disappeared 
at least for domestic purposes. The modern television receiver is based 
on the cathode-ray tube which is viewed directly except in the case of 
projection type receivers when the image on a small very high voltage 
tube is magnified by optical means and thrown on to a screen, usually 
from the back. In order that the principles and details may be readily 
understood, it is imperative that the functioning of the high-vacuum 
cathode-ray tube 
should be made quite 
clear at the outset. 
The basic function 

of a cathode-ray tube 
is to produce a beam 
of electrons that can 
be focused to cover a 
very small area and 
be so controlled that 
it can be made to 
terminate at any 
point on a fluorescent 
screen. Fig. 68 shows Fig. 68.—A sketch illustrating the fundamental principles of a 
a skeleton diagram of cathode-ray tube. 

a cathode-ray tube, while the plate in Chapter 12 shows the external 
appearance of a typical 17-inch rectangular tube. Reference to the 
diagram will show that the electrode assembly is denoted as the gun, 
although it is actually made up of a number of electrodes, described 
below. In the meantime it will be convenient to look upon the electrodes 
as a single entity capable of projecting a beam of electrons so that they 
impinge on the screen at the end of the tube. It should be clearly 
underctood that this beam is in no sense light, but simply an electric 
current projected into space; the speed of these electrons is considerable 
and in high-voltage television tubes it often exceeds one-tenth of the 
speed of light, that is to say, the electrons often travel at speeds of 

FLUORESCENT 
SCREEN - 

GUN 

R.T. 121 

ELECTRON BEAM 
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the order of 20,000 miles a second. Electrons travelling at considerable 
velocity will cause certain materials to become fluorescent, and this 
phenomenon is taken advantage of by utilising materials which exhibit 
this property to a marked degree. Various materials produce different 
colours of fluorescent light, the best known of which is zinc silicate, 
which gives a greenish-blue. Such a colour is unsuited for the needs 
of picture reproduction, and complex formule are used to produce a 
material giving a black and white picture. The screen may be backed by 
a " film " of aluminium little more than a few atoms thick which reflects 
in the forward direction light that would otherwise be wasted. A tube 
so treated is called an aluminised tube. 

Fluorescent materials exhibit the property of persistence in varying 
degrees. Persistence may be described as the property of the material 
to remain fluorescent after electrons have ceased to impinge upon it; 
persistence is often called after-glow, which aptly describes it. 

Providing that the gun is so designed that the beam will remain 
sharply in focus, it is possible by means of additional electrodes or coils 
so to control the beam that it may be deflected to any point on the screen. 
When stationary it produces a spot of fluorescent light, and if made to 
move sufficiently rapidly and repeatedly over some particular path, 
the route taken by the spot will appear to form a solid trace. Examples 
of this phenomenon appear in various chapters in the form of oscilo-
grams, but the most noteworthy examples are perhaps Figs. 3-8 in Vol. I. 
As will be seen in a subsequent chapter the beam is so controlled in a 
television receiver that it systematically traverses the entire visible por-
tion of the screen. In the meantime attention is directed to the methods 
of focusing the beam, varying its intensity, and controlling its movement. 
There are two main types of high-vacuum tube which are magnetically or 
electrostatically focused. Various modifications are employed in com-
mercial practice, but these do not fundamentally affect the principle, and 
therefore one of each type will serve as examples. 
The Electrostatically Focused Tube.—Fig. 69 shows the complete 

focusing and modulating electrode system, from which it will be seen that 
the gun consists of a heater, cathode, modulating grid, and three anodes. 
The heater is similar to that used in a mains valve, but is not enclosed by 
the cathode, as this latter electrode is very small, in order that electrons are 
not emitted remote from the influence of the other electrodes. The 
total emission is of the order of 50-250 microampères. 
The cathode is partially surrounded by the modulating grid, which has 

a small hole in the centre, usually less than i millimetre in diameter. 
This electrode is held at a suitable negative potential with respect to the 
cathode and controls the intensity of the electron stream which pa_sses 
through it. It also has the effect of narrowing the beam as it passes 
through the hole, owing to the mutual repulsion between the electrons 
and the negatively charged electrode. 
The electrons are pulled through the modulation grid by the positive 
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charge of the several anodes and do not divert from their path and flow to 
the positive electrodes, partly due to the symmetrical assembly which 
results in the pull being substantially equal in each direction, and partly 
due to the very considerable velocity at which the electrons are travelling. 
It should be understood that the 
term gun usually implies the elect- ANODE 3 
rode system as a whole but references 
may be found elsewhere in which 
the term gun is used in the sense of 
an anode. 
The electron beam tends to di-

verge owing to the mutual repulsion ANODE 2 
between the electrons, and some 
means must be found of marshalling 
them so that they cover a very small 
area when they impinge upon the ANODE I 
screen. In the tube under dis-
cussion this is accomplished by the 
action of the three anodes, which MODULATING 
together form what is often termed GRID 
an electronic lens. The first anode 
is purely an accelerator and may 
require a potential of anywhere 
between ioo and 5,000 volts, ac-
cording to the spacing of the elec-
trode system as a whole. Anode 2, 
on the other hand, will be held at a 
relatively low potential, of the order 
of 350 volts, while the third anode 
will be held at a relatively high 
potential, usually between 3,000 and 
15,000 volts, according to the bright-
ness and area of the spot. The 
higher the potential of anode 3, the 
smaller and brighter can be the spot. 
Anode 2 and 3 will have a very 

Fig. 69.—Electrode assembly of a typical 
small gap between them, with the magnetically focused and deflected cathode-

result that the field round them will ray tube. The heater and cathode are 
placed vertically in the centre of the 

join together and, owing to the dis- modulating grid. 

similar number of lines caused by 
the varying potential on the two electrodes, the electron stream will 
be bent something in the manner of that indicated at Fig. 70. This has 
the effect of bending the electrons so that they may be made to form a 
very elongated cone, the base of which is situated in the neighbourhood 
of anode 3, and the apex on the screen. In order that this condition 
may obtain it is obvious that bending must take place to a very precise 
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extent, and, to facilitate this, the potential of anode 2 is varied by means 
of a potentiometer or other device so that it may be adjusted manually 
to give the smallest possible spot. This control is appropriately termed 
the focus control. 
Mention has already been made of the influence of the modulator grid 

on beam intensity. As will be seen in a subsequent chapter the modulator 
grid-volts/beam-current curve of a high-vacuum cathode-ray tube is 
similar to the grid-volts/anode-current curve of a triode. It will also be 
seen that for the best operating conditions the tube is biased so that beam 
current is almost negligible. To facilitate this adjustment the potential 
applied to this electrode is made variable by means of a potentiometer or 
other device, which is known as the brightness control, since it does, in 
fact, control the general brightness of the television picture. 
As already explained, the beam is, in fact, a flow of electrons from 

cathode to screen, and if some form of return path is not provided it is 
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Fig. 70.—An impression of the focusing of an electron beam due to the varying fields of the anodes. 

apparent that the screen will quickly acquire such a large negative charge 
that further electrons would be repelled from it; this state of affairs does 
not arise, owing to the presence of secondary emission from the screen. 
The velocity of the electrons of the beam is such that their impact with 
the screen material knocks out secondary electrons—which are compara-
tively slow-moving and are pulled by the most positive object in their 
vicinity, which will be anode 3—completing what would be a normal 
electrical circuit, if it were not for the fact that the electrons leaving the 
cathode are replaced by others given off by the screen as secondaries. 
Secondary electrons do not travel directly to the anodes but sideways to 
the inner side of the tube, which is almost invariably lined with some 
conducting material, usually zinc sulphide or graphite. This lining is in 
metallic connection with anode 3, in addition to acting as a collector of 
secondary electrons it serves to prevent the accumulation of charges on 
the glass which would shift or distort the picture. It should be under-
stood that the beam is deflected after passing through the aperture in 
anode 3, and for the purpose of deflection the voltage of this electrode may 
be regarded as zero. 

Electrostatic focusing is by no means obsolete for television tubes. 
Deflection.—Deflection may be accomplished by magnetic or electro-

static means, but is almost invariably the latter when electrostatic means 
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are employed for focusing. Reference to Fig. 
plates are mounted above the gun which are 
arranged as two parallel pairs mutually at 
right angles to each other and so arranged 
that the beam will pass through their exact 
geometrical centre, providing, of course, that 
it is not deflected. These electrodes are 
known as the deflector plates, and by suitable 
application of potential they will bend the 
beam in any required direction. If, for 
example, a certain plate is made positive with 
respect to anode 3, then the beam will bend 
towards it to an extent proportional to the 
potential difference. If, on the other hand, 
a certain plate is made negative with respect 
to anode 3, it will repel the beam and by 
the application of a suitable potential to one 
plate in each pair the beam can be bent so 
that it impinges on any point on the screen. 
When only two plates are so used, the other 
plates are shorted to anode 3, but for the 
purposes of television it is convenient to use 
push-pull deflection, the input to each pair 
of plates being so arranged that one plate is 
driven positive while its opposite plate is 
driven negative, and vice versa. An exception 
is, however, sometimes made when the screen 
area is very small. 

Reference to Fig. 
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71 will show that four 
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Y PLATES 

ANODE 3  

ANODE 2 

Fig. 7i.—The arrangement of de-
flector plates in a typical 
electrostatic cathode-ray tube. 

72 will show the manner in which the deflector plates 
are expressed diagrammatic-
ally, and this illustration 
includes all the normal 
electrodes to be found in 
the electrostatically focused 
and deflected high-vacuum 
cathode-ray tube. It will be 
appreciated that minor modi-
fications appear in varying 
makes of tube, as, for ex-
ample, a screen between each 
pair of deflector plates. It 
is perhaps not out of place 
to mention that these tubes 
must be pumped to an ex-

ceptionally high vacuum, otherwise ionised gas is inclined to collect in 
the centre of the tube and with the assistance of unfocused electrons will 
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Fig. 72.—Symbolic representation of an electrostatically 
focused and deflected cathode-ray tube. 
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produce an unpleasant phenomenon which will take the form of a disc 
or ring of indistinct light. The assembly of the various electrodes calls 
for great accuracy, since the several electrodes are provided with dia-
phragms for the purpose of trapping any electrons which are not properly 
marshalled into the beam, and it is necessary that the various apertures 
be so aligned that the cathode may be seen by looking straight through 
the assembly from the far end. Reference to the plate in Chapter 12 
will show that there is a projection from the side of the tube, this term-
inates in a metal thimble and is, in fact, the connection to the gun. It is 
usual, for convenience, when referring to the tube to divide it into three 
pieces, the neck, the bulb, and the shoulder; the first two expressions 
being self-explanatory, while the latter is the general area of the junction 

between the first two men-
tioned. 
The Magnetic Tube.— 

Remarks that have already 
been made relative to the 
electrostatically focused tube 
are applicable to the mag-
netically focused type, ex-
cepting the means of focus-
ing and deflection, which 
are by means of a magnet 
and coils. Such a tube is 
shown diagrammatically at 
Fig. 73, from which it will 
be seen that only three elec-
trodes are used — cathode, 
grid, and anode. Some tubes 

are described as tetrodes and have an additional electrode. The cathode and 
grid perform their normal functions, the anode which may easily be at a 
potential of 15,000 volts, acts as an accelerator to pull the electrons through 
the aperture in the modulating grid and give them the necessary velocity; 
unless some external means is provided to control the electrons they 
could continue on their way in a divergent beam and impinge upon the 
screen in a cloud some inches in diameter. 
Focusing is accomplished by means of a magnetic field supplied from 

an external source. It may take the form of a coil energised by direct 
current or a ring magnet which is slipped over the neck of the tube in the 
approximate position shown in Fig. 73, where the coil is shown in section. 
The precise effect of the magnet is somewhat difficult to describe in words, 
and even more difficult to illustrate; the electrons when passing through 
the magnetic field are deflected by the latter in a somewhat corkscrew 
fashion, but owing to their very great velocity they will not complete even 
one turn, but in the average type of tube about a quarter of a turn. 
This change of direction controls the ultimate direction of the individual 
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Fig. 73.—Symbolic representation of a magnetically 
focused and deflected cathode-ray tube. The shaded 
area can represent either coil or magnet. 
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electrons so that they converge and form a small spot on the screen. 
Focusing in the active sense of the word is accomplished by changing the 
strength of the magnetic field and consequently the extent by which the 
electrons will converge. Bearing in mind that the magnetic field will have 
a limited influence on account of electron velocity, it is apparent that anode 
voltage may also influence focusing, and this fact is used to advantage in 
some receivers in which a potentiometer is used to vary the anode voltage 
to a small extent, say, plus or minus ioo volts, to provide a vernier 
control. PICTURE FOCUS 
As already mentioned, the CENTRING LEVER 

electro-magnet can be re- RING 
placed by a permanent ring 
magnet which is magnetised FIXED 
in such a manner that one face MAGNET 
is north and the other south. 
Obviously some alternative 
means is required to give the 
actual manual control of focus, 
and in the modern television 
receiver this is accomplished 
by means of a split magnet or a 
magnet with a damping sleeve; 
the strength of the magnetic field 
is varied by moving either 
one half of the magnet with 
respect to the other half or by 
varying the relationship be-
tween magnet and damping 
sleeve. This movement is con- PICTURE 
trolled by a lever in some MOVING CENTRING 
receivers and in others by MAGNET SCREW 
a knob which actuates a screw Fig. 74.—A ring magnet focusing assembly with picture 

shift plate and "screw" type focus lever. mechanism. Disadvantages of 
the system include a tendency for focus to shift slightly when the 
hand is removed from the lever, due to a form of mechanical 
backlash, while the screw method is too slow to permit the optimum 
position to be found readily. A further difficulty arises with large 
screen receivers due to cabinet size making it difficult to operate the 
lever or knob at the back and view the screen at the same time. 
The magnet assembly Fig. 74 includes a round iron plate behind the 

magnet known as the picture centring ring; this control is referred to 
later in this chapter. It would not surprise the author if electrostatic 
focusing for television again became popular. 

Magnetic Deflection.—If a coil is placed in such a position that its 
field cuts the beam, it can be made to deflect the beam so that the effect 
is the same as that of the deflector plates in the electrostatically deflected 
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tube. If a coil is placed above the neck of the tube so that its axis is 
vertical, it will deflect the beam upwards or downwards according to the 
direction of the current passing through the winding, and if a further coil 
is placed so that its axis is horizontal and at right angles to the beam, it 
will have the effect of deflecting the beam sideways. In practice, two 

pairs of coils are used in order 
to achieve what may be termed 
magnetic push-pull deflection. A 
typical scanning coil assembly is 
shown at Fig. 75 and consists of 
four coils wrapped in insulating 
tape and bent to conform with the 
tube neck. The technique of wind-
ing and shaping such coils is very 
exacting as small irregularities 
will cause uneven focus and various 
forms of non-linearity distortion; 
critical also is the question of 
insulation since high peak voltages 
develop across each coil and pro-
portionately between turns. Note 
that the sleeve on which the 
assembly is built is encircled with 

a clip which grips the neck of the tube. Note also the small components 
which are mounted on the assembly. It is of vital importance that each pair of 
coils be critically adjusted so that coupling is entirely absent, in order that 
the current controlling the vertical section does not cause horizontal deflec-
tion, and vice versa. For reasons that will be apparent in the next 
chapter, horizontal deflection is referred to as line deflection and vertical 
deflection is known as frame deflection. 

Picture Shift Control.—When a cathode-ray tube is used for such 
purposes as investigating a waveform, it is perhaps unimportant if the 
horizontal deflection is not quite horizontal and the vertical deflection 
is not quite vertical, but this condition cannot be permitted in a television 
receiver, and means must be provided to correct any such deviation. In 
the case of the electrostatically deflected tube, the only available means is 
the rotation of the tube itself to such a position that the pairs of deflector 
plates are precisely vertical and horizontal respectively. The magnetic-
ally deflected tube offers a more convenient method of adjustment, since 
the coil assembly (Fig. 75) can be rotated on the tube until the desired 
result is obtained. 

In addition to squaring up the area of deflection it is necessary to have 
some means of shifting it up and down or to left or right in order that the 
area of deflection may be in the centre of the tube. This is easily effected 
in electrostatically deflected tubes by means of a variable voltage applied 
to one plate of each pair. The circuit is so arranged that the D.C. 

Fig. 75.—A typical deflector coil assembly, note 
that it canjes small components. 
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potential of the plate can be made 50 volts or so positive or negative with 
respect to anode 3; when the plate is negative in respect to the anode the 
beam will be moved away from it, the opposite effect obtaining when the 
plate is positive in respect to the anode. The actual resistances or potentio-
meters used to perform this function are known as shift controls. 
The magnetically focused tube does not offer such ready means of 

providing shift control and, broadly speaking, two possibilities present 
themselves. Shifting of the beam by means of the ring magnet, which 
must, in effect, be provided with a mounting permitting it to be moved in 
any direction that is at right angles to the beam or, alternatively, by vary-
ing the spacing between the deflector coils and the tube. As the require-
ments of these two systems are different, it will be convenient to deal with 
them separately. 

Shift control by means of the ring magnet would be too critical if the 
actual magnet were moved, and one means of overcoming this is the use 
of a large soft-iron washer, the outside diameter of which may be equal 
to that of the magnet, the inside diameter perhaps a quarter of an inch 
larger than the neck of the tube. This ring is placed flat against one face 
of the magnet and will give an adequate control by moving it in the 
required direction. This arrangement, however, has one slight drawback, 
and that is that movement of the ring and resulting movement of the 
beam will not coincide. It will be recollected that the ring magnet im-
parts to the beam a corkscrew movement equal to about go degrees, 
with the result that a movement of the washer in, say, the vertical direc-
tion will deflect the spot (and consequently the whole of the deflection 
area) in the horizontal direction either to right or left, according to 
whether the magnet is mounted with its south or north face towards the 
front of the tube. 

Shift control by means of deflector coils would be extremely awkward 
from the mechanical point of view if it were actually necessary to move 
the coil, but in practice the same result is achieved by providing the coil 
with an iron core, which can be moved towards or away from the tube, as 
may be necessary. 
There is yet another method of shift control, but one that is rarely used 

in practice. It consists of either two or four magnets, which may be of the 
permanent or electromagnetic type ; these are arranged about the neck of 
the tube quite independently of the focusing or deflection arrangements. 
If permanent magnets are used, the actual shifting is accomplished by 
movement of the magnet and, in the case of electromagnets, the same effect 
can be obtained either by moving the coils or varying their magnetic 
effect. 
The several controls referred to in this chapter are given special names 

when incorporated in a television receiver. These names have been 
standardised by a responsible Association, and are listed in Chapter 12 of 
this volume, which contains other details enabling these terms to be 
completely identified. 
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Ion Traps.—The introduction of the tetrode cathode tube, which 
came into more or less general use at the end of the last decade, produced 
a problem in the form of ions liberated by electrons hitting odd gas 
molecules at great speed; unlike the electron the ion is relatively heavy 
and if permitted to impinge on the screen after being accelerated by the 
anode it can easily cause damage of a type known as ion burn. To prevent 
such damage the ions are prevented from reaching the screen by deflecting 
them to parts of the tube where they can do no harm. There are two 
basic methods used to overcome this difficulty, both of which take 
advantage of the fact that the relatively heavy ion is slower to change 
direction than the very much lighter electron. One is a method 
of gun construction and the other makes use of a small magnet mounted 
on a ring which is slipped over the end of the tube; the ring may be 
rotated and moved backwards and forwards to obtain optimum setting. 
The aluminising technique referred to earlier in this chapter is also a 
protection against ion burn. 



CHAPTER 10 

THE TIME BASE 

IN presenting the theory of what is generally known as the time base the 
difficulty presents itself that this device also belongs to the cathode-ray 
oscillograph and it is realised that those who are interested in this subject 
may or may not be interested in television, and vice versa. Bearing in 
mind that the requirements of television time bases are somewhat 
peculiar, the subject is treated separately in this chapter, even although a 
certain amount of overlap is inevitable. 
Many years ago various ideas were put forward for the transmission of 

a picture, and experiments were being conducted well back in the last 
century which were necessarily confined to the transmission of visual intelli-
gence over land-line, since radio communication was, at that time, un-
known. It is no part of this book to give a detailed history of television, 
since those who are interested will find ample works available dealing 
largely with historical development. It may, however, be worth while 
to touch on one aspect, in order to set aside the popular belief that cathode-
ray television is a really recent idea or, indeed, that the cathode-ray tube is 
in itself new. Cathode-ray tubes were manufactured in this country at 
the end of the last century, and as far back as 1902 Professor McGregor 
Morris read a paper before the Institution of Electrical Engineers on the 
application of this device. The first entirely satisfactory reference to the 
cathode-ray tube for television can be found in 1911, in the form of a 
remarkable prophecy by the eminent physicist, Campbell Swinton,who 
in his presidential address to the Röntgen Society indicated that in the 
near future a considerable amount of attention would doubtless be de-
voted to the problem of television, and went on to say that he believed 
that the idea of television reception with the aid of a slotted disc would 
prove too crude and that the cathode-ray tube would prove the ultimate 
solution. How true was this prophecy (or perhaps foresight would be 
a better word) ! His whole address is well worth reading and is printed in 
the proceedings of the Röntgen Society, and elsewhere. His suggested 
method of scanning the field of vision was a remarkable effort to over-
come a problem which to-day is solved by the time base. 

Before dealing with the question of the time base and scanning, it is 
desirable to touch on the subject of nomenclature, since certain stan-
dardisation of terms has made the words " time base" into something 
which is abstract instead of the physical entity housed in a square box; 
in other words, it is recommended that the term time base be reserved 
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for the regular movement of the cathode-ray beam in any direction that 
may be required. In earlier chapters various oscillograms have been 
shown, notably in Chapter 1, Vol. I, where sound waveforms are shown 
which are, in fact, graphs plotted between amplitude in a vertical direction 
and time in the horizontal direction. Such graphs were actually pro-
duced by an electrostatically deflected tube. The fluctuating " speech " 
voltage was connected across the vertical deflecting plates and the time-
base generator across the horizontal deflection plates; the latter device 
can for the moment be described as an arrangement which causes the spot 
to travel from side to side in a linear manner at a predetermined speed 
and, after reaching the end of its excursion, to fly back to the commencing 
point as quickly as possible, thus providing the time dimension which can be 
used as a time reference if the speed of the spot is known—and is there-
fore called a time base. It is recommended that the device which 
produces this deflection is known as a time-base generator. In a tele-
vision receiver two such devices are employed, one for vertical deflection 
and the other for horizontal deflection, and a committee of engineers has 
come to the conclusion that when this device is used in the television 
receiver the term time-base generator is unsuitable, as it does not, in fact, 
have any significance in terms of time; nevertheless the terms " time 
base" and " time-base generator" continue to be used. 
The term blocking oscillator is sometimes used to mean a time-base 

generator but is not so used in these volumes, since the term in itself 
suggests a particular type of circuit which is used in some television 
receivers but not in others, and is also confusing when qualified by the 
words " line " and " frame." 
Scanning.—Sound is essentially one-dimensional, inasmuch as the 

cone in the loudspeaker is only required to be in one place at any one 
time. In the same way the diaphragm of the ear may change its direction 
ro,000 times, or more, in a single second, but nevertheless it is only 
required to record one value at any particular instant. When the eye 
rests on, say, a photograph, it will convey to the brain a wealth of tone 
values simultaneously; in fact, the human eye can register upwards of 
200,000 tone values (picture points) simultaneously. It is apparent, 
therefore, that whereas sound requires a single channel for effective 
reproduction, television would require some thousands of channels if 
some means were not found to circumvent the difficulty. Such means 
are available in the form of scanning, which is, in fact, the transmission of 
a picture point by point, arrangements being made to synchronise the 
receiver and the transmitter so that the tone value of each point is repro-
duced in the same position at the receiving end as it occurs at the trans-
mitting end. To accomplish this some method must be adopted to explore 
the picture to be transmitted. This could doubtless be done in many 
ways, even to the fantastic extent of exploring the image catherine-wheel 
fashion, starting from the centre and working outwards. In actual practice 
it has been found convenient to explore or, to use the right term, scan the 
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picture in a series of horizontal lines, starting from the top left-hand 
corner and finishing up at the bottom right-hand corner, such a sequence 
being shown at Fig. 76, where the scan-lines are shown solid and the fly-
back lines are shown broken. In this illustration only a relatively small 
number of lines are shown for the sake of clarity, but actually some 
200 will be necessary, which must be scanned some 50 times per second in 
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Fig. 76.—A sequential, or continuous raster; the thick lines represent the line scan, and the thin lines 
the fly-back. 

order to achieve that wealth of detail which is referred to as high-definition 
television. 

Reference to Fig. 76 will show that each line occurs immediately after 
the one above it and is known, therefore, as sequential or continuous 
scanning; the actual pattern or route followed by the spot is known as the 
raster. The present system of television does not use sequential scanning 
but interlaced scanning, a refinement which is dealt with later. Attention 
can now be directed to the circuits which cause the cathode-ray beam to 
scan the picture area of the receiver. 
Time Base.—As already intimated, the purpose of the time base is to 

cause the spot to travel across the screen, while another one causes the 
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spot to move from the top to the bottom. As the former will accomplish 
one line in each cycle of its operation, it is known as the line time base, 
while the latter will have completed one cycle of its operation when the 

entire field of view has 
H.T. been covered, and is known 

as the frame time base. 
The only convenient 
method that suggests itself 
for causing the spot to 
travel across the screen is 
a device which will build 
up a voltage or current at a 

TO DEFLECTOR PLATE linear rate of increase, and 

 H.T. — down 

to provide it with means 
for rapidly breaking do 
to the amplitude at which 

Fig. 77.—Diagram illustrating the principle of a time base. it commenced. Reference 
to Fig. 77 shows the resist-

ance R in series with the condenser C, the junction of the two being 
connected to a deflector plate. High-tension negative is connected 
to the anode of the cathode-
ray tube, and the opposite wt+ 
deflector plate similarly 
connected. When the switch 
is closed the condenser C will 
charge through the resistance 
R and the point X will become 
progressively positive and so 
will the plate to which it is 
connected, with the result that 
the beam will be pulled in the 
direction of the plate in ques-
tion and a single-line sweep 
will have been accomplished. 
Means must be found for 
quickly discharging the con-
denser so that the spot can 
return to its original position 
and recommence the line scan 
when the condenser C recom-
mences to charge. A skeleton 
circuit for this purpose is 
shown at Fig. 78, where it will 
be seen that a triode valve is connected across the condenser C. Suppose 
that the applied high-tension voltage is of 500 volts. Circuits of this 
description have a cumulative action, and it is therefore easier to 

TO 
DEFLECTOR 

PLATE 

Fig. 78.—Diagram of an elementary time base, to 
illustrate the text. 
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investigate the performance of the circuit on the assumption that 
it has been working for some time. The purpose of the triode is to dis-
charge the condenser C, and when it does so the discharge current will 
form the anode current of the valve and must pass through the bias 
resistance R1, which may be assumed to have such a value that the maxi-
mum potential developed across it is roo volts, which will charge the bias 
condenser to approximately this value. It is now convenient to take up 
the action of the circuit from the point where anode current has ceased to 
flow, simply because the condenser has discharged to a low value and the 
grid of the valve is held at a high negative value, sufficient, in fact, to 
prevent the flow of anode current. The 
condenser C will now charge, while the  HT+ 

negative voltage applied to the grid 
will decrease, due to the charge in C1 
leaking away through R1, and the 
potential across C will continue to in-
crease and, incidentally, deflect the 
cathode spot, until the anode potential   

TO 
has reached such a value that, asso- DEFLECTOR 

ciated with the decreased negative grid PLATE 

voltage, will allow anode current to pass 
and discharge the condenser C. The 
circuit shown at Fig. 78 has served to 
illustrate the principle of a time-base 
generator, but is fit for little else, since 
the discharge time may well be of the 
same order as the charging time, and 
the difference between the charge and 
discharge potential across the condenser 
C will be small. Attention may now 
be directed to Fig. 79, which shows 
an elaboration of Fig. 78 and may be  J  HT— 
considered as a workable time base. 
Once again it will be convenient to 
commence at the point where the con-
denser C is in a discharged condition, anode current has ceased to 
flow, and C1 is charged to a potential of roo volts. Assuming that the 
characteristics of the valve are such that anode current will not flow 
under the conditions indicated until the anode potential is 350 volts, 
then a change of nearly 350 volts is available for deflecting the spot, since 
the action of the circuit will almost completely discharge the condenser C. 
When the potential across C has reached the requisite value, anode current 
will commence to flow and must pass through the primary winding of the 
transformer, which will induce a voltage across the secondary which can be 
so connected that it drives the grid in the positive direction. This will 
have the effect of increasing anode current, which will, in turn, develop a 

Fig. 79.—The circuit shown at Fig. e, 
modified to speed up the discharge. 
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larger potential across the secondary, driving the grid still more positive, 
and so on until the condenser C is almost completely discharged. The 
whole action of the discharge valve is to decrease rapidly the discharge 
time, and in practice the voltage built up across the secondary will drive 
the grid so positive that the effective impedance of the valve is only a few 
ohms and the instantaneous anode current is of a very high order. If it 
were not for the fact that the capacity of C is necessarily small, the dura-
tion of the discharge would be such that the valve would only last for a 
few operation cycles and then completely collapse; icsuming that the 
value of C is small, the resulting waveform will be such that the mean 
anode voltage is perhaps 20 volts, although the peak anode potential may 
be 500 volts or more. 
No mention has yet been made of means for controlling the frequency 

of the time base so that the same number of lines per second is completed 
at both receiving and transmitting ends. Bearing in mind that one of the 
controlling factors is the negative bias on the valve, it is apparent that the 
frequency of operation can be controlled by making R1 variable, which will 
determine the initial charge of the condenser C1 and the rate at which this 
charge will leak away; thus, the lower the value of R1 the greater will be 
the frequency. Providing R1 in physical reality is an exceedingly well-
made variable resistance, it will be possible to hand-synchronise the line 
time base of the receiver with the transmitter. Infinite patience is 
required, but it is nevertheless possible. Fortunately such dexterity is 
not required, as the transmitter radiates a series of synchronising impulses 
which can be made to control receiver time bases. 
Although Fig. 79 is a workable time base, it has one great objection, and 

that is that the potential across C will not build up in a linear manner, 
since the charging of a condenser through a resistance follows an exponen-
tial law, with the result that the spot will travel much faster at the com-
mencement of the line than at the end, causing a type of distortion which 
results in, say, a man of normal proportions in the middle of the screen 
being exceedingly stout if he walks to one edge of the picture, and equally 
thin if he walks to the other edge. This non-linearity can be overcome 
by the use of another valve, which can be described conveniently, if a little 
incorrectly, as a push-pull amplifier (see Fig. 8o). It should be understood 
that the push-pull action is not between the two valves but between the 
charging resistance and condenser and the valve V2: the valve V1 performs 
an entirely separate function—that of discharging. 
The arrangement is shown at Fig. 80, from which it will be seen that the 

charging condenser takes the form of two condensers in series marked C 
and C' to form a capacity potentiometer. If the capacity ratio between 
C and C' is equal to the amplification of V3, it is apparent that the wave-
form across R 3 will be of equal amplitude, but in opposite phase to the 
potential across C and C', and consequently the non-linearity of the in-
crease of positive potential on the one plate is offset by corresponding 
non-linearity in the decrease of potential on the other plate. The deflection 
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of the spot will be equal to the mean potential change, which is linear. 
This explanation would be entirely accurate if the characteristic of V 2 

was in itself linear. Unfortunately this is not the case, and the value of 
R 3 has to be carefully adjusted and the ratio between C and C' also care-
fully calculated to produce as nearly as possible the required linearity. It 
will be noted that V2 is biased by grid current, which is a convenient 
arrangement. It will also be noted that R is variable; since R1 will 
determine the fre-
quency of discharge, it 

across C and C' when 
TO DEFLECTOR 

 2000 V follows that R will de-
termine the voltage 

I PLATES 
discharge occurs, or, in R3 

other words, the total 
deflection of the spot or 
length of the line and 
therefore the width of 

c the picture. It should 
be observed that only a 
portion of the charging 
resistance is made vari- vi 
able, which is highly 
desirable, since if the 

  ' whole were variable it c 
might be turned to the 
minimum position in 
the process of adjust-
ment, which would R1 

place the whole applied 
high - tension voltage 
across the valve and 
cause it to collapse. 
This is particularly im-
portant, as the applied H.T. - 
voltage will often be Fig. 80.—Circuit shown at Fig. 79, with an additional valve to 

obtain linearity. It should be noted that R and Rs together 
1,500 volts, or more, in form the charging resistance. 

order that the action of 
the time base be confined to a relatively small portion of the charging 
curve of C, C' and thus achieve an improvement in linearity at the onset 
and make the correcting action of V 2 considerably less critical. 
The Frame Time Base.—The action of the frame time base (i.e. the 

vertical deflection) is very much slower than the line time base—the 
actual frequencies for the system radiated by the British Broadcasting 
Corporation and also by the Independent Television Authority being 
respectively ro,125 lines per second and 50 frames per second, each frame 
consisting of 202i lines. The circuit shown at Fig. 8o would work equally 

R.T. II—TO 
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well as a frame time base, although the values of C, C' would be several 
times greater and the values of R, 122 somewhat larger. The line and 
frame time bases can be considered as independent units and each may 
employ an entirely different principle or, alternatively, may employ the 
same principle. For the purpose of describing the method by which the 
transmitter controls the receiver time bases it will be convenient to 
consider the circuit shown at Fig. 8o for both the line and frame time base. 
Synchronism.—The television transmitter is modulated to a depth of 

almost ioo per cent. From zero to 30 per cent. is used for transmitting 
synchronising intelligence and from 30 per cent. to roo per cent, for picture 
intelligence; the end of each line is terminated by a short synchronising 
impulse, which consists of a fall to almost zero for about roul,-0-woof a second, 
while at the end of a frame a long impulse is transmitted which is equal to 
the duration of several lines. This aspect of television technique is dealt 
with later in the chapter, and it is sufficient for the moment to bear in mind 
that impulses are transmitted at the end of each line and each frame 
and it will be necessary to arrange receiver time bases so that the action of 
the line time base is controlled by the line-synchronising impulse and the 
frame time base by the frame-synchronising impulse. This obviously 
needs some discriminating arrangement so that the one does not affect the 
other. 

Fig. 81 shows a complete time base using the principle shown at Fig. 80., 
It may be regarded as a line time-base circuit unless a time-constant 
condenser is included (shown dotted), when it will function as a frame time 
base. The separator valve, V 3, is in all ways a conventional pentode, with 
the exception of the anode, which is split into two sections insulated from 
each other, and led out to separate connections. In order that the separa-
tor valve shall give the maximum response to a given impact the screen 
may be run at a relatively low potential and the control-grid biased to 
approximately cut-off, which in the circuit under review is accomplished 
by a cathode bias-resistor. The total incoming signal is applied across the 
grid/cathode circuit of the separator valve, some form of filter usually being 
provided to prevent the higher frequencies associated with the picture 
from appearing across the grid/cathode circuit of the valve at sufficient 
amplitude to affect it materially. The input signal which will have passed 
through a detector and output stage will be so phased that it drives the 
grid in the positive direction and brings about a large change of anode 
current in both anode circuits. On the occasions of a line impulse the 
effect on the frame time base will not be appreciable, owing to the action 
of the time-constant condenser (shown dotted) across the inductance in 
the anode circuit of the valve preventing any great change taking place 
due to the long time-constant of the circuit and the short duration of the 
line-synchronising impulse. The effect on the line time base will be con-
siderable, as one of the anode circuits of V 3 includes the tertiary winding 
of the discharge transformer, which will be so connected that the change in 
anode current of V 3 will drive the grid of V1 in the positive direction and 
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will cause V1 to commence discharging C, C', providing the valve is nearly 
ready to discharge on its own. In practice R1 is adjusted so that the valve 
is nearly ready to pass current at the termination of a line, and the syn-
chronising impulse (which terminates the line) from the transmitter starts 
the discharge action, thus holding the line scan of the receiver in syn-
chronism with the line scan of the transmitter. The control R1 is known as 
the line hold or line-synchronising control, although the actual synchronis-
ing is controlled by the transmitter. The same action occurs in the frame 

R 2 

TO DEFLECTOR 

1:1LATEli 

© V2 

2000 V 

260 V 

H.T. — 

TO DETECTOR 

Fig. 81.—A complete time base for either line or frame, with synchronising separator valve. 

time base, the cathode resistance of the discharge valve being known as 
the frame hold or frame-synchronising control, which again is adjusted so 
that the frame-discharge valve is nearly ready to pass current at the end 
of the frame, but the action is actually started by the frame-synchronising 
impulse, which will develop the necessary voltages across the secondary 
of the frame transformer, due to its long duration. 

It will be noticed that the leads to the deflector plates are provided with 
D.C. stopping condensers to prevent the high-tension voltage from appear-
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ing on the deflector plates. It should not be assumed, however, that the 
plates can be left floating from the D.C. point of view, but must be con-
nected to the C.R.T. anode. This may consist of a direct connection 
through a very high resistance ; sufficiently high, in fact, to avoid appreci-
ably loading the time-base circuit or, alternatively, may be taken through a 
high resistance to a potentiometer suitably connected so that its mid-point 
is approximately at anode potential, permitting deflector-plate potential 
to be varied a few volts in the positive or negative direction in order to shift 
the mean position of the spot; or, in other words, shift the picture from side 
to side or up and down, as the case may be, for the purpose of centring. 
The arrangement shown at Figs. 8o and 81 are essentially suitable for 

operating an electrostatically deflected tube and are not convenient 
for producing the power output that is required for the magnetically 
deflected type. Suitable circuits for this purpose are dealt with at the 
end of this chapter, and attention may now be directed to the nature of the 
transmitted waveform and the principle of interlaced scanning. 
The Television Signal.—The modulation of a television signal is often 

referred to as D.C. modulation, since it is from maximum to minimum and 
not a symmetrical modulation as used for sound transmission. The term 
is, however, somewhat confusing and should not lead the reader into re-
garding the resultant changes of amplitude in the light of direct current. 
So rapid are the changes that some components of the signal may change 
at the rate of 2 megacycles per second and will behave like any other 
current or potential of this frequency. Many readers will be familiar with 
the type of diagram shown at Fig. 82, and it is emphasised that this draw-
ing is, in fact, the modulation performance of the transmitter and is not the 
actual radiated waveform which is symmetrical and requires the action of 
a detector before it can be utilised and, incidentally, appear in the manner 
indicated in Fig. 82. 

Reference to Fig. 82 will show diagrammatically the manner in which the 
available power is divided between the synchronising intelligence and 
picture intelligence. It will be observed that the maximum output from 
the transmitter corresponds to maximum white and that a 30 per cent. 
output corresponds to black. The amplitude below black may be re-
garded as infra-black or, to use the colloquial phrase in common use, 
" blacker than black." This latter term is particularly apt, because if the 
tube is working below the black level it may be driven the corresponding 
amount in the direction of white and still fail to show any illumination. 
As already intimated, Fig. 82 shows the modulation of a typical television 

signal expressed diagrammatically. The illustration shows three complete 
lines, and it will be interesting to study the diagram in detail. It will be 
observed that the portion marked A is all above the black level and con-
stitutes, therefore, picture intelligence. Commencing from the extreme 
left-hand end, it will be observed that the modulation rises rapidly to half-
way between black and white, and a correctly adjusted receiver would be 
modulated so that the cathode-ray tube would produce a brilliancy that 
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may be termed middle-grey. Further progress in the right-hand direction 
shows a succession of increases and decreases of modulation, and one point 
actually touches maximum white. It will be appreciated that the portion 
marked A represents a complete visible line, and as the cathode-ray beam 
at the receiving ends travels along the line its brilliancy will vary in 
accordance with the amplitude of the modulation. Although the visible 
line is the portion marked A, the complete line may be regarded as the 
portion marked ft, which has a duration of precisely 10125 second. 
At the end of the portion marked A there is a very slight rest and then a 
sudden decrease of modulation from 30 per cent. to zero. This change is 
intended to actuate the synchronism-separator valve of the receiver and 
cause the receiver time base to trip and the cathode-ray beam to return to 
the beginning of the next line. To allow time for this to be accomplished 
there is an appreciable rest pause, which is of the order T00100-0 of a second. 
Note particularly that the modulation is at zero and therefore well below 
the black level, conse-
quently there will be no WHITE 

visible sign of the return LIGHT GREY 

trace, or fly-back as it is GREY 

generally termed. DARK GREY 

There is a tendency to BLACK 

regard the cathode-ray 
BLACKER THAN Bi ACK beam as a tangible entity 

passing from left to right 
and quickly from right to 
left ad infinitum, but looking 
into the matter a little more deeply it is apparent that the beam 
will not exist during the fly-back, as the fall in modulation will have so 
biased the modulating grid that no gun current will flow. It is therefore 
correct to regard the beam as a tangible entity when travelling from left to 
right, at which point it ceases to exist and again becomes a tangible entity 
at the beginning of the next line. It might be argued that when repro-
ducing a picture containing the black section the beam would cease to 
exist when scanning that particular section, but this is not, in fact, the case, 
as normal picture modulation falls only to the black level, at which a very 
small gun current will continue to flow, although it will be insufficient to 
cause any visible illumination. The fly-back, it will be observed, occurs at 
the " blacker than black" level, which will completely stop the beam 
current which is necessary, as the returning trace would otherwise make 
itself apparent where it crossed such portions of the screen that were still 
fluorescent due to after-glow from the previous trace. 

After the short rest at the " blacker than black " level the modulation 
returns to the black level, and there is a very short rest of the order of 
60400 second to enable both the transmitter and receiver to recover from 
the rapid change of modulation before commencing the picture-intelligence 
portion of the next line. 

-O
NA

1 

«c--

Fig. 82.—Xloaulation waveform of the television signal. 
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-90 -60 -30 

MODULATING GRID VOLTS 

Fig. 83. — Modulating - grid - volts/ 
beam-current curve of a typical 
cathode-ray tube. 

200 Cathode-ray Tube Modulation.—Before 
going on to the relatively complex frame-
synchronising impulse, it is convenient to 
consider exactly how the modulation is 
applied to the tube. Fig. 83 shows a conven-
tional modulator-grid-voltage/beam-current 
curve of a cathode-ray tube. It will he 

ioo observed that the tube possesses character-
istics similar to those of a triode valve and 
that in the example chosen cut-off is achieved 
when the modulating grid is held at a negative 
potential of 70 volts in respect to the cathode. 
For the convenient consideration of modula-
tion it is desirable to represent the curve in 

o a more direct form by plotting modulator 
grid voltage 
against illu- MODULATING GRID VOLTS 

mination, -90 -60 -30 0 

see Fig. 84. 
It will be observed that the modulation 
is applied in such a manner that the black 
level coincides virtually with cut-off, 
adjustment being provided to facilitate 
this in the form of variable D.C. bias on 
the tube. If this is so adjusted that the 
bias applied is rather less than that 
required to achieve the cut-off, the 
general illumination of the screen will 
be increased, and vice versa. This con-
trol is labelled " brightness " for the con-
venience of the user, who will normally 
be quite unacquainted with the manner 
in which the control functions. 
The modulation must be applied to the 

tube in the correct sense, that is to say 
the change from black to white must be 
a change in the positive direction. When 
the detector is followed by a single 
vision frequency amplifier, usually called 
the video amplifier, the detector must 
be so arranged that its output is in the 
opposite sense, since the video amplifier 
will reverse the sense and black and 
white would become interchanged. If, 
for any reason, two stages of video 
amplification are used then the detector 
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DARK GREY 
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INTELLIGENCF 

Fig. 84.—The television signal applied to 
the modulating grid of a typical 
cathode-ray tube. 
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should be arranged in the same manner as when no video amplification 
is used; in other words, each video amplifier reverses the sense of the 
output, consequently in this respect two amplifiers cancel out. It is 
important to note that these remarks apply only to amplifiers following 
the detector, the number of stages preceding the detector is immaterial 
insofar as the correct sense of output is concerned. 
Although the video amplifier corresponds to the output stage of a 

sound receiver, it should be clearly understood that the waveform of a 
vision signal cannot be regarded as a low-frequency waveform, as it will be 
made up of frequencies up to about 2 megacycles: although the signal has 
passed the detector stage it is necessary to treat it as a very high-frequency 
current and to take most elaborate precautions to prevent loss of the highest 
components. Returning to the diagram, Fig. 84, it will be noted that mod-
ulation from black to white increases the gun current and consequently the 
illumination produced by the cathode-ray beam; modulation from " blacker 
than black" has no appreciable effect. This diagram readily illustrates the 
point already raised that during modulation below the black level the 
movement of the beam will not produce any visible phenomena. 
The Interlaced Raster.—The principle of scanning has been touched 

upon earlier in the chapter, and it has been stated that sequential scanning 
is not used in present-day television. The objection to this system is the 
production of a " flicker," caused by the fact that the general area of 
maximum illumination tends to move progressively from the top to the 
bottom of the screen. To overcome this difficulty the obvious method 
would be to speed up the velocity of the beam, so that a sufficient number 
of complete scans be produced each second to deceive the eye. This is 
impracticable, as the velocity of the trace is inherently tied up to the band-
width of the transmitted waveform and the required velocity would 
require such an immense band-width that amplification at the receiving 
end would present an almost insurmountable problem. An alternative 
method of overcoming this difficulty was devised in the form of the inter-
laced raster, which is a system whereby the cathode-ray beam scans each 
alternate line and then returns and scans those which were missed out on 
the previous occasion. This has the effect of shifting the general area of 
maximum brilliancy at twice the speed and also pairs up each point of 
maximum brilliancy with the corresponding point of the next line which 
is rapidly dying away. 
The design of a circuit to produce an interlaced raster would appear 

somewhat complex, but most of the difficulties are swept away if each 
frame (i.e. the complete interlaced raster has two frames) is made up of an 
odd number of lines. This will be more readily apparent after studying 
the diagram at Fig. 85. Only a few lines are shown for the sake of 
simplicity. Starting from the top left-hand corner line i is scanned, then 
the fly-back occurs, then line 3 is scanned, and so on. The last line is 
interrupted half-way and scanning recommences at the top centre and 
continues to the end, the fly-back occurs and line 2 is scanned, and subse-
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quently 4, 6, 8, and io, and so on until the end, at which juncture an odd 
number of complete lines are achieved and the spot returns to the top left-
hand corner and repeats the entire sequence. No mention has yet been 
made of the actual manner of the return of the spot from the end of one 
field to the beginning of the next. Certain popular publications indicate 
that the trace returns in a straight line; actually, the time taken is relatively 
considerable. In the standard British system there are 405 lines per 
raster and 25 rasters, or 50 fields, per second. It is apparent, therefore, 
that the line time base must function 10,125 times per second and the 
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Fig. 85.—Two scanning fields, comprising lines marked A and B. which together form a complete 
interlaced raster. 

frame time base 50 times per second. The time constants associated with 
the relatively slow frame time base make it extremely difficult to achieve 
rapid discharge, and in the present system some six lines are " wasted " 
at the end of each scan to allow time for the collapse of the frame time 
base. During this interval, line time-base impulses continue to be trans-
mitted, in order that line synchronism is not lost ; thus, the return trace 
takes a zigzag path in the manner indicated at Fig. 86, which shows the 
return after the end of the scan that terminates in a full line. The de-
creasing spacing is due to the non-linearity of the time-base discharge. 

Considerable stress is laid on the fact that Fig. 86 is purely imaginary, 
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as there is no actual trace, for reasons that have already been explained, 
but the diagram can be considered as a curve showing the voltage relation-
ship between line synchronism and the collapse of the frame time base or, 
alternatively, the trace which would appear if the bias were taken off the 
modulating grid of the 

The Frame-syn. 
cathode-ray tube. A  
chronisingImpulse.— 
The frame-synchronis-
ing impulse is, as 
already mentioned, of 
relatively long dura-
tion, partly to allow 
the necessary time in-
terval and partly to 
differentiate it from the 
line impulse, although 
the latter requirements 
could probably be 
achieved in some other 
way. Fig. 87 shows 
the frame impulse at 
the end of a scan which 
terminates in a com-
plete line. It will be observed that after the last line modulation 
drops to the " blacker than black" level forming the line impulse. It 
is then held at this level for nearly half a line, and then returns to 
the black level, where it remains for about 1-0-010-015 second, forming 
what is a line impulse, which occurs at an interval of half a line to the 
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LIT4E 

------- LINE FLY-BACK 

86.—The frame fly-back following a scanning field which 
terminates in a complete line. 

A^ 

1--FRAME-IMPUÏS-EI 
, ii 

FRAME- IMPULSE— 

Fig. 87.—Frame impulse terminating a Fig. 88.—Frame impulse terminating a 
scanning field which ends with a scanning field which ends with a 
complete line. half-line. 



146 THE TIME BASE 

receiver whatsoever, since they occur at an instant when the line time base 
is so far from being in a condition to discharge that the change of anode 
current in the synchronism-separator valve fails to trip it. 

Fig. 88 shows the termination of the last line of the alternate fields 
which finish on a half-line. It will be observed that picture intelligence is 
maintained for half a line, when it drops to the " blacker than black " level 
and causes the frame time base to function at the appropriate instant and 
continues with the usual half-line impulses, at the termination of which it 
reverts to picture intelligence. 

It should be clearly understood that the illustrations Figs. 82, 84, 87, and 
88 show the waveforms purely diagrammatically. There are no purely 
vertical lines in any waveform, since they would represent a change of 
amplitude in zero time. They are actually all sloping to a greater or lesser 
degree. It should also be noted that the abrupt changes of amplitude as 
represented by right angles are equally impossible and, in actual fact, 
time-base impulses have more the appearance of the response-curve of a 
sharply tuned circuit. The author has produced a number of oscillo-
grams of waveforms, but these do not lend themselves to reproduction, as 
the changes of amplitude which occur are so rapid that it is difficult to 
produce more than a barely discernible trace on the photograph, which 
trace would be completely lost in the course of printing. 
Synchronism Separation.—Fig. 81 has already been described, and 

shows a type of time base which can be used for either line or frame 
deflection. The differentiation between the line and frame impulse is 
easily obtained, since it is merely necessary to connect a condenser of 
suitable capacity across the tertiary winding of the frame transformer, 
which will so adjust the time constant of the circuit that the short duration 
of the line impulse is insufficient to bring about a change large enough to 
trip the frame time base when the latter is properly adjusted. 
The type of synchronism separator already discussed is an example of 

one particular line of thought and is subject to numerous minor modi-
fications. There are, however, synchronism separator arrangements 
that may be considered as being in a separate category. In this purely 
preliminary survey of television principles, it is not possible to go into the 
subject very deeply, as when taken in detail it is so interdependent on the 
time-base circuit as a whole that the subject becomes complicated and 
could probably occupy this entire volume without including any really 
superfluous information; before leaving this subject, however, there is 
one other arrangement which deserves specific mention and employs a 
double diode in place of the split anode pentode already discussed. 
The Double Diode as Synchronism Separator.—Fig. 89 shows the 

relevant portion of a television receiver and comprises the vision detector 
VI, the video amplifier V2, the synchronism separator diode V3. It 
will be observed that the synchronism separator diode differs from the 
vision detector, inasmuch as the former has separate cathodes. 
The functioning of the arrangement is comparatively simple. It 
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will be remembered that the synchronising impulse so modulates the 
transmitter that the carrier amplitude falls virtually to zero for the 
duration of the impulse. This change will bring about a fall of potential 
across the diode load R, L, or, in other words, the grid of the video amplifier 
is driven in the positive direction, with the obvious result that the 
potential across the cathode resistance R1 R2 is duly increased to an extent 
more or less corresponding to the 30 per cent, change in the transmitter 
modulation. This increase of voltage drives the anode of the synchron-

R5 

TO LINE 
  TIME BASE 

FITC71 FR A M E 
TIME BASE 

Fig. 89.—Circuit arrangement for using a double diode valve for synchronism separation. 

ism separator diode in the positive direction, bringing about a rise of 
potential across the cathode resistances R 3 and R 4 respectively. This 
increase drives the cathodes in the positive direction, which change 
appears directly across the grid/cathode of the line discharge valve, 
causing discharge to commence, always providing that the valve is in a 
suitable condition, which is allowed for by the adjustment of the line 
synchronising control in the usual manner. Some discrimination must 
be introduced to prevent the frame time base discharging on the occur-
rence of the line impulse, and in the circuit in question this is accomplished 
by the simple time-constant arrangement introduced by R 5 and C, which 
prevents any effective rise of potential during the short duration of the 
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line impulse, but naturally allows an adequate potential to build up 
during the long frame impulse. The action is such that the frame-
discharge valve will discharge at the instant of the first half-line inter-
ruption. 
The actual anode current passed by the diode will flow through the 

extra bias resistance R e, which is shunted by a relatively large condenser; 
suitable values could be .5 megohm and .3 p.F. This will produce a stand-
ing bias on the valve, so this anode current does not flow between maxi-
mum signal amplitude and 30 per cent. amplitude, therefore the diode is 
inoperative during picture intelligence and passes current only when 
signal amplitude falls below 30 per cent., which, it will be remembered, is 
reserved for synchronising intelligence. 

There are one or two minor points to which attention may be drawn; 
it will be noted that the two leads from the cathode circuits of the syn-
chronism separator diode are provided with stopping condensers in order 
that the relatively small grid return resistances of the time-base valves 
do not, in effect, short the standing bias resistance R e. Should necessity 
arise to provide the synchronism separator circuit with pre-set control 
in order that it may function at optimum, it is merely necessary to make 
R 6 variable, although such control is somewhat superfluous. Reference 
to the illustration will show that the lead to the diode anodes is appar-
ently returned to the suppressor grid as well as to cathode of the video 
amplifier. This is merely incidental, and it should not be allowed to 
confuse the interpretation of the circuit, since the connection is, in fact, 
solely due to the necessity for returning the suppressor grid to the cathode; 
if the suppressor grid were returned to the H.T. negative line, its potential 
would be considerably different from that of the cathode, owing to the 
voltage drop across R 2 as well as across the usual bias resistance RI. 
In selecting a valve or, alternatively, a pair of single diode valves to 
perform the function of synchronism separation, it must be borne in mind 
that the cathode will run between 20 and 50 volts above the H.T. 
negative line and, consequently, the insulation between cathode and 
heater must be able to stand this potential difference. The average 
type of diode valve is not designed to work under such conditions. 
The time-base circuits which have been described in this chapter 

employ hard valves and are arranged for electrostatic deflection. Fig. 90 
shows a hard valve time base arranged for magnetic deflection. The 
circuit shown is stripped of almost all refinements and is included solely 
to illustrate the principle involved. As will be seen later, such refine-
ments as negative feed-back can be introduced for the purpose of cor-
recting linearity or, alternatively, modifications can be introduced to give 
pre-set control of linearity as an alternative when it is inconvenient to 
introduce negative feed-back. 

Reverting to the circuit under discussion, it will be observed that VI 
is a discharge valve which functions in very much the same way as that 
already described in conjunction with the charging resistance R and the 
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charging condenser C. In this case the anode is not taken to the deflect-
ing arrangements but through a condenser to the grid of a pentode valve. 
As the condenser C charges, it will drive the grid of the pentode positive 
and increase the anode current, the variable component of which will 

SYNC. 
VALVE 

250 V 

H.T.— 

Fig. 9o.—A skeleton circuit of a time base suitable for magnetic deflection. 

flow through the deflector coils. It should be noted that the condenser 
which acts as a D.C. stopper between the pentode anode and the deflector 
coils must necessarily have relatively large capacity, and when the 
arrangement is employed as a frame time base it may be as large as 
io F. It will be noticed that the deflector coils are shunted with a 
resistance, which is very necessary to prevent excessive peak voltages 
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from developing across the coils. This type of circuit is dealt with in 
greater detail in Chapter 12, which deals with a complete television 
receiver circuit. 
Time Bases using Gas-discharge Triodes.—The principle of the 

gas-discharge triode is touched upon in the next volume, where its use is 
referred to in connection with the cathode-ray oscillograph. Unavoid-
ably, therefore, the following brief description of this device appears 
in two chapters. The gas-discharge triode functions differently from 
an ordinary hard valve. When the anode voltage is raised to the requisite 
potential commensurate with the grid potential, current begins to flow 
which ionises the low-pressure gas content of the envelope, forcing down 
the internal impedance and increasing the anode current; as anode 
current increases ionisation also increases and impedance falls still lower. 
Within a very short space of time, of the order of , d,00 second, or less in 
special types, the valve will pass an anode current large enough to 
destroy itself unless an adequate limiting resistance is included in the 
circuit. Once ionisation has started the grid loses control and no amount 
of negative grid voltage will stop the flow of anode current, which can 
only be stopped by interruption of, or a drastic reduction of, the anode 
potential. The rapid discharge of the gas-filled triode is used to dis-
charge a condenser in the same way as a neon tube is used in the most 
rudimentary form of time base. 
At one time objections were raised against the use of the gas-discharge 

triode on the grounds of uncertain and inconstant action; there can be 
no doubt, however, that even a moderately well designed valve is per-
fectly satisfactory for use in the frame time base where the frequency 
to be dealt with is relatively low. The gas-filled valve, providing it is 
well designed, is also satisfactory for use as line frequency, providing 
the circuit is so designed that the operating potentials are kept constant; 
which means, among other requirements, that the grid-bias potential 
must be obtained from an independent source and not be solely dependent 
on the discharge current. The gas-discharge triode permits the associated 
time-base circuit to be comparatively simple and also effects certain 
direct and indirect economies. Nevertheless, many engineers exercise 
a preference for time bases employing hard valves. 
The Basic Circuit.—Fig. 91 shows the basic circuit of a gas-discharge 

triode and its attendant amplifier, the whole circuit being arranged for 
magnetic deflection. The discharge valve V1 is a gas-discharge triode, 
and is provided with a variable anode load R1 and variable grid bias 
derived from varying the cathode potential by means of the resistance R2. 
By appropriate adjustment of R 2 ionisation can be prevented until the 
anode has reached the appropriate potential, when discharge begins. 
Consequently, the setting of R2 will determine the frequency of discharge, 
and is therefore the synchronising control. The anode resistance R1 
and the fixed resistance R 2 together form the charging resistance, while 
the condensers C1 and C2 together form the charging condenser. The 



THE TIME BASE 151 

capacity ratio existing between CI and C2 provides potentiometer feed 
for the amplifier V2. It will be noted that the amplifier is biased by 
grid current through the resistance Rs, and that its gain is controlled 
by the variable trailer resistance R4. 

It is apparent that the setting of R1 will determine the potential that 
can be built up across C1 and C2 in the time permitted for the setting 
of R2, and it therefore exercises some control over the ultimate scanning 
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Fig. 91.—A simple circuit using a gas discharge valve and arranged for use with a magnetically deflected 
cathode-ray tube. 

amplitude. Actually, however, it only effectively varies the amplitude 
at one end of the scan, since its greater effect is to determine what 
portion of the charging curve is used to drive the valve V2. It is con-
venient, therefore, to use this resistance as linearity control, and to use 
R4 as the gain, or scanning amplitude control, which function it performs 
by varying the gain of the amplifier valve V2. The output arrangements 
do not call for any comment, as they are precisely similar to those used in 
the previous illustration. 
The circuit under discussion is held in synchronism by a perfectly 

standard arrangement, such as the split anode separator circuit or double 
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diode separator circuit, the synchronising impulse being fed to the grid 
of the gas-discharge triode, which will be so biased by the appropriate 
setting R 2 that it is more or less on the threshold of ionisation at the 
appropriate instant, and the commencement of ionisation is brought 
about by the grid being driven in the positive direction by the impulse 
from the synchronism separator. The circuit arrangement, while 

'UP-MP 
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R 2 

Fig. 92.—An improved arrangement of Fig. 91, employing a form of negative feed-back to correct linearity. 

suitable for explanatory purposes, cannot be considered as adequate for 
modern television ; the chief objection being that R1 will not exercise 
sufficient control of linearity when used with valves selected at random 
without forcing the length of scan to ridiculous dimensions. The second 
major objection is that variation of R 4 will not bring about the necessary 
change of gain with many types of valves. Other disadvantages include 
the absence of any means of overcoming non-linearity introduced by the 
amplifier valve itself. It will be interesting to see what modifications 
can be introduced, using this circuit as a basis. 
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Linearity Control.—The circuit diagram shown at Fig. 92 shows a 
possible variation in which the discharge circuit is unaffected, with the 
exception of the potential splitting arrangements, which act as a feed 
to the amplifier valve. In the modified arrangement this takes the form 
of a potential splitting arrangement formed by C1, C2. Consideration 
of the circuit will show that these two condensers are virtually in series 
with each other and are so arranged that variation of C2 will determine 
the percentage of the total voltage which will appear across the grid/ 
cathode of the amplifier valve and consequently determine the length 
of the ultimate scanning. It is possible, therefore, to so adjust the 
resistance R and the condenser Cg that the voltage appearing across C2 
is constant, and in this way the resistance R may be adjusted to any 
extent as a means of correcting linearity without upsetting the size of the 
picture. Normally the condenser C1 will be adjusted by the manufacturer 
and will not appear as a pre-set control; but, on the other hand, it is 
possible to visualise the advantage of ganging R and C2, each working 
on a definite law of value against rotation, so that linearity could be con-
trolled without affecting picture-width, making the condenser C1 variable 
to perform this latter function. The advantage of this seemingly com-
plicated refinement is that each control performs a single function, which 
renders adjustment very much easier than is the case when controls 
are interdependent. 

Simple Negative Feed-back.—As a further means of correcting the 
linearity of the time base as a whole use is made of negative feed-back. 
It will be observed that the deflecting coil is parallel-fed by the anode 
resistance R1 and the feed condenser Cs. It will also be noted that the 
low-potential end of the deflecting coil is connected to the high-tension 
negative line through the resistance R2. A portion of the scanning volt-
age will appear across R2, this is fed back to the grid of the amplifier 
valve by means of the condenser Cg, which is connected to a convenient 
tap on the grid return resistance, an arrangement which prevents the 
considerable artificial increase of input capacity which would obtain if 
Cg were connected directly to the grid. 

It will be noticed that the amplifier valve is biased by means of a 
resistance in the cathode circuit, an arrangement which permits the 
grid return resistance R3 to be of relatively low value, which is a great 
advantage if the high tension has appreciable mains ripple imposed 
upon it; even if R3 is of the order of a megohm, the maximum unsmoothed 
ripple which could be tolerated across the high-tension rails would be of 
the order of •oi per cent. 

The Fuller Use of Negative Feed-back.—Negative feed-back is 
employed as a means of correcting non-linearity, but at the same time 
a loss of gain is inevitable, since negative feed-back brings about a portion 
of the voltage appearing across the anode load reintroduced into the 
grid circuit out of phase. It is seldom possible to apply sufficient feed-
back to virtually remove non-linearity, owing to the enormous sacrifice 

R.T. 
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of gain involved. It is apparent, therefore, that the normal amount of 
feed-back can be increased with advantage. By extending this line of 
argument a little farther it may be seen that negative feed-back can be 
used as a means of controlling the scanning amplitude, and if the output 
valve is otherwise worked under conditions of maximum gain the variable 
negative feed-back may be used to reduce the size of the picture to the 

Fig. 93.—Another arrangement somewhat similar to Fig. 91, but employing the principle of cathode 
feed-back which is described in the text. 

required dimensions, automatically ensuring that the maximum possible 
feed-back is introduced and that the linearity is as good as may 
be obtained with the valve employed, the capacity dissipation of 
which is, of course, limited by considerations of practicability and 
economics. 
There are various ways in which negative feed-back can be introduced 

to simultaneously provide amplitude control and improve linearity. 
It should be clearly understood that the principle can be equally well 
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introduced to the hard-valve time base or the time base employing the 
gas-discharge triode. One fairly obvious way of introducing it into the 
circuit shown at Fig. 92 is by making R3 a potentiometer or, alternatively, 
making R 2 a potentiometer and connecting C4 to the sliding member 
in either case. The latter alternative is suggested as being more desirable. 
It should be understood that it will be necessary to retain at least the 
resistance R as a variable, in order to provide some measure of linearity 
control in the earlier portion of the circuit. It should, however, be 
possible to dispense altogether with a variable condenser and to make 
both C1 and C 2 of fixed capacity. There is one possible objection to this 
arrangement, and that is that the correct adjustment of R might so 
decrease the size of the picture that the amount of negative feed-back 
would have to be reduced in order to maintain the picture at the requisite 
dimensions. This disadvantage can only be overcome with this arrange-
ment by making C 2 variable, which introduces a further complication, 
unless use is made of the suggestion of ganging R and C 2. 

An alternative method of employing negative feed-back as amplitude 
control is shown in Fig 93, which is the skeleton circuit of a system that 
has been used successfully in domestic television. It will be observed 
that the grid of the amplifier is returned to the junction between the 
resistances R, R1. A portion of the available output voltage is developed 
across R1, the extent of which is determined by the value of the resist-
ance, which is of the variable type; by increasing the value of this 
resistance the available portion of the output is decreased and the picture 
dimension is reduced accordingly. It will be observed that the grid is 
returned to the low-potential end of R1 from the A.C. point of view, 
consequently the voltage developed across R1 appears as a load on 
the grid circuit, with the result that a form of negative feed-back is 
achieved. 

The Squegger Time Base.—An entirely different type of time-base 
circuit is shown in skeleton form at Fig. 94. The principle can be applied 
in a variety of modified forms. Reference to the illustration will show 
that it consists of a valve arranged as an oscillator, the grid return 
being by way of the condenser C and the resistance R. The grid and 
anode coils are coupled together sufficiently tightly to maintain oscilla-
tion, even when the grid is driven considerably in the negative direction; 
the frequency of the oscillation being determined by the inductance 
of one or both the coils. At the commencement of the operating cycle 
the valve oscillates and charges the condenser C until such time as the 
grid becomes so negative that oscillation ceases. The charge held by 
the condenser C leaks away through R until the grid has become less 
negative by that amount which will allow oscillation to recommence, 
and the cycle of operation is repeated. In the form shown in the illus-
tration the waveform differs from that obtained by other time bases, 
inasmuch as the charging is linear but the rate of discharge follows an 
exponential law. This difficulty is overcome in a practical squegger 
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circuit by replacing the resistance with a suitable constant-current 
device, such as a pentode valve, which has the additional advantage 
that the rate of discharge is easily controlled by varying the auxiliary 
grid potential. In this way it is possible to obtain a saw-tooth wave-
form which, when duly amplified, forms a satisfactory time base. Ob-
jection is often raised that time bases employing the squegger principle 
are inclined to be affected unduly by working conditions, which are often 
influenced by such external sources as fluctuating mains voltage. The 
author has done very little work with this type of circuit and is not 
prepared to express his opinion, but as the criticism has been made, it 
is only fair to say that the principle has been successfully applied 

in domestic tele-
; vision. 

The several basic 
time-base principles 
outlined in this chap-
ter may be considered 
as typical examples. 
There are, however, 

others in use in this 
country and abroad, 
and doubtless others 
will be evolved from 
time to time to meet 
changing conditions. 

A Variation for 
Electrostatic Deflec-
tion.—Several circuits 
shown in this chapter 
employing the gas-dis-
charge triode are ar-
ranged for use with 

magnetically deflected tubes. For the sake of completeness Fig. 95 
is included, showing a gas-discharge triode time base arranged for use 
with electrostatic deflection; in this circuit the first valve acts as a 
pure discharge valve, the second valve acts as a line amplifier, and the 
third as a push-pull amplifier. The use of the third valve makes it 
possible to obtain a high degree of linearity, as the voltage output from 
the discharge circuit will be small. 
Band-width.—Some mention has already been made of the relation-

ship between velocity and band-width, to which may be added picture 
detail. This relationship is extremely complicated and requires a very 
advanced mathematical analysis to do justice to the subject. Never-
theless, it is hoped that the following explanation will serve to illustrate 
the principle involved, even although it is open to question from the 
purely mathematical standpoint. Assume that the width of the picture 

SYNC 

Fig. 94.—The basic circuit of the squegger time base. 
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is io inches and that a portion of a line i inch long scans an iron railing 
at such a distance that 40 uprights are reproduced within the space 
of i inch. It is apparent that if the railings are black against the white 
background, a change from black to white and white to black will occur 
40 times, which will appear, if the waveform is drawn, as 40 cycles 
(it is not suggested that the waveform will even remotely resemble a 
sine wave). One inch of a picture Io inches wide represents a time period 
of 10010i:us second. The periodicity, therefore, of the change of amplitude 
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Fig. 95.—A relatively elaborate gas-discharge valve time base arranged for use with an electrostatically 
deflected cathode-ray tube. By using a separate push-pull amplifier, the initial sweep can be 
very small, thus allowing a high degree of linearity to be obtained. 

t500 

in the particular section in question will be at the rate of 4,000,000 
times per second (4 megacycles), and may, therefore, be expected to pro-
duce a sideband of this width. As already mentioned, this explanation 
is not entirely accurate, as such details as fly-back time and certain 
secondary effects have been ignored, while the fact that the modulation 
is of a D.C. character has not been taken into account. 
The wide band-width associated with television transmission intro-

duces numerous difficulties in receiver design, the most important of 
which is the necessity for designingboth radio-frequencyand intermediate-
frequency tuned circuits so that the higher frequencies are not appreci-
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ably cut. Similar difficulties occur after detection, and, as will be seen 
in a later chapter, various means are used to boost the higher frequencies 
and precautions have to be taken to avoid their attenuation, which 
include an extremely low diode load, usually only L000 ohms or so, this 
being the only means of reducing the shunting effect of the cathode/anode 
capacity of the diode valve itself. 

Fly-wheel Sync.—Special time-base circuits have been developed 
to minimise " tearing " of vertical lines in the picture caused by inter-
ference making the start of the lines a little late or a little early. These 
special time-base circuits do much towards making each line start at 
exactly the right place so that each line is exactly below the one above 
it. There are several ways of arranging these time bases each having 
certain advantages and disadvantages; the term fly-wheel sync. is more 
correctly applied to a particular circuit but tends to be used as a general 
term. Since interference appears as an adverse signal-to-noise ratio it is 
obvious that fly-wheel sync. time bases become more and more important 
as the distance from the transmitter increases. 



CHAPTER 11 

AN OUTLINE OF TELEVISION TECHNIQUE 

THE two previous chapters have outlined the cathode-ray tube and the 
time bases, and before going on to the question of television-receiver 
design it is desirable to outline the general layout of both transmitter 
and receiver, and the broad principles involved. The nature of the 
transmitted signal was outlined in the previous chapter; it remains, 
therefore, to outline the manner in which such a signal may be produced. 
The transmitter might be conveniently divided into three sections. 

The actual transmitter which will supply and modulate the aerial current, 
and two distinct sources of modulation—picture intelligence and line and 
frame impulses. It is apparent that these two sources of modulation 
cannot be regarded as entirely separate, as a link must exist in order that 
the picture intelligence may be collected in step with the electron beam 
of the receiver in order that the intelligence may be presented in the same 
form as it appears in the studio (or elsewhere). As a case in point, it is 
apparent that if the apparatus for collecting the picture intelligence 
could be, say, two hundredths of a second ahead of the receiver, then the 
picture would be cut in half horizontally and the halves transposed. 
Such an effect can, in fact, be obtained by allowing the receiver to slip 
out of synchronism. 
The Transmitter Time Bases.—In order to achieve synchronism the 

picture-collecting apparatus and the receiver must be in step. It follows, 
therefore, that the transmitter time bases are the key or master-control 
of the system as a whole. The problem is to produce two devices which 
will keep step with each other and modulate the transmitter to a pre-
determined depth, namely, about 30 per cent. The actual duration of the 
impulses must be rigidly controlled in addition to their spacing. One 
method of achieving this is to use a mechanically driven synchronous 
disc; such a disc could have 4.05 holes punched at precisely equal 
distances apart around the outer disc and two slits placed nearer the 
centre and opposite to each other. Two lamps with carefully focused 
beams are placed on the circular track followed by the outer holes 
and the two inner holes, and photo-electric cells are placed on the 
other side of the disc. This arrangement will provide 405 impulses 
from one photo-cell circuit and two impulses from the other photo-
cell circuit. This will give the required relationship between line 
and frame impulses; the requisite number of frame impulses (and, in-
cidentally, line impulses) will be produced if the disc is revolved 5o 
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times per second at a constant speed—a function that can be easily per-
formed by a synchronous motor driven by frequency-controlled mains. 
A description of the synchronising disc above is intended to serve as a 

general guide to the arrangement, and certain complications have been 
omitted in the interests of clarity, including, for example, the necessity for 
putting additional holes in the outer ring at appropriate points to provide 
the half-line interruptions during the frame impulse. It is interesting to 
note that the most exceptional accuracy is necessary in setting out the 
holes, as an error of one ten-thousandth of an inch might well be per-
ceptible to a casual observer situated a dozen feet from the receiver screen. 
An Alternative Method.—As an alternative to the semi-mechanical 

system outlined above, the possibility of using a valve time base presents 
itself. In order to prevent drift at the receiver end, it is desirable that 
the synchronising impulses should have a " square " waveform, or at 
least something closely approaching it. Such a waveform can be gener-
ated by a series of oscillators producing the fundamental frequency and 
a number of harmonics of precisely determined amplitude—all frequencies 
being held in a definite relationship to each other by means of a master 
circuit. Such an arrangement is actually used at the present time for 
television transmission. A time base functioning on this principle, and 
including appropriate amplifiers, may well incorporate more than 7o 
valves, and in this connection it may not be out of place to mention that 
radiation of a normal programme from a B.B.C. station will entail the simul-
taneous use of more than r,000 valves, all performing various functions. 
The Electron Camera.—The manner of producing the master syn-

chronising impulses has been very briefly outlined, and attention may be 
directed to means of gathering the actual picture intelligence. By some 
means the picture must be scanned in step with the cathode-ray beam of 
the receiver and, as already explained, this is achieved by allowing the 
transmitter synchronising impulses to control the movement of the 
cathode-ray beam at the receiver end and the picture scanning at the 
transmitter. It is now apparent that some device is required capable 
of exploring the picture to be transmitted and controlling the current or 
voltage, in more or less strict proportion to the illumination obtaining at 
each particular point. Several such devices are available, but only one, 
which is actually used in this country, need be considered here, namely, 
the Iconoscope or, to give it its popular name, the Electron Camera. It 
is convenient to regard the Iconoscope as the tube which forms the 
basis of the system, and the expression Electron Camera as meaning an 
Iconoscope complete with lens and other accessories in a suitable box, for 
practical utility. The Iconoscope consist of a high-vacuum tube, somewhat 
resembling a cathode-ray tube, and containing an electrode system capable 
of producing an electron beam and deflecting it in much the same manner 
as a magnetically deflected cathode-ray tube. It differs from a cathode-
ray tube in one fundamental manner—it does not employ a fluorescent 
screen, but a mosaic of photo-cells constructed in a particular manner. 



A B.B.C. TELEVISION STUDIO 

This photograph gives a general idea of the technique of television production. Three television cameras can be seen 
and also the microphone on the end of the universally movable and extendable boom. Note the battery of lights at 
the top of the picture and that many of the operators wear headphones through which they receive instructions from 

the producer who overlooks the scene from a gallery. 
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The invention of the Iconoscope is attributed to Dr. Zworykin, and it is, 
perhaps, one of the most brilliant examples of clear thinking applied to 
the harnessing of electrons. The remarkable feature of this device is its 
energy-storing properties. It does not rely like the photo-cell on pro-
ducing energy for a brief instant during which a rapidly moving beam will 
fall upon it, but collects energy practically continuously and gives it up 
point by point as the beam travels across its photo-cell mosaic. 

Fig. 96 shows the Iconoscope as applied to television transmission. 
It will be seen that the picture, object, or scene (X) to be transmitted is 
focused on to the photo-cell mosaic by means of a suitable lens. This 
mosaic is scanned by the cathode-ray beam, the movements of which are 
determined by scanning coils which derive their energy from the trans-
mitter's master frame and line time bases respectively. This mosaic 
consists of a thin sheet of mica, the face of which is covered with a light-
sensitive mosaic made of some hundreds of thousands of minute globules 
of cœsium oxide deposited on silver (it should be understood that each 

Fig. 96.—A diagrammatic illustration of the Iconoscope applied to television transmission. 

globule of cœsium oxide is deposited on its own minute silver backing, 
there is no electrical contact between these minute units). 
Each minute globule forms a cathode of a minute photo-cell (and there 

are hundreds of thousands of them). On the other side of the mica sheet 
there is a metal coating which acts as an anode common to all the hundreds 
of thousands of minute photo-cells. As may be seen from the illustration, 
the mosaic is set at an angle permitting the beam to scan the surface and 
the picture to be projected upon it. The lens is carefully adjusted so that 
a sharply defined image falls on the mosaic. In the bright parts of the 
picture a relatively large amount of light will fall upon the appropriate 
photo-cells, causing them to become positive to a proportional extent, and 
where the lesser amount of light falls they will become proportionately 
less positive. Note particularly that this process is continuous. As the 
cathode-ray beam scans the mosaic, electrons will be restored to each 
cell, the quantity of which will be proportionate to the amount lost, which, 
it will be remembered, is in turn proportional to the brilliance of the 
light which has fallen upon it. As each individual photo-cell is restored 
by the beam, a like charge is repelled from the anode which, passing 
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through a resistance, will set up a potential across it. This potential is 
proportional to the light value of the group of cells from which it has 
been derived, and may therefore be fed to a suitable amplifier, which will 
raise the amplitude as necessary to modulate the transmitter. 

It will be appreciated that very special design is called for in the 
Iconoscope amplifier, as the Iconoscope current will be subject to con-
siderable variation and, in the interests of maintaining a reasonable band-
width, it will be necessary to impose a limit for the purposes of modulating 
the transmitter; the amplifier, therefore, is designed to be sensibly linear 
to changes up to about 2,000,000 cycles per second. It is probably 
apparent from the above remarks that the cathode-ray beam will impinge 
upon each photo-cell considerably less than one-millionth of a second, 
but that each mosaic will accumulate its appropriate positive charge for 
almost one twenty-fifth of a second between each visitation of the beam. 
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97.—Diagram showing the various sections of a television transmitter. Only the essential 
units are included in this diagram. 

This gives a relatively high output and a very favourable signal to noise 
ratio. It is perhaps desirable to mention that the word " relatively " is 
used in its narrowest sense, since the anode current of an Iconoscope is a 
fractional part of a micro-ampère. The word " noise " is something of 
a misnomer when applied to a picture, but it is colloquially used as in-
dicating unwanted energy intermixed with wanted energy. Unfortunately 
there is no alternative word in general use. 

Fig. 97 is a block diagram showing the principal units of the trans-
mitter. It will be noted that various sub-units are fed into the control 
panel, which in its simplest form would comprise a cathode-ray tube on 
which the picture is reproduced, and at least one additional cathode-ray 
tube switched so that it may be used to show the waveform of the time 
bases and the relative amplitude of time-base impulses and picture 
intelligence. The output of the time-base generator is led to a time-base 
amplifier and then to the control panel, and from the studio or other source 
of intelligence there are two channels, one from the electron camera 
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through its attendant amplifier to the control panel, and another from the 
microphone through the microphone amplifier to the control panel. 
Two channels lead from the control panel—one to the sound transmitter 

and the other to the vision transmitter. The output from these trans-
mitters are both fed into the same aerial circuit. This is a purely optional 
arrangement, and separate aerials can be used for each transmitter. 
The arrangement at Fig. 97 does not include all the units that comprise 

a first-class transmitter, such as that operated by the B.B.C. and I.T.A.; 
more obvious omissions include a producer's control panel (as distinct 
from the engineer's control panel) permitting the switching in and out of 
two or more electron cameras offering different viewpoints, and the 
mixing of effects on the sound side. It will be understood that the control 
panel is in itself a remarkable piece of apparatus and includes a multitude 
of correcting circuits, some of which are variable, permitting picture 
brightness to be increased in the middle and decreased at the sides, or 
vice versa, and other similar adjuncts to television-picture production. 
The Receiver.—Fig. 98 shows a block diagram of a simple receiver. 

The receiving aerial normally consists of a dipole, and is coupled to both 
the vision receiver and sound receiver. The output from the vision 
amplifier is led to the modulating grid of the cathode-ray tube, while the 
frame and line time bases feed the line-deflection and frame-deflection 
arrangements respectively. It will be noted that there is a link between 
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Fig. 98.—Diagram showing the various sections of a simple television receiver. 

the vision receiver and the time bases which is intended to signify the 
passing of synchronising intelligence from the latter to the former. 
The sound receiver may be a perfectly normal arrangement, the output 
being taken to a loudspeaker in the appropriate manner. The sound 
and vision receivers may or may not be entirely separate, since it is 
possible to combine the two so that the first two or three valves amplify 
both vision and sound; such an arrangement is referred to in the next 
chapter. 
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Transmitter-scanning Correction.—A careful study of Fig. 96 will 
reveal the fact that as the mosaic is placed at an angle, the picture will 
appear upon it slightly wedge-shaped and, furthermore, as the mosaic is 
also at an angle to the scanning beam, the latter will normally scan a 
slightly wedge-shaped area. It is necessary that irrespective of any other 
consideration the cathode beam must scan the precise area of the picture, 
consequently the deflecting currents fed to the deflecting coils of the gun 
must be corrected so that the scanning pattern of the beam coincides 
with the shape of the picture. Obviously this trapezium-shaped picture 
cannot be transmitted in such a form, and it would appear at first sight 
that serious difficulties present themselves. Actually, the difficulties can 
be very easily overcome by supplying the deflector coils with a normal 
deflecting current and having a separate piece of apparatus to supply an 
additional source of deflection current to bring about the necessary peculiar 
shape of the scanning. The first-mentioned currents are derived from 
the master time bases, but the last-mentioned currents are isolated and 
are not linked with the transmitter; consequently, although the scan is of 
peculiar shape, a rectangular picture appears at the receiver. 
The Transmission of a Film.—The reader will doubtless be aware 

that the cinema presents a series of stationary pictures, the projector 
light being actually interrupted for the instant during which one stationary 
film is moved on and the next takes its place. By careful design of the 
interruptor and by suitably speeding up the time taken to effect each 
change the eye is deceived and fails to convey the impression of the inter-
ruption. It is perhaps something of a paradox that the cinema picture 
flickered unbearably until the interruptor was invented. 
However quickly a film is moved from one picture to the next, a 

proportionate amount of time is lost, and if the same arrangement were 
adopted in a television transmitter the best available picture definition 
would not be transmitted. It will be remembered that the band-width 
of the transmission is limited; if the picture intelligence is to be crowded 
into less than the normal time for the frame in order to give time for the 
film to change, it is apparent that the frequency will increase and that a 
certain amount of detail will be lost. An additional complication would 
arise, as the rest at the end of each frame would have to be longer, which 
would produce a black band at the bottom of the picture and, incidentally, 
one at the side. 

All these difficulties have been overcome by adopting a method of 
transmission whereby the film is continuously moving. The scanning 
beam is controlled by normal master line and frame impulses, and an 
additional voltage is applied to the vertical deflector plates, which is such 
that the beam is deflected at the rate of movement of the film. In this 
way the whole field of scan follows the moving film, and at the completion 
of the scan the frame fly-back functions in the normal manner, its return 
being due to the collapse of both the normal frame time base and the 
additional voltage device, the latter being especially designed to accom-
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plish collapse in the very shortest space of time. The additional voltage 
device is not linked with the actual transmitter, consequently only tl.e 
normal rectangular scan is transmitted, and the picture appears as a 
normal rectangle at the receiving end. 
The appropriate sound accompaniment to a film takes the form of a 

sound track along its edge. This is reconverted into sound by means of 
a light and photo-cell or, in other words, the normal sound head of the 
cinema projector. The cinema pictures are intended to be projected at 
the rate of 24 per second, but the present system of television uses 25 
complete rasters per second, and the only solution to this discrepancy 
is to run the film at the same rate, namely, 25 per second. This means 
that the sound track will also be running some 4 per cent. fast, with the 
result that the pitch of music or speech will be proportionately increased. 
In this connection it is interesting to note that the author has demonstrated 
television to some hundreds of people, and up to the time of writing 
nobody has noticed this spurious increase of pitch, possibly due to the 
fact that speech and music rendered from films are often of such indifferent 
quality that lesser imperfections are not readily apparent. 
Mechanical Systems.—Although apparently obsolete, at least for 

domestic use, it is interesting to touch briefly upon mechanical systems 
of picture reproduction. Briefly, the light from a lamp or other convenient 
source is passed through a Kerr-cell and is then deflected by a mirror 
drum so that it scans a screen in the normal manner, i.e. 25 complete 
rasters of 405 lines each. The mirror drum can be defined as a drum 
rotating at a most carefully controlled speed, on the edge of which are 
fixed the requisite number of mirrors, each one being tilted more than its 
predecessor by such an amount that it will cause the beam of light to scan 
the screen one line lower. The Kerr-cell can be defined as a device which 
will permit the intensity of a beam of polarised light to be varied by an 
electric field. 
Many readers will remember that the original experimental transmis-

sions in this country were by mechanical means, scanning at both the 
transmitter and receiver being accomplished by means of a rotating disc 
with holes punched around its edge. The author is of the opinion that 
the cathode-ray system holds the greater possibilities, but realises that 
some bias may exist, owing to a connection with work on this system 
extending over a period of nearly ten years. 

It is perhaps relevant to conclude this chapter by a brief note on the 
subject of picture size. There is a tendency on the part of the general 
public to look to the future for much larger screens than those generally 
existing. The optimum viewing distance for a screen measuring some 
14 X II inches is about 8 feet, at which distance the lines just cease to 
be apparent. If the screen is increased to double this size, then the 
optimum viewing distance must be also doubled in order that the lines 
are not apparent. This in turn means that the picture appears to be of 
similar size. In other words, the only advantage of the larger screen is 
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that it may be viewed by more people with the same degree of comfort 
and convenience. Twelve people can very comfortably view a picture 
measuring about 14 x ri inches without anybody being nearer than the 
optimum distance of 10 feet. It is therefore suggested that a picture of 
this size is adequate for domestic requirements. Quite apart from the 
fact that a larger picture has no advantages except for larger audiences, 
it may well prove a disadvantage, as in a normal household some difficulty 
may arise in comfortably seating a group at a distance of 15 feet, or 
more, from the receiver. 



CHAPTER 12 

TELEVISION-RECEIVER DESIGN 

THE possible variations in the design of a television receiver are so vast 
that it is difficult to generalise, and the bulk of this chapter is, therefore, 
devoted to a comprehensive survey of a typical circuit which will serve 
as an example; but, as an introduction to the suney, some mention must 
be made of the broad possibilities which appear as alternatives. 

Television receivers can be conveniently split into two groups: those 
which employ separate sound and vision chassis and the more usual type 
which combine the two functions when the first three or four valves 
act as combined sound and vision amplifiers, arrangements being made to 
separate the two types of signal and feed them to their separate detectors 
and output stages. Generally speaking, separate chassis are used when 
the receiver combines broadcast wavebands or radiogram facilities, but 
there is at least one exception, which takes the form of a receiver in-
corporating a combined sound and vision chassis and a separate chassis 
for the broadcast wavebands. 

Whether or not the vision chassis is a separate entity or combined 
with sound reproduction, it must fall into one of two well-defined groups 
—magnetic focusing or electrostatic focusing; these alternative possibili-
ties have been dealt with in Chapter 9, and attention can be directed solely 
to the question of the actual vision" amplifier and the possibility of 
incorporating this function with that of sound reproduction. 
The Vision Amplifier.—A vision amplifier consists fundamentally of: 

The radio-frequency amplifier. 
The frequency changer. 
The intermediate-frequency amplifier. 
The detector. 
The video amplifier. 

The above sequence is typical, although there is a school of thought 
which prefers a receiver that does not employ the superheterodyne 
principle, but uses radio-frequency amplification throughout. At least 
one stage of radio-frequency amplification is generally considered essential 
to relieve the frequency changer of a certain amount of damping, to 
increase the input to the frequency changer, and thus to improve the 
signal to noise ratio and to prevent re-radiation from the frequency 
changer. This latter function is but poorly performed in many television 
receivers, with the result that one type may re-radiate and adversely 
affect another one in its immediate neighbourhood. The frequency 
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changer can be perfectly conventional, using such a valve as the triode 
hexode, although it is highly desirable that it shall be so designed that 
the triode section may function in a stable manner especially when working 
on the higher frequencies of Band III, which, of course, is allocated to 
the Television Independent Authority. 
The aerial circuit and the coupling between the radio-frequency 

amplifier and the frequency changer usually employ a single tuned 
circuit giving a peak response, although sometimes flattened by deliberately 
introduced damping. The intermediate-frequency amplifier, on the other 
hand, will require coils having a very wide frequency response capable of 
passing a band-width of the order of 2-3 megacycles. As explained in 
an earlier chapter, this wide band-width is necessary in order to carry the 
requisite picture detail, and this requirement introduces considerable 
difficulty in amplifier design, since the dynamic resistance of wide band 
coils is necessarily low and stage gain can only be made to reach double 
figures by the use of infinite care. Two stages of intermediate-frequency 
amplification may be regarded as the minimum, and the coupling may take 
the form of over-coupled intermediate-frequency transformers or single-
tuned circuits adequately staggered. The former arrangement provides 
the greater opportunity for a flat-topped response-curve, while the latter 
arrangement can be identified with slightly higher stage gain and will give 
a satisfactory response-curve with the assistance of the peaked radio-
frequency coils. 

Special Vatves.—The ultimate intermediate-frequency amplifier and 
sometimes the penultimate amplifier will require a high-frequency 
pentode of a special design, capable of handling a large output when 
working into the very low load incidental to the type of tuned circuit 
into which it works. Such valves have a slope in the neighbourhood of 
8 mA/V and pass a combined anode and screen current of about 10-15 
milliampères, sometimes higher. Metallised valves have fallen into almost 
complete disuse partly because the metal coating has little screening 
effect at very high frequencies, but materially increases the anode to 
earth capacity of the valve, which slightly militates against stage gain, 
since the inductance of the coils would need to be proportionately lower. 
Trimming of the various circuits may be performed by a small trimming 
condenser, but is more often accomplished by variable inductance in the 
form of permeability tuning or a tapped coil. This makes it possible to 
dispense altogether with condensers, since the input and output capacity 
of the valve is sufficient in itself and allows the coils to have maximum in-
ductance. 
The Vision Detector.—Detection is sometimes accomplished by means 

of a double diode working as a full-wave detector (see Fig. 99). Consider-
able difficulties present themselves in the detector stage owing to the 
very high frequencies which will appear across the diode load, of the 
order of 2 megacycles per second. Diode loads of the order of half a 
megohm are absolutely impossible, owing to the attenuation which would 
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result, due to the shunting effect of the cathode/anode capacity of the 
valve itself. The only means of off-setting the effects of valve capacity 
is by using a very low load, which is often as low as i,000 ohms and rarely 
more than 2,500 ohms. In order to off-set the lack of efficiency which 
would result from the use of 
such a load with a normal diode 
valve, special types have been 
introduced having very low 
internal impedance, in the 
neighbourhood of ioo ohms. 
Full-wave detection will not 
give quite the same output as 
half-wave detection, but is em-
ployed as a means of balancing 
out the intermediate frequency, 
which is extremely important, 
as it would seriously upset the 
picture if it were allowed to 
appear at the modulating grid 
of the cathode-ray tube at any 
appreciable amplitude. 

High-frequency Accentua-
tion. — Whatever means are 
employed to produce the neces-
sarily wide response characteris-
tics of the receiver, some attenuation of the higher frequency will occur if 
an attempt is to be made to obtain reasonable stage gain, and it is usual 
to introduce some high-frequency correction or, to use the colloquial 
phrase, " top lift." " Top lift" can be introduced into the detector 
circuit by the use of a small choke in series with the diode load so that 
the impedance of the load is greater at the higher frequencies than at 
the lower frequencies. Such compensation cannot be carried to excess, 
since over-compensation produces a peculiar effect on the picture and is 
likely to accentuate any deliberate or accidental over-compensation that 
may be present in the actual transmission. 
The Video Amplifier.—A moment's thought will reveal that the volt-

age appearing across the diode load is in the wrong sense, inasmuch as 
maximum modulation, i.e. maximum white, will drive the diode anode 
negative, which will modulate the cathode-ray tube in the direction of 
black, if directly connected. It is apparent, therefore, that a phase 
reversal is necessary, which is accomplished by means of a video amplifier, 
which further amplifies the vision signal after detection, and performs the 
quite indispensable function of phase reversal. The video amplifier also 
gives further opportunity for adding a little u top lift," by making the anode 
load a resistance and inductance in series. Here again the anode load must 
be small to off-set the effect of the anode to earth capacity of the valve. 

R.T. II-12 

I.F. 

Fig. 99.—A typical vision detector. 
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The D.C. Component.—The actual link between the anode of the video 
amplifier and the modulating grid of the cathode-ray tube is not quite so 
simple as it might appear. The anode will be held at a potential of 
some 200 volts positive in respect to the chassis, and it might seem desir-
able to isolate this voltage from the cathode-ray tube by means of a 
D.C. stopping condenser, but, unfortunately, such a procedure will 
have serious repercussions. The absence of direct metallic connection 
will result in the A.C. component only appearing between the 
modulating grid and cathode of the cathode-ray tube, and the D.C. 
component will be lost; the A.C. component produces the picture detail, 
and this will not suffer directly. The D.C. component, on the other 
hand, controls the general brilliance or average tone value of the picture, 
and if this is lost the picture will become muddy if the signal is weak or, 
if the signal is sufficiently strong, the picture will become strangely 
unreal; the effect is, in fact, difficult to describe in words, but is very 
apparent to the eye. Some circuits are so arranged that the D.C. stopping 
condenser must be included, and the D.C. component is restored by the 
use of a diode or metal-oxide rectifier, which biases the cathode-ray tube 
in proportion to the amplitude of the A.C. component. An alternative 
arrangement is to make metallic connection between the anode of the 
video amplifier and the modulating grid of the cathode-ray tube and 
connect the cathode to a point that is adequately positive in respect to 
the modulating grid. Such an arrangement is very simple to achieve. 
If, for example, the anode of the video amplifier is 150 volts positive with 
respect to chassis, it will be necessary to connect the cathode to a point 
that is zoo volts positive in respect to the chassis, assuming that the tube 
is intended to work with a negative grid bias of 5o volts. Actually, the 
cathode will be made variable within certain limits, to act as a brightness 
control. 
Combined Sound and Vision Amplifier.—As already intimated, 

certain stages may amplify both vision and sound frequencies. The 
arrangement is not particularly complicated, and the radio-frequency 
amplifier and its tuned circuits will only be affected to the extent that 
their response-curve must cover both the vision and sound frequencies. 
Vision frequency is 45 megacycles and sound 41.5 megacycles and, bearing 
in mind the required band-width of the vision signal, it will be necessary 
for the coils to respond approximately from 47 to 41.5 megacycles. 
The frequency changer is perfectly normal, and when the two fundamental 
frequencies (sound and vision) are introduced two separate beat-notes 
will appear in the anode circuit and the intermediate-frequency coupling 
will take the form of two tuned circuits in series, one tuned to the vision 
intermediate frequency and one to the sound intermediate frequency. 
If transformers are used for coupling at the vision intermediate frequency, 
it is, nevertheless, possible, and even convenient, to employ a tuned anode 
in series with the primary to provide the necessary load for the sound 
frequency. If this arrangement is adopted, however, it will be necessary 
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to use mixed capacity and magnetic coupling, so that both frequencies 
appear across the grid/cathode of the next valve. This procedure can 
be repeated until it is desired to split the frequencies, which can be done 
very simply, a typical arrangement being shown at Fig. roo. When the 
intermediate-frequency amplifier is used 
to perform the dual function, it may 
be necessary to align the vision frequency 
coils somewhat off the vision inter-
mediate frequency, in order that the 
response of the tuned circuits is neg-
ligible at the frequency corresponding I-

to the second harmonic of the sound    > 
intermediate frequency. A modern re-
ceiver will almost certainly have a multi- TO SOUND LF. 

band tuner to cover all B.B.C. channels 
on Band I and I.T.A. channels on Band 
III, but this complication is ignored for 
the moment and referred to in detail 
later. 
A Complete Circuit.—The inset I.F. "1"0 VISION I.F. 

facing page 172 shows the circuit of a 
television receiver for use with a mag-
netically deflected cathode-ray tube, 

Fig. roo.— The separating stage of a corn-
it is deliberately simplified and 
does not perform the dual function of 
handling sound and vision, as such an arrangement considerably compli-
cates a point-to-point description without materially contributing to its 
value. The actual aerial and the means of separating sound and vision 
frequency in the aerial circuit are dealt with later, and it is convenient 
to assume that the vision signal appears as a current flowing through 
the primary of the input circuit. 
The Radio-frequency Amplifier.—The first stage employs a high-

frequency pentode and is generally a normal arrangement, although the 
values associated with it are somewhat unusual when judged by radio 
standards. The cathode bypass condenser C2 and the screen decoupling 
condenser C1 can each have a capacity of •oor F. No useful purpose 
would be served by using a larger capacity, while such capacities as those 
usually associated with this function, i.e. .111F, would be definitely detri-
mental, as their impedance would be relatively large at 45 megacycles. 
The anode resistance R 3 may have a value of some ro,000 ohms, since it 
is desired that the radio-frequency coupling coil shall have a relatively 
sharp response-curve. The coupling condenser C3 may be relatively 
small, and no useful purpose would be served by exceeding roo p.p.F. It 
will be noted that the coupling coil is shown transfixed by an arrow, in-
dicating that its inductance is variable, and attention is also drawn to 
the fact that there is no capacity deliberately introduced across the 

bined vision and sound receiver. 
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coupling coil, the output capacity V1 and the input capacity V2 being 
adequate. 
The Frequency Changer.—The frequency changer V2 employs a 

triode hexode, the circuit being quite conventional, although the associated 
capacities are relatively small. The cathode bypass condenser C5 may have 
a value of the order of •oi F. The grid condenser of the triode section, 
on the other hand, may be about ioo IL 12.F associated with a grid leak of 
normal value, R5. 
The intermediate-frequency coupling takes the form of an over-coupled 

transformer, both primary and secondary being damped with resistances 
of relatively low value, R7 and R5; these may have a value of 5,000 ohms 
each. 
The Intermediate-frequency Amplifier.—It will be observed that two 

stages of intermediate-frequency amplification are used, coupling being 
effected by over-coupled transformers damped by the resistances R12, 
R14, and R15 respectively. It will be noted that these transformers are 
aligned by permeability tuning, and that no actual condensers are 
associated with either winding; the output capacity and input capacity 
appear across primaries and secondaries respectively, and are adequate. 
The first valve is a high-frequency pentode specially designed to work into 
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a low load and capable of passing some 20 milliampères when the grid 
is held at a potential of 1 volt negative. It will be observed that the 
screen of this valve is potentiometer-fed to maintain the screen potential 
sensibly constant when grid voltage is varied. It will also be observed 
that the control grid of this valve is variably biased by means of the 
resistance Ru, which acts as a gain control and provides a manual 
means of adjusting the contrast of the ultimate picture. In practice, it is 
so adjusted that maximum modulation increases the electron beam in the 
cathode-ray tube to the extent which gives the impression of maximum 
white. 
The second intermediate-frequency amplifying valve is capable of a 

relatively large output and has a very high slope, and under normal 
working conditions will pass an anode current in the neighbourhood of 
40 milliampères and a screen current of about one-fifth of this figure. 
The coupling between this valve and the detector has a particular point 
of interest, inasmuch as the primary is tuned by means of an iron core, 
whereas the secondary is tuned by means of an iron core and trimming 
condenser over each half. This ar-
rangement allows the output across 
each half of the secondary to be 
balanced, always providing that the 
centre tap is accurately placed, the 
major adjustment being performed 
by moving the iron core. Providing 
these trimmers have sufficiently large 

Fig. roi.— The type of response-curve to be capacity, it will be possible to intro-
duce a little " faking " to off-set any 
minor peaks produced in the earlier tuned circuit. It is perhaps not 
irrelevant to mention at this point that a perfectly symmetrical and 
relatively flat response-curve does not give the best picture in all cases, 
and in the receiver under review the best picture is obtained when the 
over-all response-curve resembles that shown at Fig. Ica. 
The Detector.—The detector valve is the conventional low-impedance 

double diode and works into a very low load for reasons that have been 
mentioned earlier in the chapter In the present instance the diode load 
resistance R 18 is actually 2,000 ohms, while the correcting inductance 
CLI consists of 35 turns of 30 S.W.G. double-silk-covered wire wound 
on a former with a diameter of half an inch. It will be observed that 
a choke HFC is placed in the grid circuit of the video amplifier to dis-
courage parasitic oscillation and to attenuate any spurious frequencies 
that are well above 2 megacycles, since frequencies of this order must not 
be appreciably attenuated if the picture detail is to be preserved. In the 
actual receiver in question the correcting inductance consists of 20 turns 
of 28 S.W.G. on a former having a diameter of a quarter of an inch. 
The Video Amplifier.—The video amplifier employs a high-frequency 

pentode, which is the inevitable choice considering that relatively high 

45 Mu 

4 Mcs 

expected from a vision receiver. 
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frequencies must be handled and that the valve is required to develop a 
relatively large voltage across a low anode load. The anode is connected 
directly to the modulating grid of the cathode-ray tube, and therefore it 
would be unnecessary to employ a D.C. restoring circuit. It will be 
observed that the cathode of the tube is taken to a potentiometer R24, 
which " floats " between two resistances R, 23 R, 2 allowing the cathode 5 
to be varied between 35 and 65 volts positive with respect to the 
modulating grid. Generally speaking, some form of inverter or black-
spotter circuit could be introduced to off-set the effects of motor-car 
ignition interference. Such an arrangement is, in fact, fitted to the receiver 
under discussion, but for the sake of clarity it has been omitted from this 
circuit and is described separately later in the chapter. It will be noted 
that the high-potential end of the diode load is also taken to the grid of 
the double anode pentode V9, which is a synchronising separator valve 
and must be linked to some convenient point so that the incoming signal 
appears across its grid/cathode, in order that it may perform its function 
of tripping the time bases at the incident of each appropriàte syn-
chronising impulse. 
The Frame Time Base.—The frame time base is somewhat similar to 

that described in Chapter ro, but is modified for magnetic deflection. 
The discharge valve V7 discharges the condenser Cu, which is charged 
through the resistances R26 and R. It will be observed that the 
portion of the charging resistance (Ru) is variable to control frame velocity 
or, in other words, the height of the picture. 
The anode is coupled to the grid by means of the primary and secondary 

of the frame discharge transformer, in order to speed up the discharging 
of the condenser by driving the grid in the positive direction consequent 
upon the flow of current through the primary. The frequency of dis-
charge can be determined by the setting of the frame synchronising re-
sistance R.28, although, as previously explained, this resistance will be set 
at a value appropriate to the frequency, slightly lower than the frame 
frequency of 50 cycles per second, in order that commencement of 
discharge will be actually caused by a change of anode current in the 
synchronism separator valve, which is, in turn, caused by the appropriate 
impulse received from the transmitter. Attention is drawn to the time-
constant condenser C27, which has a value of •oo25 p.F and introduces 
such a time constant that the short line-impulse will not materially affect 
the grid potential of the discharge valve to the extent of causing discharge 
so occur. The high-potential end of the charging condenser is coupled 
by means of the grid condenser C25 to the grid of a low-impedance 
pentode, which acts as an amplifier and provides the necessary current 
output to the frame deflector coil. It will be observed that the frame 
coil is not transformer coupled, being of high-impedance type. It will 
also be noted that the frame coil is shunted by a condenser C34 and is in 
series with the resistance R42, both these components being introduced 
to improve the discharge waveform. The feed condenser C26 must nec-
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sarily have a high value, since the frequency to be handled is 50 cycles 
per second. Condensers of the order of io ILF are commonly used for this 
purpose and may be of the electrolytic type. Particular attention is 
drawn to the condenser C22, which performs the function of a negative 
feed-back coupling; that portion of the output of V 8 that is developed 
across the resistance R42 is applied to the grid/cathode of V 8 by virtue 
of this coupling. This feed-back is introduced to combat the non-linearity 
arising from the charging of C24 through R2,3 and R27, which follows an 
exponential law. 
The Synchronism-separator Valve.—The function of the synchronism-

separator valve has been previously discussed and again mentioned in 
the course of reviewing the frame time base. The valve is biased sensibly 
to cut-off, and the input capacity of the valve in conjunction with the 
grip stopper Ru serves to attenuate to some extent the higher frequencies 
associated with picture intelligence which might otherwise trip the time 
bases. The grid, however, is biased nearly to cut-off by the cathode 
resistance R30, which will have a relatively high value—in the present 
instance 75,000 ohms. The screen resistance is also of a high order, 
ro megohms, so that the valve is in such a condition that a small input 
will bring about a large change of anode current; but the change in anode 
current caused by half the input to be expected will not be very great, and 
it remains, therefore, for the greater change to be caused by the syn-
chronising impulse and not to any appreciable extent by the picture 
intelligence, which will never be greater than 70 per cent. of the total 
voltage change of the synchronising impulse. The cathode resistance R8 
is variable, allowing bias to be adjusted for the most definite synchronism 
This refinement, however, is purely optional and is not fitted to all receivers. 
The Line Time Base.—The line time base could perfectly well employ 

the same circuit as the frame time base, with the sole exception of the 
time-constant condenser, which would be omitted to allow the circuit to 
respond to the short line-impulse; in addition, certain values would 
require modification, particularly the charging resistance and condenser. 
Actually an entirely different type of circuit is used for the line time base 
which is convenient, as it will enable a different arrangement to be 
considered. 
A pentode, V10, is used as a discharge valve, R28 and R07 forming the 

charging resistance and Cm the charging condenser. As the condenser 
charges, it drives the grid of the amplifier in the positive direction and 
increases anode current; coupling to the line coils being through the 
line output-transformer, which has a step-down ratio, since the line coils 
are of the low-impedance type. It will be noticed that the line coils 
are earthed at the centre and that they are shunted by a resistance R40 
to prevent an excessive peak voltage being developed across them. The 
valve used for the line amplifier must necessarily be capable of standing 
a considerable potential difference between the electrodes, as the A.C. 
potential between the valve anode and cathode will be between 2,000 and 
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3,000 volts peak, although the applied D.C. voltage is rather less than 
400 volts. It will be noticed that the line amplifier is biased by grid current. 
The discharge valve V10 has its screened circuit coupled to its grid circuit 

by means of a suitable transformer, and the appropriate anode of the 
synchronising separator valve draws its current through the primary 
winding of this transformer. Assuming that the line-synchronising 
control R35 is correctly adjusted so that the discharge valve is nearly 
ready to pass current at the end of the line, the following sequence will 
occur. The line-synchronising impulse radiated from the transmitter 
will appear across the grid/cathode of the synchronism-separator valve, 
causing a sharp increase in anode current through the primary winding 
of the line-synchronising transformer, the secondary of which is so con-
nected that it drives the control grid in the positive direction, anode 
current commences to flow, and the charging condenser begins to discharge. 
Coincident with the commencement of anode current screen current 
will flow, which must pass through the primary of the line-synchronising 
transformer and will drive the grid in the positive direction, which will 
increase both screen and anode currents; and the former will drive the 
control grid still more positive, which will, in turn, increase the anode and 
screen currents, and so on, until the sequence is stopped when the charging 
condenser is virtually discharged. 
A perfectly normal high-frequency pentode valve may be used for the 

discharge valve in the type of circuit described, but to achieve rapid 
discharge it should be of a type which, worked under appropriate con-
ditions, will pass a fairly heavy screen current. It is essential that the 
valve passes screen current in the normal direction and is not one of the 
freak types with reverse screen current. It is interesting to comment 
upon the fact that the discharge could be still further speeded up by 
joining the appropriate end of the line output-transformer secondary to 
the grid of the discharge valve, when the following additional sequence 
would occur. 
When discharge begins the grid of the amplifier valve will go in the 

negative direction and the anode will, therefore, be driven in the positive 
direction, which change could be made to appear across the grid/cathode 
of the discharge valve and increase the rate of discharge. In the circuit 
under review such additional refinement is quite unnecessary, and this 
possibility is only commented upon as a matter of interest. 

It should be noted that a portion of the charging resistance (R36) is 
made variable as a means of correcting the linearity of the line sweep. 
Line amplitude (picture width) is controlled by R 41, which varies the gain 
of Vn, which is the line amplifier. 
The Power Pack.—It will be observed that two high-tension supplies 

will be required and preferably, though not essentially, two heater 
supplies. The requirements of the two high-tension supplies are 
directly opposed. The supply to the valve anode circuits will need to be 
some 200 milliampères at about 400 volts, while the high-tension supply 
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Fig. 102.—Circuit of a power pack for supplying a vision receiver. 

177 

to the gun of the cathode-ray tube may be only about 5o-25o micro-
ampères at about 4,000 volts. It is apparent that two separate rectifiers 
will be required, a typical circuit being shown at Fig. 102. Two separate 
transformers are used, which permits better heat distribution and gives 
more convenient opportunity for the heavy insulation necessary for the 
high-voltage winding. As a means of discriminating between the output 
of these two rectifiers it has become customary to refer to the relatively 

HEATERS 

H.T.+ 250 V 

H.T.-

H.T.-

E WT.-I-4000V 

low voltage as the high-tension voltage (abbreviation H.T.) and the other 
supply as the extra-high-tension voltage (abbreviation E.H.T.). 
The H.T. supply does not require any detailed explanation, since it 

differs little from the corresponding section of an ordinary broadcast 
receiver. There are, however, one or two points of note on the E.H.T. 
supply circuit. The E.H.T. rectifier is usually of the half-wave type with 
a large clearance between cathode and anode. A sketch of a typical 
example may be seen at Fig. 103. The smoothing arrangements are 
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somewhat unusual when judged by ordinary standards, as the smoothing 
choke is replaced by a resistance, which is possible owing to the very small 
gun current of the receiver, which will permit two .5-megohm resistances 
to be used with a potential drop across them of the order of roo volts. 
It will be observed that three resistances are connected in series between 
the anode and cathode of the valve, forming a permanent load, to prevent 
undue voltage variation when the cathode-ray tube is modulated. This 
load would be of the order of 25 megohms, and it is convenient to use three 
resistances of about 8 megohms each in series owing to the danger of 
surface discharge if the whole E.H.T. voltage appeared across one resistor. 
When subjected to voltages of this order certain resistances of the com-

position type allow a peculiar phenome-
non to take place, which can best be 
described as a series of minute arcs 
between particles on the surface. It has 
the appearance of a brush discharge. 
The E.H.T. rectifying valve should 

preferably have an indirectly heated 
cathode to obviate the possibility of a 
stationary spot on the screen if the beam 
current commences to flow before the 
time bases function. It will be appre-
ciated that a stationary spot of any 
appreciable brilliance will burn the screen 
and leave a brown mark which will 
thereafter appear as a dark patch on the 
picture. 
A study of the circuit shown at Fig. 102 

will reveal that the heater winding of the 
E.H.T. rectifier is maximum positive in 
respect to earth (i.e. between 3,000 and 
5,000 volts), and consequently this 

winding must be heavily insulated from other windings and the trans-
former core. 
The diagram at Fig. 102 cannot be regarded as complete unless the 

sound receiver is to derive its high-tension supply from the same source 
as that used to feed the vision amplifier. Such an arrangement is not 
usually employed, owing to the danger of feed-back from sound to vision, 
or vice versa, and consequently a separate circuit is usually employed. 
It has, however, been omitted from this diagram for the sake of sim-
plicity. 
The Aerial.—The ordinary aerial is not employed for television recep-

tion because of its poor efficiency and signal to noise ratio at very high 
frequencies. In practice a dipole aerial is used, consisting of two rods, 
the length depending on the local B.B.C. frequency, see Fig. 104. The 
transmitting aerial is vertical, and consequently the radiated energy is 

Fig. zo3.—A typical high-voltage 
rectifier. 
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vertically polarised and 
placed. It is intended 

reN 

Fig. 104. — (Left) A typical 
dipole. The feeder should be 
led away at right angles for 
a distance of at least r 2 inches; 
dipole aerial must be horizon-
tal for receiving certain B.B.C. 
transmitters. (Right) Dipole 
aerial with reflector. 

the receiving aerial must, therefore, be similarly 
that the aerial shall be so placed that its signal 
pick up will be reasonably high, and that it will 
be remote from motor-car interference to an 
extent commensurate with the amplitude of the 
receiving signal. 
The height of a television aerial will obviously 

vary in different neighbourhoods, and must 
depend on the number of elements of which it is 
composed; other factors are the 
intensity of motor-car ignition 
interference, the height above 
sea level, and the sensitivity of 
the receiver to be used. A good 
picture may be obtained at a 
location at, say, 50 miles from 
the transmitter with an aerial 
about 75 feet high, whereas an 
equally good picture can be ob-
tained at another location at, 
say, 70 miles with an aerial only 
about 45 feet high. On the other 
hand, certain areas can be pockets 
of low signal strength even when 
completely surrounded by a gen-
eral area of high signal strength. 
Variation is even more apparent 
on Band III, but it is easier to 
provide multi-element aerials. 

Fig. 105 shows the general dis-
tribution of voltage on a dipole 
aerial, from which it will be seen 
that the voltage is at a maximum 
at the ends (in opposite phase) 
and zero at the centre, while 
current is at a maximum at the centre and 
minimum at the outer ends. The problem is 
to connect the dipole to the input coil of the 
receiver without picking up any unwanted inter-
ference, bearing in mind that the downlead will 
normally pass through fields of interference 
reaching a high level. This difficulty is over-
come by using either a screened feeder of a 

particular type or a twin feeder and a balanced aerial circuit. The 
special screened feeder is known as concentric cable and is so designed 
that it has a surge impedance of 6o-8o ohms, in order that it may match 

-1/OLTAGE-> 

Fig. io5.—Volt-
age distribution 
on a dipole aerial 
of the " split 
centre" type. 
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the aerial, which has a similar impedance at its centre. The surge 
impedance of a concentric feeder is given by the formula: 

D Z . 176 log10 —d 

when Z equals the surge impedance, d equals the diameter of the inner 
conductor, and D equals the internal diameter of the outer conductor. 

The formula assumes that the di-
electric between the inner and outer 
conductors is air. If an appreci-
able amount of insulating material 
is used the entire formula must be 
divided by the square root of the 
effective dielectric constant. The 
type of concentric cable used for 
television consists of a relatively 
thin inner conductor and a densely 
woven outer conductor having a 
diameter of about half an inch; 
the inner is spaced from the outer 
by skeleton insulators placed about 
an inch apart. 
The inner and outer conductors 

are joined to the bottom and top 
halves of the dipole respectively 
(the reverse is possible, but un-
usual). The other end of the con-
centric feeder is similarly joined to 
the two ends of the aerial coil, and 
the outer conductor earthed so that 
it acts as a screen to the inner con-
ductor, see Fig. ro6. A screen is 

7 usually placed between the primary 
and secondary windings to prevent 
a capacity coupling between the 
two coils, so that the voltage ap-
pearing across the secondary is due 
only to current flowing through 

CONCENTRIC 
FEEDER 

Fig. io6.—The aerial circuit arranged for use the primary. 
with concentric feeder. 

Twin Feeder.— If concentric 
cable has any disadvantage other than of a mechanical nature it is that 
its efficiency as a means of excluding interference is somewhat depen-
dent upon the efficiency of the earth connection. When the alternative 
arrangement of twin feeder and a balanced input circuit is employed, the 
efficiency of the earth is unimportant in so far as the signal to noise ratio 
is concerned. Twin feeder for this purpose is available with an im-
pedance of 6o-8o ohms, the wires being embedded in what is apparently 
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a flexible plastic. Due to the excellence of the insulating material the 
loss is low, being about 3 decibels per roo feet, and in this respect is 
equal to good concentric feeder. 
The arrangement of a twin feeder is shown at Fig. 107. The outer ends 

of the dipole aerial are placed approximately half a wavelength apart, and 
the potential difference between them is relatively great and sufficient to 
cause current to flow in each 
direction alternately. The two 
feeder wires are placed very close 
together, being only about one-
tenth of an inch apart, with the   
result that they pick up energy 
in the same phase. The flow of 
current originating in the dipole 
will pass through both halves of 
the primary in one direction 
and effect magnetic coupling TWIN FEEDER 

with the secondary, but energy 
picked up by the feeder will flow 
through each half of the primary 
in opposite directions, and, pro-
viding the tap is at the electrical 
centre, two equal fields will be 
produced in opposite phase, so 
that no voltage is set up across 
the secondary. Note particu-
larly that an earth screen is 
placed between the two coils to 
prevent capacity coupling. 

In practice, the centre tap 
shown at Fig. 107 can be dis-
pensed with, since current picked 
up by the feeder will not flow 
through the circuit, as no differ-
ence of potential exists, the only 
movement being current to 
charge the coil screen capacity 

Fig. 107.—The aerial circuit arranged for use with 
and self-capacity, but here twin feeder. 

again current will flow equally 
in each direction and no voltage will be induced across the secondary. 
The split centre dipole shown at Fig. ro4 is often known by the rather 

unfortuate name of current-fed dipole, and has the practical disadvantage 
that the feeder should run at right angles for about a quarter of a wave 
before it is dropped to the receiver, in order to prevent coupling between 
the feeder and the lower half of the dipole. This requirement presents 
no difficulty if the dipole is fixed to a chimney, but is very ugly if fixed 
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to a mast, with the result that this distance is usually reduced to some 
12 inches. To overcome this difficulty another form of dipole has been 
evolved which has become known by the equally unfortunate name of the 
voltage-fed dipole. It is illustrated diagrammatically at Fig. 1o8, and 

consists of one wire 14 feet 9 inches long and the other 4 feet 
II inches long, the wire being of 14 S.W.G. and spaced pre-
cisely 3 inches apart. The portion of the long wire, marked 
9 feet io inches long in the illustration, is the actual aerial, 
the lower portion and the short length parallel to it may be 
considered as a piece of feeder, and is known as a matching 
stub. Its purpose is to allow the ordinary low-impedance 
feeder to be used, which cannot be connected directly to 
the outer end of the dipole, as it has a terminal impedance 
of about 3,000 ohms. The matching stub must be so designed 
that its surge impedance is equal to the square root of the 
product of the feeder impedance and terminal impedance of 
the dipole, or, expressed as a formula: 
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Fig. ro8.—A 
dipole aerial 
with match-
ing stub. 

V 2-8 Z 2 

when Z1 equals the surge impedance of the matching stub, 
Z 2 equals the surge impedance of the feeder, and Z 3 equals 
the terminal impedance of the dipole. 
The Reflector.—The efficiency of a dipole may be increased 

by the use of a reflector, which is placed immediately behind 
the dipole at a suitable distance, see Fig. 104 If the aerial 
is of half-wave type, i.e. each arm is a quarter wavelength, 

the reflector may be of similar length or a little longer if it is desired to 
increase the efficiency of the aerial array at the sound frequency at the 
expense of a corresponding loss at the vision frequency. The nominal 
distance between a half-wave reflector and dipole is a quarter wavelength, 
but measurements have shown that this may be advantageously decreased 
by about an inch, although it is not apparent why this should be so. 
Assuming the dipole and reflector are of the same length and made of 
the same material, the efficiency is increased to such an extent that the 
current flowing in the aerial circuit is nearly doubled. 
A reflector array exhibits marked directional properties, and its optimum 

direction is when the reflector is behind the dipole and in direct line with 
the transmitter, always assuming that direct radiation is being picked 
up and not a reflection. The directional properties of the reflector can 
be used to improve the signal to noise ratio under certain conditions, such 
as when the major interference comes from the opposite direction to that 
of the transmitter. Under such circumstances the reflector will double 
the signal and also reduce the interference by feeding such energy to the 
aerial out of phase with the energy directly picked up. 
Numerous forms of dipole aerial are available, such as the folded 
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dipole, which is usually accompanied by one or more pairs of rods called 
directors, in front of the actual dipole aerial as well as a reflector behind it. 
Quite different forms of aerial exist, such as the tilt-wire aerial which 
has great directional properties but takes up a lot of room both vertically 
and horizontally. 
Frequency Separation. — It is usual to use a single aerial for both 

sound and vision signals, and when separate chassis are used for these 
functions some means must be provided for preventing the sound fre-
quency from appearing in the vision amplifier, and vice versa. Generally 
speaking, the selectivity of the vision amplifier will not in itself be adequate. 
Various arrangements are possible in the form of rejector circuits, but 
there is one arrangement which is sufficiently interesting to deserve 
special mention. Fig. 98 (in the previous chapter) shows the sound and 
vision chassis connected to the main feeder by two small lengths of feeder 
which terminate in parallel. Both these short lengths of feeder are cut 
to a critical length, so that the piece feeding the vision chassis is equal to 
one-quarter of the sound wavelength, and the piece feeding the sound 
chassis is equal to one-quarter of the vision wavelength. As these 
critical lengths are terminated by a closed circuit they will offer something 
approaching infinite impedance to frequencies to which they bear the 
relationship of one quarter of a wave. In this way the vision frequency 
is excluded from the sound amplifier, and vice versa. 
The White-spot Limiter.—Invertor.—Television receivers always have 

some arrangement to decrease the effects of bad interference of the type 
radiated by motor-cars. The ignition systems of motor-cars radiate 
considerable interference unless suppressed, unfortunately there are many 
motorists who have not yet taken the trouble to respect the enjoyment of 
other people. The most satisfactory way of combating this form of 
interference is to improve the signal to noise ratio by increasing the 
height of the aerial. There are, however, limits in this direction and, 
furthermore, circumstances may arise whereby bad interference is 
experienced only occasionally and some less-costly means is desirable for 
lessening interference. 

Motor-car interference will tend to drive the beam in the direction of 
white, and if it is only sufficiently strong to drive the beam to maximum 
white it will appear as a small spot of normal size travelling across the 
screen and, incidentally, the principle of inversion cannot be applied. If 
the motor-car interference is received at an amplitude of about double 
that of the received signal its effect is very distressing, as it modulates 
the tube beyond white, which has the effect of defocusing the spot so that 
large white spots travel across the screen, which may well be sufficiently 
large to cover five or more lines, and it is in this condition that the white-
spot limiter may be employed. Another device is the black spotter or 
invertor. 
The black spotter functions by modulating the cathode-ray tube in the 

direction of black when the input is greater than maximum white. 
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This has the effect of turning the spot dark grey or black, which is less 
obvious than white, and reducing its size. The relationship between 
modulator grid voltage and gun current is generally similar to that o/ a 
triode, but the introduction of an additional diode can bring about a 
decrease of gun current when the modulator grid is driven beyond zero 
into the positive region, and, if driven sufficiently far, the flow of gun 
current is virtually stopped. 
Band III Reception.—Preceding chapters on television have ignored 

almost completely operation on Band III, which covers from 174-216 
megacycles. This band is reserved for television and is divided into eight 
channels. Only three channels in Britain are allocated and these are at 
the disposal of the Independent Television Authority, they are channels 
8, 9 and io, and the appropriate carrier frequencies are as follows: 

Channel Sound Vision 
8 186.25 189.75 
9 191•25 194'75 
10 196.25 199'75 

Many receivers originally designed for Band I, the B.B.C. band, have 
been converted for Band III operation by means of an " add-on" unit, 
and there probably remains some three million receivers that are in-
capable of conversion or which have not been converted for some reason 
or other. This chapter is devoted to television-receiver design and 
attention must therefore be directed to receivers actually designed and 
manufactured for combined Band I and Band III working. 

Broadly speaking, Band III is about four times the frequency of Band I, 
and while this increase is significant, it does not call for fundamentally 
new techniques but rather for a tightening up of component tolerance and 
special care to prevent frequency drift. Coils and condensers must have 
very stable frequency temperature characteristics. 
Multiple.band Receivers.—Receivers for Band I and Band l II 

reception, known as multiple-band receivers, vary from one manufacturer 
to another in the manner of switching channels. Most, if not all, channel-
selector switches present a somewhat similar outward appearance and 
consist of a fairly large knob with twelve or thirteen numbered " click" 
positions with a small knob concentric with the large one for the purpose 
of fine tuning. The basic arrangements employed divide conveniently 
into groups and are best dealt with separately. 
The Turret Tuner.—Probably of American origin, the turret tuner 

consists of twelve or thirteen sets of coils—aerial, H.F. amplifier coupling 
and oscillator—arranged in a form of drum which is rotated by the 
programme-selector switch so that the desired set of three coils line up 
with a single set of three stationary contacts. In any one position of the 
turret a single set of three coils is connected in circuit while all others are 
completely disconnected. Fine tuning is usually provided in the form of 
a variable condenser across the oscillator coil. Each separate coil in the 



A MODERN TELEVISION CHASSIS 

This chassis, manufactured by Ultra, shows very clearly the focusing magnet assembly and the deflector 
coils in their screening box. The E.H.T. unit is in the metal box with perforated lid. The small chassis 

is a programme selector of the "sliding turret" type. 

R.T. II-I84] 
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drum can be independently trimmed by means of screwed iron cores. 
The reason why twelve sets of coils is possible for a thirteen-channel 

tuner is that the fine tuner which has a greater effect at the high-frequency 
end of the band is able to make one coil cover two channels. The fine 
tuning condenser usually takes the form of two fixed plates while the 
moving vane is of dielectric material and by rotating it between the fixed 
plates the capacity between them is varied. 

The Permeability Tuner.—Another popular arrangement consists 
of only two sets of three coils, one for Band I and the other for Band III, 
tuning being controlled by sliding iron cores, the position of which is 
determined by cams actuated by the programme-selector knob. This 
system requires coils manufactured to close tolerances. Fine tuning is 
not normally confined to the oscillator but operates on all three circuits 
by means of a mechanism which allows the entire coil assembly to move 
a small distance, to reiterate, the programme-selector switch causes a 
relatively large movement of the cores in relation to the coils whereas the 
fine tuner moves the coils by a small amount in relation to the cores. 

Incremental Inductance Tuning.—This system uses a triple-
gauged wafer switch each capable of selecting the required tap on three 
multi-tapped coils for aerial, H.F. amplifier coupling and oscillator 
respectively. Although each coil is normally a single winding, the actual 
tapping points fall into two groups for Bands I and III respectively and a 
trimmer is usually provided to trim each complete group. The user is 
normally provided with a fine tuner which takes the form of a small 
variable condenser across the oscillator coil. 

The Three-channel Tuner.—Some manufacturers took the view, 
noteably around 1953-54, that no viewer wherever situated would be 
likely to have available a choice of more than three programmes during the 
life of the television receiver and simplified the tuning system by providing 
only three positions. One for Band I and two for Band III, the actual 
channel being determined by the use of appropriate clip-in coils. These 
coils are readily changed if the set is moved to another neighbourhood 
where different channels are in use. One form of three-programme tuner 
took the form of a sliding turret which was moved backwards or forwards 
by the switch across a single set of three contacts in exactly the same way 
as a rotating-turret tuner except that the movement was backwards and 
forwards. In this arrangement fine tuning was accomplished by a small 
variable condenser across the oscillator coil. 
Nomenclature.—(Controls).—Alternative terms have crept into use 

for describing the controls of television receivers. The follotting list is 
therefore included: the first-named term in each group is that recom-
mended by a responsible Committee that has drawn up a list of standard-
ised terms, while the alternatives are others in more or less general use: 
Time Base. (Time-base generator.) The circuits responsible for pro-

ducing vertical and horizontal deflection. 
R.T. II-13 
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Brightness. (Brilliance, brilliancy.) The control which adjusts the 
negative bias on the modulating grid of the cathode-ray tube and deter-
mines the over-all brightness of the picture. 

Contrast. (Gain). The amplifier gain control which determines the 
general contrast of the picture. 

Vertical hold. (Frame-synchronising control, frame synchronism.) The 
variable adjustment for obtaining optimum performance of the circuit 
responsible for the vertical deflection. 

Horizontal hold. (Line-synchronising control, line synchronism.) The 
variable adjustment for obtaining optimum performance of the circuit 
responsible for horizontal deflection. 

White-spot limiter. (Black spotter, interference limiter.) A device 
for reducing the effect of certain types of interference. 

Picture width. (Line amplitude, line velocity, line length.) The control 
for adjusting the total width of the picture. 

Horizontal form. (Horizontal linearity.) The control for adjusting 
the line scan so that it occurs at uniform velocity. 

Picture height. (Picture amplitude, frame amplitude, frame velocity.) 
The control for adjusting the total height of the picture. 

Vertical form. (Vertical linearity.) The control for adjusting the 
frame scan so that it occurs at uniform velocity. 

Horizontal shift. (Line shift.) The control for moving the picture 
in the horizontal direction for the purpose of adjusting its position. 

Vertical shift. (Frame shift.) The control for moving the picture in 
the vertical direction for the purpose of adjusting its position. 

Focus. The control for reducing the size of the spot to such proportion 
that the picture is sharp. 

Tuner. (Programme selector.) The control for selecting the desired 
channel; it usually has a fine tuner control incorporated with it. 



CHAPTER 13 

ADJUSTMENTS AND FAULTS OF A TELEVISION RECEIVER 

THE operation of a television receiver may entail the intelligent mani-
pulation of perhaps only two knobs, but in addition there may be between 
five and ten pre-set controls, which in some receivers will be placed out of 
the way while in other receivers some, at least, of the pre-set controls 
will be placed in an accessible position permitting the viewer to adjust 
them from time to time. Television in its practical form is a relatively 
new art and a few remarks on operation may not be out of place in addi-
tion to notes on the pre-set controls. 

High Voltage.—Voltages of the order of 15,000 volts above earth are 
common in television receivers, and appear as both alternating- and direct-
current potentials at appropriate points. It will be unnecessary to draw 
the reader's attention to the necessity for taking adequate care when 
handling a television receiver when the back is removed. Presumably 
no one would deliberately touch a conductor or terminal which is known 
to be at a high potential, but attention is drawn to the fact that high 
potential may appear at most unexpected points. For example, a valve 
which is known to be designed for working at an anode potential of, say, 
250 volts D.C. might appear perfectly safe, but if such a valve happens 
to be working as a time-base amplifier it may generate peak potentials 
of several thousand volts. While the reader is warned against touching 
points of high potential, it is perhaps desirable to make some attempt to 
place the whole question of danger into some reasonable sense of propor-
tion. Some contemporaries suggest that accidental contact with such 
voltage is fatal, but in the course of experiments the author has several 
times accidentally touched the E.H.T. rails whilst standing on an ordinary 
wooden floor and has received no worse effect than a shaking and a 
determination to be more careful in future. 
The Controls.—The precise method of handling a television receiver is 

dependent upon the type of circuit used, consequently the following must 
be considered as being of a general nature. The text is conveniently 
split up under the heading of the control to which it refers, and it will be 
understood that all normal controls are included. 

Brightness.—This control is invariably situated on the front of the 
receiver and is intended for more or less continuous use. It may have 
combined with it the on/off switch, which is a very good feature as it com-
pels the viewer to adjust the brightness on each occasion. The brightness 
control is actually a variable negative bias applied to the modulating grid 

R.T. 187 
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of the cathode-ray tube and controls the general brightness-level of the 
picture. Its use is somewhat interdependent on the setting of the con-
trast control, and innumerable combinations between these two controls 
will give a picture varying from the " soot-and-whitewash " type, where 
only dead black and dead white are present and the half-tones are lost, 
to the muddy effect when black and white are absent and the picture is 
composed of a limited variation of grey. It is apparent that between 
these two extremes there is a combination which will give the best possible 
tone values. The adjustment is soon acquired with practice, but the 
following procedure is a useful method when adjusting certain types of 
television receiver for the first time. 
Withdraw the aerial feeder plug so that no signal is received. In a 

completely dark room turn up brightness until the raster is just apparent 
and then slightly decrease the control until the raster is just lost. The 
tube is then biased to its effective cut-off point, and when the aerial plug 
is replaced a good picture should be obtamed by advancing the contrast 
control until the high lights are just apparent in the darkest places. 

Contrast Control.—The contrast control is a means of varying the 
gain of the vision amplifier and will determine the instantaneous modulat-
ing voltage applied to the tube, and is set so that the tube is modulated 
to maximum white when the transmitter modulates at maximum. In 
practice it is adjusted so that portions of the picture intended to be 
white are brilliant without defocusing the spot or turning black portions 
to grey. If the receiver is fitted with automatic gain control (A.G.C.) 
the contrast control will set the black level. 
Tuning.—A tuning control is fitted to combined B.B.C. and I.T.A. 

receivers and is more critical on Band III (I.T.A.) than on Band I (B.B.C.); 
optimum adjustment is not easy but generally speaking it should be 
adjusted for maximum sound performance and the picture ignored. 
Modern television receivers work on one vision sideband and in these 
circumstances correct sound will not appear at the same setting as the 
brightest picture, but if the control is correctly set for sound the picture 
will have maximum detail (as distinct from brightness) and this is the 
correct adjustment. It may so happen that a receiver of this type will 
fail to give an acceptable picture when the tuning is precisely set for the 
best sound reproduction, due either to pattern interference, excessive 
grain or disturbance of line on frame hold on loud music or effects. In 
such cases a slight re-adjustment is the only remedy. Owing to the 
relatively high frequency at which the amplifiers are required to work, 
some trouble may be experienced due to oscillator drift, necessitating 
readjustment of the tuning when the receiver gets thoroughly warm. 
The only means of off-setting this trouble is the obvious one of switching 
on in advance to give the receiver time to become well warmed up, 
unless sufficient apparatus is available to re-trim the sound circuit to 
give a wider response-curve, so that a certain amount of drift can take 
place without any audible manifestation. 
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Focus.—Focus is normally adjusted by means of a lever or knob, which 
should be set so that the spot is as small as possible or, in other words, so 
that the black spaces between the lines are as wide as possible. These 
lines will not be apparent when the picture is viewed from the correct 
distance and the actual image will be sharply defmed. The optimum 
viewing distance is that position when the lines just cease to appear as 
such and is normally a distance equal to about eight times the width of 
the picture. 
On older sets the focus control will usually appear on the front or side 

of the receiver, but it may be that it is in the form of a vernier and that 
another focusing control is available and is intended to be regarded as a 
pre-set adjustment. Television receivers made prior to 1939 often used a 
ring magnet for focusing which was pre-adjusted by an iron sleeve 
capable of sliding up and down the neck of the tube. It is intended that 
this sleeve shall be correctly set when the focusing potentiometer is in 
the central position, so that the latter acts as a vernier control for the 
convenience of the viewer to correct slight variations from time to time. 
It is interesting to mention that there is yet a third adjustment in this 
arrangement, which is the movement of the ring magnet itself, this may 
be moved forward or backward; the effect of the iron sleeve varies 
widely but very roughly the full swing of the potentiometer is equal to 
moving the sleeve about half an inch, and the total available movement 
of the sleeve is equal to moving the ring magnet about one-eighth of an 
inch. 

Picture Alignment.—Picture alignment may be defined as the rotation 
of the picture on its axis so that it is square with the mask. This is 
accomplished by rotating the tube bodily in the case of the electrostatic 
type or by rotating the deflector coil assembly in the case of the magnetic-
ally deflected tube. 

Picture Centring.—Picture centring should not be confused with 
picture alignment and is intended to mean the movement of the picture 
bodily in the vertical or horizontal direction so that it is central within 
the confines of the mask. A variety of means is available for this adjust-
ment which was easy in the days of electrostatic deflection by using 
potentiometers to vary the D.C. potential on the deflector plates; 
as the control is rotated the picture moves in either direction as may be 
required and a precise adjustment is effected. In the modern permanent 
magnet assembly, picture centring is accomplished by means of an iron 
disc on the rear face of the magnet which may be moved in any direction, 
the adjustment is somewhat complicated by the fact that the picture 
does not move in the same direction as the disc, but approximately at 
right angles to it, it is easy, however, after a little practice. The effect 
is a little difficult to master and particularly baffling if the operator is 
unaware of it. It is due to the twisting effect imparted to the beam by the 
magnet. In the older sets using permanent magnet focusing adjustment 
is provided by means of moving the focusing coil in any direction, the 
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operation being simplified by cams or other devices, so that a small 
movement is obtained. 

Vertical Hold.—This control is the frequency adjustment of the frame 
time base and when incorrectly set the picture may revolve in the vertical 
direction giving the appearance of a rotating drum. When the frame 
hold is correctly set the picture will be rigidly locked. In some receivers 
the latitude of the control may be such that the frequency of the frame 
time base may be set to half the correct frequency, which will cause two 
long narrow pictures to appear on the screen one above the other and 
separated by a black line. This control is sometimes called frame hold. 
With the majority of receivers the picture is held rigid when the frame-

hold control is anywhere within a certain segment of its possible rotation. 
Generally speaking, the adjustment should be left in the centre of the 
segment over which frame hold is achieved. Certain receivers provide 
an exception, as this tolerance is used to adjust interlacing, as described 
in the next paragraph. 

Interlacing.—A few receivers are provided with a pre-set interlacing 
control and those which are so equipped may be divided into two groups. 
(i) Interlacing control by critical adjustment of the frame hold, and 
(2) by some adjustment to the frame deflecting coil or coils. The method 
of interlacing control is self-explanatory in the first group. In the case 
of the second group adjustment may be effected in some cases by shifting 
the coil slightly on its mounting, while in others it is achieved by the 
movement of a small piece of iron which forms an extension of the core. 
Interlacing in the last group is invariably critical, inasmuch as 90 per 
cent. of the total movement has no effect at all, while movement through 
io per cent. will take the interlacing through the correct point and out 
again. Incorrect interlacing causes the odd and even scan to be super-
imposed on each other, giving some 200 thick lines interspaced with thick 
and very apparent black spaces, instead of some 400 lines separated by 
very narrow black spaces. 

Horizontal Hold.—This control adjusts line time base frequency 
and when incorrectly set it produces an effect quite different from that 
of the frame-hold control, inasmuch as the picture becomes a meaningless 
jumble. When correctly set the picture appears as a picture and the 
position is quite unmistakable. It should invariably be set at the central 
point of the movement through which the picture can be held. This is 
important, as careless adjustment may produce ragged edges. This 
control is sometimes called line hold. 

Vertical Form.—Also called frame linearity, this controls the scanning 
speed at the top of the picture as compared with the bottom. When 
incorrectly set a figure appearing full length will be long from the waist 
to the head and short from the waist to the feet, giving a most grotesque 
effect. Adjustment is effected until the spacing between lines is uniform 
at the top and bottom of the picture. 
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Horizontal Form.—Also called line linearity, this controls scanning 
speed at the beginning of the line as compared with the end. When 
incorrectly set, objects will appear much wider on the right-hand side 
than at the left-hand side. Adjustment is effected until this distortion is 
not apparent, and can only be accurately accomplished when a picture is 
available, having a regular pattern in the horizontal direction, e.g. a railing. 

Picture Height.—Also known as frame amplitude, this control may 
be a variable resistance or inductance permitting the height of the picture 
to be adjusted. It is essential that the frame linearity-control should 
first be adjusted (if one is fitted) before attempting to adjust the height 
of the picture, which should be just greater than the vertical dimension 
of the mask, so that one line is hidden at the top and one at the bottom. 

Picture Width.—Sometimes called line amplitude, adjusts the length 
of the line scan and should be set so that the " border " is just covered by 
the mask. If a line linearity-control is fitted this must be adjusted 
before the line amplitude-control can be operated intelligently. It is 
important that the small margin of the picture that is hidden by the mask 
shall be equal in the horizontal and vertical dimension, otherwise the true 
proportions of the picture will be lost. 

Synchronism-separator Control.—A few old sets were fitted with 
means of adjusting the amplitude of the synchronising impulse delivered 
to the frame and/or line time bases. It may take the form of a single 
control influencing both time bases, in which case it is usually a means of 
varying the grid bias on the synchronism-separator valve. The control 
should be adjusted so that the tolerance on the line hold and/or frame 
hold is as great as possible. When separate controls are provided these 
are both adjusted in the same way. There is, however, at least one ex-
ception to this rule, where the frame synchronising separator control is 
used to force the frame-hold control to function at a point where correct 
interlacing is brought about. 

White-spot Limiter (Black Spotter, Invertor).— The control 
provides means of minimising the effect of motor-car interference. When 
such interference is not present, the control should be turned so that the 
device is completely out of action. When interference is present, it 
should be adjusted in the following manner: carefully set brightness and 
contrast control on a normal picture and then turn the invertor control 
until the point is reached where the white portions of the picture just 
begin to suffer (i.e. become grey and lose the finer points of definition). 
Next turn the invertor control slightly in the opposite direction, so that 
the picture is just, but only just, returned to normal and the device is 
set for optimum results. It should be noted that in its common form 
the invertor will not function on slight interference, its advantage being 
most apparent when the interference level is 6o per cent, or more higher 
than picture level. 

Astigmatic Control.—A control fitted to old sets to provide means 
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of preventing the spot from deforming as it travels from one end of the 
line scan to the other. When astigmatism is present to a marked degree, 
the spot becomes elongated in the horizontal direction at one end and a 
parted jagged appearance is given to any vertical lines which may form part 
of a normal picture. At the other end it may be elongated in the vertical 
direction, giving a curious effect, somewhat similar to incorrect focus, 
accompanied by loss of brilliance. The method of adjusting the receiver 
to avoid this fault is different in almost every receiver, and the maker's 
instructions should be rigidly adhered to, particularly if the method re-
commended entails putting both time bases out of action so that a 
stationary spot is obtained. It will be appreciated that a stationary spot 
will burn the fluorescent screen unless the brightness control is turned 
to a very low level. 
Common Faults.—If the law of averages applies to television receivers, 

it can be assumed that faults will occur much more frequently than in 
the case of sound receivers on account of the number of valves used, even 
if the associated components are neglected. In practice, however, the 
average television receiver seems to enjoy reliability approaching that of 
an ordinary sound receiver of equivalent quality. It might appear at 
first sight that ,the complexity of a television receiver would make fault 
finding exceedingly difficult. The reverse, however, is the case, since 
each small section performs a separate and definite function and a mere 
glance at the screen will usually determine the section in which a particu-
lar fault may be found. A few of the more general faults are mentioned 
below. 
No Illumination of the Screen.—This condition must mean that the 

electron beam is absent, which can only be due to one of four causes: 
(1) a broken heater in the tube itself, (2) E.H.T. supply not functioning, 
or (3) excessive negative bias on the modulating grid, (4) a blown fuse. 
Inspection will usually clear up the first possibility, as the characteristic 
red glow is quite apparent in the neck of the tube, while the lack of 
E.H.T. can be determined with the use of an electrostatic voltmeter. The 
gun voltage can only be measured directly by an electrostatic meter, but 
if a little calculation is not objected to it can be determined by the use 
of a very high resistance, say, 50 megohms, and a o-i milliampère meter. 
Obviously the value of the smoothing resistance must be known. 

Picture Absent but Raster Normal.—If the picture is entirely absent 
but a normal raster appears when the brightness control is turned up, 
it is apparent that the cathode-ray tube is not being modulated and 
systematic testing is necessary, starting from the modulating grid of the 
tube and working progressively through the various stages to the input 
aerial circuit. 

Line Scan Absent.—If the line time base fails to function, a vertical 
line will appear near the middle of the screen. It will be intensely bright, 
but if reduced by means of the brightness control, some sign of modulation 
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Fig. to9.—A drawing to illustrate the 
effect of bad line linearity. It will be 
observed that while the right-hand side 
of the picture is fairly normal, the left-
hand side is progressively cramped. 

Fig. to.—A sketch giving an impression 
of the effect obtained when the frame 
time base is slightly out of adjustment. 
This effect is impossible to photograph 
and difficult to draw accurately. 

Fig. Another drawing which gives 
an idea of the effect resulting from an 
unstable line time base. Single lines or 
isolated groups of lines slip out of syn-
chronism, with the result that a portion 
of the picture moves to the right, as 
shown. 
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may be apparent. The line time-base circuit including line-deflection coils 
should be systematically checked. It should be noted that the performance 
of valves in a time base cannot be checked satisfactorily except by sub-
stitution, as they usually work under abnormal conditions in these circuits 

Frame Scan Absent.—If the frame time base fails to work, a horizontal 
line of intense brightness appears across the screen. The appropriate 
action is that outlined above for the line time base, except that it is, of 
course, applied to the frame time-base circuit and coils. 

Picture Failing to Fill Mask.—If the picture appears about half its 
normal height or width the trouble may be due to a number of causes; 
the most probable, however, ase as follows: In the case of an electro-
statically deflected tube, the trouble is probably failure of the amplifier 
valve in the appropriate time base. In the case of magnetically deflected 
tubes, the appropriate time-base amplifier should be suspected. Note 
that in the former case the reduction in size will be about half, whereas 
in the latter case the reduction may be almost any percentage. 

Picture Too Small.—If the picture appears too small but correctly 
proportioned, the trouble is almost certain to be an unduly large high-
tension voltage supply to the time-base valves. This fault may reduce 
the picture to any extent and the picture that is normally, say, 14 x II 
inches may be reduced to, say, the size of this page. 

Tube will not Focus.—If a condition occurs whereby manipulation of 
the focus control will allow adjustment of focus through the best point, 
but yet fail to give satisfactory sharpness of definition, low E.H.T. voltage 
or a soft tube may be suspected. The former will be accompanied by 
lack of brightness at a definite setting of the brightness control. 

Frame or Line Hold Unstable.—If either of the " hold " controls are 
critical and require frequent readjustment, a number of possibilities 
present themselves, the most probable of which are a leaky charging con-
denser, a leaky grid-bias condenser, or a soft discharge valve in the appro-
priate time base. (See also next paragraph.) 

Frame and Line Hold Unstable.—In the average circuit there are 
only two items common to both time bases, the high-tension supply and 
the synchronism separator circuit; systematic attention to these should 
reveal the trouble. 

Excessive Inter ference.—Excessive interference from motor-cars may 
be attributed to an inefficient aerial system or, if a marked increase occurs 
suddenly, suggesting a fault, a break may be suspected in the feeder 
wire if of the twin type or, in the case of the concentric type, the outer 
casing may have become disconnected. 

Patterns on Screen.—A more or le_ss symmetrical pattern superim-
posed on the screen, and suggestive of a watered-silk or Scotch-plaid effect, 
may be attributed to an alien frequency in the vision amplifier. Whether 
or n ot this arises from the sound receiver can be determined by putting 
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the latter out of action. If the trouble persists, external interference may 
be suspected in the form of re-radiation. A stationary and solid pattern 
in the form of horizontal, straight, or zigzag bars can be attributed to the 
type of radiation experienced from diathermy or other medical apparatus, 
or apparatus functioning in a similar manner. 

Two or More Images.—Two or more images may appear on the screen; 
the spurious images being displaced to the right-hand side of the primary 
image. The normal cause of the phenomenon may be attributed to 
reflections from metal objects in the neighbourhood. Such reflections 
are often caused by such a structure as a gasometer; the effect is caused 
by the reflected radiation arriving slightly behind the signal received 
direct from the transmitter, due to the slightly longer route, and if the 
difference in time is sufficient for the spot to have moved appreciably in 
the line direction, the image will be repeated. The trouble can almost 
always be cured by the use of a reflector aerial, which is orientated until 
the unwanted effect disappears. 

Stationary Spot.—If a stationary spot should appear on the screen 
and remain there, the receiver should be immediately switched off, as 
the tube will undoubtedly be damaged. Such a condition is caused by 
failure of both time bases, due to some common fault such as failure of 
the high-tension supply to this section of the receiver. 
Scanning Lines unduly Apparent.—A condition may occur when the 

scanning lines become very obvious when observed from the optimum 
viewing distance. This is caused by partial or complete failure of the 
two scanning fields to interlace. Some receivers are provided with an 
interlacing control which may, for example, take the form of slight 
movement of one of the deflector coils or, alternatively, the trouble may 
be due to some fault in the frame time base. Many receivers will not 
interlace properly unless the contrast control is set to a position approach-
ing the optimum for the purpose it was designed to serve. 

Uneven Focus.—Uneven focus may be due to a number of causes. 
In the case of the electrostatic tube the probable cause is limited to 
displaced electrodes, for which there is obviously no cure other than 
replacement of the tube. Some care is necessary, however, to distin-
guish between uneven focus and astigmatism, as the superficial effect 
is somewhat similar. Astigmatism may be controlled on old receivers 
by an appropriate control or controls. Uneven focus of magnetic tubes 
is usually due to the focusing coil or ring magnet being out of alignment 
with the neck of the tube. The method of correcting this error is obvious, 
but it is by no means easy to accomplish with some focusing assemblies. 
It should be noted that the very smallest adjustment is normally required 
to correct such an error, misadjustment of the order of -516 inch is often 
sufficient to produce noticeable lack of focus at one part of the 
picture. 

Luminous Halo.—Certain types of cathode-ray tube when in a slightly 
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soft condition produce a ring or halo of soft faint light more or less 
central on the screen. This phenomenon is caused by electrons colliding 
with the rarefied gas within the tube causing them to stray outside the 
beam; due to the twisting motion imparted by the magnet these un-
focused electrons form a ring-shaped patch. 
Corner Shadow.—When a cathode-ray tube is first installed a sharply 

defined shadow may appear at the edge of the picture, usually in the 
corner. This is due to a shadow cast by the end of the neck of the tube 
due, perhaps, to a slight irregularity in the contour of the glass. The 
difficulty can be usually overcome in the case of the magnetic tube by 
correcting the position of the deflector coil assembly on the neck of the 
tube. If the tube is of the type provided with an ion trap very particular 
attention should be paid to its correct setting; it should be moved in a 
circular direction and also slid backwards and forwards until the brightest 
picture is obtained; in some receivers, however, it must be set a little 
farther away from the screen than optimum to present the left-hand side 
of the picture from spreading in the vertical direction. 
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CHAPTER 1 

MEASURING INSTRUMENTS 

THERE are probably quite a number of ways in which a fault may be 
traced, but they can ail be grouped under two headings: logical fault 
finding and hit-and-miss fault finding. 

In the early days of broadcasting hit-and-miss methods were possibly 
as good as any other, as the average receiver contained so few components 
that the location of a faulty one did not require any pronounced degree of 
skill, and in any case certain components were so prone to failure that 
they could be suspected with reasonable certainty. One very old but 
very popular receiver consisted of three valves, a coil, and tuning con-
denser and a number of resistances and condensers, both couplings 
being accomplished by the resistance-capacity system. When a receiver 
of this type ceased to function, a quick and ready test could be made by 
bridging each resistance in turn with the fingers, when a broken resistance 
would be at once apparent because the receiver would function after a 
fashion, the fingers acting as the resistance, and representing perhaps 
50,000 ohms. 

Fault Finding.—Fault tracing in a modern superheterodyne becomes 
almost impossible if prejudice, suspicion, and guesswork are the only 
means of finding the trouble, particularly if there happens to be two 
faults present at the same time—a very likely possibility, because failure 
of a component will often damage one or more other components. 
The condemnation of the hit-and-miss method contained in the opening 

paragraphs of this introduction should not give the impression that fault 
finding can only be properly accomplished by the use of elaborate test 
equipment. Admittedly a reasonable amount of equipment is essential 
for rapid diagnosis, but even in the complete absence of any test equip-
ment there is no reason why some logical sequence should not be adopted, 
as it is only by this means that a fault in a complicated circuit can be 
detected, unless, of course, an element of luck is present. 

It is probably true to say that a bandpass superheterodyne cannot be 
properly aligned without the use of a ganging oscillator and oscillograph, 
but if certain well-ordered rules are followed, alignment may be achieved 
in a manner that will give quite satisfactory reception, although not 
perfection. As will be seen in the appropriate chapter, it is possible to 
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adjust the padding and trimming condensers and align the intermediate-
frequency transformers with tolerable accuracy, providing that the re-
ceiver has a dial which is accurately calibrated in either wavelengths or 
frequencies; in fact, the accuracy of trimming and alignment will be as 
accurate as the dial calibration, providing the correct trimming and pad-
ding frequencies are known—information that may be obtained from the 
manufacturer of the receiver. 
Many of those who read the following chapters will not possess any but 

the simplest equipment, and every endeavour has been made to provide 
the most practical information for their guidance. On the other hand, 
there will be those who are equipped with the normal test gear used by the 
practical service engineer; here, again, the need is covered. Finally, 
there will be those who are fortunate enough to possess a satisfactory 
oscillograph, and consequently several chapters and sections will be found 
dealing with certain aspects of this apparatus. It should be noted, how-
ever, that reference to the oscillograph has been isolated as far as possible, 
in order that those who are not interested may easily ignore the various 
references. 

Service engineering does not necessarily cease when a receiver is work-
ing in a normal manner; the accessories may provide unforeseen diffi-
culties; for example, connection of a gramophone pick-up may result in 
an unacceptable hum-level; alternatively, connection of an extension 
speaker may cause instability on the long waveband, even though pro-
vision is made for such a connection by the manufacturers and the 
loudspeaker is of suitable design. 
A receiver may function in a perfectly normal manner, but reception 

may be impaired or totally spoilt by local interference arising from 
trams, trolley-buses, electrical machinery of a domestic or industrial 
nature, and, on the short waveband, from the ignition system of motor 
cars. A chapter is devoted to this whole question, and covers means of 
suppressing the source of interference and means of minimising inter-
ference at the receiving end. 
The professional service engineer is expected to be able to renovate 

a damaged cabinet or, at least, to be able to touch up and fill up scratches 
or chips in such a manner that the general appearance is satisfactory. 
The repolishing of a cabinet will normally be left to those who specialise 
in this class of work, but some notes on touching up and renovation 
are included in Chapter 16. 
The location of a fault is not always the end of difficulty, as some 

receivers almost convey the impression that they have been designed 
for the sole purpose of making repairs as difficult as possible, and in 
this direction the chapter devoted to workshop hints is offered to 
suggest ways and means of overcoming certain obvious difficulties. 
The question of removing the chassis from its cabinet has not been 
overlooked, as this apparently simple procedure may often present 
difficulties—although these remarks are not intended for the pro-
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fessional service engineer, who will be only too conversant with such 
operations. 

Considerable space has been devoted to valve testing, as this is a sub-
ject of great importance, and it is perhaps remarkable that so few retail 
establishments are equipped to test a simple type of valve with sufficient 
thoroughness to be able to pronounce definitely that it will or will not 
work. Many still rely on the emission tester, and it may be a revelation 
to many to read of the many faults which may exist although emission 
is normal. 
Measuring Instruments.—The most important item of the service 

engineer's kit is undoubtedly a good serviceable multi-range test set; 
such a piece of apparatus is simply a moving-coil milliammeter with a 
convenient switching arrangement to bring various resistances, a rectifier 
battery or, possibly, a condenser into circuit. A typical test set is 
described later in this chapter, and in the meantime attention is directed 
to the principle in construction of the several types of meter. 

There is no fundamental constructional difference between the 
voltmeter, the ammeter, and the ohmmeter, but any of these may be 
designed to work on one of several principles and may be classed under 
four headings: (a) moving iron; (b) moving coil; (c) thermal; and 
(d) electrostatic. 
The Moving-iron Meter.—The moving-iron meter in its simplest 

form consists of a pointer to which a small iron armature is attached, 
deflection being obtained by a suitably placed coil, which may be wound 
as a solenoid with the armature travelling along its axis. The pointer 
must be suitably pivoted and provided with some controlling force to 
return the pointer to zero and provide the necessary work for the field to 
accomplish; this is usually arranged by a small spiral hairspring similar 
to that which controls the balance-wheel of a watch. An instrument 
designed on the somewhat crude lines indicated above would be both 
unreliable and insensitive, that is to say, its deflection would be incon-
stant and would be small for a given current. The modern instrument 
is designed on more advanced lines. 
The accompanying plate shows the construction of a moving-iron 

instrument; Reference to the illustration will show that the needle is 
mounted on needle-point pivot; the front bearing may be clearly 
seen, but the rear bearing is not apparent, as it lies more than an inch 
deep in the segment-shaped tunnel. The spiral hairspring can also be 
seen in the illustration; it is adjusted externally by a link action which 
is operated by the cam action of a small screw. It is intended that the 
cam be so adjusted that the pointer comes to rest precisely on zero. The 
long needle-point pivot forms the edge of an iron vane, which appears 
in the illustration as a long narrow wedge which is, in fact, the edge 
turned over to give a measure of rigidity. 
The plate also shows the rear half of the instrument, the principal 

feature of which is the coil so shaped that its hollow centre fits over the 
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segment-shaped tunnel which houses the pivot and the iron deflecting 
vane. When current flows through the coil the field produces a twisting 
force on the iron vane which causes it to move away from the zero 
position. The extent of the movement does not bear a linear relation-
ship to the current flowing, with the result that the scale is unequally 
divided. Fig. i shows the scale of a typical moving-iron instrument; 
it will be noted that the deflection from o to .5 ampère is only about 
116 in., whereas the deflection between 4.5 and 5 ampères (again a differ-
ence of .5 ampère) is about twelve times as great. The non-linear scale 
is one of the greatest drawbacks to the use of the moving-iron principle: 
the instrument scale shown at Fig. r is obviously useless for taking 

readings between o and .5 ampère, 
and of doubtful value between 
.5 and i ampère; the rest of the 
scale may be considered satis-
factory. The moving-iron instru-
ment still retains certain popularity 
for alternating-current instruments, 
as it obviates the necessity for using 
a rectifier, an aspect of meter design 
which is dealt with later in the 
chapter. 
The Moving-coil Meter.—The 

most generally used type of meter 
is that employing a moving coil. 
The mechanism of a typical instru-
ment of this type is also shown 
in the accompanying plate; this 
photograph shows the complete 
instrument with the exception of 

the scale and case, which have been removed for obvious reasons. It 
may be seen that the actual coil assembly is located between the poles 
of a permanent magnet and is so aligned that the pointer travels within 
the area occupied by the magnet. A more detailed idea of the moving 
unit may be obtained from the enlarged view of the mechanism which 
has been removed from the magnet. The mechanism consists of a moving 
coil which is wound in the form of a square with a very fine gauge of 
wire, often as thin as 6o S.W.G., on a former made of aluminium foil. 
The pointer is of non-magnetic material, usually aluminium foil, and 
is attached to the coil, the whole being mounted on a very slender steel 
spindle, needle-pointed at each end. The whole assembly is extremely 
light, and those used for really first-class instruments weigh about 1J5 oz. 
The actual moving assembly is mounted between two bearings which 

have slight hollows in which the needle-points rest. For normal instru-
ments these bearings may be of white metal, but first-class instruments 
often employ sapphires in much the same manner as these jewels are 

Fig. I.—Scale of a typical moving-iron meter. 
Note particularly the non-linear division of 
the scale. 



MEASURING INSTRUMENTS 5 

used in watches. Other refinements are possible, and many laboratory 
instruments employ a bi-metal structure automatically to overcome the 
effects of temperature variation. It will be observed that the controlling 
force is provided by means of a spiral hairspring at each end of the 
spindle. This is to prevent wear, which can occur at the bearing remote 
from the spiral spring when only one is used. The movement illustrated 
has three short arms, which form with the pointer a cross, the end of 
each arm being provided with a small circular weight. These arms are 
provided to offset the weight of the spindle, so that the entire moving 
assembly is perfectly balanced. Although it is not apparent in the 
photograph, two delicate springs are provided to check the movement 
of the needle when and if it overruns 
the ends of the scale. 
One of the greatest advantages of 

a moving-coil instrument is that the 
deflection is linear with respect to 
the current flowing through the coil. 
The actual deflection is caused by 
the field of the moving coil (which 
is, of course, dependent upon the 
current flowing through it) and the 
field of the permanent magnet. The 
coil is placed so that its field is 
approximately at right angles to the 
field of the permanent magnet when 
in the mid-way position, and the 
force exerted by the two fields is 
such that the coil tends to move to 
a position where the fields are in 
the same sense. The behaviour of a moving coil in the field of a magnet 
is dealt with in some detail in Volume I, Chapter 5. 

Fig. 2 shows the scale of a moving-coil instrument designed to cover 
the same range as the moving-iron meter, the scale of which is shown 
at Fig. 1. It will be seen that the divisions are equal, and that 
accurate reading may be accomplished at any portion of the scale. 
The other great advantage of the moving-coil instrument is its high 
sensitivity. 
The Thermal Meter.—Instruments that function directly or indirectly 

through heat are normally employed for measuring high-frequency 
current and are particularly valuable for this class of work, as they are 
reasonably independent of frequency. They may be divided into two 
sections, the hot-wire ammeter and the thermo-couple ammeter. The 
hot-wire type is extremely simple, and consists of a needle which is held 
at the zero position by a wire usually made of iron and, unlike other 
meters, a spring is used to pull the pointer towards the maximum position. 
The current to be measured is passed through the wire, which heats up 

Fig. 2.—Scale of a moving-coil instrument. 
Note the linear division of the scale. 
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and expands, permitting the pointer to travel across the scale. Since 
the expansion of the wire is small, an arrangement of levers is usually 
employed to allow a large movement of the needle for a small expansion 
of the wire. 
The thermo-couple ammeter takes advantage of the fact that a current 

is generated if heat is applied at the junction of two suitable dissimilar 
metals, thus the instrument actually measures current generated by a 
miniature thermo-couple which is heated by the current to be measured. 
The current generated by the thermo-couple is measured on a moving-
coil instrument. 
The Electrostatic Voltmeter.—For measuring high voltages in circuits 

that possess very high resistance, difficulties arise when attempting to 
use any of the meters already described, since the small current taken by 
the meter will completely alter the value of the voltage that is to be 
measured. The electrostatic voltmeter has no coil or other device 
forming a D.C. path, but is, in principle, a meter in which deflection is 
accomplished by the electrostatic pull between two plates. The actual 
movement is necessarily very small, but an arrangement of levers is 
used to magnify the movement ; such meters have a non-linear scale and, 
generally speaking, it is not possible to measure voltages below 
loo volts, although an indication may be obtained for perhaps half 
of this value. From the point of view of the circuit to which it is 
connected the electrostatic meter appears as a capacity, and in high-
frequency circuits it is often just as objectionable on this account as 
other forms of meters having relatively low resistance. 
The various types of movement have been briefly introduced, and 

attention may now be directed to the purposes that may be fulfilled. 
Unless otherwise stated, the following remarks are made on the assumption 
that the type of movement employed is the moving coil, since this type is 
recommended for normal purposes. 
The Voltmeter.—The voltmeter, as its name implies, is intended for 

the measurement of potential difference in terms of the volt. A moving-
coil voltmeter is, in fact, a very high-resistance milliammeter and actually 
deflects in proportion to the current which flows through it. Since the 
current flowing through the coil will be precisely proportional to the voltage 
across the coil and its resistance, it follows that the deflection of the 
pointer will be proportional to the voltage across the coil and it is apparent 
that by suitably calibrating the scale the instrument will give a direct 
voltage reading. In order that the voltage to be measured will be 
substantially unaffected by the current passing through the meter 
the latter should be as small as possible, which means that the resistance 
should be as high as possible. Good-quality instruments usually have 
a resistance of i,000 ohms (or more) per volt, that is to say, a meter reading 
o-5 volts will have a resistance of 5,000 ohms, a meter reading from 
0-200 volts will have a resistance of 200,000 ohms, and so on. It is 
somewhat difficult to accomplish such high internal resistance in multiple 
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test sets, consequently the resistance of this type of instrument is often 
lower. 
The Ammeter.—The ammeter, milliammeter, and microammeter are 

all in general use in radio engineering, and all are intended to measure 
current in terms of ampères, milliampères, and microampères respectively. 
The requirements of an ammeter are the converse of the voltmeter. 
It will be required to measure current flowing in a circuit, and it will 
necessarily be connected in series—consequently its resistance should be 
as low as possible, so that it does not materially add to the total resistance 
of the circuit. The internal resistance of a good ammeter is very low, 
usually a fraction of an ohm. The internal resistance of a milliammeter 
is unavoidably a little higher, owing to the necessary greater sensitivity, 
but a good instrument reading, say, o—I o milliampères will often have 
an internal resistance of only 5 ohms. On the other hand, first-class 
instruments have an internal resistance in the neighbourhood of so ohms, 
and are entirely satisfactory for measurements likely to be made in radio 
engineering. 
The microammeter, will usually have a fairly considerable internal 

resistance, but this is unimportant in radio engineering, as such measure-
ments will invariably be made in circuits having resistance of a very high 
order. The microammeter is extremely sensitive, and consequently the 
moving mechanism is very delicate and easily damaged. 

The Ohmmeter.—For measuring resistance an ohmmeter is some-
times employed which is actually a normal milliammeter calibrated 
in ohms. It requires the use of a battery and, in effect, measures the 
current which a known voltage will drive through an unknown resistance. 
It is usually provided with two variable resistances, which, in effect, 
obviate the use of a voltmeter for checking the battery voltage, since the 
two variable resistances are so adjusted that the needle rests precisely 
on zero when the terminals are shorted. If it is impossible to achieve 
this setting it is necessary to replace the battery. Resistance may be 
measured by other means, the best known of which is the Wheatstone 
bridge, or its more practical modification, the Post Office box. The 
ohmmeter is, however, the most convenient and practical device for fault 
finding and is in general use. 

Measurement of Inductance and Capacity.—The measurement of 
inductance belongs to the laboratory rather than to the service bench. 
It calls for fairly elaborate preparation and considerable experience of 
high-frequency measurement. It is, in fact, a subject which monopolises 
more than half of a large book which is devoted solely to the measurement 
of inductance and capacity. Generally speaking, the measurement of 
capacity is simple, providing the value is relatively large. Two methods 
are in general use, the most convenient of which is to apply an alternating 
voltage of some definite frequency and measure the current flowing 
through the condenser; such an arrangement is incorporated in most 
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multi-range test sets. The alternative method is to use a neon lamp in 
conjunction with a time-constant circuit which is made up of a known 
resistance and the unknown capacity; the basic circuit is shown at 
Fig. 3. By using a suitable value of resistance the neon lamp can be 
made to flash sufficiently slowly to permit the flashes being counted 
the capacity may be determined from the following formula: 

Flashes per second = CR 

when C equals capacity in farads, R equals resistance in ohms, V equals 
the applied voltage, V. equals the 
striking voltage of the tube, V. equals 

is the breaking voltage, and V. the mean 
voltage on lamp. The objection to this 

O arrangement is the large number of 
1 constants, all of which are liable to 

more or less continuous variation, with 
the single exception of the resistance. 
Nevertheless, it enjoyed some popu-

I 3.—Basic circuit for measuring capa-
city with the aid of a neon lamp. larity until test sets were designed to 

include capacity measurement. 
The Measurement of Alternating Current and Voltage.—Meters for 

measuring alternating current and voltage may be of the moving-iron 
type, although they are not entirely satisfactory for reasons that have 
already been made clear, and once again the moving coil is in general use. 
It should be understood, however, that the moving-coil meter is unsuit-
able for measuring alternating current and voltage unless provided with 
a rectifier, which is almost invariably housed within the instrument. 
The scale is calibrated with regard to the characteristics of the rectifier. 
The actual rectifier is of the metal-oxide type and is very small, except 
when used in ammeters capable of measuring fairly high values. Recti-
fier instruments are entirely satisfactory for the general-purpose measure-
ment of voltage and for the measurement of relatively small values of 
current. Some objection may be levelled against this type of instrument 
for measuring heavy current, owing to the high resistance of the rectifier; 
the difficulty is to some extent overcome by using meters employing 
fairly large shunts, but some limitation is imposed on the relationship 
between shunt resistance and internal resistance owing to some tendency 
towards inconstancy of the rectifier element. 

The Parallax Effect.—Considerable error may be introduced by the 
parallax effect, which is the name given to the inaccurate reading resulting 
from looking at the pointer from a position other than directly above it. 
This effect is most marked on clocks situated high above the ground; 
if the hand is, say, at fifteen minutes past the hour, and the hand is well 
raised from the face, it will appear to register fourteen or even thirteen 
minutes past when viewed from below. This effect may be minimised 



A typical moving-iron meter. (Left) Front of instrument, showing mechanism. (Right) Front view 
of rear perrtion, showing deflecting coil. 

(Above) A typical moving-coil meter, showing 
the location of the moving coil between the 

poles of the circular permanent magnet. 

(Left) An enlarged view of the moving mechanism 
shown right. This photograph shows clearly the 
moving coil, the two hair-springs and balance-
weights. It should be understood that the heavy 
top assembly, the structure inside the coil and the 
base are stationary. This photograph is about 

twice natural size. 

MOVEMENTS OF MEASURING INSTRUMENTS. 

R.T. 111-gi 
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by reducing the distance between the pointer and the scale, a procedure 
which is not always desirable, owing to the danger of a light pointer 
bending and touching. It is more convenient to space the pointer ade-
quately and place a narrow strip of mirror along the edge of the dial. 
When taking a reading it is necessary to note that the reflection of the 
pointer cannot be seen because it is hidden by the pointer itself, a con-
dition that only obtains when the eye is exactly over the pointer. 
The Multi-range Test Set.—There are numerous types of multi-

range test sets available, and it would be unreasonable, or even mis-
leading, to direct attention to a particular example. Nevertheless, it 
was felt that this chapter would be incomplete without some indication 
of the scope of such an instrument. The illustration, Fig. 4, shows 

Fig. 4.—Scale of a typical multi-purpose moving-coil instrument. 

the scale of a typical test set, and, although the scale in itself gives some 
indication of its many uses, some further remarks are necessary. 
The test set in question is provided with two rotary switches, which 

permit of the required range being instantly selected. It is provided, 
incidentally, with a cut-out to protect the meter, and three adjustments 
for zero and maximum setting on different resistance ranges. Ten 
ranges are available for measuring direct current from o-I milliampère, 
when each division is equal to io microampères, to o-Io ampères, 
when each division is ioo milliampères. The direct-current voltage 
ranges number twelve, varying from o-5o millivolts to o-L000 volts. 

Eight ranges are provided for measuring alternating current, the 
lowest being o-5 milliampères, when each division is equal to 50 micro-
ampères, to o-io ampères. Similarly, there are eight ranges for 
measuring alternating voltage, the lowest being o-5 volts and the high-
est o-I,000 volts. 

R.T. III-2 
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For measuring resistance there are five ranges, two of which are 
available when using the small internal cell giving actual calibrated 
reading of resistance from -5 ohm to romoo ohms. By using the internal 
9-volt battery, the range is extended to r megohm, and by employing an 
external voltage the range may be still further increased to 40 megohms 
when using the lighting mains or other source of high potential. 

Provision is made for measuring capacity with the aid of an external 
alternating-current supply; the instrument is set on the supply by means 
of one of the variable resistances already referred to, after which capacities 
may be directly read from -or p.F to 20 gF. The instrument may also 
be used to measure power and will give calibrated readings from r milli-
watt to 4 watts. Quite apart from its obvious application of measuring 
audio output, the instrument may be used in conjunction with a cali-
brated oscillator for the alignment of superheterodyne receivers. The 
same function can also be interpreted directly in decibels, as a scale is 
provided from — ro decibels to -I- 15 decibels, the reference-level being 
50 milliwatts, in accordance with standard practice. 
These few indications do not do justice to the possibilities of multi-

range test sets or to the particular instrument to which the remarks 
actually refer; nevertheless, they provide an indication of their versa-
tility. The particular model in question passes 2 milliampères for 
maximum deflection on the r,000-volt scale and r milliampère on the 
500-volt scale. The total length of the scale is 5 inches, which is equal 
to doubling the internal resistance when it is compared with a meter 
with a 2k-inch scale, since a higher range may be used for a given deflection 
per volt. 

Calibration.—The question of accuracy is difficult to discuss in 
general terms. It is a relative one, and dependent upon the purpose 
for which the meter is to be used. The average meter is accurate to 
within about 2 per cent., which is perfectly adequate for fault finding 
where a general indication is desired to show whether a particular part 
of the circuit is functioning in the normal manner. For general service 
work, robustness and versatility are of prime importance. It is infinitely 
preferable to use a meter which will remain reasonably accurate when 
subjected to rough usage and sudden temperature change, than a meter 
that is accurate within close limits under ideal conditions and fails 
completely when subjected to vibration or an occasional bump. It is 
necessary to check calibration from time to time, preferably against 
standard or sub-standard instruments, but in the absence of such 
equipment a check may be carried out if a resistance of known value is 
available, simply by applying a known voltage and measuring the 
current and applying Ohm's law. If the figures obtained fail to agree 
with Ohm's law, then either the resistance or the meter is at fault. 
Shunts and Switching.—It is quite possible to make any measurement 

with the use of a suitable milliammeter and an adequate number of 
accurate resistances. In principle, the range of the milliammeter is 
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increased by the use of shunt resistances, while it may function as a volt-
meter if used with series resistances. The choice of the meter will be 
determined by the lowest reading that is likely to be required. It is 
usually convenient to use a moving-coil milliammeter reading from o to 
milliampère. The following values are based on the assumption that the 
milliammeter has an internal resistance of 45 ohms. 

Fig. 5 shows the milliammeter in question and its attendant shunt 
resistance. If the value of the resistance 
is 5 ohms, it may be seen by applying 
Ohm's law that one-tenth of the current 
will flow through the meter and nine-tenths 
of the current will flow through the shunt 
and it will be necessary to multiply the 
milliammeter reading by ten, that is to say, 
when the meter shows -5 milliampère the 
current flowing will be 5 milliampères, and 
when the meter records i milliampère the 
current flowing will be io milliampères, and 
so on. By the use of a variety of shunts any reading can be taken, 
but there are certain precautions and limitations, as will be seen later. 
To use the milliammeter as a voltmeter it will be necessary to use 

a series resistance, as shown at Fig. 6. Suppose that the value of this 
resistance is 955 ohms, making a total with the internal resistance of the 
meter of ' moo ohms, then full-scale deflection will register when i volt 
is applied. If the resistance is 9,955 ohms, making io,000 ohms with 
the internal resistance, then full-scale deflection will occur if ro volts 

Fig. 6.—A series resistance to increase 
the range of a voltmeter or to 
enable voltage to be read with a 
milliammeter. 

Fig. 5.—A simple shunt to increase 
the range of an ammeter or 
millia mmeter. 

Fig. 7.—The Incorrect method of switching 
shunts; the resistance of the switch is 
in the actual shunt circuit and may 
introduce considerable error. 

is applied. If the value of the resistance is 199,955 ohms, making 
200,000 ohms with the internal resistance of the meter, then the full-scale 
deflection will be 200 volts, and so on. The value suggested, namely 
199,955 ohms, is quoted for the purpose of explaining a principle, it is 
unnecessarily pedantic for practical purposes, when 200,000 ohms could 
very well be used, as it would only introduce an error of -02 per cent. 

It is apparent from the foregoing remarks that a milliammeter could 
be made up into a unit with suitable switches enabling various resistances 
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to be connected in series or parallel at will for the purpose of making a 
multi-range test set. There are several pitfalls in the use of switching 

which must be avoided. Fig. 7 shows 
a milliammeter and switch allowing 
a choice of two shunt resistances. 
These might well be 5 ohms, giving a 
reading of o—ro milliampères, and 
.45 ohm, giving a reading of o—ioo 
milliampères. A very good switch 
after a period of use could easily 
have a resistance between its contacts 
of •I ohm, which would introduce an 
error of nearly 25 per cent. in the latter 
case. It is apparent, therefore, that 
some other arrangement will be neces-
sary. Fig. 8 shows the correct method 
of switching. A careful study of this 
circuit will reveal the fact that the 
contact resistance of the switch 
marked " A " is in series with the 
circuit as a whole; that is to say, the 

resistance of the switch does not form part of the shunt. The contact 
resistance of switch " B " does not form part of the shunt, but is in 

Fig. 8.—The correct method of switching 
shunts; the switch A is not included 
in the actual shunt circuit, being outside 
the point of connection between meter 
and shunt. The switch B is in series 
with the meter, which has relatively high 
resistance, and not in series with the 
shunts, which have relatively low re-
sistance. The switches must be ganged. 

f c ccf  

 o 

Fig. 9 —An arrangement by which a single meter measuring from o—I milliampère and having an 
internal resistance of 45 ohms may be used for three current ranges and three voltage ranges. 
It is essential for the switches to be ganged. 

series with the meter which, for the example chosen, has a resistance of 
45 ohms. The addition of •I ohm to 45 ohms is not serious, and as the 
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current passing through the meter will not at any time exceed r milli-
ampère, there is no reason why the switch contact should become burned 
or pitted. It will be appreciated on the other hand that the switch "A" 
may be required to carry roo milliampères or more. 
The two contacts joined directly together allow the meter to work 

on its natural range, i.e. o—r milliampère. It is questionable whether 
the circuit as shown at Fig. 8 could be used for values much above 
roo milliampères, owing to the extremely low value of shunt resistance 
and the effect of inevitable variations due to temperature change and 
other factors. 

Fig. 9 shows the switching arrangement for a combined volt and 
milliammeter. With the values shown and using a o—r milliammeter 
with an internal resistance of 45 ohms, the following ranges will be avail-
able: 

(r) o-500 volts. 
(2) o—roo volts. 
(3) o—ro volts. 
(4) o—roo milliampères. 
(5) o—ro milliampères. 
(6) o—r milliampère. 

Series resistance 499,955 ohms.1 
Series resistance 99,955 ohms. 
Series resistance 9,955 ohms. 
Shunt resistance .45 ohms. 
Shunt resistance 5 ohms. 
(Natural range of meter.) 

When constructing a multiple-range instrument it is advisable to 
put a small loading resistance in series with the meter, perhaps about 
5 ohms, altering the value of the multiplier resistances accordingly. 
In the event of the meter being damaged, it is possible that its internal 
resistance would be varied in the course of repair; such a contingency 
can be countered by increasing or decreasing the small loading resistance, 
so that the combined resistance remains unchanged. Without this small 
resistance it will be necessary to alter the value of the majority of the 
shunt and series resistances, which would be a relatively formidable 
undertaking. 

Shunt and Series Resistance Formulce.—It is quite simple to calculate 
the value of shunt resistance for any given requirement; the following 
formula is applicable: 

R —  
(n — 

when R, equals the resistance of the required shunt in ohms, R„, equals 
the resistance of the meter (including the loading resistance, if used), and 
n equals the ratio by which the range is to be extended. 

It is equally simple to find the value of a series resistance for any 
given voltage range as follows: 

V 
R,= — R„, 

1 For all practical purposes 500,000 ohms would be satisfactory. 
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when R, is the required series resistance, V equals the full-scale voltage 
reading required, I„, equals the full-scale reading of the meter in ampères, 
and R,„ equals the resistance of the meter (including the loading resistance 
if used). 



CHAPTER 2 

THE GANGING OSCILLATOR 

FOR the accurate alignment of the superheterodyne a signal generator 
and an output meter or cathode-ray oscillograph are indispensable, 
and this chapter is devoted to the signal generator, but it is desirable 
to outline the function of the entire equipment. It will be remembered 
that the trimming and padding of a superheterodyne must be carried 
out at certain precise frequencies, in order that the tracking error of the 
oscillator circuit is reduced to a minimum over the whole of each wave-
band. The normal type of signal generator may be called upon to supply 
any frequency covered by broadcast receivers, and, in addition, any of 
the several intermediate frequencies. For trimming and padding the 
output from the oscillator is usually injected into the aerial circuit, 
and the appropriate trimmer or padding condenser adjusted for maximum 
output, determined by an output meter or a cathode-ray oscillograph, 
the latter having the advantage, among others, of showing the shape of 
the response-curve. The procedure to be adopted is very fully covered 
in the appropriate chapter. In the meantime, attention is directed to 
the actual signal generator. 
As already intimated, the signal generator will be required to cover a 

wide frequency band, and as intermediate frequencies in general use 
fall between the highest and lowest broadcast frequencies, it is convenient 
for the oscillator to cover the necessary frequencies by a number of over-
lapping bands. The actual maximum and minimum frequency varies, 
but it will usually be from about go kilocycles to 20 megacycles. 
Accuracy is the prime consideration of a ganging oscillator. It is 

difficult of achievement, particularly as for normal purposes the instru-
ment must be moderately priced. The standard degree of accuracy 
is plus or minus i per cent., but even this narrow tolerance can introduce 
an error of about 4- kilocycles per second when working on the normal 
intermediate frequency of 465 kilocycles per second. 
Some means must be provided for varying the output of the oscillator 

within wide limits, partly because amplitude will vary with frequency, 
which is practically unavoidable in a moderately simple instrument 
covering a wide wave-range, but largely because control is necessary 
during the operation of ganging. If the ganging of a superheterodyne 
is hopelessly incorrect, a large output is required in order to facilitate 
the finding of some deflection on the output meter or oscillograph, after 
which the output is attenuated as the deflection becomes large when 
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correct alignment is approached. It is imperative that final adjustment 
should be carried out with a minimum output from the oscillator, so 
that the operation is not upset by the action of automatic volume control. 
The simplest form of ganging oscillator will be provided with the two 

adjustments outlined above, namely frequency control and amplitude 
control, but more versatile instruments will be provided with two further 
refinements, modulated output and frequency modulation. The modu-
lated output consists of a carrier, the frequency of which is variable, as 
described above, but modulated with an audio-frequency which is usually 
400 cycles per second, but sometimes L000 cycles per second; this 
modulation may be cut out at will. The modulated output is useful for 
general testing and also assists in preliminary alignment used in con-
junction with a cathode-ray oscillograph. 
Frequency Modulation.—When using an output meter little can be 

done towards correcting the shape of the response-curve, but when a 
cathode-ray oscillograph is used the shape of the response-curve can be 
accurately determined. Examples of curves appear in Chapter io, taken 
with an ordinary cathode-ray oscillograph used for ganging. These 
curves actually show the relationship between amplitude in the vertical 
dimension and frequency in the horizontal dimension; the actual 
curves referred to show the variation of amplitude compared with a 
frequency change of some io kilocycles per second each side of the funda-
mental intermediate frequency. To obtain such a curve it is necessary 
to inject into the intermediate-frequency amplifier an unmodulated 
waveform the frequency of which varies over an adequate width, usually 
plus and minus 15 kilocycles per second. An oscillator capable of producing 
this variable-frequency output is known as a modulated frequency or 
wobbulated oscillator. 

Various methods of frequency modulation are possible, some mechanical 
and some electrical. The mechanical arrangement consists of a specially 
shaped condenser rotated by means of a small motor; this practice, 
however, is virtually obsolete for the purpose at present under discussion, 
and it is only necessary to consider the electrical system. It is neither 
practicable nor necessary to describe all the variations, as one will serve 
as an example. The following description explains the method of 
frequency modulation employed by the oscillator used in recording all 
the oscillograms shown throughout this work. The basic circuit of the 
arrangement is shown at Fig. ro, all modifications and refinements 
having been removed for the sake of clarity. 
The problem is to produce an H.F. output at any frequency within the 

range of the instrument, but which varies 15 kilocycles per second either 
side of the required frequency. One of the major difficulties is the 
evolution of a circuit which will preserve the variation of plus or minus 
15 kilocycles per second, irrespective of the fundamental frequency and, 
furthermore, it must be so arranged that the frequency variation may be 
immovably locked with other apparatus. 
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Fig. jo.— Basic circuit of a frequency-modulated oscillator suitable for use with an oscillograph for receiver alignment 
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V1 is a variable-mu pentode, with screen and suppressor grids strapped 
to anode so that it functions as a triode. This arrangement is necessary, 
as variable-mu triode valves are not generally available. The anode 
circuit is resistive, and consequently the input capacity of the valve 
will vary in proportion to gain. The grid of the valve is connected 
through resistance R1 to the time-base generator in the oscilloscope. 
As will be seen in the next chapter, the time-base generator will provide 
a continuously variable voltage which starts from zero, rises to a maximum, 
and returns very rapidly to zero: this is shown diagrammatically at 
Fig. ii. In this way the time-base generator will control the input 
capacity of V1, the maximum capacity being adjusted by the pre-set 
condenser C1; thus the Miller effect provides a variable capacity, the 
variation of which is controlled by the time-base generator. The grid 
of V1 is connected through a condenser to the grid of V2, consequently 
the change of capacity due to the Miller effect appears across the grid 
circuit of the fixed oscillator. 
The fixed oscillator is an ordinary regenerative triode with tuned grid 

inductance, the condenser taking the form of a pre-set type for adjusting 

 3••• 

TIME 

Fig. in—Waveform of a perfect time-base generator. This relationship between time and 
voltage is known as a saw-toothed waveform; the voltage rises from zero to maximum 
following a truly linear law and then returns to zero very rapidly. 

to the desired fixed frequency. The purpose of the fixed oscillator is to 
ensure that both amplitude and frequency variation are constant, which 
would not be the case if the Miller valve controlled the oscillator Vs. 

The output from the fixed oscillator, which will appear as a waveform 
of constant amplitude but frequency varying plus and minus 15 kilocycles 
per second, is coupled to the grid of the mixer section of V 3. It will be 
observed that the coupling is of the mixed capacity-coupled bandpass 
type in order to suppress harmonics, which would otherwise appear in 
the output circuit and cause serious confusion when using the instrument. 
The oscillator section of V s is quite conventional and resembles the 

oscillator circuit of a superheterodyne receiver. The grid inductance 
is tuned by means of the condenser, C2, which is of the variable type 
and ganged to C3. For the sake of clarity a single grid inductance is 
shown, but in practice there will be a separate inductance for each fre-
quency range, which may be selected at will by means of a switch ganged 
to the switch selecting the appropriate anode coil for the hexode section. 
The grid of the triode section is connected internally to the mixer grid 
of the hexode, and thus the valve behaves exactly the same as in a super-
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heterodyne receiver, with the exception that the normal radio signal is 
replaced by the output of V2. There is, however, one essential differ-
ence, and that is that the anode circuit of the hexode section is variably 
tuned, and it must keep in step with the grid circuit of the variable 
oscillator, since it is essential that any output frequency is obtainable. 
As already intimated, the anode coil will consist of the same number of 
separate coils as used in the grid circuit, the selector switches being 
ganged so that the appropriate coil in each circuit is simultaneously 
selected. The purpose of the tuned anode coupling is the further sup-
pression of harmonics and other unwanted frequencies, but it must 
mvariably have a flat response, since the required output will vary plus 
and minus the 15 kilocycles per second. The presence of some harmonics 
is therefore unavoidable. For aligning frequency modulated receivers 
the frequency swing is usually plus and minus 150 kilocycles per second. 
The potentiometer R2 is, m effect, across the anode coil, a condenser 

being used at the high-potential end as a D.C. stopper. This potentio-
meter gives control of the output amplitude, while its total resistance 
controls the damping of the anode circuit. 
To summarise, the output waveform may have a fundamental 

frequency selected at will within the range of the instrument by the 
manual setting of the ganged condenser C2/Cs, which will employ an 
accurately calibrated dial. The output voltage, however, will vary plus 
and minus 15 kilocycles per second irrespective of the fundamental fre-
quency, such variation taking place at a rate strictly determined by the 
time-base generator which controls the gain of the valve V1. 
To simplify the circuit the anode coil is shown with the condenser 

C3 connected directly across it. This would make ganging inconvenient, 
consequently the condenser would be connected between the anode and 
H.T. —, with a suitable condenser between H.T.+ and H.T.— to ensure 
that the former is at earth potential from the H.F. point of view. 
General Precautions.—Oscillators are prone to pick up stray fields 

from the mains and other sources, consequently the output lead should 
be screened. Failure to protect the output circuit from pick-up can 
introduce various secondary effects, which prove very confusing. At 
the higher frequencies an oscillator is naturally prone to a capacity effect, 
which is avoided by housing the complete instrument in a metal case 
which is earthed in the normal manner. 

Very High Frequencies.—Occasion may arise when it is necessary to 
inject a very high frequency, say, of the order of 45 megacycles per 
second; it would, in fact, be necessary to inject precisely this frequency 
when realigning a television receiver. Very few moderately priced 
oscillators are capable of working at frequencies of this order with 
anything like the requisite degree of accuracy. For realignment at very 
high frequencies, manufacturers invariably use crystal-controlled oscil-
lators, but unfortunately such equipment is not usually available to the 
service engineer. 
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If a cathode-ray oscillograph is available, it is a relatively simple 
matter to adjust the oscillator with precise accuracy by using the 
Alexandra Palace transmission, preferably choosing a period when it is 
not being modulated by picture intelligence. Even if 45 megacycles is 
not the required frequency, it will be possible to get a very good idea 
of the calibration error obtaining on the highest frequency range. Work 
should be commenced immediately after checking calibration, unless the 
oscillator is known to be free from frequency drift due to temperature-
change; for the same reason the oscillator should be switched on at 
least 15 minutes before calibration is attempted, in order that it may 
reach its normal working temperature. 



CHAPTER 3 

THE CATHODE-RAY OSCILLOGRAPH 

OSCILLOGRAMS taken by means of the cathode-ray 
oscillograph have appeared in various chapters. 
For such purposes the instrument is of great value, 
but it also has other uses in the field of practical 
fault-finding and receiver alignment. 
The Cathode-ray Tube.—The external appear-

ance of a typical cathode-ray tube may be seen 
from the accompanying plate, while a section of 
the electrode assembly is shown at Fig. 12. They 
may be divided, broadly, into two classes, known 
respectively as gas-focused tubes and high-
vacuum tubes; the former are so called because 
a trace of gas, usually argon, is introduced into the 
tube after it has been exhausted to a high degree of 
vacuum. Gas-focused tubes have fallen into dis-
use, but the following brief explanation is in-
cluded for the convenience of those possessing a 
tube of this type, or an oscilloscope incorporating 
a gas filled tube. No reference is made in this 
chapter to the functioning of the hard tube as it 
is adequately described in chapter 9, volume II. 

In modern terminology, the grid shield and 
anode together form the gun; when gas focused 
tubes were in common use the anode was called 
the gun and the base so marked. To avoid con-
fusion, the word gun is used in this chapter as 
referring to the anode only. 
The several components of the electroed 

assembly of a typical gas-focused cathode-ray 
tube are indicated at Fig. 12, and are shown dia-
grammatically at Fig. 13. It may be seen that 
the lowest point of the electrode system is a fila-
ment, although in certain types this element is 
replaced by a heater and indirectly heated 
cathode. The filament in the tube under discus-
sion differs from the ordinary conception of a 
filament, inasmuch as it is not coated with 

21 

Fig. 12.—The electrode assem-
bly of a typical gas-focused 
cathode-ray tube. T h e 
focusing shield is cut away 
to show the cathode, the 
circular aperture can be 
clearly seen in the disc-
shaped gun. Note also the 
two pairs of deflector plates. 
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electron-emitting material throughout its whole length, but only at the 
tip; this is to ensure that electrons are emitted from a small area. 
The filament is surrounded by an electrode called the focusing shield, 

and above this is a disc electrode known as the gun. These electrodes are 
known by various other names, which are mentioned in the notes at 
the end of this chapter. Above the gun are the deflection plates, which 
consist of two pairs placed mutually at right angles. The pair of plates 
nearer to the gun are known as the y plates and are usually referred to 
as Pyl and Py2 respectively, the other pair of plates are known as Pxi 
and Px2 respectively. This nomenclature has been more or less standard-
ised and is open to criticism, since from the earliest days of scientific 
records it has been customary to refer to the vertical direction of a graph 
as the y direction and the horizontal as the x direction, a custom that has 
hitherto been observed in referring to the dimensions of an oscillogram. 
Often the plates nearer to the gun may be used for vertical deflection 
and the other pair of plates for horizontal deflection, when the standardised 

classification is perfectly 
in order, but it often 
happens that the plates 
nearer the gun have to be 

FILAMENT—,  used for horizontal de-
flection owing to their 

FOCUSING greater sensitivity, as, 
SHIELD 

for example, in television. 
Under this condition the 
confusing position arises 
that the y plates are 

being used for deflection in the x direction and vice versa. 
The functioning of the tube may be easily followed by reference to 

Figs. 12 and 13. The filament is heated to an appropriate temperature 
at which it emits electrons; these electrons are simultaneously influenced 
by the pull of the gun, which is held at a relatively high positive potential, 
and the repelling force of the shield, which is held negative in respect to 
the filament. When suitably adjusted, the repelling force of the shield 
marshals the electrons into a comparatively narrow beam, in which con-
dition they are accelerated by the positive potential on the gun and 
pass more or less straight through the latter. The electrons do not flow 
to the gun as might be expected, partly owing to the symmetrical 
assembly whereby the sideways pull of the gun is approximately equal 
in each direction, but principally because of the great velocity at which 
the electrons are travelling, which will be of the order of thousands of 
miles per second under normal conditions. 
On its way to the screen the beam must pass between the y and x 

deflector plates, which will deflect its direction if suitable potentials are 
applied. If, for example, Px, plate is shorted to the gun and Px2 plate 
is made positive in respect to the gun, then the beam will bend in the 

GUN X PLATES 

Y PLATES 

Fig. 13.—Symbolic representation of a gas-focused cathode-ray 
tube. Unfortunately there is no precise standardisation, 
but that shown above is typical. 
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direction of the last-mentioned plate. A little thought will show that by 
applying suitable potentials to the deflecting plates the beam may be 
deflected to any point on the screen. 
The Screen.—The screen consists of a light deposit of a fluorescent 

material, usually zinc silicate or a mixture including this substance; the 
material exhibits the peculiar phenomenon that it glows when bombarded 
by electrons, the actual glow exhibited on the screen being colloquially 
known as the spot. The electron beam may be considered for the present 
application as being free from momentum and inertia and is capable of 
tracing any " pattern " on the screen, giving a faithful visible tracing in 
fluorescent light of the voltage applied to one or more of the deflector 
plates. Various screen materials are available which produce several 
different colours. Green is usually employed for visual work, blue for 
photographic work, owing to its high actinic value (such a tube was used 
for the various oscillograms appearing in earlier chapters, with the excep-
tion of the waveforms of the vowel sounds), and red for observing slow 
phenomena, as it possesses considerable after-glow; blue-green tubes are 
now available, however, giving an even greater after-glow. 

After-glow (Persistence).—After-glow, or persistence, is the quality 
of the screen material to continue glowing at any given point after the 
electron beam has moved away from it. Tubes are now available having 
an after-glow extending to several seconds, which makes possible the 
observation of a relatively slow-moving spot so that it appears to trace 
a line rather than show as a moving spot. If the phenomenon under 
observation is such that it is periodically recurrent, then the tracing on 
the screen of the cathode-ray tube appears as a continuous line and looks, 
in fact, exactly like the various oscillograms in the earlier chapters. If 
the phenomenon recurs relatively slowly, say, five times a second, it can 
be made to appear as a continuous trace by using the tube having a screen 
with a long after-glow; but if the recurring period is comparatively rapid, 
say, fifty per second, the trace will appear continuous without the assistance 
of after-glow, due to the phenomenon of persistence of vision. Persistence 
of vision is that quality of the human eye which makes an object appear 
stationary and always present if it is seen sufficiently frequently in exactly 
the same place. For example, the eye gives to the brain the impression 
that a cinematograph picture is continuous, although the screen is actually 
black for an appreciable period between each successive frame. 

In order that the shape of an elaborate trace can be accurately inter-
preted, it is desirable that the trace be as narrow as possible; in other 
words, the electron beam must be sharply focused so that the spot is as 
small as practicable. In the gas-focused tube the manual operation of 
focusing is carried out by suitably adjusting filament temperature and 
focusing shield potential in relation to the gun voltage. Usually the 
filament temperature is fixed reasonably critically and the shield 
potential is variable. In the high-vacuum type of tube the elaborate 
gun assembly is capable of focusing the spot without assistance or, in 
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simpler assemblies, with the aid of an external magnetic field. The 
gas-focused tube is assisted by the rarefied gas within its bulb, which 
functions in the following manner. The beam of electrons travels 
through the rarefied gas and collision occurs between electrons and gas 
molecules, with the result that the latter are ionised; the ions are 
relatively slow moving, and consequently remain within the electron 
beam and form a positive charge along it which draws the outermost 
electrons in towards the centre, thus cleaning up the edge of the spot, 
making it small and of reasonably uniform brilliance. 

Origin Distortion.—The presence of gas, although valuable for the 
purpose of focusing, introduces an undesirable secondary effect known 
as origin distortion, which is caused by a slowing up of the beam at the 
electrical centre of the plates, which results in slight non-linearity plus a 
brightening at this point. When the pattern traced by the spot is so 
elaborate as to more or less fill the screen, origin distortion will appear 
as a faint white line down the centre and across the middle of the screen. 
Origin distortion can be minimised by a special type of tube where one 
x plate and one y plate is split horizontally into two. It is not, however, 
considered necessary to go into this refinement here. 
To summarise, the cathode-ray tube may be looked upon as a superbly 

delicate instrument (although robust in use) capable of showing visibly 
electrical phenomena, which may be introduced as voltage on the deflector 
plates or current passing through deflector coils situated close to but 
outside the bulb. Most phenomena to be observed will be change of 
voltage or current in relation to time or frequency. The oscillograms 
illustrating the chapter on sound show change of voltage in the vertical 
direction plotted against time in the horizontal direction, while the 
various oscillograms showing frequency characteristics of coils are voltage 
in the vertical direction plotted against frequency in the horizontal 
direction. To set up an oscillograph for the latter condition Pyl would 
be shorted to the gun and the voltage to be observed connected between 
the gun and Py2, while the ganging oscillator supplying the input voltage 
would also supply the horizontal traverse by linking together the fre-
quency modulation arrangements with a voltage change between the x 
plates. It will be remembered that the control of frequency modulation 
in the ganging oscillator was supplied by the oscillograph time base. It 
is therefore convenient to direct attention to the time base which performs 
this function and also provides the horizontal deflection when some 
phenomena are being plotted against time. 
The Time Base.—The oscillograph time base may be defined as a 

device for producing a change of voltage which preferably occurs in a 
linear manner and which collapses after reaching a predetermined value 
in a predetermined time. In other words, a piece of apparatus is required 
which will build up progressively a voltage which collapses to zero in the 
shortest possible time and then repeats. The comparatively slow excur-
sion is sometimes called the scan voltage, while the collapse of voltage 



A CIRCUIT ANALYSER 

The cathode-ray oscilloscope has a competitor for general fault finding in the " signal chaser" or 
"circuit analyser." The Taylor circuit analyser shown above can perform, among other functions, 
the checking of the oscillator stage and A.V.C. and can trace the signal right through the receiver. 

A DOUBLE-BEAM OSCILLOSCOPE 

A modern double-beam cathode-ray oscillograph, using the modern high-vacuum tube; this type 
of oscillograph was used by the Author .for the various oscillograms used to illustrate this work. 
R.T. I II-24] 
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is known as the fly-back. When this piece of apparatus is connected 
between the plates of the cathode-ray oscilloscope, the effect is to cause 
the spot to travel at a predetermined speed across the tube and at the 
end of the excursion to allow the spot to fly back very rapidly for the 
beginning of the next excursion. 

A Simple Time Base.—The simplest form of time base employs a 
neon tube, which may be of the type used for domestic lighting. The 
neon tube has the peculiar property that its striking and extinguishing 
voltages are separated by a wide margin. The average tube will not light 
until a voltage of about 190 volts is applied, but once alight the voltage 
may be reduced to perhaps 130 volts before illumination ceases; the 
former condition is known as the striking voltage, and the latter as the 
breaking voltage. In describing the simple circuit shown at Fig. 14, 
the tube is assumed to have the above characteristics. It would perhaps 
be desirable to mention at this juncture that the gun, although held at a 
positive potential, is 
treated as zero in ;   
respect to the deflect-
ing plates, and that it 
is usually convenient V c - — 
to earth the gun; the 
fact that the gun is 

 0 X PLATE held at positive poten-
tial presents no obstacle 

Fig. 14.—A neon-lamp time base. The illustration above shows to a direct earth con-
nection, since every 
other point of the equipment will be insulated from earth. It is 
general practice to connect to the gun any plate that is not otherwise 
connected; if the plate was left at open circuit it would collect a 
static charge capable of deflecting the beam. Fig. 14 shows the basic 
circuit of a neon-tube time base which works in the following manner: 
It should be understood that the applied voltage V can be derived from 
the same source as that used to supply the gun. Reference to the circuit 
will show that the condenser C will charge through the resistance R until 
the potential across C is equal to the striking voltage of the tube, in the 
present case 190 volts. The tube will then become conductive (and 
incidentally illuminated) and will continue to discharge condenser C 
until the potential across it falls to the breaking voltage, which in the 
present instance is 130 volts. In this condition the neon tube is non-
conductive, permitting the condenser C to charge, which it will continue 
to do until the potential across it reaches the striking voltage of the tube, 
which will again become conductive and discharge the condenser, a 
process which will be repeated as long as the applied voltage V is available. 
The action of the neon tube is to produce a recurrent voltage change 

of 6o volts across the condenser C, which is made up of the striking 
voltage minus the breaking voltage. The plates of the condenser are 

R.T. 

VELOCITY 

the circuit of the simplest possible form of time base. 
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connected to the gun and Px2 respectively, which will cause the spot t 
travel across the screen in one direction as the condenser charges, and in 
the other direction when the condenser discharges. By choosing the 
values for R and C suitably, charge and discharge can be made to occulr 
at any desired frequency within wide limits, and, furthermore, by making 
the value of C small, proportionately increasing the value of R to retain 
the required frequency, the discharge will be more rapid than the charge. 
By making C sufficiently small the discharge can be accomplished sO 
quickly that the fly-back of the spot is almost imperceptible to the eye, 
so that the trace will plot a curve showing the relationship between the 
voltage to be observed (vertical displacement) and time (horizontal dis-
placement) without the fly-back confusing the image. Condensers aré 
included in each output lead as a D.C. stopper. R is shown variabl 
permitting the frequency of the time base to be controlled. 
The time base shown at Fig. 14 is open to criticism, inasmuch as t 

time-base sweep is non-linear, that is to say, the spot will travel much 
faster at the beginning 

GUN of the sweep than at 
the end. This is due 
to the fact that in thé 
charging of a co nJ-
denser through a re-

x pun sistance the flow of 
current through it will 
decrease as the poten-
tial across it falls con-
sequent upon th 

potential across C increasing. This difficulty may be partially ove 
come by replacing the resistance R with a constant-current devic 
such as a saturated diode. Such an arrangement is shown at Fig. 
where a diode is formed by strapping the anode and grid of a triode, 
procedure made necessary by the difficulty of procuring a diode of t 
bright-emitter type, whereas bright-emitter triodes are obtainable. If 
the filament potential of the constant-current valve is so adjusted that jt 
is saturated below the breaking voltage of the neon, then it will pass t 
same current irrespective of the potential applied, which will always be 
between the striking and breaking voltage of the neon tube, with tle 
result that the condenser charges in a linear manner and the time-bae 
sweep thus produced is also linear. The main objection to the arrang 
ment is the difficulty of controlling the frequency, which can only Ie 
varied by altering the value of C or the filament temperature of thé 
diode, which is somewhat inconvenient. 
The frequency of the time base shown at Fig. 14 may be determine3 

by the following relationship: 

Fig. 15.—An improved form of time base in which a saturated 
diode is used to improve linearity. 

V  Frequency in cycles per second = CR  — V. ,;  
v — 
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when C equals the capacity of C1 in farads, R equals the value of the 
resistance R, V, is the striking voltage of the neon tube, V„ is the breaking 
voltage of the tube, V is the applied voltage, and V„, is the mean voltage 
of the neon tube. 
The frequency of the improved time base shown at Fig. 15 may be 

determined by the following relationship: 

CV — V„  

when I, is the saturated current of the constant-current valve, and the 
other constants are as above. The value I, may be obtained by means 
of a milliammeter with the condenser C short circuited. 
The Gas-discharge Triode.—With the exception of time bases in-

tended for use at low frequencies, objection can always be raised against 
the use of any form 
of gas-filled discharge 
tube, but, nevertheless, 
the time base using the 
gas-discharge triode is 
satisfactory for operat-
ing at frequencies up 
to ioo,000 cycles per 
second at least. Quite 
apart from any other 
consideration, it readily 
permits the application 
of synchronism. Syn- Fig. 16 (top).—A simple waveform, and Fig. 17 (below) an attempt 

to show the effect produced when the waveform being ex-
chronism is a term amined is not a multiple or sub-multiple of the time-base 
applied to the practice frequency. The effect thus produced will appear in a photo-

graph like the complicated trace shown above, but with many 
of locldng the time- types of tubes it will appear to the eye as though a single or 
base sweep to the perhaps a double trace is moving across the screen. 

phenomenon under ob-
servation. In order that a recurrent phenomenon appears as a single 
trace, it is necessary that the commencement of each recurrent trace 
occurs at the same point of the vertical displacement. Figs. 16 and 17 
are excellent examples of a recurrent phenomenon recorded with and 
without synchronism; the illustration actually shows thirteen time-base 
sweeps, the frequency of which differs slightly from a multiple of the 
frequency being observed, with the result that each sweep occurred at a 
different point. The necessity for some form of synchronism is greatly 
increased by the impossibility of limiting the action of the time base to a 
single sweep unless elaborate apparatus is available. The oscillograms 
of the vowel sounds in the early pages of Volume I are, in fact, single 
sweeps taken by means of a rotating-drum camera, which actually controls 
the beam of the oscillograph to the extent that it only permits the beam 
to function during the period of one drum revolution, the photographic 
film being fixed round the perimeter of the drum. 
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The principle of synchronism is simple. The time base is adjusted 
manually so that its natural frequency is a little less than a sub-multiple 
of the frequency being observed, the latter being fed into the time base 
so that it assists the discharge of the condenser by raising it to the neces-
sary voltage to strike the discharge valve. Such an arrangement may 
be accomplished with a neon-tube time base, but it is neither efficient nor 
convenient ; however, it may readily be incorporated in a time base using 
a gas-discharge triode. A gas-discharge triode is a triode valve which is 
filled with gas at low pressure after pumping. Various gases are used, a 
mixture with neon gas predominating is perhaps the most popular. In 
order to bring about consistency of working, the gas pressure is deter-
mined by the manufacturer within narrow limits, and in order to shorten 
the minute period between the beginning of discharge and maximum dis-
charge the anode is usually designed with a large surface area on the 
honeycomb principle. 

Fig. 18 shows the circuit of a time-base generator using a gas-discharge 
triode. This type of valve functions differently from an ordinary high-

vacuum triode. 
X PLATE When the anode 

  HS. + voltage is raised to 
1 WORK I the requisite po-
-  tential, current 

R2 AMPLITUDE begins to flow 
which ionises the 
gas, forcing down 
the internal impe-
dance and increas-

ii—o VELOCITY R1 GUN ing the anode current; as anode 
current increases, 

-  H.T. — ionisation also in-
Fig. r8.—A simple time base using a gas-discharge triode. Although creases, and impe-

non-linear, it is nevertheless useful for certain types of work, and dance falls still 
has the advantage of synchronising control. The valve symbol is 
shaded to indicate that a gas-filled valve is represented. LUI ther. VVithin a 

very short space 
of time, possibly of the order of  1  50,,00 second, the valve will pass an 
anode current big enough to destroy itself, unless there is sufficient 
resistance to limit the current to a reasonable figure. Once ionisation 
has started the grid loses control, and no amount of negative grid voltage 
will stop the flow of anode current, which can only be stopped by interrupt-
ing the anode voltage. The rapid discharge of the gas-filled triode is used 
to discharge a condenser in the same way as a neon tube is used in the time 
base previously described. Reference to Fig. 18 will show that the 
charging condenser C is charged from the high-tension line through the 
resistance R 2. A lead is taken from the high-potential end of condenser 
C and led to one of the deflector plates of the cathode-ray tube, the 

SYNC CONTROL 
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opposite plate being connected to the gun. It will be observed that 
the condensers are placed in the output leads to act as D.C. stoppers. 
The grid is returned to the high-tension negative line, the cathode 

being returned to a point which is positive in respect to the grid to an 
extent dependent on the setting of the potentiometer R1; thus the grid 
potential may be varied. When the valve is functioning, C will charge 
up until the anode potential is sufficient to overcome the bias, when the 
valve will become conductive and discharge C until ionisation decreases 
owing to fall of anode potential, and the grid will again assume control, 
the process being repeated as long as high tension is available. It will be 
noted that the high-tension voltage is variable by means of the potentio-
meter R 2, which allows control of the maximum voltage to which the 
condenser C may be charged, thus controlling the difference of potential 
across C in the charge and discharge condition; thus the output from the 
time-base generator may be adjusted to any predetermined amplitude 
within the limitations of the circuit. 
The charging rate of the condenser C is unaffected by the valve, which 

will stop this process when the voltage on its anode is sufficient to over-
come the grid bias; thus the latter will control the frequency with which 
the valve will discharge and consequently control the frequency of the 
output waveform. By adjusting R1 and R 2 both the frequency and 
amplitude of the output may be controlled. The change of voltage when 
applied to the cathode-ray tube will determine the journey of the spot 
across the screen; it follows that the spot must travel faster as frequency 
increases, thus the control R1 is often referred to as velocity. 
Synchronising.—The potentiometer 123 is connected between the 

negative rail and the waveform which is to be observed. In other words, 
the top end of the potentiometer will usually be connected to one of the 
y plates; by suitable adjusting R3 any desired portion of the " work " 
voltage can be made to appear across the grid/cathode circuit. In order 
to follow the function of the synchronising control it will be necessary to 
choose some arbitrary values. Assume that the negative grid bias is 
15 volts, and that the applied high tension is 250 volts; assume also that 
at this voltage the valve cannot discharge if the grid bias is more than 
14 volts. If the waveform to be observed is connected across R2 and 
the potentiometer adjusted so that 1 volt peak appears across the 
grid/cathode circuit, it follows that the effective bias on the valve will be 
reduced to the required 14 volts at peak of the positive half-cycle and the 
triode will discharge. When the discharge has completed and the charge 
across C is building up, the alternating potential across Rs will not have 
any effect until the anode potential is high enough to cause the valve to 
discharge when the grid is 14 volts negative. Thus the condenser C will 
become fully charged, but the triode will not discharge until the peak of 
the positive half-cycle applied to the synchronising circuit trips the grid 
circuit. 
To summarise, the triode will only discharge at the precise moment 
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when the work voltage reaches maximum positive, and, providing the 
behaviour of the valve is constant, the time-base sweep will always occur 
at the same instant in relation to the work voltage, and consequently 
each trace on the cathode-ray tube will be in synchronism with the 
previous one, giving the appearance of a single stationary waveform. 
Obviously these remarks only apply when the work voltage is of a recur-
rent nature, or at least sufficiently so to make synchronism possible. 
Hard-valve Time Bases.—The gas-discharge triode is unsuitable for 

very high frequencies owing to the uncertain performance of the ionisation 

Fig. 19.—Basic circuit of a time base using high-vacuum valves. In acknowledgment of the 
engineer who introduced it, the circuit is often referred to as the Puckle time base. 

time, and recourse is made to a time base using hard valves. Such a 
time base is shown at Fig. 19, which also employs a constant-current 
device to improve linearity. The sweep voltage is obtained by charging 
the condenser C through the constant-current valve VI, which may be 
either a saturated diode or a pentode operated on the flat part of its 
anode-voltage/anode-current characteristics. The pentode is to be pre-
ferred, as it gives reasonable immunity from the effects of mains-voltage 
fluctuation (it is presumed that the apparatus will be mains driven). It 
will be observed that the screen voltage is variable, which determines the 
anode current, which is, in fact, the charging current or the condenser C, 
and thus the screen potentiometer becomes the frequency control. 
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The triode V, is biased well beyond the cut-off by the drop across the 
resistance R. It will be understood that the cathode of V2 is held at 
positive potential due to the very considerable voltage drop across V1 
The condenser C continues to charge, driving the cathode of V 2 in the 
negative direction until a point is reached when anode current begins to 
flow which will cause a drop across the resistance RI, thus driving the 
grid of V2 in the negative direction; this, in turn, drives the grid of 112 
in the positive direction, which will increase the anode current to the 
resistance RI, driving the grid of the valve V2 yet more negative. 
which will decrease still further the drop across the resistance R, thi, 
will drive the grid of the valve V 2 still further in the positive directions 
In short, a kind of" vicious circle " is commenced by the mutual influence 
of the valves V2 and V2 upon each other, the action gaining tremendous 
speed once it has commenced, which has the result of discharging the 
condenser C in a very short space of time. At the end of the discharge 
the current flowing through R1 is decreased and the " vicious circle" 
reverses and the circuit resets itself for the next sweep. 

It will be observed that one of the output terminals is taken from the 
cathode of V 2. The other terminal could be taken from the high-tension 
negative rail, but some non-linearity would result, although not as great 
as that experienced with the time-base generator shown at Fig. 18. It 
is, however, often desirable to use balanced output (Fig. 20), which is 
brought about by means of the valve V 4. It will be noted that two 
resistances are connected across the constant-current valve, forming a 
potentiometer allowing a portion of the voltage generated to appear 
across the grid/cathode circuit of the valve V4. The ratio between the 
resistances R and R1 is equal to the magnification of the valve V4, thus 
the alternating potential produced across R 2 is equal in amplitude to 
the potential between the cathode of 1/2 and the negative rail, but is 18o° 
out of phase, thus producing a symmetrical output giving push-pull 
deflection when applied to opposite plates in the cathode-ray tube. 

It would be equally possible to use a hard valve to correct the non-
linearity of the gas-discharge triode time base shown at Fig. 18, applying 
the same principle as that used in Fig. 20, the grid voltage for the phase-
changing valve being derived from a condenser potentiometer formed by 
placing a condenser in series with the charging condenser C. The three 
time-base circuits shown may be considered to represent the simplest 
possible arrangement (Fig. 14), a simple but practical circuit (Fig. 18), 
and a more advanced type capable of really serious work (Fig. 20). The 
circuit shown at Fig. 18 illustrates the principle usually employed in time 
bases intended for general service work. The possible variations of hard-
valve time bases are exceedingly numerous, but the principle of any time 
base is an arrangement whereby a saw-toothed waveform is derived 
similar to that shown at Fig. II in the previous chapter, which shows 
absolute linearity. The output waveform of a non-linear time base 
would be similar, except that the sweep would appear as a curve. For all 
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20.—Complete circuit of a time base using high-vacuum valves, with an additional valve to give a balanced output and correct linearity. 
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normal purposes it is immaterial whether the discharge is linear or other-
wise, with the proviso that non-linearity must not reach proportions 
which will result in the fly-back time being unduly increased or make 
synchronisation difficult. The normal method of achieving linearity of 
the sweep voltage is the use of a phase-changing valve, giving push-pull 
output, as described above, but sometimes a form of negative feed-back 
is used as a means of improving linearity. 
A Simple Oscillograph.—The principles of the cathode-ray tube and 

the time base have been outlined, and attention may now be directed to 
the circuit of a complete oscillograph with its own independent power 
pack. Fig. 21 shows the complete circuit of a simple oscillograph. It 
will be observed that the X plates are led out to terminals permitting 
the use of a balanced time base, a link being provided to short one plate 
to gun when desired. If some form of electrical phenomenon is to be 
observed, it must be made to deflect the spot at right angles to the time 
base, when it will be possible to observe it in relation to time. Suppose, 
for example, the phenomenon to be observed is the waveform of ordinary 
electric light mains, then one lead can be taken to one y plate and the 
other lead taken to the gun, when the waveform will appear on the 
screen the horizontal direction representing time and the vertical direc-
tion representing amplitude. Oscillograms shown in this manner appear 
in Chapter 6 of Volume I. It should be noted that a D.C. path must be 
provided between all plates and the gun, either directly when a plate is 
not in use, or through a high resistance when work is applied. It is often 
more convenient to connect one plate of each pair directly to the gun, 
connecting the work circuit and time base to the two remaining plates. 
Any voltage waveform can be observed in this way, although if its 
amplitude is inadequate to provide reasonable deflection, it will be neces-
sary to use an amplifier; if it is desired to observe a current waveform, 
then deflection must be magnetic, the current to be observed being fed 
through a pair of coils situated one on each side of the tube. 

For the observation of waveforms which will include alignment of 
receivers, the time base will be used to provide a horizontal deflection. 
It should be particularly noted, however, that when aligning receivers the 
horizontal dimension does not represent time, since the time-base voltage 
is used to vary the frequency of the ganging oscillator so that the actual 
excursion of the spot will represent a change of frequency which, as 
mentioned in the previous chapter, will usually be plus and minus 
15 kcs. per second. An oscillogram produced in this manner shows 
amplitude against kilocycles off-tune or, in other words, the frequency 
response of the tuned circuit or circuits under observation. 
General Application.—The principal use of the oscillograph as a 

service instrument is the aligning of receivers, particularly those of the 
superheterodyne type which, by this means, may be undertaken by 
relatively inexperienced operators. The oscillograph in the hands of a 
competent individual can be used for a variety of purposes, but the 
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Fig. 2i.—Circuit of a simple but useful oscillograph built by the author, using a gas-focused cathode-ray tube. The values are subject to some 
variation to suit different makes of tube. 
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instrument is worse than useless without the necessary knowledge to 
interpret the information obtained. Its possible uses include: detection 
of motor-boating and other feed-back trouble, the detection of distortion 
and conditions of over-load, hysteresis of iron-core components, the 
measurement of leakage reactance in transformers, and an almost unlimited 
number of applications. Many of these applications call for a highly 
specialised knowledge, but some of the more simple applications must 
suffice for the present purpose. 

Tracking Mains Hum.—The oscillograph is quite useful as a means of 
tracking mains hum, but unless the hum is very severe an amplifier will 
be necessary; this is, however, included as part of some commercially 
built oscillographs. A time base is employed to provide a horizontal 
deflection, and the Y plates are connected to two test prods which can be 
tried across each grid and cathode circuit or elsewhere. The aerial is 
disconnected, allowing the presence of mains hum to be revealed by its 
appearance as a waveform on the screen of the tube. 

Distortion.—The oscillograph may be used for tracking distortion in 
amplifiers by connecting the Y plates across each grid or anode circuit, 
carefully watching the waveform for divergence from the input wave-
form, which will previously have been carefully observed by the same 
means. When the amplifier forms part of a radio receiver a ganging 
oscillator can be used, if it is provided with /ow-frequency modulation, 
which will give a waveform of regular shape; this facilitates the recogni-
tion of distortion. If the amplifier is purely for use with a low-frequency 
input, suitably attenuated A.C. mains may be used for the input and the 
test carried out in the same way. 

High-frequency Feed- back.—Instability in a low-frequency amplifier 
may be due to the presence of high frequencies fed from the pre-detector 
section of the receiver. The oscilloscope may be used to locate the leads 
through which the feed-back occurs. A convenient method is to feed a 
low-frequency modulated input to the aerial and earth terminals from a 
ganging oscillator, and to connect the Y plates across each grid circuit 
and anode circuit working backwards from the loudspeaker primary. 
The presence of high frequencies will be detected by a thickening of the 
trace on the end of the cathode-ray tube. This test, however, requires a 
high-gain amplifier capable of working at the highest radio-frequency 
that is liable to be met with. Conversely, the same method can be used 
for detecting hum in the high-frequency circuits using an unmodulated 
input, when the presence of hum will be detected by a thickening of the 
trace. 

Summary.—To summarise the application of the cathode-ray oscillo-
graph, it is apparent that its principal use is for aligning receivers, and it 
is probably true to say that the correct alignment of a superheterodyne 
using bandpass coils cannot be carried out by any other means with 
the same accuracy. 



36 THE CATHODE-RAY OSCILLOGRAPH 

It is apparent that there are many useful applications of the oscilo-. 
graph other than for alignment, but with certain exceptions a considerable 
amount of skill is required, and sufficient experience to interpret the 
information that may be deduced from the trace on the end of the tube. 
Such experience can only be acquired by continual use of the instrument. 
Nemenclature.—There are a number of alternative terms in common 

use which are given below; in addition, the meaning of certain terms is 
defined more fully than in the text above. 

Filament.—The filament of a cathode-ray tube is often called the 
cathode, whether or not it is indirectly heated. 

Focusing Shield.—Variously known as shield, focusing shield, grid, 
and Wehnett cylinder. 

Screen.—Often referred to as the fluorescent screen. 
Y Plates.—The plates nearest to the gun are almost invariably termed 

the y plates, and it is conventional so to orientate the tube that these 
plates perform the vertical deflection. 
X Plates.—The plates farthest from the gun which are usually used 

for horizontal deflection. 
Time Base.—Sometimes called time-base generator or saw-toothed 

generator. 
Sweet V oltage.—A term given to signify the length of the traverse on 

the screen of the cathode-ray tube: if the trace appearing on the screen 
may be regarded as a " picture," then sweep may be defined as picture 
width. 

Trace.—The line of fluorescent light produced on the screen by the 
electron beam. However complicated the waveform, it is nevertheless 
made up of a single line. 
Work V oltage.—A term given to the potential or current which is to 

be observed. The term is useful to differentiate between the work 
voltage or current and the time-base voltage. 

Linearity.—When applied to a time base, linearity is used as a reference 
to the traverse per second at the beginning of the time-base sweep, as 
compared with the traverse per second at the end of the sweep. 
Synchronism.—The locking of a time base by means of the work 

voltage to ensure that successive traces are imposed one upon another so 
that a single stationary waveform appears. 



CHAPTER 4 

VOLTAGE AND CURRENT TESTING 

THE basis of any systematic fault-finding is almost invariably voltage 
and current measuring. As will be seen later, incorrect voltage or current 
will usually localise the fault, so that it can be easily and quickly dis-
covered. When the normal voltage and current readings for the receiver 
are available the whole operation is simplified, but when such data are 
not available a certain amount of experience is helpful to assist in deter-
mining whether the figures obtained are reasonable and therefore unlikely 
to be abnormal to the extent of drawing attention to a fault. 

Before outlining the procedure of systematic testing it is necessary to 
deal with certain pitfalls which may lead the unwary to draw incorrect 
conclusions. The measurement of current is usually quite straightforward, 
as the meter will be in series with the various components in the circuit, 
but a voltage measurement is taken with the meter in parallel with some 
components and the shunting effect of the meter can, under certain 
circumstances, have a profound effect upon the reading obtained. Fig. 22 
shows a high-frequency pentode used as a 
leaky grid detector; if it is desired to 
measure the voltage drop across, say, a 
bias resistance, the voltmeter is connected 
across it and an accurate reading is ob-
tained owing to the relatively high ratio 
between the resistance of the meter and 
the resistance of the bias resistor; the 
former may well be ro,000 ohms, while 
the latter will be of the order of 500 ohms. 

If it is desired to measure the voltage 
on the screen of the valve, the operation 
is far from simple. It is probable that a 
meter having a o—roo volts scale would 
be employed which would have a resistance 
probably not greater than r,000 ohms per 
volt, making a total of roo,000 ohms. 
The resistance of RI, on the other hand, 
may well be 500,000 ohms. To investigate this circuit farther it will be 
necessary to fix some arbitrary values. Let the potential difference 
across the positive and negative rails be 200 volts, the resistance of 

500,000 ohms, and the screen current of the valve under these con-
37 

Fig. 22.—The error introduced by 
connecting a voltmeter in this 
circuit is described in the text. 
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ditions *2 milliampère. Application of Ohm's law will show that a 
current of '2 milliampère flowing through 500,000 ohms will drop ioo volts, 
so that the screen voltage V will be ioo volts. It should be under-
stood that all these values are obtained without the meter connected. 
When the meter is connected from the screening grid to the high-
tension negative rail, a totally different set of conditions is obtained, 
and it will be interesting to see the voltage that will be registered by the 
meter, bearing in mind that it has an internal resistance of Ioo,000 ohms. 
To simplify this analysis it will be convenient, although highly im-

proper, to look upon the screen to cathode path of the valve as though 
it were a pure resistance, and to ignore for the time being the influence of 
screen voltage upon screen current. The screen current is '2 milliampère, 
and we know that the potential difference is Ioo volts; we may, there-
fore, for the time being, regard the screen to cathode path as a pure 

resistance equal to 500,000 ohms, always remembering 
that the assumption is for convenience only. It is 
now possible to redraw the circuit in the manner 
shown at Fig. 23, when R1 is the resistance similarly 
indicated in Fig. 22, R„, is the internal resistance of 
the meter, and Ry the assumed D.C. resistance of the 
valve. R„ has a value of 500,000 ohms, which is in 
parallel with R„„ which has a value of ioo,000 ohms, 
making a total resistance of approximately 83,000 
ohms. The equivalent resistance of 83,000 ohms is 
in series with RI, which is 500,000 ohms, and the 
application of Ohm's law will show that the poten-
tial difference across R,„ in parallel with R„ is 
approximately 30 volts, or less than one-third of 
the potential difference when the meter is not con-
nected. 

The above analysis indicates the astonishing error that can be intro-
duced by the meter with which it is desired to obtain a reading. Con-
siderable emphasis is laid on the fact that the above set of conditions is 
fictitious, since the assumption that the screening-grid cathode path of 
the valve is a D.C. resistance is a misstatement of fact for a number of 
reasons, the most serious of which is that the screen will not continue 
to take *2 milliampère if the potential difference is reduced to 30 volts. 
In actual fact, when the meter is connected as described the screen 
voltage is reduced, owing to the current flowing through the meter, which 
must also flow through R1; the reduced screen voltage will usually 
reduce the screen current, which tends to raise the screen voltage, but not 
to the same extent that the resistance of the meter reduces it. 
To summarise, it is apparent that the connection of a meter will so 

affect the potential to be measured that a totally incorrect reading is 
obtained. This condition is met with when the meter is connected across 
any two points in the circuit where a high resistance is in series with the 

Fig. 23.—Symbolic re-
arrangement of Fig. 22, 
when R. represents 
the resistance through 
the valve and R., the 
resistance of the meter. 



VOLTAGE AND CURRENT TESTING 39 

meter. It is important that the expression " high resistance " should be 
interpreted as meaning high in comparison with the internal resistance 
of the meter. In the example cited above the meter was assumed to 
have a resistance of i ,000 ohms per volt; instruments in general use for 
service work will often have a resistance of half this value, which will 
accordingly increase the error; cheap instruments often have still lower 
resistance, and examples may be found which when connected, as shown 
at Fig. 22, will not show any readable deflection. 
A possible solution is to correct the reading obtained by making due 

allowance for the resistance of the meter in relation to the relevant re-
sistances in the circuit, but at best this is an approximation, owing to the 
actual change of screen current which takes place. The alternative 
method which should 
be used when an 
accurate reading is 
desired entails the 
use of an indirect 
method. The follow-
ing procedure is 
typical of such in-
direct reading, but is 
subject to various 
modifications which 
may be convenient 
from time to time. 

Connect a suitable 
milliammeter in series 
with R1 and most 
carefully note the 
current. Next, dis-
connect R1 from the 
screen and connect a 
high-tension battery between the screen and high-tension negative with 
the milliammeter in series and a voltmeter in parallel, as shown at Fig. 24. 
The high-tension battery voltage is adjusted by means of the tappings 
until the milliammeter denotes the screen current which was previously 
registered and duly noted. The voltmeter will then read the screen 
voltage which obtained when the screen was connected to high-tension 
positive through R1. When great accuracy is required, it may be neces-
sary to use a potentiometer in order to obtain intermediate voltages 
between the tappings of the high-tension battery. 
The fundamental idea underlying this procedure may not be readily 

apparent; the screen current of the valve under test will be proportional 
to the screen voltage, providing that all other potentials are kept constant. 
If, for example, the screen current is -2 milliampère when the screen voltage 
is ioo volts, then the potential temporarily applied by means of the battery 

Fig. 24.—Circuit illustrating a suggested method of measuring 
screen voltage in the circuit at Fig. 22. 

the 
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must be equal to the potential applied through R1 from the normal 
high-tension positive rail. It will be understood that whereas the internal 
resistance of the meter greatly influenced the screen voltage when the 
screen current necessarily passed through the resistance R1, the internal 
resistance of the meter has no effect when it is shunted across the tem-
porary high-tension battery, the internal resistance of which will be 
relatively small. In fault-finding it is seldom necessary to employ 
indirect methods for voltage readings, but occasions may arise when the 
procedure will be found useful. 

Voltage and Current Readings.—Current readings are usually far 
more informative than voltage readings, but there is a great tendency 
to employ the latter in preference to the former, presumably owing to 
the fact that voltage readings may be obtained with a minimum of 
trouble, whereas current readings usually necessitate the unsoldering of 
one joint for each reading to be taken, although in battery receivers the 
majority of readings may be taken by connecting the milliammeter in 
the high-tension negative lead and withdrawing all valves except the one 
being tested. This procedure, however, only measures total space 
current and will not separate anode and screen current. 
The author ventures to suggest that current measurements ultimately 

take less time, owing to the directness with which they indicate the fault 
if it is of such a nature that it may be detected by either voltage or current 
readings. The following tabulated procedure is offered as an indication 
of fault-tracing purely on the evidence obtained by current measurements; 
obviously the items under " possible cause" and " procedure " will 
require addition or deletion when applied to various types of receivers: 

(1) No anode current throughout set. 

Possible Cause. Procedure. 

Broken connection in battery leads or auto- 
matic bias resistance if used. 

Repair break or substitute resistance. 

High-tension battery " dead " or low-tension 
supply run down. 

Test high-tension battery and accumulator. 

Valves " dead." Substitute or test valves, particularly for 
open-circuit filaments or heaters. 

Fuse blown. Replace fuse or test for open circuit. 

High-tension reservoir condenser shorting. Temporarily disconnect and re-test for anode 
current 

Faulty switch. Examine on/off switch or test each pair of 
contacts for continuity. 

• Mains lead open circuit. Repair break. 

• Faults so marked are peculiar to mains receivers. 
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Possible Cause. Procedure. 

* Mains transformer with broken winding. Test windings for continuity; measure re-
sistance of windings if correct values are 
known, or test voltage across each winding. 

* Faulty rectifier valve. Substitute or test if means are available. 

* Open circuit smoothing choke or loud- 
speaker field if in series with high-tension 
supply to all valves, 

Substitute choke or test for voltage across it. 
A broken winding will cause a relatively 
high reading to be obtained, whereas a zero 
reading will be obtained if the winding is 
intact and no current is flowing. 

* Short circuit in reservoir or smoothing con- 
denser. 

Replace or temporarily disconnect. 

* Dial lights, open circuit. Applicable only when dial lights are in series 
with high-tension circuit and are not 
shunted. Replace. 

* Mains resistance open circuit. Applicable 
to universal receivers only. 

Test as for smoothing choke above. 

* Mains filter chokes, open circuit. Temporarily short circuit. 

Break in circuit Inspect wiring for dry joints or broken joints 
and connection to chassis. 

(2) Low anode current throughout set. 

Possible Cause. Procedure. 

Valves losing emission. Substitute or test. 

High-tension battery run down. Test under load or temporarily replace. 

Low-tension accumulator run down or shorted 
internally. 

Test under load or temporarily replace. 

* Short-circuited turns in transformer heater 
winding, 

Measure voltage across winding. This fault 
is highly improbable. 

Bad joint in heater or filament leads. Inspect or preferably compare voltage across 
heaters with voltage across heater winding. 

* Shorted turns in mains transformer high- 
voltage secondary. 

Test with A.C. voltmeter. 

* Short circuit or serious leak in smoothing 
condenser. 

_ 

Replace or temporarily disconnect. 

• Faults so marked are peculiar to mains receivers. 

R.T. III-4 
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(3) No anode current to one valve only. 

Possible Cause. Procedure. 

Valve faulty. Substitute or test with particular reference to 
continuity of filament or heater. 

Filament or heater circuit broken. Measure voltage across filament or heater. 

Break in anode circuit. Connect anode through milliammeter (and, if 
necessary, a suitable resistance) to high-
tension positive rail. Normal current will 
prove break between high-tension rail and 
anode or short circuit decoupling condenser. 

Screen circuit broken (applicable to multi-grid 
valves only), 

Connect screen through suitable resistance 
direct to high-tension positive rail. 

Bad contact of valve-pins in valve-holder. Open and clean valve-pins. 

* Broken bias resistor. Temporarily short circuit. This is unsafe 
with output valves capable of passing heavy 
current, in which case connect a suitable 
resistor in parallel. 

(4) Anode current low to one valve only. 

Possible Cause. Procedure. 

Valve losing emission. Substitute valve or test. 

Grid bias too high. Check bias and total anode current if bias 
resistor in high-tension negative lead is used. 

Grid open circuit. Connect grid direct to bias. 

Screen volts too low (applicable to multi-grid 
volves only). 

Check screen volts ; if low, test screen de-
coupling condenser. 

Valve oscillating. Touch anode terminal with finger and note if 
anode current changes. (Not recommended 
if high-tension voltage is too high.) 

Short circuit decoupling condenser in anode 
circuit. 

Substitute or temporarily disconnect. 

* Faults so marked are peculiar to mains receivers. 
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(5) Anode current high to one valve only. 

Possible Cause. Procedure. 

Leaky coupling condenser. Temporarily disconnect high-tension supply 
from preceding valve. 

Leak between windings of low-frequency 
transformer, 

Temporarily disconnect high-tension supply 
from preceding valve. 

Grid open circuit. Connect grid direct to bias. 

Bias too low. Check bias, suspect short circuit bypass 
condenser. 

Valve oscillating. Touch anode terminal with finger and note if 
anode current changes. 

Screen volts too high (applicable to multi-grid 
valves only). 

Check screen volts, if potentiometer-fed test 
between screening grid and chassis for 
continuity. 

Grid leak open circuit. Applicable to frequency 
changer only. 

Substitute or test. 

(6) Anode current normal to all valves but signal completely 
or partially absent. 

Possible Cause, Procedure. 

Loudspeaker failure. (Appropriate only when 
signal completely absent.) 

Connect permanent-magnet speaker to exten-
sion speaker terminals. Substitute or test 
primary and secondary circuits for con-
tinuity. 

Anode circuit component short circuited. Test with ohmmeter. Test trimmers for short 
circuit. 

Grid circuit components shorted. Test with ohmmeter. Test trimmers for short 
circuit. 

Open grid circuit. Change grid bias value and note if anode 
current responds. 

Oscillator valve not oscillating—or not oscil- 
lating on certain frequencies. 

Short circuit oscillator tuning condenser and 
note if anode current increases. Check 
voltage to all electrodes. Substitute valve. 
Note.—A freauencv-chaneer valve is difficult 
to test. 
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(7) Fluctuating anode current to all valves when signal is not 
being received. 

Possible Cause. Procedure. 

Loose contact or dry joint in filament, high- 
tension bias connection, anode circuit, or 
grid circuit. 

Connect anode to a suitable resistance to 
high tension and grid direct to bias. 

Intermittent on/off switch. Short circuit switch with wire. 

* Intermittent connection in mains lead, fuse, 
or mains filter choke. 

Test connections, short circuit filter chokes. 
replace fuse. 

* Intermittent shorting turns in transformer 
windings. 

Connect voltmeter and look for variations. 

Intermittent short in valve. Substitute or test. 

Intermittent short in automatic volume con- 
trol diode, 

Disconnect automatic volume control line and 
connect to temporary bias. 

* Shorting dial lights. Disconnect dial lights, remove from direct 
contact with chassis as may be required by 
the design of their holders. 

* Shorted turns in loudspeaker field, appli- 
cable only if in series with high-tension 
supply to all valves. 

Temporarily short circuit, or if potential drop 
across it is large, remove and replace. 

Intermittent short circuit in smoothing, by- 
pass, or reservoir condenser. 

Temporarily disconnect former, substitute 
latter. 

Faulty contact in high-tension battery. Substitute. 

Intermittent short circuit between high-ten- Test with ohmmeter. 
sion rail and chassis. 

Faulty contact in rectifier or other valve-
holder. 

Open and clean valve-pins. 

(8) Fluctuation to one valve only when signal is not being received. 

Possible Cause. Procedure. 

Loose contact or dry joint in filament, high- Connect anode to a suitable resistance to high 
tension bias connection, anode circuit, or tension and grid direct to bias, 
grid circuit. 

Bad contact in valve-holder. Open and clean valve-pins. 

Intermittent short in automatic volume con- , Disconnect from automatic volume control 
trol diode, if applied to one valve only. line and connect to chassis. 

* Faults so marked are peculiar to mains receivers. 
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Possible Cause. Procedure 

Bad joint in heater or filament wiring. Inspect connections. 

Intermittent short circuit in anode, screen, de- 
coupling condenser, or intermittent short in 
cathode bias resistor bypass condenser. 

Substitute or temporarily disconnect. 

Leak in coupling condenser. Disconnect preceding valve from high-tension 
positive rail. 

Intermittent contact in screen supply. Connect voltmeter to measure screen voltage 
and watch for fluctuation. 

Loose electrodes or intermittent contact in 
valve. 

Temporarily replace or test. 

Leak across wave-change switch_ If possible, disconnect switch or clean. 

(9) Fluctuating anode current to one or more valves only when 
signal is being received, due to causes other than fading or depth of 
modulation. 

Possible Cause. Piocedure. 

Intermittent short in aerial and earth system. Disconnect aerial and earth and substitute a 
temporary aerial. 

Intermittent short circuit in tuned circuits. Suspect tuning condenser, wave-change switch, 
and particularly trimming condensers. 

Intermittent contact in high-frequency coup- 
ling condensers, resulting in change of 
capacity. 

Substitute suspected condensers. 

Erratic performance of automatic volume 
control circuit, 

Short circuit automatic volume control diode 
load resistance. 

Erratic behaviour of tuning indicator, appli- 
cable only when current passing through in- 
dicator is reasonably high. 

Remove or disconnect or short indicator, 
whichever is most convenient. 

Nole.—Care must be taken to differentiate 
between random fluctuations of anode cur- 
rent and normal fluctuation due to the ac-
tion of a leaky grid detector or to slight 
over-loading in the post-detector stages. 

Test on unmodulated carrier wave and note 
if fluctuation continues. 

The above tables do not pretend to be complete, as certain specialised 
circuits will have their own peculiar faults, nevertheless they serve to indi-
cate the general procedure that may be adopted and also the type of 
interpretation that may be applied to abnormal anode-current readings. 
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It will be observed that the table is divided into nine sections, each of 
which is applicable to a particular irregularity in anode current, although 
further subdivision calls for voltage reading in certain cases. Consider-
able emphasis is laid on the fact that many of the above faults would not 
be revealed by a voltage reading. 

In further explanation of the above table the left-hand column shows 
possible causes for the abnormal anode-current reading, while the right-
hand column shows the further test that may be applied to ascertain 
whether or not each of the possible causes is, in fact, responsible; where 
several different tests are shown in the procedure column it should be 
understood that the first-named is the most reliable, but when inconvenient 
for any particular reason the further suggestions may be adopted. 
Certain types of faults have little influence upon anode current or, alter-
natively, may affect anode current only in certain circumstances. Such 
faults may be roughly grouped under the headings: instability, distor-
tion, mains hum, background noise, whistles, and fading. These various 
aspects of fault-tracing are dealt with in subsequent chapters, where 
suggestions are given for applying suitable tests, although in many circum-
stances the procedure outlined above will enable the trouble to be found, 
as such faults usually directly or indirectly influence anode current, and 
when correcting the fault responsible for abnormal anode current it will 
often be found that some less tangible fault is automatically eradicated. 



CHAPTER 5 

INSTABILITY AND MOTOR-BOATING 

THE term instability is somewhat ambiguous, as it may manifest itself 
in a variety of ways, which may be dependent upon fairly exact circum-
stances. In order to deal with this subject in a logical manner it will 
be necessary to make some arbitrary distinctions between the various 
types of instability, although such a procedure is not entirely satisfactory, 
since the various groups cannot be well defined. 
High-frequency Instability.—High-frequency instability may be 

defined as a tendency for the receiver to whistle or howl at any point 
of the wave range covered, while, on the other hand, it may be limited to 
one waveband or even to a small section of one waveband. The follow-
ing suggestions for tracing the cause of instability a-ssume that the receiver 
has previously performed in a stable condition, and the trouble is therefore 
not due to faulty design. 
The most prolific cause of instability is condenser failure, since a large 

number of the condensers used in receivers are included for the sole 
purpose of preserving stability. The inset facing page 48 shows the 
complete circuit diagram of an A.C. mains receiver. This circuit is the same 
as that used for another purpose in Chapter 5 of Volume II, but is repro-
duced here for convenience. It will be interesting to trace the components 
which, by failing, could introduce instability. Attention is first directed 
to the condenser, C2., which forms the high-frequency bypass for the 
automatic volume control line. If this condenser leaks, the bias on all 
the valves might be reduced to a point where instability occurs, due to 
a condition of abnormally high gain. If, on the other hand, the short 
circuit were complete, the valves would be entirely without bias, when 
any tendency towards instability would be stopped by grid current. 
The screen condenser, Ce, is intended to hold the screening grids of 
VI, V2, V 3 sensibly at cathode potential (from the high-frequency point 
of view), and if this condenser becomes open-circuited the screening 
grid will be unable to perform its proper function, and the valve will 
behave like a triode, when the most violent instability can confidently be 
expected. 

Continuing with the review of condensers, attention is next directed 
to C17 which, partially short circuited, will reduce the bias on the 
frequency changer. It is unlikely, however, that this will cause in-
stability, although it is within the bounds of possibility if the receiver is 
on the verge of instability. The A.V.C. decoupling condenser, C.2., is likely 
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to cause serious instability if it is open-circuited, as it will permit energy 
to be transferred between the grid circuit of V3 to V1 and V2. Proceeding 
more or less logically through the circuit, the next condenser liable to 
cause instability is the anode decoupling condenser of V3 (Cr) which, if 
open-circuited, will allow the relatively large high-frequency voltage 
developed across V3 to feed back into the other valve circuits by way of 
the common impedance existing between the high-tension positive and 
negative rails. 
The automatic volume control feed-condenser, C30, will prevent the 

system from working if it is open-circuited, which may result in instability, 
but will undoubtedly result in hopeless overloading on any but the 
weakest signal. 

Generally speaking, broken resistances will not introduce instability; 
the exceptions are resistances in the automatic volume control line and 
resistances forming the lower half of a potentiometer system feeding the 
screen, if such an arrangement is used. Open-circuit resistances in the 
automatic volume control line prevent bias being applied to one or more 
of the pre-detector valves, resulting in instability and, at least, some 
overloading when a signal is tuned in. If the lower half of a potentio-
meter system feeding the screen of one or more valves becomes open-
circuited, the screen potential will rise very considerably, gain will be 
increased, which may or may not result in instability, purely depending 
upon the design of the receiver. Obviously some receivers will remain 
stable when gain is increased, whereas others are unable to tolerate even 
a small increase in gain. 

It is obviously impossible to detail a list including all the possible 
causes of instability, owing to the great variation in receiver design. The 
circuit illustrated is typical, but, nevertheless, it is only possible to treat 
the subject in a general manner. Instability due to a faulty condenser 
has been touched upon, and attention may be directed to less-obvious 
causes. A break in the grid circuit of V1 would undoubtedly cause 
motor-boating on strong signals, owing to the choking effect of the grid, 
which would be without any D.C. connections to its cathode. If such 
disconnection is caused by a broken winding, obviously the trouble will 
be peculiar to the appropriate waveband. The same remarks apply 
to the grid circuit of the frequency changer V2, although the possibilities 
are somewhat narrowed, since a break in a grid circuit on the high-
potential side of the coils would result in the complete absence of signal 
The same remarks do not apply to the grid circuit of V1, as the gain 
of the receiver is high enough to pick up some signals on the actual 
grid lead. 

There are several possible causes of instability in the grid circuit of V3 
First of all there is the possibility of a break in the secondary winding, 
which will cause very violent motor-boating, owing to the relatively great 
amplitude of the signal at this point. An equally likely source of trouble 
is failure of the selectivity switch, resulting in the coupling coil not being 
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returned to the A.V.C. line in either position. In certain circumstances a 
break in the coupling coil could have a similar effect, but it would require a 
simultaneous break in both halves. 

There are a number of other probable sources of instability which are 
of a semi-mechanical nature. For example, the coil-cans may not make 
proper contact with the chassis due to looseness in the fixing arrange-
ments; similarly, the tuning condenser may not make proper contact 
with the chassis. Similar possibilities may be found in the condenser 
itself, due to bad connection between the moving vanes and the frame-
work, possibly through a broken pig-tail, or a retaining spring having 
fallen out of position. The various condensers referred to as capable of 
causing instability are quite unable to perform their function if their 
appropriate leads are not making proper contact. Dry joints are a 
frequent source of instability when they form part of a decoupling con-
denser circuit. 
A Quick Test.—It is possible very quickly to test both decoupling 

condensers and their appropriate leads in the following manner: Equip 
a •ip.F tubular-type condenser with suitable leads terminated by 
" crocodile " clips permitting this condenser to be connected across each 
condenser in turn. It will be appreciated that if a condenser in the 
receiver is open-circuited, the temporary condenser will restore the 
receiver to normal. 

Certain types of receivers employ deliberate damping in one or more 
tuned circuits which usually takes the form of a resistance in parallel 
with one or more inductances. Should these resistances become broken 
or in other ways open-circuited, instability may result, due to the increased 
magnification of the tuned circuit. This type of fault is particularly 
liable to be met with when tuned anode coupling is used, when 
instability is liable to occur at the high-frequency end of each wave-
band. This tendency is checked by a parallel resistance, as referred 
to above. 

Another prolific cause of instability arises in the screened leads which 
are often used between coils and the top terminal of high-frequency 
amplifying valves. The spiral or braided outer covering performs the 
normal function of screening the lead within it and is usually bonded to 
earth inside the coil-can. Should it become unbonded it is highly probable 
that instability will result, and is often difficult to locate, as the bonding 
cannot be readily inspected and may make reasonably good D.C. contact, 
giving rise to a misleading conclusion when making a rough continuity 
test. Fortunately, however, this trouble can usually be detected by 
placing the hand near the lead, resulting in a violent change of instability 
when the hand is placed close to the faulty lead. This test is even more 
effective if the aerial terminal is held with the other hand. It is common 
practice to rely on the metal coating of metallised valves to screen the 
electrodes. This meta 'Used coating is connected to a filament pin in the 
case of battery valves and to the cathode of mains valves—unless a 
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seven-pin base is used, when the metal coating may be connected to a 
separate pin. In any case there is a possibility of the wire becoming 
detached from the metallised coating, which will often cause instability, 
but it may be readily found in the same manner as suggested for 
tracing an unbonded lead by placing the hand close to each valve 
in turn. 

Instability in the Low-frequency Section.—A study of the low-
frequency section will reveal several possible causes of instability. 
Attention may first be directed to the tone control comprising Cu and 
R 13. If the resistance is of the type which has no " off " position, it is 
possible that loss of high-frequency bypass may be sufficient to cause 
instability if open-circuited. A break in the grid circuit of V 5, due to a 
break in the resistance R 12 or the tapping being disconnected in the 
resistances R 17-R 15, will result in motor-boating and very bad distortion. 
The anode current, however, will fluctuate wildly, and a fault of this 
nature will be revealed if a preliminary anode-current check is carried out. 
The condenser C„ is primarily intended to prevent random fluctuations 

in anode current (due to overload) from unduly influencing the several 
bias voltages. Nevertheless, it is possible for a condenser in this position 
to cause instability if open-circuited. It is equally possible that a short 
circuit of certain sections of the bias resistance could result in instability 
due to an increase in gain of the pre-detector valves. 
The loudspeaker field coil offers most subtle possibilities. It will be 

observed that the resistances R18» R17» and R18 form a potential splitting 
arrangement to take advantage of the potential drop across the loud-
speaker field coil. It is not uncommon for a short circuit to occur between 
adjacent turns, which will result in a slight drop of the potential across 
the coil as a whole; this will, in turn, result in a decrease in bias to the 
pre-detector valves. On occasions the number of shorted turns will be 
such that a critical value of bias is applied. Admittedly, shorted turns 
will reduce the sensitivity of the loudspeaker, but it is surprising that no 
readily apparent loss of sensitivity occurs when quite a large percentage 
of the turns are shorted and, furthermore, a small drop in loudspeaker 
sensitivity is not likely to be easily noticed when the receiver is in an 
unstable condition. 
The condenser C.9 could undoubtedly produce instability if open-

circuited, but must also introduce very serious mains hum, which will 
draw attention to it. The condenser C.8, however, will cause very 
violent instability if open-circuited, as it forms the high-frequency bypass 
of the power pack. The triode section of V 4 must not be overlooked, 
it is a low-frequency amplifier and naturally must be included in this 
section. In the circuit under discussion the only likely cause of in-
stability is an open grid circuit due, perhaps, to failure of the resistance 
R7 and R10. The grid lead of this stage is often shielded, in which case 
steps should be taken to see that the shielding is properly bonded 
to the chassis. 
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In some receivers the loudspeaker chassis is earthed, and this con-
nection should be inspected or tested for continuity. Generally, in-
stability caused in this manner will be confined to the long waveband 
or, alternatively, will be more serious on this waveband than on the medium 
or short bands. 

Instability due to Misalignment.—Instability may be due to mis-
alignment of the receiver, the radio-frequency tuned circuits probably 
being responsible if instability is not apparent on all wavebands, while 
the intermediate-frequency alignment should be suspected if instability 
is apparent on all wavebands and there is reason to believe that mis-
alignment is responsible. Do not, however, attempt to realign the 
receiver unless an accurately calibrated oscillator is available, together 
with an output meter or, preferably, a cathode-ray oscillograph. 
As already intimated, the subject of instability can only be dealt with 

in the most general terms, but it is hoped that the above suggestions 
for tracing instability in the particular circuit shown will act as a guide 
to the general procedure to be adopted. When testing for instability or, 
incidentally, for any fault, it is desirable to narrow the field where possible 
by taking such steps as disconnecting the extension speaker or gramo-
phone pick-up, if used, throwing the tuning indicator out of action by 
removing it, or by other means, and removing the noise-suppression valve, 
tone-control valve, or, in fact, anything that may be removed without 
preventing the receiver from functioning. Should these steps chance to 
cure the trouble, the various items may be replaced until instability is 
reintroduced, thus indicating where the trouble lies. 

Eliminators.—A battery receiver may behave in a perfectly normal 
manner when used with the usual high-tension batteries but may 
motor-boat violently if used with an eliminator. This difficulty may 
sometimes be overcome by connecting a relatively large condenser across 
the output terminals; otherwise it will be necessary to introduce 
additional decoupling into the receiver. Twenty years ago battery receivers 
were designed to work equally well with eliminators, but this manu-
facturing tendency is fast becoming obsolete, as the low price of the 
mains receiver has made the battery set with eliminator redundant. 

Instability at Very High. Frequencies.—Receivers which cover the 
B.B.C., V.H.F. or any ultra-short wavebands are liable to a number 
of additional and often obscure causes of instability. Instability at 
these frequencies can be caused by any of the faults outlined in the 
foregoing portion of this chapter, but, in addition, there are other likely 
causes. 
The most usual cause of instability is an increase of impedance in one 

or more of the earth-return circuits; as a routine precaution the fixing 
of all coil cans should be inspected for oxidisation and tightened up as 
much as is practicable. Careful inspection should also be made of the 
appropriate soldered joints, since resistance caused by even slight 
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corrosion may be sufficient to cause violent instability on the ultra-short 
frequencies. Other points that should receive attention are the valve-
pins and switch contacts; another frequent cause of instability is a 
decoupling condenser that has developed increased impedance owing to 
oxidisation or corrosion of internal connections. 
Frequency Modulation.—Reference has been made to additional 

causes of instability on the B.B.C., V.H.F. band and it is desirable to 
mention that this possibility is due to the very high frequency and not 
because the particular transmission happens to be frequency modulated. 
Although not relevant to this chapter, it may be interesting to note that 
while frequency modulation will not normally be the cause of instability 
in the H.F. and I.F. circuits, it can cause instability in the L.F. part of 
the receiver if the frequency-amplitude convertor is not correctly 
balanced. 



CHAPTER 6 

TRACING DISTORTION 

BEFORE actually discussing methods for tracing distortion it is desirable 
to outline broadly the various causes. There are two distinct types of 
distortion, frequency distortion and amplitude distortion. Amplitude 
distortion may be defined as the inevitable consequence of overloading, 
and may therefore be regarded as harmonic distortion in certain circum-
stances. Frequency distortion may be defined as the attenuation or 
accentuation of a particular frequency, a number of particular frequencies, 
or a band of frequencies. 
Amplitude Distortion.—When the input to a valve is too great for the 

conditions under which it is working, some form of distortion must result. 
Whether or not it proves objectionable to the listener is dependent on the 
percentage overload, the stage in which it occurs, and the conditions under 
which the valve is working; for example, suppose that the input to an 
intermediate amplifier is too large, the valve will rectify, either due to 
the flow of grid current or to the signal encroaching on the curvature near 
the point when anode current ceases to flow. It is even possible that both 
conditions exist at the same time. The inevitable result is that the signal 
is partially detected and passed on to the detector stage in this condition, 
with the result that the low-frequency waveform appearing in the anode 
circuit of the detector is not a true replica of the modulation imposed on 
the incoming carrier-wave. It will, in fact, possess an artificial harmonic 
content, which is usually almost entirely the second and/or third harmonic. 
Extreme amplitude distortion may render speech unintelligible and 

turn music into a farce. Such conditions, however, are not produced 
by overloading in the generally accepted sense of the term, but are caused 
by some fault resulting in a valve working under conditions whereby it can 
only accommodate a fraction of its normal input, due, perhaps, to a broken 
resistance interrupting the D.C. path between grid and cathode of a low-
frequency amplifier. Later in the chapter further reference is made to 
amplitude distortion. 
Frequency Distortion.—Frequency distortion may occur in any stage 

of a receiver that is actually handling the received signal, as distinct from 
an oscillator or some other valve which cannot influence the frequency 
range. Frequency distortion in radio and intermediate-frequency stages 
is normally due to loss of sidebands due to sharply tuned circuits, and in 
the case of bandpass coupled stages to misalignment, resulting in the 
normal flat-top response-curve taking the form of a peak. Frequency 
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distortion may appear in the detector stage, due to the use of unsuitable 
values of grid resistance and condenser, or to an improper relationship 
between the external anode impedance and the anode bypass capacity 
or, in the case of a diode detector, to the use of an incorrect anode-load 
bypass condenser. It is desirable to mention that frequency distortion 
in the detector stage may take the form of either high-note or low-
note loss. 
The opportunities for introducing frequency distortion in the low-

frequency section are very numerous, and it is here that the full meaning 
of this term is realised; frequency distortion in the detector and pre-
detector stages will usually take the form of a more or less gentle 
attenuation of either or both ends of the audio-frequency range and, 
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Fig. 25.—A theoretically perfect response-curve; frequency distortion is entirely absent. 

although this undoubtedly is frequency distortion, the term is usually 
used to nepress peaks or troughs in the audio response-curve. Fig. 25 
shows an arbitrary response-curve of a radio receiver and represents 
theoretical perfection. Fig. 26 shows the type of frequency distortion 
due to attenuation of the high and low audio frequencies. Fig. 27 
illustrates the full meaning of the term frequency distortion. An exam-
ination of this curve will show that there are a number of peaks and 
troughs, notably a peak at about 300 cycles, which will result in reception 
sounding woolly, while there is a very serious trough at about 450 cycles 
which would rob speech of much of the speaker's individual character-
istics. It will also be noted that there is a peak at roo cycles which will 
give the receiver a tendency to " boom," and, incidentally, considerably 
increase the level of mains hum if the receiver is used on 5o-cycle mains 
and employs a full-wave mains rectifier. 

Generally speaking, the type of frequency distortion shown at Fig. 26 
is associated with some form of inductive coupling, such as a low-fre-
quency transformer or output transformer. It will be appreciated that 
other forms of coupling cannot readily produce more than two deviations 
from the average response-curve, but, on the other hand, several sharp 
deviations at varying frequencies, each occurring in a different coupling, 
may combine to give a response-curve of the type suggested by Fig. 27. 
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When considering frequency distortion the loudspeaker calls for special 
attention, as it is a most prolific cause of this trouble, either due to bad 
design or subsequently due to a fault, such as a dent in the cone or 
departure from proper alignment. The response-curve of even a really good 
moving-coil loudspeaker is suggestive of a range of mountains. At the 
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Fig. 26.—A response-curve where frequency distortion takes the form of attenuation at both 
ends of the audio scale. 

present time it would appear that a straight response-curve is virtually 
impossible, but efforts are directed to keeping the deviation from the 
mean response-curve to the narrowest possible limits. Good examples 
of a moving-coil loudspeaker are described as having sensibly linear 
response between 50 and 6,000 cycles, which may be interpreted as 
meaning that the response-curve does not deviate at any point within 
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Fig. 27.—A purely imaginary response-curve, showing frequency distortion in the form of peaks 

and troughs as well as attenuation at both ends of the audio scale. 

these limits to an extent greater than, say, 2 decibels either side of 
the mean response-curve. 
The possible faults in a radio receiver which may directly or indirectly 

cause distortion are very numerous; so numerous, in fact, that the subject 
is somewhat difficult of approach. Some attempt has been made to 
classify the possible causes under the headings of the stages in which 
they occur. In interpreting the foregoing remarks it must be understood 
that the causes suggested are in the nature of faults arising through 
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breakdown of a component or connection, and it is assumed that the 
receiver is capable of giving satisfactory reproduction when working in a 
normal manner. 

Radio-frequency Distortion.—Distortion in a radio-frequency stage 
can occur through two causes, spurious detection and sideband cutting. 
The unwanted rectification may occur through overload, a condition that 
can only obtain when the receiver is used very close to a powerful station, 
or through the grid being open-circuited or held at insufficient negative 
potential. Sideband cutting may be due to misalignment if the receiver 
is ganged or, alternatively, if the anode coupling is of the bandpass type 
sideband cutting may occur through shorted turns in the primary wind-
ing or through a broken damping resistance, if one is employed. 

Distortion in the Frequency-changing Stage.—Probably the most 
prolific cause of distortion in the frequency-changing stage is misalignment 
of the intermediate-frequency transformer, particularly if it is so designed 
that its response-ctuye is fairly sharp. Other causes are shorted turns 
in the winding, and if an iron core is used, the possibility of a fracture 
here must not be overlooked. The frequency changer can also introduce 
distortion if its grid is open-circuited or without adequate negative bias. 
Certain types of frequency changers are prone to introduce distortion of 
an inherent nature; this does not therefore come within the scope of this 
chapter, which is devoted to faults appearing subsequent to manufacture. 

Distortion in the Intermediate-frequency Amplifier.—This stage is 
equally susceptible to sideband cutting in the tuned circuit, the causes 
being exactly the same as those described for the frequency changer, 
above. The remarks relating to the possibility of the grid being open-
circuited are also applicable. There are, however, one or two other 
possibilities. Distortion may occur in this stage due to overload, a 
condition which may be caused by the actual amplitude of the input 
or to the grid being held at a negative potential which is either too high 
or too low, resulting in spurious anode bend or grid detection; unless the 
low-frequency gain is considerable, the intermediate-frequency amplifier 
will be required to handle a fairly large input, and, when tuned to the 
local station, the bias applied to the valve may be very considerable, owing 
to the action of automatic volume control. It may well be that dis-
tortion from this cause is not apparent under normal conditions, but 
may prove very noticeable if the valve loses emission through age or 
shortens its grid base for any other reason, such as reduced anode voltage 
arising from a fault in the power pack or reduced screen voltage caused 
by an increase in the value of the screen-feed resistance. Some types of 
resistances are inclined to increase their value to a surprising extent after 
a period of some years. 

Distortion in the Detector.—It will be convenient to further sub-divide 
this section to cover the leaky grid detector, the diode detector, and the 
anode-bend detector. Distortion in the diode detector may be due to the 
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diode load resistance being open-circuited, or a leak between cathode and 
anode permitting current to pass in both directions. Although the whole 
question of valve faults is dealt with in a separate chapter, it may be 
mentioned here that the leak may take the form of hot leak, that is to say, 
the insulation may be irreproachable if the valve is measured when cold, 
but may show relatively low resistance when the cathode is raised to 
working temperature. There is also a remote possibility that distortion 
may be due to the diode being soft; such a condition, however, is ex-
tremely unlikely, as the valve will not readily ionise, owing to the absence 
of sufficient potential difference between the electrodes. 

Distortion in the leaky grid detector may be caused by any of the faults 
in the valve mentioned in the above paragraph dealing with the diode, 
or to the grid being open-circuited. Faults peculiar to the leaky grid 
detector include lost emission, softness of the valve, or grid emission, all 
of which can be easily checked by substituting the valve. Distortion in 
the anode circuit is only likely to arise from two causes, shorted turns in 
the primary of the low-frequency transformer, if this type of coupling is 
used, or to the anode bypass condenser being open-circuited. There is, 
however, an indirect cause of distortion, and that is the use of excessive 
reaction made necessary by loss of gain in the stage itself, due to lost 
emission of the cathode, grid emission, or other causes. 

Distortion in the anode-bend detector is considerable when the valve 
is functioning normally, but additional distortion may be caused by either 
the application of incorrect bias or a change in the valve characteristics 
through age requiring bias to be deliberately varied. If transformer 
coupling is used, distortion may be introduced by shorted turns. The 
remarks relating to the anode bypass condenser and the excessive use of 
reaction outlined in the previous paragraph are equally applicable to this 
type of detector. 
The Low-frequency Amplifier.—Distortion in the low-frequency 

amplifier may be caused by a fault in the valve itself, an open-grid 
circuit, the application of incorrect grid bias due to, say, a short circuit 
in the bias bypass condenser, or to a leak in the coupling condenser, if 
resistance-capacity coupling precedes the stage in question. A leak in the 
coupling condenser may be difficult to trace. For example, if the grid 
leak has a value of 1 megohm, and the high-tension voltage applied to the 
previous valve is 200 volts, it follows that the leak in the condenser equal 
to ioo megohms will drive the amplifier grid about 2 volts in the positive 
direction, which may well cause the valve to run into serious grid current 
when handling relatively large input. It should be noted that con-
densers may register infinity when tested with a relatively low potential 
across the plates, but may show a leak when the working voltage is 
applied. 

Distortion in the Output Stage.—Distortion in the output stage may 
arise from any of the causes mentioned in the previous section, but in 
nine cases out of ten it is attributable to softness or low emission of the 

R.T. 111-5 
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output valve. The output valve usually passes a high anode current, and 
in the case of a pentode the working temperature of the electrode may be 
high. These two causes are liable to cause softness and low emission 
respectively. The possibility of shorted turns in the primary of the 
output transformer must not be overlooked, while due attention must be 
paid to the possibility of low anode current in the case of a pentode 
due to low screen voltage. 

Distortion in the Loudspeaker.—There are a number of faults which 
may cause distortion in the loudspeaker, many of which are of a 
mechanical nature; various forms of buzzing and rattling may be 
caused by the speech-coil being out of centre or becoming distorted in 
shape due to the warping effect of excessive heat. It is comparatively 
common for this type of distortion to appear when the receiver has been 
working for an hour or more, which is the time necessary for the internal 
temperature of the set to rise to that point where the speech-coil becomes 
warped. 

In the case of the mains-energised speaker, the possibility of shorted 
turns in the field coil is often overlooked but, nevertheless, is a likely 
source of trouble. The energising current should always be checked; 
if this falls below the minimum value required to energise the speaker, 
distortion will be caused to a greater or lesser degree. 

Quite apart from the speech-coil being out of centre, it may be out of 
position in the direction in which it moves, that is to say, it may be too 
far within the pole pieces or too far out, due to the spider not being flat 
when at rest, the surround having become distorted in shape. A word of 
warning may not be out of place at this juncture regarding the re-
alignment of loudspeaker cones and spiders, which require a certain 
amount of experience in order to find the position which will allow the 
greatest movement of the coil without fouling the pole pieces. 

Automatic Volume Control Distortion.—Distortion, arising through 
a fault in the automatic volume control line, may be due to the develop-
ment of an inadequate or excessive negative voltage. Excessive voltage 
may be due to a short between the electrodes, as already intimated under 
another heading, or to a leak between the diode anode and the high-
tension circuit of the preceding valve. Failure of the system to produce 
an adequate bias voltage may be due to a short between cathode and anode 
in the valve, or a short in one of the decoupling condensers. In certain 
circumstances this may result in seriously reducing the bias voltage applied 
to all valves, even though the faulty condenser is primarily associated 
with a single stage. Low negative voltage may possibly be due to low 
emission, but this is rare in a diode valve. 

Distortion in Inter-station Noise-suppression Circuit.—The wide 
variety of circuits and principles used for quiet automatic volume control 
are so numerous that it is impossible to deal with the subject in detail. 
All faults in this section, however, are due to some failure which results 
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in the circuit requiring an abnormally large signal voltage to unlock it; 
in other words, the suppressor arrangements are functioning to a certain 
extent when a signal of normal amplitude is being reproduced by the loud-
speaker. 

Distortion caused by Station Indicators.—The various forms of 
station indicators are very numerous, and the majority of them cannot 
conceivably introduce distortion. There are, however, one or two types 
which may be responsible for trouble of this nature. The neon tuning 
indicator may under certain conditions of gas pressure introduce a type 
of high-frequency motor-boating which gives the impression of distortion. 
It is, however, a very simple matter to check this possibility, as the device 
is removable with the same ease as a valve. The magic-eye type of 
tuning indicator may on rare occasions become soft, when it will introduce 
distortion if it is connected to the detector diode. It may also cause 
distortion if connected to the automatic volume control diode by up-
setting the function of this circuit, but, generally speaking, the value of 
the decoupling resistance is high enough to preclude this possibility. 
The diminishing light indicator and the mechanical types are not likely to 
introduce distortion unless they do so by virtue of a short circuit which 
reduces the potential applied to one of the valves. 

General Notes.—When tracing distortion it is advisable to eliminate 
as many possibilities as convenience will allow; for example, it is a simple 
matter, if the necessary material is available, to temporarily replace all 
valves, and in the case of battery receivers the several batteries. Most 
receivers are provided with extension-speaker terminals, and in this man-
ner a spare loudspeaker may be connected, to eliminate the possibility of 
a loudspeaker fault. Such accessories as tuning indicators can be easily 
removed if of the plug-in type. The more complicated type of receiver 
using such devices as inter-station noise suppression and automatic-
frequency control require special attention in this direction, as these 
particular sections may well be responsible for distortion. Generally 
speaking, they may be put out of action by removing the appropriate 
valve. For example, the valves in the auxiliary intermediate amplifier, 
discriminator, and oscillator control circuits can be removed from 
most receivers that are so equipped without affecting the normal 
functioning of the main circuit. It is obvious that if substitution 
of a component brings about a cure, then the cause must be the com-
ponent in question, or that part of the circuit that is closely associated 
with it. 

Short-wave Receivers.—Reception on the short wavebands is subject 
to certain forms of distortion due to natural causes, but which give the 
audible impression of a fault in the receiver. The phenomenon of high-
speed fading causes reception to sound as though a low-frequency valve 
has an open grid circuit or, alternatively, is over-biased; due to the 
action of the automatic volume control, high-speed fading brings about 
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a corresponding rise and fall of background noise, which tends to make 
the actual fading less obvious. 

Relatively rapid selective fading often occurs on the short wavebands 
and can also be mistaken for distortion. It is simple to distinguish 
between distortion and the effects of fading, since distortion must occur 
on all wavebands unless the fault is in a radio-frequency circuit, where it 
is highly improbable that distortion could be produced on any but a 
very powerful signal. 
Frequency-modulated Receivers.—There is a form of distortion 

peculiar to frequency modulation which directs suspicion to the receiver 
but which in fact is due to an external cause called multipath distortion. 
A transmission at very high frequency is easily reflected by large objects 
such as gasometers and large buildings, with the result that the signal is 
received from reflected as well as direct sources each taking a path of 
different length so that minute time differences exist. The same thing 
can happen with an amplitude modulated signal, but little distortion is 
caused; with frequency modulation, however, distortion can be very 
serious. 

Distortion within the receiver can be due to many causes, but the most 
common is frequency drift and the presence of a form of amplitude 
modulation detection due to unbalance in the frequency-amplitude 
convertor, see note on page 96 of Volume III. 



CHAPTER 7 

TRACING MAINS HUM 

THERE are numerous possible causes of mains hum arising through a 
break-down in one of the very numerous components in a modern receiver. 
Generally speaking, location of the faulty component is comparatively 
simple if an adequate supply of valves, condensers, and other items is to 
hand. The converse applies if the trouble has to be located without these 
aids. Probably the most common cause of hum is faulty insulation 
between the cathode and heater of a valve. Such a fault is obviously 
detected with a minimum of trouble if the valves are replaced and the 
hum-level is then found to be normal. When a suitable set of valves is 
not available, it is extremely difficult to determine that a valve is at fault 
or to test the valve which is suspected, unless suitable test instruments are 
available. 

Before undertaking to find the cause of abnormal hum-level it is desir-
able to ascertain that such a fault really exists, as the apparent hum-level 
may well be increased by moving the receiver to a different posit on in the 
room. For example, the receiver might stand in a position where it is 
backed by sound-absorbing material, such as tapestry or curtains, and 
under these conditions have a given and acceptable hum-level, but when 
moved to another position in the room, where it is backed by, say, glass 
windows, then the apparent hum-level may increase to a marked degree. 
It should also be noted that the low-note distribution from the average 
loudspeaker is very uneven, and it will be found that certain points at 
varying angles from the cone will produce widely varying sound-levels. A 
receiver may come under suspicion, not because it has developed a fault, 
but because the listener, who is accustomed to sitting at a particular place 
in relation to the receiver, has chosen to sit elsewhere. 
A fault resulting in an increase in the mains hum-level may occur in one 

of several clearly defined sections of the receiver, and it will be convenient, 
therefore, to deal with the subject under these headings, which will 
present the various tests in a practical manner and at the same time draw 
attention to the manner in which the trouble can be isolated. 
A Fault in the Power Pack.—This particular section will include the 

mains transformer, rectifier valve, smoothing condensers (which will 
include that condenser which is usually called the reservoir condenser), 
and the smoothing choke or chokes (which may take the form of the loud-
speaker field coil). Dealing with these items in order, attention is 
naturally directed to the mains transformer. This component is capable 
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of introducing a particular fault known as mechanical, or lamination hum. 
As its name suggests, the trouble is caused by one or more of the lamina-
tions becoming capable of movement due, possibly, to the dislocation of a 
fragment of pitch or movement of the winding bobbin releasing or varying 
the pressure exerted on the laminations. When a lamination is free to 
move it will vibrate in sympathy with the mains frequency, making a 
direct mechanical hum and usually introducing an electrical hum. The 
correct method of securing the loose lamination is by tightening the 
clamping bolts or, if this proves ineffective, by dismantling and re-
assembling. There is, however, a quicker and usually quite effective 
method, and that is by denting the end of the lamination with a sharp 
instrument and a hammer so that the dents wedge it firmly between its 
neighbours. 

Faults of a purely electrical nature include a short between turns and a 
short between a winding and core; the latter can be readily determined by 
connecting a suitable measuring instrument in the earth lead and noting 
the result. It can also be determined in most cases by measuring the 
resistance between each winding and the core. Shorted turns are also 
fairly easy to detect, as mains hum is only likely to be introduced when 
a sufficiently large section is shorted to throw the centre tap out of the 
electrical centre, and a simple A.C. voltage measurement between the 
centre tap and each outer end will show whether approximately equal 
voltage is being developed. 
The Rectifier V alve.—A single-wave rectifier valve is unlikely to 

introduce mains hum, but several possibilities occur in the case of the full-
wave rectifier, the most common of which is failure of the half -filament 
associated with one of the two anodes. Failure of the filament will reduce 
the smoothed voltage by a surprisingly small extent, but will result in the 
mains hum having a frequency similar to the mains periodicity; that is to 
say, on a 5o-cycle mains the hum will be of the same frequency instead of 
double ; this change may well increase the mains hum very considerably, 
as the reactance of the smoothing condensers will be exactly doubled. In 
addition, this fault may cause hum through other circumstances, but the 
apparent result is the same. 
Smoothing Condensers.—Smoothing condensers are at least as prone 

to break-down as any other component in the power pack. The paper 
dielectric condenser can become short-circuited or open-circuited. In the 
former condition the smoothed high-tension voltage becomes so reduced 
that the fault is noticeable in other ways, but in the case of open-circuit 
the resulting trouble is usually mains hum alone; it can be easily de-
tected by temporarily connecting another condenser of suitable capacity 
in parallel. 
The electrolytic condenser has faults peculiar to its type, and often 

loses its effective capacity until, after a suitable lapse of time, it becomes 
useless as a condenser. This type of fault can often be checked by 
connecting a condenser of suitable capacity in parallel. This temporary 
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condenser may be of either the paper dielectric or electrolytic type. Some 
care is required, however, as the electrolytic condenser may develop a 
leak that is serious enough to cause mains hum indirectly due to the re-
duction in its effective capacity, but at the same time the leak may not 
be sufficiently serious to affect the receiver in other ways. It is therefore 
desirable to make a practice of substituting electrolytic condensers instead 
of connecting a temporary condenser in parallel. It is, of course, essential 
when using a temporary condenser to make sure that it is capable of with-
standing the voltage to which it will be subjected. 
A Peculiar A.C./D.C. Fault.—A most peculiar condenser fault is prone 

to occur in universal receivers which have been used on direct current for 
a considerable period and then used on alternating current. For some 
reason that has never been satisfactorily explained, so far as the author is 
aware, an electrolytic condenser that has worked satisfactorily during the 
service of the receiver on direct current will break down at the moment 
of switching on when the receiver is used on alternating current. An 
extraordinary aspect of this fault is that the same receiver will give general 
satisfaction if it is always used on alternating-current mains. 
The particular condenser affected in this way is invariably the reservoir 

condenser, and most experienced service engineers immediately test this 
component when a receiver is brought for service that has worked satis-
factorily on direct current but failed on alternating current. An ex-
planation that is occasionally put forward is that the condenser has been 
faulty for some time, but the owner has not been aware of it as it is 
practically a " passenger " when the receiver is used on direct current. 
This explanation is not a true one, as the condenser is invariably found 
to be leaking so badly that the high-tension voltage is seriously reduced; 
which cannot fail to pass unnoticed on a universal receiver where the high-
tension voltage is necessarily of a low order even when conditions are 
normal. 

Testing Condensers.—The paper type of condenser may be tested by 
disconnecting it and charging it from a convenient direct-current source 
such as a high-tension battery; if the condenser is normal it will hold 
the charge for some considerable time and a spark will be noted if the 
terminals are shorted by a piece of wire or a screw-driver. It is difficult 
to suggest any definite time-limit, but a condenser having a capacity of 
1 ILF or more and charged at a potential of some 100/200 volts should 
show a very noticeable spark when discharged after a waiting period of 
about five minutes. Some of the special high-voltage paper condensers 
used in television receivers and elsewhere will retain a charge for a very 
long period. The author has received a very unpleasant shock from such 
a condenser more than forty-eight hours after disconnection from the 
mains. 

Electrolytic condensers cannot be tested in the same manner as paper 
condensers, as they have a small permanent leakage which can, however, 
be measured by means of a milliammeter connected in series with the 
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condenser across a suitable direct-current supply. Here, again, it is im-
possible to suggest any hard-and-fast rules, but the average type of 
condenser rated at 250 volts working has a leakage of about •o7 milli-
ampère per microfarad when new, a figure which may be exceeded by 
about three times before serious thought need be given to the necessity 
for replacement. 

Smoothing Chokes.—A short circuit between turns in a smoothing 
choke is not as uncommon as might be supposed. A short circuit affecting 
a comparatively small portion of the choke may in certain circumstances 
bring about a disproportionately large decrease in inductance. Such 
faults are very easy to locate by means of an ohmmeter, providing the 
normal ohmic value is known, otherwise the fault is difficult to determine, 
unless it becomes apparent due to the component smoking or discolouring 
or becoming sufficiently hot to make the temperature-rise apparent and 
quite distinct from the normal working temperature. The field coil of a 
mains-energised loudspeaker often serves as the main smoothing choke 
and is more prone to shorting turns than the normal iron-cored choke. 
This tendency is due to the wire being somewhat enclosed by the magnet, 
resulting in the normal working temperature being higher than that 
experienced with the iron-cored choke. If the number of shorted turns is 
sufficiently large the sensitivity of the speaker will fall off very con-
siderably and attention will thus be drawn to the loudspeaker; other-
wise attention may well be focused on this component due to abnormal 
working temperature, which is liable to be very apparent owing to the 
enclosed nature of the structure. 

Hum in the Loudspeaker.—The main cause of hum arising in the 
loudspeaker has necessarily been dealt with in the previous paragraph, 
but attention is drawn to the fact that shorted turns may, in certain 
circumstances, cause hum, even though the field winding does not form part 
of the smoothing system. 
There is one other possibility in the loudspeaker, and that is a short 

circuit in the humbucking coil, which will obviously raise the hum-level 
to that which would obtain if such a device were not used or to such an 
amount as may result from only a portion of the coil being shorted. 
When the field coil is used as a smoothing choke, the possibility of a 
leakage between the field coil and humbucking coil must not be entirely 
overlooked, although it is highly improbable with modern types of 
loudspeaker. 

Hum due to Valves,—Reference has already been made to the possi-
bility of hum being caused by defective valves, due to faulty insulation 
between cathode and heater. Often such a fault may be detected with 
the use of an ohmmeter used to measure the resistance between heater 
and cathode. When a low reading is obtained, say, below ro,000 ohms, 
the valve may be confidently suspected, but if a high reading is obtained 
the test is not conclusive, because a different resistance may obtain under 
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working conditions due to the expansion of the heater when warm. 
Another possibility is an internal leakage between heater and grid, but 
here again the fault may not be present when the valve is cold. The 
method of testing valves under conditions approximating to those 
obtained in a receiver are dealt with in the chapter devoted to valve 
testing. 
Modulation Hutn.—Modulation hum has been defined elsewhere in this 

work, but is repeated for convenience. It is a type of hum which only 
becomes noticeable when the receiver is tuned to a station. It may 
arise through alternating current appearing between the grid/cathode 
circuit of any pre-detector valve due to one or more of the following 
causes: (1) Faulty insulation between cathode and heater of the detector 
valve or one of the pre-detector valves. (2) A reduction in the effective 
smoothing of the high-tension supply to the pre-detector valves. This 
may take the form of a fault in the power pack or, alternatively, to a 
decoupling condenser becoming open-circuited. It will be understood 
that decoupling forms an important addition to the smoothing of the high-
tension supply of the valve so equipped. (3) High frequencies finding their 
way into the power pack due to a condenser being open-circuited, that is, 
associated with some high-frequency stopping device or, alternatively, 
mains pick-up from the local station feeding through the mains transformer 
into thepower pack. This may be due to the screen between the mains trans-
former core and primary becoming disconnected from earth or a filter 
condenser becoming open-circuited. (4) Accidental rectification of any 
pre-detector valve, resulting in cross modulation between the signal or 
other high frequency and the mains frequency. Such rectification may be 
due to a valve working without bias, brought about by a short circuit of 
the bias resistance or condenser; alternatively, rectification may be due 
to a fault in the automatic volume control circuit resulting in one or more 
of the pre-detector valves being either under-biased or over-biased. 
Mains Hum (Gramophone Reproduction only).—Hum arising when 

reproducing gramophone records, but not when using the instrument for 
radio reproduction, may be due to a number of causes, three of which 
may be treated in a general manner. The most common cause is a dis-
connection between the screening of one of the pick-up leads and earth. 
The same remarks apply equally to a disconnection between the metal 
casing of the pick-up and earth. 
The other two possibilities are: (1) a break in the pick-up windings; 

in this case the mains hum will almost certainly be supplemented by a 
whistle and distortion arising from the grid of the first amplifier being 
open-circuited and (2) disconnection between the gramophone-motor 
frame and earth. This possibility is a rather comprehensive one, as with 
some types of motor various portions of the framework may cease to be 
in electrical contact with the mains framework (and consequently in 
contact with earth) due to the percolation of oil under the heads of fixing 
bolts and similar places. 
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Reducing Permanent Hum.—Occasions may arise when it is desired 
to reduce the normal hum-level of the receiver; where possible, steps 
should be taken to ascertain if the general hum-level is made up largely 
from a particular source, but, in general, the use of additional smoothing 
condensers in parallel with the existing ones will bring about some 
reduction. If the loudspeaker is of the mains-energised type and does 
not employ a humbucking coil, temporary use should be made of a per-
manent-magnet type to ascertain the amount of hum that may be 
attributed to the loudspeaker; if this test warrants such a course, the 

loudspeaker may be replaced with a 
i more efficient type. i 

I A hum-dinger may be tried experi-
I mentally, as it is quite problematic 
I whether it will be of real assistance. 

Fig. 28 shows the usual hum-dinger 
arrangement, which consists of remov-
ing the centre tap of the heater trans-
former and connecting it to the centre 
of a potentiometer which is connected 
across the outer ends of the winding; 
the potentiometer will normally have a 
resistance of about 25 ohms, and it is 
adjusted for minimum hum. When 
two or more heater windings are used, 
each may be treated separately with its 
independent hum-clinger. 
The possibilities of reducing the hum-

level are exceedingly numerous, the 
majority being applicable to some par-

 I ticular circuit arrangement. There is, 
however, one other suggestion of a 

Fig. 28.—Showing the connection of a general nature which applies only to 
potentiometer across the heater wind-
ing to form a hum-dinger. receivers using a directly heated output 

valve. Directly heated valves of the 
4-volt type unavoidably introduce a certain amount of hum, due to 
half the potential across the filament appearing as a potential 
difference between the grid and filament. If the valve is of the popular 
triode type dissipating between io and 12 watts, it may be thought worth 
while to substitute a new filament transformer designed to give an output 
of 2 volts at 2 ampères for each valve used and replace the 4-volt valves 
by 2-volt valves, which will automatically halve the A.C. potential be-
tween grid and filament, since the potential difference across the filament 
itself is also halved. In the unlikely event of a directly heated output valve 
being supplied by the same heater-winding as that used for the indirectly 
heated valves, it will almost certainly be possible to reduce the hum-level 
by arranging a separate filament transformer for the output stage. 
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TRACING BACKGROUND NOISE 

BACKGROUND noise may be roughly defined as sounds emanating from 
the loudspeaker from causes other than a transmitted radio signal. 
Background noise can arise from three main causes: firstly, interference 
from electrical machinery in the neighbourhood, which falls outside the 
scope of this chapter; secondly, interference arising within the receiver 
due to a broken or intermittent connection; and thirdly, a condition 
whereby a fault in the receiver increases the pick-up of electrical inter-
ference in the neighbourhood. It will be convenient to deal with the 
second category first. 
The possible faults that may cause interference within the receiver are 

very numerous. An experienced radio engineer can sometimes reduce 
the possibilities by listening to the particular type of background noise; 
that is to say, intermittent crackling, continuous crackling, occasional 
" bangs," and so on. Unfortunately it is quite impossible to convey in 
print the various distinctive sounds, therefore attention must be directed 
to the causes, many of which suggest in themselves the type of back-
ground noise that may be expected. 
Noisy Valves.—Suspicion usually falls on the valves in the first 

instance, and this course is probably justified, particularly if they have 
seen a reasonable period of service; the modern valve of the indirectly 
heated type ends its useful life through becoming noisy more frequently 
than through any other single cause. When possible, the complete team 
of valves should be substituted for others that are known to be satis-
factory; alternatively, the valves in the suspected team can be tried in 
another receiver. These methods, while entirely satisfactory, call for a 
set of duplicate valves or a similar receiver, either of which will not always 
be avafilable, and recourse must be made to other methods. A noisy valve 
will oten betray itself if continuously struck with reasonable force when 
actualy working, by causing a pronounced uproar in the loudspeaker due 
to the impact. Some care is, needed, however, as the impact imparted 
to the valve may shake or move some other component or connection and 
result in a mistaken conclusion. If the receiver is of the universal type 
or of the direct-current type, the valve must not be struck with the 
fingers if it is of the metallised type, owing to the danger of electric shock. 
When a valve tester is available the valve may be plugged in in the usual 

way and subjected to a certain amount of rough treatment to ascertain 
whether a sharp tap will bring about a change of anode current. This 

67 



68 TRACING BACKGROUND NOISE 

test is, however, not always conclusive, as it will seldom reveal a leak along 
the pinch due to a deposit of the electron-emitting material or particles of 
magnesium from the " getter." 
A very frequent cause of background noise is loose and dirty con-

nections between the valve-pins and sockets. The former are compara-
tively easy to clean by means of a fine emery cloth or by use of a suitable 
cleaning solution which does not leave a film of grease, i.e. carbon 
tetrachloride, or one of the proprietary solutions sold expressly for the 
purpose of cleaning electrical contacts ; the sockets are not so readily 
acctessible, but they may be cleaned by means of a piece of fine emery 
clonh wrapped round a piece of stiff wire or by the use of one of the above-
mentioned solutions applied with a match-stick. Modern valves are fitted 
with the so-called banana pins, which may be slightly opened by the 
careful application of a pen-knife, to ensure good contact. The alternative 
type of split pin may be opened by simply passing the blade of a knife 
between the prongs. 

Noise may sometimes arise through the metal coating of a metallised 
valve making bad contact with the wire connecting it to the appropriate 
pin. This may be checked by wrapping several turns of wire tightly 
round the metallised coating and connecting it direct to the appropriate 
pin; connection cannot be made to the chassis if the valve uses a bias 
resistor, as this would be shorted out. When binding the wire tightly 
round the bulb, care should be taken not to break the glass, which is often 
much weaker than might be supposed. For this reason it is desirable to 
bind the wire close to the base. 
Bad Contacts.—Another very prevalent source of background noise 

is a bad connection in the actual wiring of the receiver or in one of the 
components. If the bad contact is due to looseness, it can be detected by 
testing the joints with the fingers, and presents no difficulty for those 
joints which are accessible. It is equally possible that a bad connection 
may exist inside one of the components, and it is obviously impossible to 
dismantle every component and examine it; fortunately this is unneces-
sary, as those components which carrycurrent can be tested for bad internal 
connections by means of a voltmeter connected between suitable points 
if there is enough resistance present to produce an adequate reading or 
otherwise by the use of an ohmmeter. This remark will not apply to 
such items as tuning coils which are not carrying D.C., but these can be 
tested by temporarily short circuiting them, commencing from the aerial 
coil and working progressively through to the detector. Naturally, this 
procedure will stop the signal, but this is not usually important, as the 
crackling may be expected to continue unabated or in certain cases show 
a marked increase due to the action of the automatic volume control. 

In the more elaborate type of receiver it may be desirable to take steps 
to isolate the fault, in order that attention can be concentrated on the 
smallest number of components or connections. The exact procedure 
must vary with different circuits, but the following suggested sequence of 
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operations will serve as an example based on a 6-valve superheterodyne 
receiver for alternating-current mains having the following stages: 
(1) radio-frequency amplifier, (2) frequency changer, (3) intermediate-
frequency amplifier, (4) double diode triode, (5) directly heated triode 
output, and (6) mains rectifier. First of all remove aerial and earth and 
note that the crackling continues without the signal ; it is then possible to 
isolate the radio-frequency amplifier by breaking the connection between 
the anode circuit of the first valve and the grid circuit of the second valve, 
care being taken that in so doing the grid circuit of the second valve is not 
left open. The next stage, the frequency changer, can be isolated in the 
same manner, preferably by positively short circuiting the secondary of 
the intermediate transformer connected in its anode circuit; this will 
effectively prevent any input from this stage to the intermediate-frequency 
amplifier and will not leave the grid circuit of the latter open, which 
would result from any form of disconnection. The possibility of noise 
arising in the intermediate-frequency amplifier can now be checked by 
putting the detector out of action, which may be conveniently accom-
plished by short circuiting the diode load. The whole automatic volume 
control circuit can then be tested by short circuiting the load resistance of 
the appropriate diode. If the background noise still persists, it is appar-
ently in the low-frequency section of the receiver, and several alternative 
procedures are possible. When headphones are available these may be 
connected across the anode resistance of the double diode triode, and if 
the offending noise is not heard it must be in the output stage or power 
pack. If headphones are not available, the grid of the triode section may 
be shorted to the chassis, and if the noise still persists the output stage 
and the power pack alone remain under suspicion. 
No practical means presents itself for separating the output stage from 

the power pack, but the remaining components are comparatively few, 
and by narrowing the fault down to this comparatively small section a great 
deal of unnecessary work will be avoided, and it is doubtful whether any 
advantage would be gained by isolating any small sections, with the 
possible exception of the loudspeaker. This may be checked by con-
necting a permanent-magnet type in series with the built-in speaker, 
and shorting the primary of the built-in speaker (see Fig. 29). If the 
field coil is intermittent, this possibility will have been suspected when the 
double diode triode was put out of action due to a marked decrease in 
the volume of the background noise. As an additional check a volt-
meter may be connected across the field coil, when any intermittent 
connection will produce a fluctuating voltage. It might be thought that 
an intermittent short circuit between a comparatively small number of 
turns would introduce noise into every stage of the receiver, but this is 
not so, since the last magnetically coupled H.F. stage will act as a barrier 
unless the noise is being passed from stage to stage in the form of cross 
modulation, but here again this is impossible with the aerial disconnected, 
owing to the absence of a suitable-carrier frequency. 
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Cross Modulation.—It may so happen that the crackling or other 
noise ceases to appear when the aerial is disconnected. This is often 
suggested as proof that the cause is external interference, but with the 
right set of circumstances this may be a wrong conclusion. It is quite 
possible for noise to appear due to, say, a leaky condenser in an early 
stage, and be passed on to subsequent stages through magnetic couplings 
by cross modulation; in other words, the crackling is modulated on 
the incoming carrier-frequency, and consequently disappears when the 
carrier-frequency is removed on the aerial being disconnected. Cross 
modulation will occur when a radio-frequency or intermediate-frequency 

valve is overloaded, consequently the 
test should be carried out when the 

i receiver is tuned to a station that is 
A 

I # . ; • known to be received in the district at 
<1›: IK ' 1 : • .. 

—U.2i) bs•.1 low strength. This will prevent cross 
(---) i K.> cy . 1  ; modulation due to signal overload, 

) ; ; and cross modulation due to excessive 
_____.• • bias supplied by the automatic 

volume control circuit when in-
',, HT -I- fluenced by a powerful signal. The 

possibility of cross modulation due to 
under-biasing is virtually ruled out, 
because such a condition would intro-
duce very noticeable distortion. It is, 
however, a simple matter to test the 
bias by means of a voltmeter applied 
between grid and cathode in the case 
of a mains valve, and grid and L.T. 
negative or chassis in the case of a 
battery valve. 

The foregoing remarks outline a 
suggested procedure for isolating that 
section of the receiver in which the 
background noise arises, and the next 
step will be to test the several com-

ponents which are included in the section. A general indication for testing 
some types of components has already been touched upon; the subject of 
component testing is dealt with in Chapter 13 of this volume. It will be 
recollected that noise was placed in three groups in the opening paragraph 
of this chapter, and attention can now be directed to the third group, 
namely, the condition whereby a fault in the receiver increases the pick-up 
of electrical interference in the neighbourhood. 
Such a fault must necessarily be of such a nature that the gain of 

broadcast signals is reduced, while at the same time the gain of other 
types of received energy is more or less unaffected. It is perhaps necessary 
to mention that the usual type of interference radiated by electrical 

Fig. 29.—This diagram shows (dotted) the 
temporary connection of a loudspeaker as 
a means of checking the original speaker. 
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machinery does not possess a fundamental frequency, and is therefore 
sometimes referred to as untuned interference, a colloquialism that is as 
technically incorrect as it is expressive. Such a fault can only exist in 
one or more of the tuned circuits, and may be due to the disconnection of 
capacity from one of the tuned circuits or misalignment. If the variable 
condenser becomes disconnected from its associated coil, then the latter 
will function as a high-frequency choke and the magnification previously 
given by the circuit will be lost; thus the following valve will amplify 
both the wanted signal and stray background noise equally, whereas under 
normal conditions the magnification of the tuned circuit would be added 
to the gain of the valve on the wanted frequency, but the background noise 
would be amplified by the valve only. 
An increase in background noise by misalignment is due to the fact that 

the mistuned circuit or circuits will attenuate the required signal but make 
little or no difference to the background 
noise ; thus the signal to noise ratio will 
be reduced, and, since the manual 
volume control will be turned up so that 
the signal is at the required volume 
level, the actual background noise will 
be proportionately increased (see 
• Fig. 30). Misalignment in the radio-
frequency stages will have to be fairly 
serious if the background noise is to be 
noticeably increased, but the converse   
applies if the intermediate-frequency 

INTERMEDIATE 

transformers are out of alignment or, FREQUENCY 

alternatively, if the oscillator circuit is Fig. 30.—An exaggerated drawing, showing 

out of alignment, resulting in the inter- the decrease of signal to noise ratio 

mediate frequency being different from S resulting from misalignment. N repre-
sents the response to noise and the 

the frequency to which the couplings response to the signal. 

are tuned. 
It is obvious that misalignment in the intermediate-frequency 

amplifier will increase background noise more or less proportionately over 
all wavebands. On the other hand, misalignment in the radio-frequency 
or oscillator stage will normally be restricted to a single waveband unless 
the receiver has been tampered with, since it is unreasonable to assume 
that the several wavebands should become misadjusted at the same time. 
It may be noted that the incorrect setting of a trimmer associated with the 
radio-frequency circuits will result in the background noise at the high-
frequency end of the waveband being much more pronounced than at 
the other end, since a small change of capacity will have considerable 
influence at the bottom of the scale and practically negligible influence 
at the top of the scale. The same remarks apply to the trimming 
condenser associated with the oscillator, but if the misalignment is in the 
oscillator padding condenser, then interference will be normal at both ends 



72 TRACING BACKGROUND NOISE 

of the waveband and approximately at the centre, but background noise 
will increase very considerably between these points. 

Iron Cores.—In exceptional circumstances a mechanical fracture in 
an iron core can cause a type of noise that may be described as being 
similar to valve hiss. Presumably this phenomenon is due to small 
random changes of inductance causing corresponding changes of sen-
sitivity by varying the resonant frequency of the associated tuned 
circuit. 
Causes Peculiar to Frequency Modulation.—Background noise 

arising in the receiver is amplitude modulated and is, therefore, rejected 
by the frequency-amplitude convertor and the basic feature of the system 
is freedom from external " man-made static", but this freedom will not 
be realised if the input signal is not big enough: one of the first signs of 
inadequate signal input is interference from motor-car ignition systems ; 
the cure is a better aerial, comments on which may be found in Volume I, 
page 250. 



CHAPTER 9 

VALVE TESTING 

VALVE testing forms a most important part of service engineering, since 
when tracing faults in a receiver it is almost essential that the valves 
should be above suspicion before serious work is commenced. Admittedly, 
the most satisfactory procedure is to substitute the valves in the set being 
tested for another team that are known to be satisfactory, but this 
procedure will not usually be possible, particularly as there are upwards 
of 2,000 different valves on the British market, and the use of a 
valve of similar type, but different manufacture, is not always satis-
factory. It is apparent that for general purposes some means must be 
available for testing practically any type of valve if serious service work 
is undertaken. Valve testing appears to be screened by a veil of mystery, 
but there is no reason why this should be, as it is a comparatively simple 
procedure, although it is made somewhat elaborate by the large number 
of valve types available and by the diversity of pin-connection combina-
tions used on valves which are in other ways similar. There are a number 
of different characteristic measurements and tests, and it will be con-
venient to deal with each separately. The measurement of certain of the 
characteristics is touched upon in the chapter dealing with the principles 
of the thermionic valve, but they are repeated below, as practice requires a 
slightly different viewpoint from principles. 
Mutual Conductance (Slope).—The measurement of slope is the 

logical beginning when testing a valve, because if the figure obtained is 
inadequate, then further tests are unnecessary, as the valve is obviously 
incapable of giving a satisfactory performance. It might be thought that 
the logical commencement is to note that the filament or heater is not 
open-circuited and that anode current is flowing; this is, however, 
unnecessary, as the slope test automatically takes these factors into 
account indirectly, unless it is desired to find the reason for failure as 
distinct from the more direct question of whether or not the valve is fit 
for use. 

It will be remembered that slope is measured by changing the grid 
potential and noting the anode-current change. In order to obtain a 
direct reading it is convenient to change the grid potential by i volt, 
which will give a direct reading in milliampères per volt; thus, if the grid 
potential is raised from o to i volt negative and the anode current is 
decreased by 3 milliampères, then the slope is 3mA /V. The conventional 
arrangement for measuring simple characteristics is shown at Fig. 31, 
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the valve chosen for this example being a pentode. It will be noted that 
both anode and auxiliary grid voltage can be read directly from the 
voltmeters provided, the potential being varied by manipulation of the 
appropriate potentiometer. The grid potential is obtained by the drop 
across a potentiometer in the high-tension negative lead, and once again a 
voltmeter is provided to give direct reading. When using the arrange-

  H.T. 

LT 

H.T — 

Fig 3i.—A circuit permitting the characteristics of any valve to be measured, providing the meters used 
have adequate ranges. In addition, a number of faults can be detected, as described in the text. 
This may be taken as the basic circuit of a valve test-board, but the complete circuit is greatly com-
plicated by the diversity of valve types and the non-standardisation of their pin connections. 

ment shown at Fig. 31 for measuring slope, the anode potentiometer is 
adjusted for the required anode voltage, the screen potentiometer is 
adjusted for the required screen voltage, the grid potentiometer set to 
zero, and the anode current duly noted. The bias voltage potentiometer 
is then adjusted to give r volt, and the resulting anode-current reading 
noted and subtracted from that previously obtained. It should be 
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particularly noted that the anode and lor the screen potentiometers may require 
readjustments, unless their total resistance is very low, to correct the change 
of anode and screen potential caused by the reduction of anode and screen 
current when the negative bias is applied. 

It is probably unnecessary to mention that the anode and screen 
potentials should be those specified by the valve manufacturers concerned, 
when quoting the nominal slope. The majority of valves are specified 
under conditions of Va = roo Vg = o. There is little standardisation 
in the more complicated valves, and there is an increasing tendency to 
quote the slope for a condition including negative grid voltage, usually 
1.5 negative; in the case of a screened tetrode inaccuracy will be intro-
duced by applying a further volt in the negative direction, as the anode 
current will be abnormally reduced. It is preferable to take the initial 
anode-current reading with a grid potential of r volt negative, and the 
second reading with a grid potential of 2 volts negative, thus the slope is 
taken at a mean grid potential of 1.5 volts negative, which is the required 
condition. For practical purposes this care is unnecessary when dealing 
with valves such as output pentodes, where the initial bias is fairly high, 
but in any case the characteristics of this class of valve are usually quoted 
under conditions of zero grid voltage. On the other hand, the older type 
of screened tetrode having extremely high impedance will not tolerate a 
grid-potential change of r volt, and measurement must necessarily be con-
ducted by applying a smaller change and multiplying the current change 
accordingly. For example, the grid potential might be varied between 
1.25 volts and 1.75 volts, a change of .5 volts, the change in anode current 
being multiplied by two in order that the slope is obtained in terms of 
milliampères per volt. 
The circuit shown in Fig. 31 is liable to very considerable modification, 

and if desired the anode and screen potentiometers could be dispensed 
with and the voltage obtained direct from suitable tappings on a high-
tension battery, the grid potential being supplied from the potentiometer 
across a battery having an E.M.F. of, perhaps, 3 volts. By the use of 
plugs and jacks, or suitable switching, a single multi-range meter may be 
used for measuring all potentials and currents. 
Anode Current.—When testing slope it is convenient to test the anode 

current and, if desired, the screen or auxiliary grid current. The measure-
ment will usually be made with working potentials applied, that is to say, 
the anode, grid, and any other voltages being similar to those obtained 
in the receiver or, alternatively, voltages selected from known working 
conditions appropriate to the valve. Generally speaking, it is only 
necessary to note that the current is not excessively abnormal, as it is 
not an important factor, except in the case of battery valves, when 
economy of high-tension current is important. 
Impedance.—Impedance may be measured with the circuit shown at 

Fig. 31, and is accomplished by keeping the grid voltage constant and 
noting the change in anode current for a definite change in anode voltage. 
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The grid voltage will normally be o or 1:5 as declared by the manufac-
turer when specifying this characteristic and, similarly, a definite anode 
voltage will be quoted. In the case of triodes this is usually roo volts, 
and it will be convenient to vary the voltage between 95 and 
105 volts and note the change in anode current, the formula being as 
follows: 

change of anode potential (volts). Impedance in thousands of ohms — 
change of anode current (mA) 

If, for example, the change in anode voltage is ro volts and the change 
in anode current is 2 milliampères; ro divided by 2 is 5, and, as the 
answer is in thousands of ohms, the impedance is 5,000 ohms. Generally 
speaking, the change of anode voltage should be as small as practicable, 
consistent with obtaining a sufficiently large change of anode current to 
permit the readings being taken with the necessary degree of accuracy. 
The measurement of high-impedance valves is somewhat more difficult, 
as the change in anode current is extremely small, and for accurate work 
a really large-scale instrument is necessary; a meter of suitable range 
and with a scale of not less than 5 inches is satisfactory when a general 
indication is required to ascertain if the valve is likely to be capable of 
performing in a normal manner. 

Amplification Factor.—When service testing it is not usual to measure 
the amplification factor, as this is directly dependent on slope and impe-
dance, but if this measurement is required, the method to be adopted is 
outlined in Chapter io of Volume I. 

Microphony.—The most satisfactory test for microphony is to place 
the valve in its normal position in the receiver and tap it with the 
knuckles, having previously turned up the gain control to maximum. 
Means are available for testing microphony with the aid of a pair of 
headphones, but it is somewhat unsatisfactory, as a mild tendency to 
develop this fault would probably only appear when the valve is working 
under adverse conditions. 

Loose electrodes may be readily detected with the aid of the circuit 
shown at Fig. 31, the potentiometers being adjusted so that the maximum 
permissible voltages are applied on all electrodes. The valve is then 
subjected to a certain amount of rough treatment, the meters being kept 
under strict observation; looseness in electrodes or intermittent short 
circuit between electrodes will show up as a change in one of the meter 
readings. In addition to the rough treatment already referred to an 
additional test may be applied by striking the valve in several directions 
with a sponge-rubber hammer, made by fixing a piece of sponge rubber 
about 2 inches cube on the end of a light wooden handle about 6 inches long 
and inch in diameter. It may appear that such a test is ridiculous if the 
value has withstood being generally knocked about with the hand, but 
actually the test is a useful one, as valve electrodes are usually made of 
very soft metal and will often show signs of displacement when treated 
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in the manner described, although sharp taps fail to reveal the fault, 
owing to the natural power of soft metal to absorb an impact of short 
duration. 

It is imperative that before testing for loose electrodes the multi-range 
meters be set to such a range that the reading is as near as possible to 
the zero end of the scale, to minimise the danger of damage if the electrodes 
should develop a short circuit. 

Emission (Rectifiers).—The emission test is practically useless for 
valves other than mains rectifiers and diodes, although emission testers 
are quite frequently met with on the counters of retail establishments, 
where valves are tested with the aid of this device and pronounced as 
satisfactory or otherwise. They exist in various modified forms, but in 
principle the various electrodes are strapped together, a few volts applied 
to them, and the anode current measured. They are quite unsatisfactory, 
however, as they give no indication whatever of impedance or slope and 
will show a satisfactory reading when two or more faults are present 
which cancel the effects of each other when the valve is tested in this 
manner. A valve that has been accidentally flashed and lost most of its 
sensitive filament coating will often give normal anode-current reading 
if it is also soft owing to the great reduction of internal impedance due 
to the ionisation of the unwanted gas. The more elaborate types of 
valves, such as those used for frequency changing, might have several 
faults and still pass the so-called emission test as ioo per cent. efficient. 
The mains rectifier or diode has only two electrodes, and therefore can 

be tested by emission in a satisfactory manner. Once again the circuit 
shown at Fig. 31 is satisfactory, although great care must be exercised 
not to apply an excessive anode voltage. The procedure is to move the 
anode potentiometer to the minimum position and insert the valve and, 
in the case of indirectly heated types, allow sufficient time for the cathode 
to reach normal working temperature. The anode voltage can then be 
slowly increased until the valve is passing its maximum rated current, 
when the anode voltage is noted and compared with the emission curve 
which is supplied by certain manufacturers. Some manufacturers do 
not supply emission curves, but load curves, which means that the valve 
must be tested under working conditions and supplied with the full 
rated A.C. anode voltage and the D.C. output voltage, measured when 
the valve is delivering the maximum permissible rectified current. It is 
essential that a reservoir condenser be included, as this will have a pro-
found influence on the D.C. output. It is not always convenient or 
desirable to make special arrangements for testing a mains rectifier, in 
which case emission tests may be considered satisfactory, and in the 
absence of an emission curve the performance of the valve may be com-
pared with that of a similar valve which is known to be satisfactory. 

There are two other possible faults in a mains rectifier, softness and 
internal arcing, and a rough-and-ready test for both of these faults may be 
applied by means of a simple circuit shown at Fig. 32 or, alternatively. 
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by the general circuit shown at Fig. 31, provided provision is made to 
include a current-limiting resistance in the anode circuit. To test 
for electrode shorts a fairly large external high-tension voltage 

may be applied and 
r----- H.T. 4. the low-tension supply 

1  > tendency to arc may 
switched off, when any 

/ 
be detected either by 

b observation or by 
fluctuation of thq 
milliammeter in thè 
anode circuit. Here 
again, it is essentiaj 
that the meter be use 
on a scale which wilj 
obviate damage if th 
rectifier develops a 
internal short. It is 
desirable when making 

I. T this test that the valve 0  
Fig. 32.—Circuit arrangement for measuring emission of a rectifier be subjected to a 

or diode valve. The switch permits emission to be measured certain amount of 
for either or both sections. By opening the single-pole switch rough treatment t 
relatively high potential may be connected between anodes and 
filament to test for leak. This circuit could be incorporated detect the presence 
with that shown at Fig. 3z or Fig. 33, but is shown separately loose electrodes. 
for clearness. 

To measure for sof 
ness the same test may be applied, when the presence of gas ma 
be detected by means of the characteristic blue glow inside the valv 
Indirectly heated rectifiers intended for use in alternating-curre 
receivers are not liable to develop low insulation between catho 
and heater, and in any case such a condition is not particularl 
detrimental. The converse applies to rectifier valves intended for u 
in universal receivers, but this subject is dealt with separately below und 
the sub-heading of Heater Insulation. 

Softness.—Any type of valve may suffer from softness, and it is 
important to remember that this condition may take some considerable 
time to develop. It is necessary that the valve be allowed to run under 
working conditions for at least three-quarters of an hour, since the valve 
may show conditions of softness after this period but may be perfectly 
normal after a shorter run. 
There are two methods of measuring softness, one which is very simple 

but not altogether satisfactory, and the alternative, which entails the u 
of a microammeter. It is usual to measure softness under conditio s 
approximating to those which are likely to obtain when the valve is used 
in the receiver, and it is necessary that care should be exercised to difiere 
tiate between softness and grid emission, the procedure being dealt wi 
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later. It should, however, be understood that for the purpose of merely 
ascertaining whether a valve is fit for service, it is unimportant whether 
the valve is suffering from softness or grid emission, as the effect is very 
much the same and it is only the extent of the trouble that becomes 
important. 
The simplest method of measuring for softness is to connect a high 

resistance between grid and cathode and arrange for a switch to short 
circuit this resistance (Fig. 31). It is convenient for this resistance to 
have a value of i megohm, which allows a straightforward reading to be 
obtained, the procedure being as follows: With the switch in its normal 
position, i.e. shorting the resistance, note the anode current. Open the 
switch and again note the anode current; if there is a difference between 
the readings the valve is soft, the extent being determined by dividing 
the difference in milliampères by the slope of the valve, when the answer 
is softness in microampères, that is to say: 

A . 
Softness (in ILA) A 

g. 

when Am., is the anode current in milliampères when the grid resistance 
is short circuited, Am,f, is the anode current in milliampères when the 
grid resistance is in circuit, and g„, is the slope of the valve in milliampères 
per volt (this formula only holds good if the grid resistance has a value 
of r megohm). 

Consideration of the circuit at Fig. 31 will reveal the working of the 
vacuum test described above. The grid current due to ionisation must 
flow through the grid resistance when the switch is in the open position, 
each microampère flowing through the resistance (which has a value of 
megohm) will produce a voltage drop of i volt. Consequently the anode 

current will be reduced in proportion to the grid bias derived in this 
manner, and the slope of the valve. If 3 microampères are flowing, it will 
produce a bias of 3 volts; assuming that the valve has a slope of 2mA y 
per volt, then the application of this negative grid voltage will reduce the 
anode current by approximately 6 milliampères. It will be remembered 
that the formula requires the changing anode current to be divided by 
the slope; 6 divided by 2 equals 3, which will give the softness in micro-
ampères, which was the assumed grid current mentioned at the beginning 
of this example. 
The Grid-current Meter.—The measurement of vacuum by means of 

a microammeter is the only direct method, and is advisable when provi-
sion of the necessary instrument is not in itself a drawback. It is con-
venient to use a meter having a central zero position, so that it shows the 
deflection in opposite directions, according to the direction of the current. 
This refinement is not necessary for actually measuring vacuum, but is 
useful for other tests which are described below; whether of the centre-
zero type or otherwise, the microammeter can conveniently have a range 
of o to 5 microampères. Fig. 33 shows the simple connections of the 
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microammeter, the circuit being that used for general tests, as shown at 
Fig. 31. In use the meter shows the grid current directly in micro-
ampères. 
When using the microammeter it is comparatively simple to differen-
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Fig. 33.—A modification of Fig. 31 to include a microammeter for measuring grid current. It is intended 
that the centre-zero type should be used. Note that the grid return is so arranged that either 
positive or negative bias may be applied to the control grid. 

tiate between grid emission and softness by increasing the negative bias 
on the valve by means of the biasing potentiometer until the cut-off point 
is reached and anode current ceases to flow. In this condition ionisation 
cannot exist, as there will be no electrons to collide with the gas atoms 
and ionise them. If, therefore, the grid-current meter returns to zero, it 
is apparent that the grid current is due to ionisation ; if the reading 
remains unchanged, then the grid current is obviously due to grid emission 



MANUFACTURER'S VALVE TESTER 

One of the Universal valve testers used in the factories of the M.O. Valve Company. Any characteristic of any valve can be measured in a 
matter of seconds. Valves on right are pre-heating to save warming up time when plugged into the tester. 
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or leakage; it is possible for softness and grid emission to be present at 
the same time, in which case the microammeter will show a reduced 
reading when the valve is biased to cut-off. 
Grid Emission.—Grid emission is a phenomenon peculiar to mains 

valves, as it is caused by the grid reaching a temperature at which it will 
emit electrons under certain conditions, and it is unlikely that such a 
temperature would be reached with a battery valve. Obviously, mains 
valves are designed so that their grids do not reach that temperature 
which will cause electrons to be emitted from the metal of which they 
are made, but now and again active material from the cathode or from 
the " getter " will become deposited on the grid; such material is capable 
of emitting electrons at a low temperature, and consequently grid 
emission results. 

It might appear at first sight as though grid current due to softness 
and grid emission would flow in opposite directions, but actually this is 
not the case; when grid emission occurs electrons leave the grid, which 
tends to drive the grid positive, with the result that electrons flow through 
the external circuit to the grid. When ionisation is present the grid will 
collect positive ions, and once again the movement of negative electrons 
will be towards the grid. It will be remembered that the flow of electrons 
is in the opposite direction to conventional current. 
As intimated in the section dealing with softness, grid emission and 

leakage are difficult to differentiate; if leakage is present in its normal 
form it is readily detected by noting the flow of current between two or 
any more electrodes when the heater or filament is cold, but some leaks 
do not appear unless the electrodes have reached a considerable tem-
perature. Alternatively, a leak may only 
appear between two electrodes when the 
potential difference between them has reached 
a sufficiently high value, the insulation being - 
infinity when lower potentials are applied. 
Hot Leaks.—The term hot leaks embodies 

semeID e leakage arising through any cause whereby : A et) I e 

insulation approaches infinity when the valve 
is cold, but shows a relatively low resistance / 

when the valve electrodes become warm. It 
may be due to various causes, one of which 
will serve as an example. Fig. 34 shows a 
typical mica disc used for locking valve elec-
trodes; the holes punched in it are slightly 
larger than the electrode supports, A, B, to 
allow for expansion when the latter warm up. 
It will be noticed that the electrode support 
B occupies a position away from the electrode A, it being assumed that 
the illustration shows the position of the electrode supports when the 
valve is cold. The dotted line represents the leak along the mica which 

Fig. 34.—Top view of a mains 
triode, showing the ends of the 
electrode supports located in 
holes of a mica locking disc. 
This sketch illustrates a cause of 
hot leak, as described in the text. 
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will, however, have no effect, as the electrode supports do not come 
in contact with it, but when the valve warms up the electrode supports 
will expand or alter their position slightly and, may then touch the end 
of the leak path, causing a leak between the electrodes A and B. 

It is extremely difficult to differentiate between grid emission and 
hot leaks, since the current is in the same direction, is of the same order 
of magnitude, will often be unaffected by grid potential, and will com-
mence after the valve has been working for a similar period. It is some-
times possible to distinguish between grid emission and a hot leak by 
connecting a high resistance in the grid circuit, when grid emission will 
cause the anode current to continue to increase, often until the valve 
collapses, whereas the usual type of hot leak will result in the anode 
current reaching a certain value fairly quickly after current starts to 
flow in the grid circuit and there remain. 
Heater Insulation.—Heater insulation is extremely important, since 

inadequate resistance between heater and cathode may introduce such 
troubles as modulation hum, background noise, and, in extreme cases, 
may affect the slope of the valve. Fig. 35 shows a voltmeter connected 

between heater and cathode 
which can be held at a poten-
tial difference determined by 
the setting of the potentio-
meter. The milliameter will 
be of the multi-range type and 

L T will be switched into circuit 
with the meter switch in the 
high-range position. Lower 
ranges will then be introduced, 
until the lowest is in circuit. 
It should be noted that the 

Fig. 35.—An arrangement for testing insulation between 
heater and cathode of a mains valve. When testing insulation should be measured 
A.C. types the potential difference between the two with the heater at normal 
electrodes should not normally exceed about so volts, 
but when testing universal types the potential dif- temperature, since it will ex-
ference may be relatively high. (See text.) This pand considerably and may 
circuit could be incorporated with that shown at 
Fig. 31 or Fig. 33, but is shown separately for clearness, well show a low resistance 

when hot and infinity when 
cold, or vice versa; the valve should be tapped briskly with the fingers to 
see if an intermittent short circuit or partial short circuit is present. 

It is important that a suitable potential difference be applied between 
heater and cathode, since an inadequate potential difference may not 
show the fault, whereas an excessive value will often break down a valve 
that was previously satisfactory. As a general rule, the voltage applied 
may be equal to the sum of the bias volts normally applied to the valve 
plus the peak volts which normally appear across the heater (that is to 
say, the normal heater voltage rating multiplied by 1.4); thus a 4-volt 
indirectly heated valve which normally has a grid bias of 7 volts could 
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be tested with a potential difference between heater and cathode of about 
13 volts, which is made up roughly by the bias voltage plus the peak 
voltage applied to the heater. 
The insulation between the heater and cathode of universal valves is 

particularly important and must be tested with a considerable potential 
difference between them. When working in a receiver, the potential 
between cathode and heater will be equal to the sum of the smoothed high-
tension voltage plus the peak A.C. voltage, which, assuming a mains 
voltage of 250 volts, may be approximately 600 volts. The method of 
testing is exactly the same as that already described, except that a resist-
ance should be kept in series with the meter, which will limit the flow of 
current so that the meter is not damaged by a short circuit developing 
between cathode and heater. Admittedly, most meters are provided 
with fuses or cut-outs, but neither of these devices are likely to act quickly 
enough to save a low-reading milliammeter when a potential of 600 volts 
is suddenly applied across it. 

Tolerances.—No mention has yet been made of the departure from 
nominal characteristics that can be tolerated or the conditions under 
which various types of valves should be tested, but some attempt has 
been made below to deal with each type of valve separately and give 
some broad indication, to draw distinction between valves that are 
serviceable and those that are not serviceable. It must be understood, 
however, that a tremendous amount of discretion must be used. For 
example, a screened pentode may have a nominal slope of 3 mA /V and 
may prove noticeably inefficient when used in a superheterodyne for 
long-distance reception when its slope has fallen to 2 mA/V. On the 
other hand, the valve may give results which are satisfactory to the user 
in a three-valve straight receiver used for reception of local stations and 
perhaps half a dozen other stations of relatively high power. To take 
another example, a frequency changer may have a slope of 3 milliampères 
per volt (it is impracticable to measure conversion conductance with a 
test-board), and be perfectly satisfactory in nine out of ten superhetero-
dyne receivers when the slope has fallen to, say, 2.5 mA /V, but in the 
case of the tenth superheterodyne, it may refuse to oscillate on the 
long waveband, resulting in complete silence. 
Triodes.—Valve manufacturers usually quote characteristics of triodes 

under conditions of Va = roo, Vg = o, and consequently impedance or 
slope should be taken at these conditions. Generally speaking, a rise or 
fall of 33-it per cent, will not materially affect the results. When measur-
ing vacuum the maximum rated anode voltage and appropriate grid bias 
should be applied. If the valve is working with an appreciable resistance 
in the grid circuit, a limit of i microampère softness can be imposed; 
but, on the other hand, if the resistance to the grid circuit is low, as in 
the case of an output valve preceded by transformer coupling, then 
3 to 5 microampères can be tolerated. It is important to note that the 
average modern valve which is only a microampère or so soft will usually 
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harden up after a reasonable period of working, due to the very consider-
able absorbing power of the «« getter " material. The figures quoted for 
softness apply to grid emission, although valves suffering from this trouble 
should preferably be scrapped, as this phenomenon tends to increase 
with life. 

Screened Tetrodes and Pentodes.—The nominal characteristics of 
screened tetrodes and pentodes vary considerably with different manufac-
turers. Impedance and slope should be measured at the nominal values, 
while tests for softness and grid emission should be made at maxi-
mum operating conditions. These valves usually work with a very low 
resistance in the grid circuit, often only an ohm or so, and consequently 
softness or grid emission will not greatly affect reception, unless it is bad 
enough to pass a relatively high grid current. In the case of mains 
valves cathode to heater insulation is important, as a low resistance 
between these electrodes will usually introduce hum. If the screen is fed 
by a trailer resistance, the screen current should be measured, as this type 
of valve sometimes develops a condition of zero screen current when 
comparatively old, resulting in the maximum high-tension voltage being 
applied to the screen; occasionally specimens will be found with reversed 
screen current. 
When a screened tetrode or pentode is used in a detector stage it should 

be very thoroughly tested for loose electrodes and defective heater insula-
tion, as quite small shorts or leaks will result in the valve being very 
noisy. Test for vacuum and grid emission very carefully, as even 
.5 microampère of grid current will result in a very serious loss of gain, 
owing to the high value of grid leak which will probably be used. Wide 
tolerance may be given for impedance, since a decrease or increase of 
50 per cent. may well be undetectable by ear. 

Output Tetrodes and Pentodes.—Fairly generous tolerance may be 
allowed for impedance, although variation in this direction will be more 
objectionable than in the case of the triode. A drop in slope may, or 
may not, be important, depending upon the ability of the preceding 
valve to fully load the output valve when its sensitivity has fallen, con-
sequent upon the fall in slope. Permissible softness may range between 
r and 5 microampères, according to the resistance in the grid circuit. 
Valves in this class are inclined to run at a high temperature, and are 
therefore prone to grid emission. 

Frequency Changers.—Unless a very elaborate test-board is used it 
will be necessary to test frequency-changer valves of the double assembly 
type, e.g. triode hexode, as two separate valves. The remarks given 
above for triodes apply to the triode section, while the other section will 
be tested under conditions stated by the manufacturers for the nominal 
characteristic rating. Unfortunately, some manufacturers do not quote 
any characteristics for the mixer section, in which case it may be tested 
as a screened tetrode in the case of the hexode and a screened pentode in 
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the case of a heptode by connecting the oscillator grid to about 3 volts 
positive; in this way slope may be measured, the figure obtained being 
judged in relation to the heater rating of the valve and other relevant 
details. 

Special Tests.—It is sometimes nece_sary to test to ascertain the 
condition at which normal grid current commences to flow. This 
characteristic is unimportant if the valve works under conditions of 
negative grid voltage, but in certain old-type portable receivers triodes 
are used as high-frequency amplifiers at zero grid potential, and results 
are considerably impaired if appreciable grid current flows under this 
condition. To find the commencing point of grid current decrease bias 
or, if necessary, apply positive bias until a deflection is shown on the 
microammeter in the grid circuit. It is for this test that it is convenient 
to use a microammeter with a central zero position, as the deflection will 
be in the opposite direction to that showing grid current due to softness 
or grid emission; in the absence of a central zero type of meter it will 
be necessary to reverse the connections. 

Meters.—The several meters necessary for valve testing should be of 
robust type and provided with either fuses or cut-outs to protect them 
in the event of short circuits. Even if fitted with protective devices they 
will be subjected to fairly rough treatment, owing to the inevitable time-
delay of protective devices. Even the most robust types of meters are 
liable to develop inaccuracy when used for valve testing, and consequently 
they should be checked at frequent intervals. 

Fig. 36.—Sketch showing the ap-
pearance of a broken filament or 
heater (much enlarged). 

Fig. 37.—Sketch showing the ap-
pearance of a filament or heater 
that has been fused due to the 
application of excessive voltage. 
(Much enlarged.) 

Special Note.—When leaving a valve test-board for any length of time 
it is desirable to shift all potentiometers to the minimum position before 
switching off. This is particularly important in the case of a filament 
or heater supply, as if this is left in a position appropriate for, say, a mains 
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valve, it may burn the filament of a battery valve if the latter is 
accidentally plugged in before appropriate adjustment is made. 

Filament or Heater Failure.—Occasion may arise when it is desired 
to know whether heater or filament failure is due to a break or to the 
application of excessive voltage. Examination under a low-power 
microscope will usually reveal the cause of failure ; Fig. 36 shows the 
appearance of a broken filament, and Fig. 37 shows the characteristic 
appearance of a fused filament. 



CHAPTER 10 

RECEIVER ALIGNMENT (GANGING) 

RECEIVER alignment is one of the most important aspects of service 
engineering; the increasing tendency towards receivers with high over-all 
selectivity makes accurate alignment increasingly necessary. It is 
realised that some readers will possess very complete equipment, includ-
ing, possibly, a modulated-frequency ganging oscillator and an oscilloscope. 
On the other hand, others will be without aligning equipment or, alterna-
tively, may be called upon to make some adjustment when the appro-
priate equipment is not available. The procedure to be adopted 
necessarily varies with the equipment available, and consequently this 
chapter is split up into suitable sections, so that those who are without the 
equipment mentioned at the beginning of each section can conveniently 
omit it if they so desire. These remarks apply rather directly to aligning 
the superheterodyne, since the alignment of the straight receiver presents 
little difficulty and can, therefore, be conveniently dealt with first and 
will permit of one or two facts being established. 

Realigning the Straight Receiver.—It must be understood that when 
two or more tuned circuits are ganged together it is essential that the 
inductances are accurately matched (with the exception, of course, of 
the oscillator circuit in a superheterodyne), since it will be impossible to 
keep the circuits in step by any normal means. The function of the 
trimming condenser is not to compensate for inductance mismatching, 
which is quite obvious when it is remembered that the change in frequency 
of a tuned circuit is inversely proportional to the square root of both 
inductance and capacity; it is, therefore, necessary that the capacity in 
each tuned circuit must be equal and the inductance in each tuned circuit 
must be equal; if additional capacity is added at some particular fre-
quency so that all circuits resonate, then it is apparent that they will no 
longer resonate at the same frequency at another point of the scale and 
the discrepancy in inductance will introduce a proportionate variation. 
The function of the trimming condenser is to balance the stray capacities 

in order to prevent misalignment at the high-frequency end of the scale 
where the capacity of the tuning condenser will be relatively small, 
permitting the stray capacities to be an important part of the total 
capacity. The stray capacities will be made up by the self-capacity of 
the coils, the capacity incidental to the wiring, valve-holder, valve, and 
other small residual capacities. Bearing in mind that stray capacities 
will exert the greatest influence at the lower end of the waveband, it is 

87 
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apparent that adjustment should be made when the receiver is tuned to 
this part of the scale. In principle, the trimmers are adjusted for maxi-
mum signal strength, and it is perfectly practicable to adjust them by 
ear with the receiver tuned to the lowest available station, care being taken 
to swing the trimmers through the apparently correct point fairly rapidly 
so that the point of maximum signal is not confused by the rise and fall 
of modulation. 
When a ganging oscillator is available its output terminals may be 

connected between aerial and earth and the instrument adjusted to 
oscillate on a frequency that is about ro kilocycles per second lower than 
the highest frequency to which the receiver may be tuned; the oscillator 
output being modulated at low frequency. The trimmers are then 
adjusted until maximum signal strength is recorded by means of an 
output meter or oscilloscope. Generally speaking, the output meter 
should be connected across the anode load of the output valve, but an 
oscilloscope can more conveniently be connected across the detector load. 
It is important that the following points be observed: 

r. If the receiver employs automatic volume control it must either 
be thrown out of action or, alternatively, the output from the oscillator 
must be reduced to the minimum that will permit of reasonable deflection 
of the measuring instruments in order that the action of this circuit does 
not deceive the operator. 

2. When the procedure is finished the capacity of the trimmers should 
be as low as possible. 
Item number two requires a little further explanation. Correct 

alignment will be achieved when the stray plus the trimmer capacity of 
each circuit is equal, and this might occur, for example, when the trimmers 
are set at 251.1.p.F, z5p.p.F, and 30p,FLF respectively. It is :apparent, then, 
that alignment would be achieved if the third trimmer is greater than 
the other two trimmers by 51.&ILF; consequently the trimmers could be 
reset to, say, rope, rop.p.F, and r5p.p.F, thus reducing the total capacity 
at the lower end of the dial by 1511e, which will considerably extend the 
range of the band in the high-frequency direction. It will be appreciated 
that a trimmer can never be taken to zero capacity, as it has its own 
definite minimum. The point to be observed is that on the completion 
of alignment at least one trimmer should be near to its minimum setting 
consistent with the accuracy of dial calibration while the tuned circuits 
are, of course, in perfect alignment. When the receiver is provided with 
only one trimmer to each tuned circuit this must be adjusted at the 
bottom of the shortest waveband, but when a trimmer is provided for 
each waveband the procedure outlined above must be repeated for 
each band. 

Superheterodyne Alignment with Modulated-frequency Oscillator 
and Cathode-ray Oscillograph.—There is little doubt that a modulated 
frequency ganging oscillator and cathode-ray oscillograph are the most 
practicable and efficient instruments for aligning a superheterodyne, and 
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it is scarcely an exaggeration to say that a bandpass superheterodyne 
cannot be aligned to maximum efficiency by any other means, as it is the 
only method whereby the shape of the response-curve can be observed. 
The detailed procedure to be adopted will vary considerably with different 
receivers, and also to some extent with different types of modulated-
frequency oscillators. It would appear, therefore, that the most practic-
able way of approaching the subject is to detail the procedure that can 
conveniently be adopted with a typical oscillator and oscilloscope in 
conjunction with a receiver, the circuit of which is facing page 48 of 
this volume. Assuming that the receiver is to be completely realigned, 
it is desirable to deal 
with the tuned inter-
mediate-frequency 
circuits first, the pro-
cedure being as 
follows: 

Stop the frequency 
changer from oscilla- ,0 
ting by short circuit-
ing the oscillator   
tuning condenser and 

a connect the output of 
the ganging oscillator E 1 

to chassis and the Fig. 38.—Connections for an oscillograph and ganging oscillator will 
modulator grid of the vary with different types. The connection of the instruments 

used by the author are used above. E is connected with the 
frequency changer earth terminal of the receiver, S to the grid of the frequency 
(see Fig. 38). The changer or the aerial terminal, depending upon whether the 

intermediate-frequency or the over-all response-curve is to be 
input terminals of observed, and D is connected to a suitable output point, usually the 
the oscillograph can high-potential end of the detector diode load. X is the link 

between the frequency modulation of the oscillator and the time be most conveniently base of the oscillograph. 
connected across the 
detector diode load, although some prefer to use the automatic volume 
control diode load; the author, however, has had little success with 
this arrangement. Should instability arise, a small resistance may be 
connected between the grid of the frequency changer and the oscillo-
scope, which may have a value of i,000 ohms, and be connected as 
close to the valve as possible. It should be noted that the modulator 
grid of a frequency changer is usually the top cap of the valve, con-
sequently a connection can be easily made; in many receivers the 
pick-up connections are across the detector diode load, in which case these 
offer a convenient way of connection to the oscillograph. When the 
apparatus has been set up as already described, the actual alignment 
may commence; it is assumed that all four of the tuned intermediate-
frequency circuits are hopelessly misadjusted, when it is convenient to 
adopt the following sequence: 

1. Carefully adjust the ganging oscillator to the correct intermediate 
R.T. HI-7 
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frequency of the receiver. If 
from the manufacturer of the 

Fig. 39.—The trace on the oscillograph 
at the commencement of alignment 
when the receiver is so far out of 
adjustment that no deflection is 
obtainable. Figs. 40 to 46 show the 
subsequent stages of alignment. 

this is not known it must be ascertained 
receiver, unless the tuned circuits are only 
very slightly out of alignment, when it will 
be possible to recognise the figure, if it is 
one of those in general use, by noting that 
maximum response is obtained at an input 
frequency close to a standard frequency. 

2. Adjust the ganging oscillator attenu-
ator to fairly high output. If the inter-
mediate-frequency circuits are very badly 
out of alignment no deflection will be seen 
on the oscillograph (Fig. 39). Next pro-
ceed to search for some deflection, com-
mencing with the coil nearest to the 
detector, until some deflection appears (see 
Fig. 40). If the oscillator is fitted with 

low-frequency modulating arrangements, it should be switched to this 
position, as it will show the first signs of 
deflection much more readily (see Fig. 41). 

3. Carefully adjust each tuned circuit 
for maximum response, reducing the out-
put from the oscillator by means of the 
output attenuator, if the deflection on the 
oscillograph gets inconveniently large (see 
Fig. 42). When the tuned circuits are all 
tuned for maximum gain the deflection on 
the oscillograph will be a peak (see Fig. 43). 
If low-frequency modulation is used to find 
the first signs of deflection, this should be 
switched out of circuit as soon as manipulation of the trimming has 

raised the amplitude of the deflection to 
about one inch. 

4. Reduce the output of the ganging 
oscillator as low as possible and increase 
the gain of the amplifier of the oscillo-
graph, if fitted with one, the aim being to 
produce a reasonable-sized deflection with 
the smallest output from the oscillator, 
so that the automatic volume control does 
not function and mislead the operator. 
Each tuned intermediate-frequency circuit 
should now be critically adjusted for maxi-
mum deflection (Fig. 43). 

5. The response-curve shown at Fig. 43 
will obviously introduce a very bad sideband cutting, and attention must 
now be directed to improving the shape. If the intermediate-frequency 

Fig. 4i.—If the oscillator is fitted with 
low-frequency modulation, this can be 
used in the preliminary stage, as it 
makes the first sign of deflection much 
more apparent and appears as shown 
above. 

Fig. 40.—By adjustment of the inter-
mediate frequency amplifier the 
first trace is obtained. 
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amplifier uses over-coupled bandpass coils, each pair should be slightly 
turned in opposite directions. When one only has been so adjusted, the 
response-curve will resemble Fig. 44, but by carefully adjusting both 
trimmers a response-curve such as that shown at Fig. 45 can be produced. 

Fig. 42.—When the trimmers are 
brought more nearly to the correct 
positions deflection will usually be so 
large that only a portion is visible. 
The input is then reduced so that the 
complete trace is visible as shown in 
Fig. 43. 

Fig. 43.—The intermediate-frequency 
amplifier for peak maximum response. 
It is important that the peak is in 
the centre of the screen. 

It should be understood that these illustrations were prepared from an 
actual receiver, the circuit of which is shown facing page 48 of this volume. 
When using over-coupled bandpass coils the response-curve can be made 
reasonably flat-topped and with steep sides as shown at Fig. 45, and any 
other adjustment will produce either a tendency to peak or double hump (see 

Fig. 44.—By suitable adjustment of 
the trimmers an effort is made to 
flatten the top of the response-
curve. (Operation not yet com-
plete.) 

Fig. 45.—Alignment of the interme-
diate-frequency amplifier duly com-
pleted, the response-curve being as 
flat as poss:ble and also as high as 
possible. 

Fig. 46). Some receivers use tuned anode coils, which must be staggered 
to produce a more or less flat-topped response-curve. The average receiver 
using one intermediate-frequency amplifier will have two coils, and con-
sequently one must be tuned slightly above the other and slightly below the 
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true intermediate frequency; the actual departure from the fundamental 
frequency is usually about 2 kilocycles in either direction, but in 
practice the coils are tuned to these frequencies by suitably adjusting the 

ganging oscillator and appropriate trimmer 
and then returning the ganging oscillator 
to the fundamental intermediate frequency 
and slightly " faking " the adjustment to 
remove any lack of symmetry which may 
be apparent. The actual trimming may 
be accomplished by variable trimming 
condensers or, in the case of permeability-
tuned coils, by screwing the iron core in 
or out; the latter arrangement is used in 
the circuit which has been cited as the 
example to this chapter. 

7. The intermediate-frequency amplifier 
should now be correctly aligned, and the 
short circuit can be removed from the oscil-

lator tuning condenser and attention be directed to the oscillator sectio,. 
If correct tracking is accomplished by means of specially shaped vanes, or 
a fixed padding condenser, trimming can be proceeded with, otherwise it 
will be necessary to adjust the padding condenser. It is absolutely essential 
that the correct padding frequency for each waveband is known, when it 
is simply a matter of tuning the ganging oscillator to this frequency and 
adjusting the padding condenser for maximum response. This adjust-
ment will vary the amplitude but not the shape of the response-curve. 
Some manufacturers mark the correct padding and trimming frequencies 
on the dial by means of very small and 
intentionally insignificant dots. 

8. The remaining trimmers will be asso-
ciated with radio-frequency circuits— 
which may be adjusted as described in the 
previous section, which is devoted to the 
realignment of straight receivers. The 
adjustment of these circuits will usually 
have some very considerable influence over 
the shape of the response-curve for the 
receiver as a whole, and if the very best 
possible alignment is required some very 
slight adjustment may be made to the 
alignment of the intermediate-frequency 
coils. The response-curve should be noted 
at two widely separated points on each 
waveband, and it will often be found that the response-curve develops 
an objectionable peak on one waveband while retaining the more 
normal shape of curve on another waveband, in which case it is de-

Fig. 46.—Incorrect adjustment. The 
response-curve is too wide, resulting 
in a very pronounced double hump. 

Fig. 47.—In this illustration the shape 
of the response-curve is probably 
correct but out of centre, due to the 
coils being adjusted to a few kilo-
cycles off the correct frequency. 
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sirable to slightly readjust the intermediate-frequency coils to effect 
a compromise. 

9. Before disconnecting the apparatus the receiver may be subjected 
to a certain amount of rough treatment, to see that the adjustments are 
reasonably rigid and will not therefore become misadjusted through 
ordinary usage. It is not suggested that the chassis should be so roughly 
handled that a fault may be actually caused, but it should be possible to 
hit the chassis with the hand sufficiently hard to move it along the bench 
for half an inch or so without altering the shape of the response-curve or 
causing any damage, unless to a defective component, which will then 
become apparent and can be dealt with suitably. 
The more elaborate type of receiver using automatic frequency control 

calls for very careful alignment of the discriminator circuit, as if incor-
rectly aligned, a host of peculiar troubles will result, the chief of which is 
to achieve automatic mistuning. It is quite impossible to generalise on 
the alignment of discriminator circuits; the manufacturers responsible 
for their design issue definite instructions peculiar to their product, and 
these should be rigidly followed. 
Superheterodyne Alignment with Ganging Oscillator and Output 

Meter.—Satisfactory receiver alignment can be carried out with an 
output meter and an accurately calibrated oscillator (with low-frequency 
modulation), but this equipment does not possess the possibilities of that 
mentioned in the previous section, simply because the shape of the 
response-curve cannot be observed. It can, however, be determined 
indirectly with a reasonable degree of accuracy. 
The preliminary steps are precisely similar to those adopted for ganging 

with the oscillograph, inasmuch as the various tuned circuits are adjusted 
for maximum response, which in this case will be indicated by the pointer 
of the output meter. The oscillator is connected in the normal manner 
as described above, while the output meter is usually connected across 
the anode load of the output stage. It will be realised that a simple 
oscillator that is not modulated at audio frequency is little use for ganging 
a receiver, but if such an instrument is in the reader's possession and known 
to be sufficiently accurate, it may be thought worth while to obtain a 
low-frequency modulating unit (this accessory should not be confused 
with the more common frequency modulating unit). 
When the intermediate-frequency tuned circuits have been adjusted to 

maximum response, it is desirable to give some attention to their shape; 
by swinging the oscillator for a distance of, say, 4 kcs. per second either 
side of the fundamental intermediate frequency, it is possible to obtain 
a very rough idea of the frequency characteristics of the amplifier. If 
the output meter falls off rapidly when the fundamental intermediate 
frequency is departed from by a few kilocycles, it follows that the response-
curve is in fact a peak, and by carefully manipulating the trimmers it is 
quite possible to arrive at an adjustment if the output meter deflection 
remains sensibly constant when the oscillator is swung over the required 
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band-width. By noting that the attenuation is equal for a given swing 
on either side of the intermediate frequency, reasonable assurance is 
obtained that correct alignment has not been lost. 
When checking the shape of the response-curve, great care must be taken 

to see that the input from the oscillator is well below the delay voltage 
of the automatic volume control system, or if this is put out of action 
the input should not be allowed to reach an amplitude that will cause 
over-loading, as this condition will bring about a spurious flat top or 
double hump in the response-curve. 

Receiver Alignment without Instruments.—This section is included 
for the sake of completeness and in the hope that it may be of assistance 
in an emergency such as that arising after effecting a repair which has 
resulted in misalignment. It should be understood that such methods 
are intended as a temporary means of dealing with an emergency, and as 
the ultimate accuracy of the adjustment obtained will be dependent 
upon an element of luck, no surprise should be felt if the several wave-
bands are troubled by whistles at various points. It is virtually impos-
sible to trim a receiver completely in this manner, but the necessity 
should not arise, as it is unreasonable to suppose that more than one 
main section on each waveband is thrown out of alignment by effecting 
a repair. 

If it is desired to realign the intermediate-frequency amplifier, it is 
essential that the receiver should possess accurate dial calibration or, 
alternatively, that the dial setting is known with a high degree of accuracy 
for a station approaching either end of one waveband, preferably the 
medium waveband. The intermediate frequency has a profound influ-
ence upon calibration, since, when incorrectly aligned, maximum response 
will be obtained with an oscillator frequency that is not the normal one, 
and consequently calibration will be affected. The discrepancy thus 
obtained will be most noticeable at the high-frequency end of the scale, 
and consequently a suitable station should be selected. The procedure 
simply consists of adjusting the intermediate-frequency circuits until 
correct dial calibration is obtained coincident with maximum response, 
which must unavoidably be judged by ear; the input should be reduced 
by means of the volume control to the absolute minimum, as it is far 
easier to note a change of volume when the volume-level is small than 
when it is large. Once again, it is important that the input to the 
receiver should be very small; to ensure this, limit the aerial to a few 
feet of wire. 
The task of trimming and padding an oscillator can be undertaken 

with reasonable hope of success if the correct trimming and padding 
frequencies are known, or are marked on the dial by the manufacturers, 
once again assuming that the dial calibration is accurate. It entails the 
selection of a station as near as possible to the correct frequencies, and 
adjusting for maximum response. Once again, volume must necessarily 
be judged by ear, and it is advisable to reduce the volume to a low level. 
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As an additional check a known station can be carefully tuned in at 
either end of the dial, when inaccurate calibration will indicate that the 
trimming and/or padding adjustments are inaccurate, assuming, of course, 
that the dial calibration is normally accurate. 
The trimming of the radio-frequency circuits is relatively simple, and 

in order to achieve alignment and at the same time preserve accuracy of 
calibration, the procedure should be as follows: Tune in a station at the 
high-frequency end of the waveband and set the pointer accurately for 
the station as determined by calibration and not by the sound obtained, 
then trim for maximum response. 

Calibration Adjustment.—The dial calibration of the modern receiver 
is usually reasonably accurate. Should recalibration be necessary it may 
be carried out with an oscillator or by the use of reliable stations, but it is 
desirable that response should be indicated by an oscillograph or output 
meter. The calibration at the top end of the dial should first of all be 
corrected; this may mean shifting the intermediate frequency very 
slightly, which is only permissible if the tuned circuits are reasonably 
flat-topped, providing that such variation is quite small; that is to say, 
not more than i or, as a maximum, 2 kcs. Considerable stress is laid on 
the necessity for most carefully checking the setting of the oscillator 
padding condenser before any attempt is made to recalibrate. When 
the calibration at the top of the dial has been corrected, the calibration 
at the bottom of the dial, i.e. the high-frequency end, can be adjusted 
by setting the pointer correctly to the frequency or wavelength of a known 
station and then trimming for maximum response. 

It will be noted that an accurately calibrated oscillator and an oscilo-
graph or output meter is essential for making preliminary tests and 
adjustment and for aligning the intermediate frequency, although the 
actual calibration can often be more easily accomplished by the use of a 
reliable broadcasting station, as the frequency from such a source will be 
determined with far greater accuracy than is available from the average 
ganging oscillator. 

Special Precautions.—Special tools are required for receiver alignment, 
owing to the change of capacity that is introduced if a metal screw-driver 
or spanner is allowed to come in contact with any part of the tuned 
circuit. Special screw-drivers are available which are made of insulated 
material and tipped with a minute piece of metal; these are intended for 
adjusting trimmers which are provided with a screw-driver slot. Some 
trimmers are adjusted by means of a nut; box spanners are available 
made of bakelite, ebonite, and other non-metallic substances. When 
trimming is accomplished by screwing an iron core, even greater pre-
cautions are necessary, as some mistuning may result if any metal is 
allowed to come in contact with the core, and it is necessary therefore 
that even the edge of the screw-driver be made of some non-metallic 
substance. Fortunately, screwed cores are comparatively free to move, 
making possible the use of a wooden screw-driver , which may be made 



96 RECEIVER ALIGNMENT (GANGING) 

by sharpening an ordinary wooden skewer to a short and fairly blunt 
point. 
Some types of cores are attached to a slotted head made of some 

insulating material; and if a particular circuit fails to respond to 
adjustment, the core should be removed in order to ascertain that the 
two elements have not become detached., If adjustment of an iron core 
produces some response, but fails to produce a normal peak, it is very 
probable that a leak has developed in the fixed condenser which is con-
nected across almost every permeability tuned coil. 
Alignment of Frequency-modulator Detectors.—When aligning a 

receiver incorporating a frequency-modulation detector or frequency-
amplitude convertor it is necessary to give special attention to this task 
as this type of receiver is very dependent on the correct functioning of 
this stage. Quite apart from the several basic types of circuit there are 
numerous manufacturers' modifications most of which affect alignment 
procedure which makes general advice impossible ; when re-alignment is 
being undertaken it is imperative to obtain the manufacturers' detailed 
instructions and follow them carefully. 



CHAPTER 11 

WHISTLES AND BREAK-THROUGH 

THE more elaborate superheterodyne receivers employ a radio-frequency 
amplifier in front of the frequency changer, and are relatively free from 
whistles and other troubles peculiar to the superheterodyne because the 
selectivity of the radio-frequency stage will attenuate all unwanted 
frequencies to negligible proportions—with the possible exception of one 
or two channels on either side of the required station. The intermediate-
frequency amplifier is normally designed to give the necessary adjacent 
channel selectivity, and consequently the two sets of tuned circuits 
effectively eliminate all unwanted frequencies. The same remarks do not 
apply to the more simple type of receiver, which is without the refine-
ment of a radio-frequency amplifier but which enjoys a certain popularity 
on purely economic grounds. 
The simple type of superheterodyne receiver not only lacks a radio-

frequency stage, but also bandpass coupling, the input selectivity being 
dependent upon a single tuned circuit. It is inevitable, therefore, that 
certain unwanted frequencies will appear across the grid cathode of the 
frequency changer, some of which will beat with oscillator harmonics, 
while others will beat with each other, producing whistles at various 
points on the dial. These whistles are colloquially known as " birdies," 
and are discussed in some detail in Chapter 17 of Volume I, which deals 
with the technique of the superheterodyne, and need not therefore be 
repeated here. Attention may therefore be directed to the possibility 
of obtaining some relief. 
With receivers of this type a number of whistles are unavoidable, but 

there is no reason why they should be allowed to interfere unduly with 
the enjoyment of listening, since means are available whereby their 
position may be controlled to some extent. Superheterodyne whistles 
can be split up into two groups: (1) those which are caused by two stations 
beating with each other; and (2) those which are caused by stations 
beating with the oscillator frequency or its harmonics. 
The selectivity of the first tuned circuit can be assisted by the use of 

an intelligently designed aerial system. The aerial itself should have 
relatively low self-capacity or, in other words, should be well spaced 
from earth objects and should not be unduly long. In the average 
locality a length of 50 feet for the combined aerial and downlead may be 
regarded as the maximum, while this figure can often be halved with 
advantage. Reduction of aerial length will improve the inherent selec-
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tivity in tuned circuits by reducing damping, and will also assist by 
reducing the input to the receiver. 

Whistles of the group (2) under discussion will be dependent for their 
amplitude and number upon aerial input, aerial circuit selectivity, and 
heterodyne voltage; unless the aerial circuit is to be redesigned reduction 
of aerial length is the only expedient to deal with the first two items, and 
attention can now be directed to heterodyne voltage. 

Fig. 48 shows the relationship between conversion conductance and 
heterodyne voltage; it will be noted that there is no appreciable gain in 
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Fig. 48.—A curve showing the relationship between the heterodyne under discussion. The 
voltage and conversion conductance of a typical frequency measurement of 
changer. 

heterodyne voltage is 
not easily accomplished outside the laboratory, but its approximate ampli-
tude can be obtained indirectly with the aid of an oscillator and output 
meter or oscillograph. The oscillator is used to inject a signal into the 
aerial circuit and the oscilloscope or output meter used to show a deflection 
for such input, which should be carefully noted. The next step is to reduce 
the heterodyne volts by decreasing the oscillator anode voltage; if the 
deflection commences to decrease fairly rapidly with a comparatively small 
reduction of anode voltage, it is apparent that the heterodyne voltage must 
be approximately the optimum. If, on the other hand, a considerable 
reduction of anode voltage can be effected without materially reducing 
the gain of the frequency changer (and, incidentally, the gain of the 
receiver as a whole), it is equally apparent that the heterodyne voltage 
is excessive and the oscillator anode voltage can be permanently reduced. 
This test should be carried out on at least two points on every wave-
band, as with average coils heterodyne voltage varies with frequency. 
The possibilities of reducing the number and amplitude of whistles has 
been broadly dealt with, and attention can now be directed to whistles 
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in Group 1, namely, those produced by two stations beating with 
each other. 
The most ready means of reducing whistles caused by two stations 

beating together is to reduce the signal input and increase the selectivity 
of the first tuned circuit; aspects of the question that have been 
dealt with above. As a means of shifting whistles away from particular 
stations recourse is sometimes made to a change in the intermediate 
frequency, but this method is discouraged, as it is impossible to correctly 
trim and pad the oscillator stage with existing coils if the intermediate 
frequency has been materially shifted ; it is quite useless to contemplate 
a change of 1 or 2 kcs. Whistles can appear on the long waveband due 
to short-wave stations beating together. It is comparatively simple 
to stop such interference, as the offending stations will normally be 
powerful local transmitters. As the trouble is caused by two such 
stations beating together, it is only necessary to eliminate one of them, 
which can be most 
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plished with the aid r 
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that it will be either t  
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other wavebands. • c r Tr 
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t • i c ; popularity some ten 
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put in the aerial lead r) ; , i ----......__.-J : I ; 
with a shorting switch • I 

I I 
I I which will be open on I ; ; I J_ _i_ _I  I  the long waveband --e* • 

and closed on the - 
other bands. It is, 
however, possible to Fig. 49.—A rejector circuit placed in series with the long-wave 

winding so that it is automatically switched out of circuit on 
dispense with this the medium waveband. 
switch by incorpora-
ting it into the actual long-wave aerial circuit, Fig. 49 being a typical 
example. 
At the present time the allocation of frequencies to the various broad-
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casting stations is reasonably satisfactory from the point of view of 
reducing whistles, but as changes are made from time to time it is con-
ceivable that a combination of frequencies might be used that would 
make it desirable to reject more than one medium waveband frequency 
when listening on the long waveband; the circuit at Fig. 49 shows a 
single rejector in series with the long-wave aerial coil, but it is perfectly 
feasible to use two or more rejector circuits in series. 
The actual rejector circuit comprises inductance and capacity, one of 

which must be adjustable for the purpose of 
tuning it to the required frequency. In the 
interests of maximum rejection the tuned 
circuit should have the highest possible mag-
nification (Q). Generally speaking, a Litz coil 
with an iron core will be employed, and it is 
convenient that the latter be screwed to permit 
permeability tuning, allowing the parallel 
capacity to take the form of a fixed condenser 
of a type which is not prone to drifting. Such 
coils are somewhat troublesome to make, and 
it is suggested, therefore, that an ordinary 
tuning coil be used, with all unnecessary 
material removed, such as untuned primaries 
and secondary windings associated with other 
wavebands. 
Many commercial receivers were at one time 

equipped with rejector circuits which could be 
retuned in the event of wavelength changes. 
Those receivers which employed two rejectors 
usually had one tuned to the medium-wave 
National wavelength, which was reasonable, 
since there were a number of stations working on 
this wavelength all over the country; the other 

Fig. 50.—This illustration shows rejector was usually tuned to London Regional, 
a rejector connected in the 
aerial lead aided by an accep- which was a trifle peculiar, as a rejector so tuned 
tor circuit connected between was not likely to be very much use in, say, the 
the aerial and earth terminals 
of the receiver, north of Scotland, and outside the radius where 

London Regional was received at considerable 
volume it might have been useful to retune the appropriate rejector to 
the local regional wavelength or that of some other transmitter which 
was received at great strength and known to cause whistles. 

Intermediate-frequency Break-through.—In certain districts recep-
tion may be veryseriously interfered with by untunable morse interference; 
that is to say, the unwanted morse signals are audible on all wavebands, 
irrespective of the dial setting. This trouble is due to transmissions at 
or close to the intermediate frequency; the most generally used inter-
mediate frequency is 465 kilocycles per second (this is 645 metres), which 
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is in the neighbourhood of short-range ship-to-coast transmitters. As 
645 metres falls outside the normal broadcast bands, the trouble can be 
dealt with by the use of a rejector in the aerial lead tuned to the appro-
priate frequency; once again it is desirable to use a Litz-wound iron-cored 
coil, and, in order to avoid the time and trouble required to make such a 
coil, it is convenient to use an intermediate-frequency transformer with 
either primary or secondary removed or, if this is inconvenient, either 
winding may be connected in the aerial lead and both coils duly tuned 
to the correct frequency. In particularly severe cases, where morse signals 
are received at tremendous volume, it may be necessary to use both a 
rejector circuit and an acceptor circuit. This arrangement is shown at 
Fig. 5o; the rejector circuit is similar to that used in Fig. 49, whereas 
the acceptor circuit takes the form of inductance and capacity in series. 
It should be noted that the capacity aAsociated with the acceptor circuit 
should be relatively high, that is to say, of the order of •ooii.L.F. 

Intermediate-frequency break-through may be caused partly or entirely 
by energy picked up in the intermediate-frequency amplifier components 
and wiring, in which case relief can be obtained by additional screening. 
It is also possible that the intermediate-frequency amplifier may pick up 
energy from the aerial downlead, in which case the rejector circuit should 
be placed in the aerial lead at some little distance from the receiver, say, 
about 6 feet. 

Ultra-short-wave Break-through.—Difficulty is occasionally experi-
enced from interference on the medium or long wavebands due to a 
powerful ultra-short-wave transmitter situated at comparatively short 
range ; certain receivers are prone to this type of interference, which is 
sometimes very difficult to cut out. The first suggestion that presents 
itself is a filter choke in the aerial, earth, and/or the mains leads, and it is 
important to note that chokes used for this purpose should be fitted as 
close as possible to the receiver. 

If chokes of adequate inductance fail to alleviate the trouble, it is 
reasonable to suspect that some portion of the receiver will resonate at a 
frequency equal to or close to the frequency of the interference. The 
author investigated a complaint of this nature, which took the form 
of interference from the television transmission at Alexandra Palace 
which broke in on the medium and long wavebands of a superheterodyne 
situated about three-quarters of a mile from the television transmitter. 
In this particular instance the sub-chassis holding the tuning condenser 
had a natural frequency equal to one-third of the break-through; the 
difficulty was overcome by bridging the sub-chassis to the chassis at 
two additional points, copper braid being used in order to make a very 
low-resistance connection. Obviously, the example chosen requires a 
number of conditions to be satisfied, but it serves to illustrate the type 
of fault and the manner which may be adopted to overcome it. 

Break-through fromNon-radio Sources.—From time to time instances 
become known of interference to broadcast reception from non-radio 



102 WHISTLES AND BREAK-THROUGH 

sources such as the telephone or telegraph; usually this is due to direct 
induction between the aerial and the service wires in question, the design 
of the receiver being such that sufficient impedance is offered to these 
relatively low frequencies to cause a significant potential to be built up. 
Transference of low frequency picked up by the aerial can also be trans-
ferred to the low-frequency end of the receiver if cross-modulation 
phenomenon is present in the predetector stages. The method of 
eliminating such interference is immediately obvious when the cause has 
been determined. 



CHAPTER 12 

LOUDSPEAKER FAULTS 

LOUDSPEAKER faults are far more common than is generally supposed; 
they often pass unnoticed, as they are frequently of a minor nature and 
do not therefore make themselves sufficiently evident to demand atten-
tion. Alternatively, the more blatant type of fault may not make itself 
obvious unless the receiver has been used for an exceptionally long 
period and become somewhat over-heated. 
For the purpose of dealing with loudspeaker faults this chapter is 

divided into two main sections, covering moving-iron and moving-coil 
types separately. 
Moving-iron Loudspeakers.—The moving-iron loudspeaker has 

gradually fallen into disfavour, and for domestic purposes it may be con-
sidered obsolete from the point of view of intended purchase; but some 
consideration of faults common to this type of speaker is justified by the 
large number that are still in use either as the main speaker or relegated 
to the duty of extension speaker for occasional use. Furthermore, the 
majority of this type of speaker in use to-day will be between fifteen and 
twenty years old, and may be expected to give a certain amount of trouble 
due to weakened magnets and perished cone-suspension. When replace-
ment of a speaker is contemplated, it is presumed that a moving-coil type 
will be put into service, but, nevertheless, moving-iron types are often 
worth repair for extension use. 

Complete silence, if the fault is in the loudspeaker, can only be due to 
open-circuit winding or windings or, alternatively, a short circuit, unless 
a very obvious mechanical fault has developed, causing the armature to 
rest on the pole piece. This condition, however, is obvious on the most 
casual inspection and, furthermore, usually permits the loudspeaker to 
admit some trace of sound, however unpleasant the quality may be. A 
simple test with an ohmmeter will serve to reveal either a short circuit or 
open circuit, but in addition there is the possibility of shorted turns. 
Here, again, the ohmmeter will indicate the fault, since the bulk of the 
turns would be shorted if the loudspeaker is completely silenced, and 
consequently the ohmmeter would give an unduly low reading; various 
types of moving-iron speaker will have different resistances, but as a guide 
it may be mentioned that 600 to L000 ohms is the usual value. It is not 
impossible that the short circuit will be present only when a considerable 
potential difference is applied to the winding, a possibility that may be 
easily checked by testing the loudspeaker under working conditions, but 
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without a signal, with the aid of a voltmeter connected across the speaker 
terminals to show whether an adequate voltage drop is obtainable. 
Many of the better moving-iron loudspeakers incorporate a simple 

tone-correction circuit consisting of a condenser connected across the 
winding, and the possibility that this component has developed a short 
circuit should not be overlooked if the ohmmeter gives a short-circuit 
reading when connected across the loudspeaker terminals. 

Low Sensitivity.—Both electrical and mechanical faults may be re-
sponsible for low sensitivity; the most probable cause is a weakened 
magnet or shorted turns. If the correct resistance of the coil or coils is 
known, a simple ohmmeter test may be applied and a direct indication 
obtained. In the absence of such information the ohmmeter will only 
indicate whether or not the resistance is reasonable. In the absence of 
special equipment a weakened magnet can be tested by the usual expe-
dient of removing it from the chassis and testing its strength with a piece 
of iron. Here, again, it is impossible to give a direct indication, but it 
may be said that a magnet should be capable of supporting considerably 
more than its own weight. 

Other probable faults resulting in low sensitivity are weakness of the 
armature spring and mechanical resistance caused by the cone-mount-
ing becoming rigid. These faults, however, usually make themselves 
apparent by introducing other faults, namely, a tendency for the armature 
to become temporarily stuck on the pole face when the spring is weak, and 
frequency distortion when the cone-mounting becomes rigid; that is to 
say, the high notes are reproduced at something like normal volume, 
whereas the lower frequencies are seriously attenuated. 

Distortion.—The most probable type of distortion met with in the 
moving-iron speaker is frequency distortion and rattle. The former may 
be due to the cone-mounting becoming rigid on account of the suspension 
material becoming perished. Rattle may be due to one of several causes: 
a piece of grit or other foreign substance between the pole piece and 
armature, looseness of the armature suspension either at the point where 
the armature is riveted to its spring or where the spring is anchored to the 
chassis, and play in the mechanism which couples the armature to the 
cone. The cure for each of the three possibilities is too obvious to require 
further comment, but it may be desirable to mention that looseness in 
the mechanism coupling the cone to the armature may appear perfectly 
tight when tested with the fingers, but may not be tight enough to remain 
perfectly rigid at the higher frequencies. 
The balanced-armature type of speaker supports the actual armature 

on pivots, and when rattle is apparent the armature should be tested 
most carefully for play in the pivots, as this condition is a highly probable 
one, due to wear; the pivots are adjustable on most of the good balanced-
armature speakers. 

Moving-coil Loudspeakers.—It will be convenient to deal with the 
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permanent-magnet type of loudspeaker, as its faults are common to both 
permanent-magnet and energised types. This type of speaker is not 
prone to loss of sensitivity, although distortion and rattle will sometimes 
occur. Assuming that the magnet is above suspicion, which will nearly 
always be the case, distortion can only be due to the spider having 
become bent, resulting in the speech-coil being at rest either not far enough 
in or too far in the gap (Fig. 51). 
Since the suspension material of 
practically every moving-coil loud-
speaker lies in a flat plane, inspec-
tion should indicate whether or not 
the cone is in its correct place. 

Rattle.—Tendency to rattle or 
buzz may be due to four possible 
causes: a piece of foreign material 
between the coil and the pole pieces, 
distortion of the voice-coil, causing 
it to touch the pole piece as it 
travels to and fro, loose turns on 
the voice-coil, or the spider out of 
adjustment allowing the speech-coil 
to touch the pole piece. These 
faults are comparatively easy to 
locate by inspection or by centring e 
the cone. 

Centring the cone is a very 
difficult operation, and requires a 
surprising amount of experience to 
accomplish successfully, particu-
larly if the gap is relatively small. 
For successful adjustment some 
form of audio oscillator is almost essential, as the average loudspeaker cone 
becomes slightly distorted at certain frequencies, with the result that 
correct centring at one particular frequency may cause rattle at some other 
frequency. When an audio oscillator is available it should be adjusted 
to give an output equal to the maximum handling capacity of the speaker 
and set for a low frequency of about 25 cycles per second; the screw hold-
ing the spider is then slightly loosened and the cone moved about until 
the points are found where chatter is apparent in each direction, the spider 
is then placed in the mid-point and temporarily secured. It is the 
ability to find this middle point that is only acquired through practice. 
An alternative method of centring the cone is by the use of special feeler 
gauges sold for this purpose, which may be used to test the width of the 
gap round the speech-coil, adjusting the spider until the gap is equal all 
round; this method has the advantage of simplicity, but here, again, some 
experience is required to accurately measure the gap by means of a feeler 
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Fig. 5r.—This illustration shows how a bent 
spider will cause the speech-coil to rest out 
of alignment with the magnet. 
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gauge and, furthermore, great care is required, as the voice-coil is easily 
bent and the turns of wire forming the actual coil are easily displaced. 
When the coil has been adjusted, the frequency of the audio oscillator 

should be increased progressively up to about 7,000 cycles per second, the 
amplitude of the output being maintained at a wattage equal to the 
handling capacity of the speaker; as the frequency is gradually increased 
it is necessary to listen attentively for rattle. If a rattle should appear, 
the spider will have to be moved first in one direction and then in another 
until the frequency band can be covered without chatter or any tendency 
to buzzing. It should be noted that it is normally impossible to cover 
the full frequency band at optimum volume without chatter if the speech-
coil is warped or if the cone suspension is so unequal that there is a 
tendency for the latter to be pulled in one direction. 

If chatter appears on one particular frequency, suspicion should fall on 
something other than the speech-coil. The speech-coil may be responsible, 
but it is equally probable that a loose terminal, soldering tag, rivet, or 
some similar item is resonating. 
The Mains-energised Moving-coil Loudspeaker.—The remarks 

made above in reference to permanent-magnet moving-coil speakers are 
all applicable to the mains-energised type, which has still further possibili-
ties for partial or complete breakdown. Possible faults which may 
develop in the field-coil are short circuit, open circuit, short to earth, or 
shorted turns; the use of an ohmmeter will give a direct indication of a 
short-circuit or open-circuit condition. Shorted turns may usually be 
detected in the same way, as the correct resistance is usually marked on 
the speaker or, alternatively, will be readily available. It is highly 
possible that the short-circuited turns will only appear when the coil gets 
hot or even when it reaches maximum temperature, and once again the 
voltmeter may be more convenient, a reading being taken across the field-
coil directly the current reaches maximum, which will normally be thirty 
seconds or so after switching on; the reading can be taken again when 
the coil has been allowed to become heated and the readings compared. 
It should be noted that a slight increase of resistance may be expected 
consequent upon the wire becoming warm. Shorted turns will, however, 
produce a decrease of resistance. 
A short circuit between field-coil and earth may appear at any tempera-

ture or, alternatively, at some particular temperature, and in exceptional 
cases may only appear when the current passing through the coil has an 
alternating-current component. If the loudspeaker chassis is not earthed 
the presence of a leak may be unimportant, but if the chassis is earthed 
a milliammeter in the earthing wire may be used to indicate the presence 
of current passing. It should be understood that a small alternating 
current may be perfectly normal, but D.C. should be entirely absent. 
The Humbucking Coil.—The possibility of a fault existing in the hum-

bucking coil will normally come under review when the hum-level of the 
receiver is above normal. As a preliminary test the humbucking coil 
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may be short circuited to observe whether or not it is functioning. If 
this procedure does not materially increase the hum-level, a short circuit 
may be suspected. The average humbucking coil has a resistance con-
siderably less than i ohm, and may not be measurable on some types of 
resistance-measuring instruments. The possibility of the coil being open-
circuited does not arise, as this condition will break the speech-coil circuit 
and render the loudspeaker inoperative. 
Deformation of Speech-coil by Heat.—If the temperature-rise of a 

moving-coil loudspeaker is fairly considerable, the temperature of the 
speech-coil may cause it to warp and chatter. In extreme cases the coil 
former may warp to such an extent that it presses on the pole piece hard 
enough to reduce volume considerably, in addition to causing very bad 
distortion; this condition cannot be cured by any other means than fitting 
a new cone and coil-assembly or by reducing the temperature-rise. The 
latter is obviously impracticable if the current passing through it is nor-
mal, unless it is possible to improve the ventilation of the interior of the 
receiver. The usual cause of this trouble is that the coil former is made 
of material the thickness of which is not uniform. This remark applies 
particularly if the former is made of metal such as aluminium. Warping 
m cardboard formers is usually due to insufficient or uneven varnishing 
or impregnation, permitting damp to enter the actual material. 
The Loudspeaker Trans former.—The several tests mentioned in the 

foregoing part of this chapter have ignored the possibility of a fault in 
the loudspeaker transformer, and attention can now be directed to this 
component. The secondary winding comprises a few turns of compara-
tively thick wire and trouble is rare. The same remarks, however, do 
not apply to the primary, where trouble is fairly prevalent, and which 
usually takes the form of a break in the wire which may be easily traced 
by means of an ohmmeter, milliammeter, or even a voltmeter, since a 
simple continuity test is all that is necessary. The possibility of shorted 
turns must not be overlooked, but this condition is usually of short dura-
tion, as the primary current will be considerable, even in battery receivers, 
and the shorted turns usually develop into a broken winding within a 
fairly short space of time; assuming that a reasonably large number 
of turns are shorted. If only a few turns are shorted it is unreasonable 
to suppose that the ear will detect any fault, and the question does not 
therefore arise. Those who are fortunate enough to possess an oscillo-
graph, and are competent to use it for the more advanced tests, can test 
for shorted turns by measuring the phase relationship between primary 
and secondary. 
The loudspeaker transformer is often placed close to the accumulator 

in a battery receiver, and it is quite frequently suggested that fumes from 
the accumulator cause premature transformer breakdown. Investiga-
tions conducted on transformers with broken primaries do not suggest 
that this explanation is correct, since the actual break occurs in the 
centre of the winding as often as at any other point, and as the winding 
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is usually impregnated with wax, pitch, or some other material, it is 
obvious that breaks would occur more frequently on the outer turns if 
fumes from the accumulator were, in fact, responsible for the damage. 
Resonance.—It frequently occurs that what appears to be loudspeaker 

resonance is, in fact, resonance elsewhere in the receiver actuated by 
sound propagated from the diaphragm. Such resonance is often exceed-
ingly difficult to locate, as it may be actually inside a component or even 
in a valve; owing to the acoustic properties of the cabinet the resonance 
often appears to come from a totally different direction from which it does, 
in fact, originate. Whether or not the loudspeaker is at fault can be 
determined by extending the speaker on long leads and taking it suffici-
ently far from the receiver to determine whether or not the resonance is 
coming from it. Unfortunately, this procedure will usually stop the 
resonance if it is coming from the receiver itself, but, nevertheless, serves 
to prove that the loudspeaker is responsible if resonance continues. 

Resonance in the receiver may often be traced by holding every indivi-
dual part in turn, an operation that calls for patience rather than skill. 
It is perhaps not out of place to mention that care should be taken to 
avoid the risk of electric shock, particularly in the case of universal 
receivers, when the chassis and numerous unexpected components are 
alive at the full mains potential. Practically any component may have 
some loose tag or piece of metal capable of vibrating, but attention is 
directed to the possibility of a noisy valve, particularly if the sound sug-
gests glass; many valves have a piece of glass tube in the base to protect 
the anode lead from short circuit, and this is capable of vibrating at a 
very precise frequency and is therefore very elusive, as it will normally 
occur for very short periods at a time. 



CHAPTER 13 

TESTING COMPONENTS 

IN the several foregoing chapters dealing with fault-finding brief mention 
has been made from time to time of the necessity for testing various 
components as occasion may demand. In the appropriate chapter valve 
testing is fully dealt with, and this chapter is devoted to methods of 
testing components in so far as this may be done with a few simple instru-
ments. Certain components cannot be completely tested by such means, 
in which case substitution is the usual remedy. For example, a Litz-
wound coil may have normal D.C. resistance and irreproachable insula-
tion, but may introduce almost unbelievable damping if one of its many 
strands are broken. It will be appreciated that even if the correct D.C. 
resistance is known, it will be impossible for practical purposes to detect 
the difference if a single one of, say, twenty-seven strands is broken. 
Such a break would increase the D.C. resistance by rather less than 4 per 
cent., but may well increase the high-frequency resistance by a hundred 
times or more. 
The methods of testing components given below are not necessarily 

the only available means, but are offered as suggestions which are as free 
as possible from pitfalls; in the interests of quick reference the various 
classes of components are dealt with separately. 

Resistances.—The obvious method of testing resistances is with an 
ohmmeter or, in the absence of such an instrument, by applying a known 
potential across it and measuring the resulting current. This method is 
perhaps entirely satisfactory in the case of wire-wound resistances, but 
can be most unsatisfactory for those resistances which consist of a semi-
conductive deposit on an insulated former, and to some extent for the 
solid composition types. Resistances in these classes may give a correct 
reading when cold and quite another reading when raised to working 
temperature. The most direct method of testing the resistance is to 
apply a potential across it that will cause current to flow that is equal to 
that flowing through it when in normal use or, alternatively, a current that 
will cause the resistance to dissipate its maximum rated wattage. A 
voltmeter may be connected across the resistance, which will give the 
voltage drop across it, and with a knowledge of the current flowing. 
Ohm's law can be applied, which will show directly the resistance under 
working conditions. 
To take an example, assume that a resistance of ioo ohms, having a 

rating of i watt, is suspected of unduly changing its resistance when warm. 
109 
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Apply a potential difference of 10 volts across the resistance, when it should 
pass ioo milliampères; ioo milliampères passing through ioo ohms 
will dissipate i watt, and any change of resistance must change the 
voltage or current or both, according to the nature of the supply. When 
the resistance is properly warmed its value may be checked by noting 
both current and voltage. In practice, the resistance can be tested quite 
simply by allowing it to warm up in the receiver in which it is used and 
measuring the current flowing through it and the voltage drop across it 
when quite cold, and again when it has reached maximum temperature. 
It should be understood that some change of resistance must be expected, 
but this should not exceed about ro per cent. At first sight it might appear 
possible to test the resistance actually in the receiver by measuring the 
voltage drop across it when cold, and again when hot, but this is not 
satisfactory, as the voltage across it may well be varied by a change 
elsewhere in the circuit, and consequently it is necessary that both voltage 
and current be measured on each occasion. 

It should not be assumed from the above remarks that every resistance 
in the receiver should be tested in this elaborate manner, as normally an 
ordinary test with an ohmmeter will suffice; the more elaborate test being 
applied when a few resistances come under suspicion, due, perhaps, to an 
unaccountable change in the anode current of a valve after the receiver 
has been working for a few minutes and the valve itself is known to be 
normal. 

Certain types of resistance are prone to a peculiar fault when the 
potential difference across them is exceptionally high, a condition that 
is often met with in a television receiver. A resistance of certain type 
may be perfectly normal when cold or when working at its maximum 
temperature, but will virtually flash over if a potential of, say, 5,000 volts 
appears across it, even though the rated wattage of the resistance has not 
been exceeded. This trouble can be due to one of two causes, arcing 
between the granules of which the resistance is composed, or arcing 
between points which are close together but at considerable difference of 
potential; the latter remark applies to that type of resistance which is 

formed by a semi-conductive coat-
  ing on an insulating rod, but which 

has a spiral cut to lengthen the 
resistance path. Such a resistance 

Fig. 52.—A spiral-cut resistance which is referred 
to in the text. is illustrated at Fig. 52, the dark 

portions representing the resistive 
element and the white line the comparatively small gap between adjacent 
" turns " where, under certain conditions, an arc may occur. 
Condensers.—Condensers of all types other than electrolytics can be 

tested very simply. To test for leak an ohmmeter or other resistance-
measuring device can be brought into service, but it should be borne in 
mind that a condenser may develop a puncture in the insulation and 
show a resistance of infinity when the potential difference across it is 
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relatively low, but show poor insulation if the potential difference is high. 
Fig. 53 shows the circuit of a simple but satisfactory arrangement for 
testing condensers under conditions of high voltage. Adequate high--
tension voltage is obtained by a simple power pack, which may well be 
made from components gathered from an old receiver; the condenser to be 
tested is placed in series with a relatively high resistance, of adequate 
wattage, and connected across the appropriate voltage tapping, a 
milliammeter being in series with the condenser. If the insulation of the 
condenser is adequate, current will not flow; but if, on the other hand, the 
condenser should develop a short circuit, the flow of current will be limited 

Fig. 53.—An arrangement for testing condensers for leakage which has the advantage over usual 
methods that the full working voltage may be applied. A tapped resistance permits the 
selection of a suitable voltage consistent with the type of condenser under test. A tapped 
resistance is used in preference to a potentiometer, to dispense with a voltmeter. 

by the fixed resistance and the meter will not be damaged. Obviously 
the resistance must be chosen so that full-scale deflection is obtained on 
the meter if the condenser under test shows a complete short circuit. 
For example, if the power pack is capable of giving a rectified output of 
L000 volts and it is proposed to use a milliammeter with a full-scale 
deflection of 1 milliampère, then the resistance should be 1 megolun, or, to 
give a margin of safety, say 1'2 megohms. As an additional precaution this 
latter figure could be made up of two resistances in series of 600,000 ohms 
each, so that in the event of an accidental short circuit across one 
resistance the meter would not be too badly damaged. To make such 
a precaution effective the two resistances should be placed in different 
parts of the circuit, as shown at Fig. 53. 

\ 
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The capacity of a condenser can be measured most conveniently by some 
form of commercial capacity meter, such as that incorporated in most test-
sets; otherwise it may be measured with an A.C. ammeter or milliam-
meter if alternating current is available. Condenser and meter are 
connected in series across the alternating-current mains, the mains 
voltage will be known, the current may be read, and the capacity deter-
mined from the following formula: 

C= — 
co V 

when C is the capacity of the condenser in farads, co equals 27.cf (f equals 
the frequency of the mains in cycles per second), and V equals the voltage 
of the mains. Fig. 54 shows a modification whereby a resistance is 
included to prevent damage to the meter if the condenser develops a 

short circuit. The presence of this consider-
ably complicates the calculation of capacity, 
and the reader must decide between this in-
convenience and the possibility of damage to 

2 the meter. As a compromise, the resistance 0 
may be employed for the initial test and then 

  short circuited. 
The capacity of the condenser may also 

be measured by means of a neon lamp used 
in conjunction with a known voltage and a 
known resistance. The circuit and other par-
ticulars of this arrangement will be found in 

Chapter i of this volume. There is another very simple method of testing 
a condenser which will give a very good indication of insulation only. 
It consists of charging the condenser by flashing a suitable voltage across 
it, and after an adequate time-interval discharging it by some convenient 
means, such as a screw-driver with an insulated handle, the size of the 
spark obtainable being an indication of the condition of the condenser. 
Condensers that must have really high insulation, such as those used for 
inter-valve coupling, should be allowed to stand after charging for a quarter 
of an hour or more. On the other hand, when the condenser is used in a 
position where really high insulation is not required, such as the smoothing 
condensers in the mains pack, then a period of five minutes, or even less, 
may be considered satisfactory. Although this test is a simple one, 
some experience is needed to know the intensity of spark that should be 
expected from condensers of various capacities charged at varying 
voltages. Generally speaking, a condenser should be charged with the 
voltage that it has to withstand in normal use. This test requires 
modification for capacities under about •Ip,F, as the spark obtained will 
be too small to give a proper indication. For small capacities the 
condenser may be charged from a *volt cell, and after an appropriate 
period may be discharged into a pair of headphones, which should give 

Fig. 54.—A method of determin-
ing the approximate capacity 
of a condenser. This arrange-
ment must not be used for 
electrolytic types. 
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a loud click. In the absence of headphones the condenser may be 
charged from a source of higher potential, such as a high-tension battery, 
and discharged through a high-resistance voltmeter, which will give an 
appropriate kick of the needle. 
The testing of an electrolytic condenser is somewhat difficult without 

specialised apparatus, as it is not permissible to apply alternating current 
to this class of component. It is generally satisfactory, however, to test 
for leakage only, which will also indicate loss of capacity, because the latter 
is almost invariably accompanied by an increase in the former. The 
procedure is to apply a D.C. voltage at the correct polarity and equal to 
the working voltage and measure the current that flows with a milliam-
meter. As a general guide, the current should not exceed about 
.07 milliampère per microfarad. 
The above tests cover the usual faults to which condensers are prone, 

but there is always the possibility that a condenser has become inductive 
to an objectionable extent, and this should be suspected when instability is 
present. The most convenient method of checking this possibility is to 
connect a non-inductive condenser across the suspected condenser, when 
disappearance of the instability will indicate that the condenser requires 
replacing. 
Tuning Coils.—Inductance bridges can be reasonably considered as 

laboratory equipment, and will not therefore be available in normal 
circumstances. The only possible means, therefore, of testing tuning 
coils is by measuring their resistance. If a manufacturer's service manual 
appropriate for the receiver under test is to hand, these values will usually 
be included. In the absence of such information the values may be taken 
to see if they are reasonable; that is to say, short-wave coils will usually 
have a resistance of something less than r ohm, medium-wave coils 
a few ohms, for windings other than the aerial coil, which may be ro ohms 
or more, and between ro and 50 ohms for long-wave windings, other than 
the aerial coil, which may be roo ohms or more. Windings of intermediate-
frequency transformers are liable to considerable variation in sets of 
different manufacture, but will usually be between 2 and 30 ohms. It 
might appear that these figures are too wide to be of real assistance, 
but it should be realised that a complete break in the winding will show 
infinity, and anything in the nature of a dry joint will normally increase 
the resistance to an extent that will make the reading obtained highly 
suspicious. When selecting points for connecting the ohmmeter, care 
should be taken that the wave-change switch is not included in the circuit. 

Generally speaking, the possibility of leakage between coils or between 
a coil and earth can be checked by means of an ohmmeter. There are, 
however, exceptional circumstances when an insulation resistance of, say, 
roo megoluns is inadequate between two coils used for inter-valve coupling 
when the low-potential end of the secondary is connected through a high 
resistance to earth. In such circumstances a current of r microampère 
flowing between the coils and passing through a resistance of 2 megohms 
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would vary the grid potential of the following valve by 2 volts. The 
ordinary ohmmeter will not read such values, and recourse must be made 
to the indirect method of measuring the anode current of the following 

valve and then breaking the high-
tension circuit to the preceding valve 

x and noting if the anode current varies. 
Such an arrangement is shown at 
Fig. 55, the letter " X" denoting the 
point for breaking the high-tension 
circuit and " M" the lead in which 
the milliammeter should be inserted. 
Switches.—Loss of stage gain or 

selectivity may often be traced to 
high-resistance contacts on a wave-
change switch, which may be checked 
by measuring each contact in turn 
when in the closed position, calle 
being taken that the contacts are n t 
virtually short circuited externally 
by, say, a short-wave coil which is 
directly across the switch contact. 
It is impossible to suggest a definite 
resistance that may be acceptable for 

Fig. 55.—Skeleton circuit, showing an indirect switch contacts, but it is apparent 
method of measuring for leakage between that on the usual type of switch al 
the coils LL. A suitable nailliammeter is 
inserted at the point marked M, and the the contacts should have approxi-
high-tension feed is broken at the point mately the same value, and any 
marked x. contacts giving a reading conside 

ably in excess of the others should be suspected. As a very rough guid, 
however, a really good switch will have a contact resistance of the ord r 
of i ohm, but switches used with coils having a fair high-frequendy 
resistance can be somewhat higher without introducing any appareit 
loss of efficiency. 

Most of the switches in a receiver can be tested by means of an ohm-
meter, but those that are not associated with tuning coils may show a 
resistance of .5 ohm or so without giving grounds for suspicion. 
A main switch may show a fairly high resistance, often several ohms, 
particularly if the contacts become slightly burned through use. A mains 
switch which requires attention will usually show signs of excessive arcing 
when switched on. 

Valve-holders, Plugs, and Sockets.—The contact between a valve-pin 
and its socket or between a plug and its socket may be checked by means 
of an ohmmeter. In the case of plugs and sockets, the ohmmeter should, 
when possible, be connected to the socket and the far end of the lead which 
is fixed to the plug, so that the contact resistance between plug and socket 
will be shown and also the contact resistance between the lead and the 
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plug. This latter remark applies particularly to those plugs in which 
the lead is fixed by means other than soldering, as, for example, a wan-
der plug. The average plug, which is fixed to its lead by mechanical 
means, will often show surprisingly high resistance between lead and 
plug, since the design of many of these accessories is indifferent or even 
thoroughly bad. 

Low-frequency Transformers and Chokes.—Chokes and transformers 
of all descriptions can be tested for continuity with an ohmmeter or a 
voltmeter and battery. If the D.C. resistance of the winding is known, 
the ohmmeter will give a reasonably accurate indication of shorted turns. 
If the correct D.C. resistance is not known, or cannot be obtained, the 
ohmmeter will only give a vague indication, and substitution is the only 
practicable procedure—unless specialised equipment is available, combined 
with the necessary skill to carry out measurements of phase shift between 
the windings and to interpret the result in terms of shorted turns. 

Mains Transformers.—If a multi-range A.C. voltmeter is available, 
it is comparatively easy to apply effective tests to a mains transformer, 
as it is simply a matter of measuring the voltage across each secondary 
winding in turn. The voltage to be expected from each low-tension 
secondary can be easily determined by noting the heater rating of the 
valve or valves that it supplies ; that is to say, a winding supplying the 
heater of normal A.C. mains valves should measure approximately 
4 volts R.M.S., or if the valves are of the octal base type the heater rating 
is usually 4 volts or 6-3 volts. The same principle may be applied to the 
low-tension winding feeding the rectifier or filament. The voltage across 
the high-voltage secondary can be easily checked if the correct figure is 
known, otherwise an indication may be taken by measuring the voltage 
across each half, when reasonably similar readings can be expected and 
any serious discrepancy can be taken to indicate the existence of shorted 
turns, or a rectifying valve, the two halves of which have dissimilar 
characteristics. The latter possibility can be excluded by substituting 
another valve, or if it is thought worth while, by reversing the leads to 
the two anodes. 

Other Components.—The remaining components not mentioned above, 
such as loudspeakers, pick-ups, and tuning indicators, can be tested by 
obvious means to see whether or not they are functioning or completely 
inoperative. Loudspeaker faults are dealt with in a separate chapter, 
while pick-ups can be tested for insulation or short circuit by means of an 
ohmmeter, although, generally speaking, test by trial is satisfactory. The 
method of testing the various types of tuning indicators cannot be gone 
into in detail, but the mechanical types can be tested for open circuit or 
short circuit by means of an ohmmeter, whereas what might be termed the 
thermionic types will usually be tested by substitution when they are 
noted to be inoperative. 

It cannot be too strongly emphasised that it is essential to make 
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certain that a particular fault is not due to a defective valve. An 
enormous amount of time can be wasted in testing components when 
actually the trouble is due to a valve. As pointed out in the appropriate 
chapter, substitution is the most satisfactory method of checking valves, 
as even quite elaborate valve testers may occasionally fail to reveal 
certain types of faults. 



CHAPTER 14 

FAULT-FINDING PROCEDURE (A SUMMARY) 

THE preceding chapters in this volume have all dealt with aspects of 
fault-finding in service engineering, and the author has endeavoured to deal 
with the various types of faults and to indicate suggested methods of 
locating them, in so far as it is possible to generalise on faults which can 
occur in widely different types of receivers. Such generalisation must 
unavoidably be a trifle vague, and to complete the section it is necessary 
to reverse the process and summarise the suggested procedure for fault-
finding on a particular receiver. As the example it will be convenient to 
use the same five-valve A.C. mains receiver as that employed in Chapter 5, 
Volume II, since those who have read the full description will be now more 
or less familiar with it, and thus reduce the necessity for back reference 
to the illustration in question, which, unfortunately, is unavoidable. 
The summary of fault-finding below is sub-divided into sections, many 

of which are appropriate for a particular symptom, since, generally speak-
ing, fault-finding will not be undertaken unless some fault is apparent to 
the ear, and the nature of the fault should lead with some directness to 
the cause. As an introduction to this summary the author would like 
to draw attention to what appears to be an obvious fact—if all components 
and valves in a receiver are correct and the wiring is intact and there are 
no dry joints, it follows without any possible doubt that the receiver 
must work in a normal manner; if the receiver does not work in a normal 
manner, it follows with equal certainty that some component or connection 
is faulty. This seemingly obvious statement is emphasised solely because 
of the large number of amateurs and even service engineers who have 
written for advice from time to time and quite unashamedly stated that 
a certain receiver has this or that fault but everything individually has 
been tested and found perfect; this outlook is the wrong angle from 
which to tackle a fault. If one is present, there is a cause for it, and it 
has got to be found or defeat admitted. 

Preliminary Steps.—Generally speaking, it is useless to attempt fault-
finding with the chassis in its cabinet; unless valves or loudspeaker are 
suspected—which may be tested by substitution or by the use of a valve 
tester in the first case or by the use of an extension speaker in the second 
case. If the receiver is completely " dead," check the following points: 

(r) Ascertain that the mains supply point is alive, and, if the heaters of 
valves do not light, inspect the mains plug attached to the receiver and 
check that its connections are tight. 

T17 
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(2) That the plugs making contact between receiver, power pack, and 
loudspeaker are making good contact. 

(3) Inspect aerial and earth, to avoid the possibility of a dead short or 
other circumstances that would make the receiver " dead " on even the 
local station. 

If the receiver is merely weak or, alternatively, becomes over-heated, 
check the mains voltage adjustment. Most receivers have about three 
tappings on the mains transformer, each one covering a certain range of 
mains voltages; the range covered by each tapping is not always equi-
distant from its neighbours, and care should be taken to see that the 
tapping used is that intended by the manufacturer for the particular 
mains voltage. When possible, the mains voltage should be actually 
measured, as cases are not unknown of considerable discrepancy between 
the mains voltage as declared and as supplied. 
Weak Signals.—Check coils and switch contacts for continuity. If 

the trouble is limited to one band, suspect the appropriate radio-frequency 
coils, but if on all bands, suspect intermediate-frequency coils. Test 
C1, C13, C-18, and C36 for open circuit or low capacity. Test for short 
circuit C7, C14, and C18 (i.e. the three sections of the tuning condenser) ; 
also C30, C37. Test C38, Cm, and C40 for leakage. Ascertain that the 
triode section of the frequency changer is oscillating by temporarily short-
ing C18 and noting whether the anode current changes; a change denotes 
that the valve is oscillating. In order to avoid unsoldering, a change of 
current may be noted as a change of voltage across R2 by means of a 
voltmeter across this resistance. The high-frequency stage may be tested 
by connecting the aerial to the hexode-control-grid of VI and then to the 
control grid of V1 and then to the aerial terminal. An increase of signal 
strength should be apparent on making each connection in the order 
stated. 

If all efforts to trace the cause of weak signals fail, the ganging may be 
suspected. No attempt should be made to check alignment of the receiver 
unless suitable equipment is available. . The question of realigning and the 
procedure to be adopted is dealt with in Chapter io, Volume III, which is 
devoted exclusively to this subject. It may, however, not be out of 
place to emphasise the desirability of obtaining the manufacturers' trimming 
and padding frequencies for the particular receiver before realignment is 
attempted. 

Decrease of Selectivity.—Bearing in mind that the receiver under dis-
cussion is a superheterodyne, lack of selectivity may manifest itself in 
two ways: (t) lack of adjacent-channel selectivity; and (2) whistles. 
When the necessary equipment is available the alignment should be 
checked, particularly in the intermediate-frequency circuit, if lack of 
selectivity causes whistles. If alignment is found to be satisfactory, 
attention should be directed to the possibility of a bad connection in the 
tuned circuit introducing resistance. If lack of adjacent-channel selec-
tivity is apparent. the intermediate-frequency coils should be suspected, 
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otherwise the radio-frequency coils should receive attention. The un-
wanted resistance may take the form of a dry joint, high resistance contact 
in the wave-change switch, or in the case of a Litz-wound coil, to a single 
broken strand; this latter possibility may be checked by endeavouring 
to tune in a station that is normally weak; with a strand of the Litz wire 
broken the station will be unobtainable or very greatly attenuated. Other 
possible causes for loss of selectivity are softness of the valves V 1, V 2, or 
V 3, a leak in one of the trimming condensers, or a bad joint in the 
tuned circuit as a whole. 

Instability.—Test Ce, C17, C26, C32, C8,3, and C„ for open circuit. This can 
be most conveniently carried out by paralleling each condenser with 
another known to be in good order. Carefully inspect all earth bonding, 
i.e. ascertain that all coil-cans are making good electrical connection with 
the chassis and that all leads connected to the chassis directly or indirectly 
are also making good electrical contact. Check all switch contacts, 
including Sp and test all grid return circuits for continuity. If these 
tests fail to locate the cause of instability, check the alignment of both 
radio-frequency and intermediate-frequency circuits. 

Background Noise.—A noticeable increase in the level of background 
noise may be due to some addition to the electrical machinery in the 
neighbourhood. To check this possibility remove the aerial and earth; 
if this results in the noise-level being much reduced, the receiver is prob-
ably not the cause of the trouble. If, on the other hand, the noise-level 
continues more or less unchanged, test all valves, ereferably by substitu-
tion or, alternatively, by means of a valve tester or by tapping each valve 
in turn; the latter procedure will only show certain types of faults. 
Inspect all wiring and test all joints, and note particularly that a wire has 
not become displaced and is causing a partial short circuit. Test or inspect 
valve-holders, switches, mains leads, plugs, and sockets. If this simple 
inspection fails to reveal the cause of the trouble, follow the more detailed 
procedure outlined in Chapter 8, Volume III. The possibility of incorrect 
alignment must not be overlooked, as a sudden change of alignment due 
to a mechanically unstable component will bring about a proportionate 
change in the signal to noise ratio of the receiver. 

Mains Hum.—If possible substitute the rectifier Ve. Alternatively, 
test the current of each anode to see that both are functioning and 
passing reasonably similar currents. Test R 14 and R13 for continuity. 
Each half should be tested separately, which necessitates the use of an 
ohmmeter, or, alternatively, disconnection of one end, as there is an alterna-
tive shunt path which will prevent a short circuit from being apparent, 
even if one half of the resistance is broken. Substitute the valves if 
possible, or test for faulty insulation between cathode and heater, particu-
larly if hum-level increases or only becomes apparent when a signal is 
tuned in. Test C39 and C4, for loss of capacity and C41 for short circuit; 
test also C38 if hum-level increases when signal is tuned in. Test hum-
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bucking coil for short circuit and loudspeaker field for short-circuited 
turns. Ascertain if mains transformer core and shield are properly 
earthed to chassis. If mechanical hum is apparent, see that the mains 
transformer is securely bolted or riveted to the chassis, and test for loose 
laminations in the mains transformer by inserting a sharp instrument 
between the laminations at various points. 

Improper Action of Automatic Volume Control.—Test for normal 
action of automatic volume control; insert a milliammeter in the anode 
circuit of V1, the hexode anode circuit of V2, and the anode circuit of Vs, 
and note that the reading falls appreciably in each case when a strong 
signal is tuned in. To test that the delay voltage is present, tune in a 
very weak station and short circuit R22, which should not result in 
any increase in volume. If for any reason a strong signal is not 
available to test the normal functioning of the system, test for a change 
of anode current in each valve by inserting a milliammeter in the anode 
circuit of V1 and short circuit Cs, this should appreciably increase the 
anode current, particularly if a signal of even moderate strength is tuned 
in; next connect the milliammeter in the hexode anode circuit of Vi 
and short C13, then insert the milliammeter in the anode circuit of Vs 
and short circuit C. If the automatic volume control circuit is found 
to be inoperative, test C20 for open circuit and the top end of C20 and the 
anode of Vs for continuity (this test must be carried out with the mains 
switched off). Test for continuity between the automatic volume control 
diode and grid of V1, V2, and Vs in turn, also test Cs, Cis, and C2s for 
short circuits. Substitute Vs. Inspect wiring of automatic volume 
control line as a whole for short circuit. If the receiver is more or less 
rendered " dead " due to excessive negative voltage as revealed by short 
circuiting Rn when the receiver is tuned to a fairly powerful station, 
test C for short circuit or leak and substitute V or test for defective 
insulation between diode and cathode. 

Miscellaneous Faults.—There are a variety of faults, such as inter-
mittent faults, fluctuating volume, distortion, intermittent blasting, 
which can only be determined by a systematic test of the receiver as a 
whole. The systematic checking of a receiver by measurement of anode 
current is dealt with in Chapter 4, Volume III, but the specific procedure 
is given below, making direct reference to the components in the circuit 
under discussion. 

Abnormal High-tension Voltage.—Test Css, Cs2, and C40 for short 
circuit; test C40 also for open circuit. Test mains transformer, prefer-
ably by taking a voltage reading across the high- and low-tension windings 
feeding the rectifier and test the loudspeaker field for open circuit. 
Examine plugs and sockets coupling power pack with the mains chassis 
for bad contact or open circuit. Make a rough test of current taken by 
each valve to ascertain if sufficiently abnormal to materially affect the 
total high-tension voltage. 



METHOD VERSUS MUDDLE 

A contrast in radio service workshops; a properly planned workshop like the example illustrated 
in the upper picture is not only a paying proposition but builds up goodwill by making possible 
quick and efficient repairs; these two illustrations were made available by Messrs. E.M.I. Service, 

Ltd., who specialise in planning radio service for the dealer. 
R.T. 
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Abnormal Heater Voltage.—Test heater winding of transformer, 
preferably by a voltage reading; if greatly reduced, check the possibility 
of a short circuit on the dial light circuits or a short circuit across half of 
R14 or R15, according to whether the valves VI, V2, V3, and V4 or, 
alternatively, V5 have an abnormal potential across the heater circuit. 
Inspect the heater circuit as a whole for dry joints. The possibility of a 
short circuit across the heater in the actual valve itself can be checked 
by withdrawing V1, V2, V3, and V4 in turn; an internal short circuit 
in V5 would be at once apparent, as the filament would glow very brightly. 

Operating Conditions of V1 Abnormal.—If abnormal condition is 
peculiar to one waveband, check appropriate contacts of wave-change 
switches S1 and S2 and appropriate aerial and high-frequency coupling 
coils. Test RI, R19, R2i, and R. Test C6 for short circuit or leak. 
If anode current is too high, test CB for a short circuit or leak, substitute 
valve by another known to be in good order or test valve. Check valve-
holder connection and associated wiring. It should be noted that the 
screening grids of V1, V2, and V3 are in parallel; if, therefore, the 
screening-grid voltage of V1 (and consequently the anode current) is too 
low, substitute V2 and V3 or measure screen current of V2 and V3. 

Operating Conditions of V2 Abnormal.—Test primary of interme-
diate-frequency transformer for open circuit. Test R1, R2, R,0, R21, 
and R22 for correct values. If the abnormal condition is on one waveband 
only, check the appropriate switch-contacts of S2 and the secondary of 
the appropriate coil. It should be noted that S3 is isolated from the 
D.C. point of view and cannot, therefore, affect the static operating 
conditions of the valve. Test C6, C17, C13, and C26 for a short circuit 
or leak. Note that the screening grids of V1, V2, V3 are in parallel, 
therefore substitute V1 and V3 or test screen current of V1 and V3 if 
screen voltage and, consequently, hexode anode current are too low. Check 
that the triode section is oscillating by shorting C36 and noting that the 
anode current increases or, more conveniently, note that the voltage drop 
across R2 increases. If the triode is not oscillating, test the oscillator 
coils for continuity and the wave-change switch. Test C15 and C16 for 
short circuit, also test for capacity by means of a suitable measuring 
device or by substitution. If the triode fails to oscillate on one waveband 
only, test C19, C20, C22, and Cm, as may be appropriate, for short circuit. 
If all wavebands are affected, test C16 for short circuit. 

Operating Conditions of V3 Abnormal.—Test primary of second 
intermediate-frequency transformer for open circuit. Test R5, 121, 
R2i, R22, and R/6 for continuity and correct value. Test C6, C30, and 
C22 for short or leak, substitute or test V3, and check connections to 
valve-holder. Note that the screening grids of VI, V2, and V3 are in 
parallel. If, therefore, screen voltage is low (and consequently anode 
current is low) substitute V, and V2 or measure the screen current of 
these valves. 

R.T. III-9 
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Operating Conditions of V4 Abnormal.—Test Re, R7, and R10 for 
continuity and Cie and Cri for short circuits. If grid bias is low or absent, 
check that R16 is not short circuited and test Ces and Cei for short circuit. 
If an appreciable potential difference appears between the detector diode 
and cathode, test for leak between primary and secondary of the inter-
mediate-frequency transformers. Substitute Vi or test, also check 
valve-holder for good contact with valve-pins. 

Operating Conditions of V5 Abnorinal.—Test primary of loud-
speaker transformer for open circuit. Check connections to loudspeaker. 
Test R1e, R17, and R18 for correct value, and Rip Rn, and R15 for 
continuity; also check that one half of Rls is not shorting. Measure 
voltage across filament as a check on the appropriate low-tension heater 
winding. Substitute V5, or test. Note that a very slight leak across 
Cu will produce a serious change of grid voltage of Vs, owing to the 
relatively high resistance of R. 

Operating Conditions of Ve Abnormal.—Incorrect voltage at both 
anodes of the rectifier valve will influence high-tension voltages through-
out the receiver. Furthermore, a discrepancy of serious proportions 
between the anodes will result in mains hum, unless the smoothing is 
exceptional; if, however, operating conditions of Ve are incorrect, test 
heater winding by a voltage measurement across it. Test each half of 
the high-tension secondary by means of a voltage reading and check for 
leak between either winding and core. If over-heating of mains trans-
former is apparent and secondary voltages are normal, and total anode 
current to all valves is also normal, then the primary may be suspected. 
If the correct wattage of the receiver is known and a wattmeter is avail-
able, a direct measurement can be made, otherwise the approximate 
wattage can be obtained by measuring the primary current and multi-
plying by the supply voltage. Note particularly that the product of 
the voltage and current is known as volt-ampères and will not agree with 
the figure quoted by the manufacturers for the consumption of the set, 
since voltage and current will not be in phase. The actual phase dis-
placement varies with the design of the transformer, but for ordinary 
moderately priced receivers the power factor will be in the neighbourhood 
of .8, that is to say, the product of volt-ampères must be multiplied by .8 
to arrive at the nominal wattage consumption. If the secondary windings 
are behaving normally and the primary wattage is excessive, check for 
leak between primary and core, and if this is found to be satisfactory it 
is reasonable to conclude that an appropriate portion of the primary 
winding is shorted internally. 

General Note.—Before attempting to trace any but a " normal " fault 
it is desirable to ensure that the trouble is in the receiver and is not due 
to some external cause; as an illustration of the type of possibility that 
the author has in mind, details are given below of a personal experience. 
A number of two-valve mains receivers were installed in the several 



FAULT-FINDING PROCEDURE (A SUMMARY) 123 

buildings which form an isolation hospital on the northern outskirts of 
London. It was only intended that the National and Regional pro-
grammes should be received, and for various reasons, which need not be 
entered into here, it was necessary to use indoor aerials; and not with-
standing the fact that the buildings were of corrugated iron, trouble was 
not anticipated, as the Brookman's Park transmitter could be clearly seen 
from the hospital grounds. 

Five of the six receivers functioned in a perfectly normal manner, but 
the other one had the peculiar habit of suddenly falling to a volume-level 
that was barely audible. Unlike fading, the change from normal to 
diminished volume occurred apparently instantaneously. The whole 
affair appeared to be rather a mystery, and the usual steps were taken, 
and eventually a new receiver was installed with a new aerial and earth 
connection and a recording voltmeter was placed across the mains; but 
the trouble persisted, though the voltmeter registered perfectly steady 
mains voltage. 
At this stage the author was asked to investigate the matter, and at 

first there did not appear to be any solution. In an endeavour to find 
some possible cause the duration of maximum volume and minimum 
volume was recorded, when it became apparent that the periods of low 
volume were always of about the same length, approximately a quarter 
to a third of a minute, but the duration of the periods of normal volume 
varied between half a minute and five minutes. 
The metal building was comparatively well insulated from earth, since 

it simply rested on the brick foundation, water pipes and electric-light 
conduit being run through the wooden uprights. In view of the resist-
ance between the building and earth, the former became a vast aerial, 
and normal volume was obtained with reaction in a certain position, but 
when a bucket of water was thrown down the sink the insulation between 
the building and earth fell to a very low figure, and consequently the 
volume of reception was reduced accordingly. Once the trouble was 
found the remedy was simple, as it merely entailed earthing the building 
so that the volume was permanently reduced to the low-level which, in 
turn, could be overcome by advancing reaction to an appropriate degree. 
When dealing with official buildings peculiar regulations are some-

times enforced, so on this occasion it was considered discreet to earth the 
building " accidentally " by using a bare earth wire and twisting it round 
one of the framework bolts ostensibly to hold it in position. This experi-
ence is included as an example of reception being affected by certain 
circumstances outside the control of transmitter and receiver. It is 
surprising how often even really experienced service engineers will over-
look the possibility of reception being affected by some such external 
cause as that outlined above. 
As a further example of faults that appear to arise in a receiver, but 

which are actually attributable to external causes, mention may be made 
of bad house-wiring installation. A bad contact in a house-wiring circuit 
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may result in a significant fall of mains voltage across the receiver input 
when a relatively heavy load is switched on elsewhere in the circuit. 
This fall of voltage may cause a number of faults, including, for example, 
complete silence on the long waveband of a superheterodyne due to the 
high-tension voltage being insufficient to allow the frequency changer to 
oscillate. 

Signals Absent on Certain Frequencies.—If signals are absent at the 
low frequency end of the scale, check oscillator anode voltage and if 
normal suspect low efficiency of the oscillator valve or a leak across the 
appropriate oscillator circuit tuning condenser, also inspect and, if neces-
sary, clean relevant switch contacts. If signals are absent on one com-
plete waveband, but normal on the other waveband or wavebands, 
suspect any of the faults outlined above but also check for a break in the 
appropriate oscillator coil and short or open-circuited trimming, and where 
appropriate, padding condenser. 
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LOCAL INTERFERENCE 

THE term " local interference," in so far as it is used as a heading to this 
chapter, is intended to mean interference with radio reception caused by 
electrical machinery and other electrical equipment in the neighbourhood 
of the receiver; in other words, " man-made static." Those who are for-
tunate enough to live in an electrically quiet neighbourhood may not 
realise that the level of man-made static in some districts makes reception 
from all but the local stations literally impossible, while even on the latter 
reception can be so cut up that it is scarcely worth while listening to for 
pleasure. The question of improving the signal to noise ratio has been 
dealt with in its several aspects in various chapters, and particularly in 
Chapter 18, Vol. I, and it is clear that relief from widespread man-made 
static is impossible at the present stage of science, but attention can be 
usefully directed to the question of suppressing such interference at its 
source, which will usually mean electrical apparatus in the listener's own 
house or in the houses of immediate neighbours who are friendlily disposed 
or, alternatively, have some sense of the unquestioned moral obligation to 
refrain from permitting domestic or industrial apparatus from radiating 
beyond their own premises to an extent which will spoil the entertainment 
of listener neighbours. 

Before actually attempting to classify sources of interference that may 
be considered as being within the control of the listener, it may be useful 
to emphasise the necessity for taking the obvious precautions of employing 
some form of anti-interference aerial and a mains filter. If the inter-
fering apparatus is in the listener's own house, and the neighbourhood is 
otherwise quiet, it may be expedient to ignore the question of an anti-
static aerial and deal directly with the offending apparatus. If, on the 
other hand, interference is produced by machinery on other premises but 
in the immediate neighbourhood, it may be convenient to endeavour to 
clear the trouble by means of an anti-interference aerial and/or mains 
filter. The question of anti-interference aerials is dealt with in Chapter 6 
of Vol. II, but there is one possible arrangement which is included here, 
since its prime purpose is to deal with interference actually arising on 
the listener's own premises or within a few yards of it. The scheme 
entails the use of the usual anti-interference aerial equipment, but arranged 
in the manner shown at Fig. 56, which shows an aerial placed at some 
considerable distance from the house so that it is quite outside the field 
of any interference that is likely to be radiated from electrical machinery. 

125 
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Reference to Fig. 56 will show that the major portion of the shielded 
cable is buried underground; specially constructed shielded cable being 
available for this express purpose. The placing of the cable below ground 

ensures that the sec-
tion so placed cannot 
pick up any inter-
ference, but it is 
realised that such 
a procedure may be 
considered undesir-
able from the point 
of view  /,of  disturb-

// // //// / • ance to the garden, , • , /, 
Fig. 56.—An anti-static aerial erected remote from the house, in which case it is 

often possible to run 
the cable along the fence high enough from the ground to avoid risk of 
damage. The arrangement shown at Fig. 56 may also be used with 
advantage when trams or trolley-buses pass the front of the house, the 
aerial being placed at the end of the garden with the sole idea of increasing 
the distance between the aerial and the tramway as much as possible. 
Causes of Interference.—Apparatus causing electrical interference can 

be broadly divided into two classes, periodic or regular interference and 
spasmodic interference. Under the heading of periodic interference may 
be included most electrical machinery, such as refrigerators (electric), 
vacuum cleaners, washing machines, electric fans, sewing machines 
(electric), and certain medical apparatus, such as diathermy machines, 
violet-ray and X-ray equipment. Under the heading of spasmodic inter-
ference a wide range of electrical devices may be classed, such as door 
bells, interference from motor-car ignition systems, and the operation of 
electric-light switches, which may extend to those used in neighbouring 
houses or even beyond. 
The various possible sources of interference will always have one thing 

in common, and that is that the waveform radiated is such that it will 
influence any type of receiver yet devised, providing it reaches the grid 
of an amplifier or detector stage. On the other hand, the waveform is 
such that a tuned circuit will not attenuate it to negligible proportions. 
It is apparent, therefore, that receiver design cannot eliminate such 
troubles in the strict sense of the term " receiver design." Admittedly, 
the circuit shown at Fig. 39 of Vol. II shows a method of balancing out 
interference, but, as explained, this arrangement is only applicable when 
the interference per foot at the lower end of the aerial is greater than the 
interference per foot of the aerial itself, a condition that will not always 
apply. Again, arrangements exist for silencing the receiver for the dura-
tion of an interference impulse, such as the diode arrangement shown at 
Fig. 40 of Vol. II, but again the arrangement is limited, as it can only 
be applied when interference impulses are relatively few and far between, 
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and then only when their amplitude is much greater than the received 
signal. 
From the above remarks it may be concluded that noise-suppression 

arrangements can only be applied in certain circumstances. It is also 
apparent that a mains filter can be used to advantage if the interference 
is mains-borne and, similarly, anti-interference aerial equipment will give 
relief if the interference arises in the listener's house or is conveyed to it 
by the mains. In a large number of cases electrical interference can only 
be suppressed by dealing with it at the source, and such possibilities have 
been isolated within the confines of this chapter, as it is assumed that only 
a percentage of readers will consider undertaking such work personally, 
the remainder preferring to leave it to engineers conversant with the par-
ticular class of apparatus which is causing interference or, alternatively, 
placing the matter in the very capable hands of the Post Office engineers. 
The possible course of leaving the question of suppression of certain types 
of apparatus to those who are conversant with it is suggested, as con-
siderable damage might be done in inexperienced hands; for example, 
the suppression of interference from neon signs cannot be advisedly under-
taken by anyone who is not experienced in the precautions necessary 
when modifying high-voltage equipment, and in the event of a break-
down resulting in fire, it might well involve those concerned in legal 
difficulties. For reasons which have already been expressed the 
reader may not desire personally to undertake the fitting of suppression 
devices, but brief details are given below as a matter of general interest 
and for the information of those who may be qualified to use some or all 
of them. 

Total Suppression of Re. radiated Interference. Elsewhere in this 
work it has been explained that the ordinary domestic house-lighting 
system will convey to the user's premises electrical interference over a 
wide area and re-radiate it so that it is picked up by the aerial downlead, 
the receiver, or both, and there may be occasions when it is thought desir-
able to suppress the entire house system. Before considering the best 
way in which this could be done, some remarks are called for to suggest 
circumstances in which such a procedure would be worth while. For 
example, it is doubtful whether any useful purpose would be served by 
suppressing the mains system in a semi-detached house if the aerial 
system is anywhere adjacent to a neighbouring structure; if by mutual 
arrangement mains suppression is fitted in both houses, then something 
useful would have been achieved, otherwise some alternative arrangement 
is suggested for achieving the same result by means of a remote aerial 
system which is illustrated at Fig. 56. 
When complete suppression of the house-lighting system is desired, it 

may be accomplished in the following manner. In order that the sup-
pression will be as complete as possible, the suppressor should be fitted to 
the mains at the point where they enter the house. Unfortunately, 
however, the mains are led directly to the electric-light meter, and it is 



128 LOCAL INTERFERENCE 

extremely doubtful if any electrical undertaking would allow suppressors 
to be connected on their side of the meter. Therefore, connection will 
usually be made to the consumer's side of the meter, and it will probably 

be convenient to make con-

SWITCH OR S«. I   TO HOUSE onrecftuiosen-btoox.the A msiaminpl sewLtcp-h TO MAINS 

I WIRING pressor consists essentially 
of a pair of condensers, but FUSE BOX 

it is strongly advocated that <  
a fuse should be in series 

(D.C. ONLY) with each condenser and 
-,.„--- suitable ready-made units 

Fig. 57.—A simple suppressor circuit for use on D.C. mains; can be obtained which com-
the fuses shown in this and other diagrams in this prise two condensers and two 
chapter are optional. 

cartridge-type fuses. Fig. 57 
shows the suggested connection of a suppressor for D.C. mains which, 
it will be seen, consists of two condensers in series connected across the 
mains with their centre-
point earthed. Fig. 58 shows 
the arrangement of the con- 

TO MAINS TO HOUSE densers for A.C. mains, the SWITCH OR Ç. I    
arrangement being one con- WIRING I 

FUSE BOX 
denser connected across the 
mains and a further con-
denser between the neutral 
main and earth. In both (A.C. ONLY) 

illustrations fuses are shown Fig. 58.—A simple suppressor circuit for use on A.C. mains. 

in the appropriate lead. 
In industrial neighbourhoods, where interference is very bad indeed, 

condensers may be insufficient, and chokes can be used as an additional 
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Fig. 59 —A more elaborate suppressor circuit for use on D.C. mains employing either two or four 
high-frequency chokes. 

aid. Fig. 59 shows chokes and condensers connected for D.C. mains 
while Fig. 6o shows the same components arranged for suppressing 
A.C. mains. It will be realised that the total current used to supply 
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the various lights or other domestic apparatus will have to pass 
through the chokes, which must therefore be capable of passing the 
required current for long periods. Chokes capable of carrying heavy 

TO MAINS 

SWITCH OP 

FUSE BOX 

< n(TUUMP  

(A.C. ONLY) 

Fig. 6o.—A more elaborate suppressor circuit for use on A.C. mains employing either two or four 
high-frequency chokes. 

current are necessarily somewhat costly, and it will often be worth while 
to consider the possibility of dealing with domestic power circuits and 
domestic lighting circuits separately, when the house is so wired that 
power and lighting constitute separate circuits. In the average modern 
house the total length of the lighting cables may well be ten times the 
length of the power cable, and a compromise may 
be effected by suppressing the lighting circuit 
with chokes and condensers and the power TO MOTOR 

circuit with condensers only. BRUSHES J. 
Domestic Electric Motors.—It is obviously 

quite useless to suppress a complete house-
wiring system at the mains if apparatus capable 
of causing interference is used in the house, Fig. 6r.—A simple suppressor 

unless this also is adequately dealt with. Such circuit suitable for a small 
D.C. motor. 

apparatus may well comprise such items as a 
refrigerator incorporating an electric motor, sewing-machine motor, or 
vacuum cleaner, although the latter item is perhaps less important, as 

_L it will be used only for short periods. 
A motor working on direct current can 

TO MOTOR   usually be successfully suppressed by 
BRUSHES r   L connecting a condenser between each 

brush and the frame, preferably with a 
fuse in series with each condenser. It 
is important that the leads between the 

Fig. 62.—A slightly improved suppressor condensers and the brushes be as short 
circuit for use with a small D.C. motor. 

as possible. Fig. 61 shows this arrange-
ment diagrammatically, while Fig. 62 shows a modified arrangement 
which may give better results in certain circumstances. 

A.C. Motors.—Induction and synchronous motors do not give rise to 
interference, excepting those types of induction motors which incor-

•  

TO HOUSE 

WIRING 
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porate an automatic switch for starting purposes, which will cause 
interference when the motor is actually started. A.C. motors of the 

repulsion type use a commutator 
and brushes, the latter being short-
circuited, making it useless to con-
nect the suppressor condensers in 
the manner described for D.C. 
motors. For the repulsion-type 
motor a condenser should be con-
nected from each lead to the body 
of the motor, which should pre-
ferably be earthed or, when more 
effective suppression is required, 
the arrangement shown at Fig. 63 
can be adopted. 

Electric Bells and Switches.— 
Electric bells usually cause the 
most unpleasant interference with 
the radio receiver, while the click 

resulting caused by switching on or off an electric light can prove 
irritating. Generally speaking, interference from an electric bell can be 
prevented by connecting a 
condenser straight across the 
bell terminals, although in 

O FLASHING obstinate cases two condensers T TO MAINS 

may be connected in series DEVICE 
across the bell, and the centre 
tap earthed. It is scarcely 
practicable or even desirable 
to connect a condenser across 
every switch in the house, and it is convenient to eliminate disturb-
ance of this type by a simple mains filter in the actual mains lead to 

the receiver. It will 
be understood that a 
complete suppression 

TO of the whole house-
FLASHING wiring system is ad-
DEVICE — r— rn-PM T  vocated to prevent 

radiation of interfer-
ence external to the 
house, but the radia-
tion caused by the 
make or break of a 
switch will be very 

small, and it is only direct interference along the wire which has to 
be prevented. 

TO 

MOTOR 

TO MOTOR 

FRAME 

A.C. MAINS 

TO EARTH 

Fig. 63.—A suppressor circuit suitable for use with 
a repulsion-type motor. It is also useful for 
use on D.C. motors, in which case connection 
is made to the brushes. 

rP)-(5-UP  

Fig. 64.—A simple circuit for suppressing a make-and-
break device. Also suitable for suppressing an 
electric bell. 

TO MAINS 

TO EARTH 

Fig. 65.—A filter circuit for use with a heavy-duty make-and-break 
device. 
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Mechanical or Thermal-sign Flashers.—Devices are available that 
are intended to make and break a circuit continuously, and are used for 
various purposes, examples of which are thermal-flashing bulbs of the 
type used for Christmas trees to the elaborate apparatus used for con-
trolling the group flashing of large advertising signs. Flashers that carry 
a relatively small current can be effectively suppressed by the arrange-
ment shown at Fig. 64. On the more elaborate types the arrangement 
shown at Fig. 65 should prove more effective. It will be understood that 
when the flasher is motor-driven, the actual motor will need suppressing 
in addition to the actual flasher contacts. 
Neon Signs.—Suppression of neon signs presents certain difficulties, 

as intimated in the earlier part of this chapter, and is a job that should 
be undertaken by an electrical engineer accustomed to high-voltage 
work. The bulk of the interference from a neon sign comes from the 
high-tension side of the installation, where voltages of a high order are 
used which make use of condensers impracticable or impossible. Gener-
ally speaking, suppression of a neon sign will take the form of a low-
frequency choke in serieswith the neon sign, and, if possible, at its electrical 
centre. When the sign consists of a single tube the choke must neces-
sarily be connected at one end, but where several tubes are used the con-
nection between two tubes can be broken and a choke inserted. The choke 
may have a value of 50 to roo henrys, and must be of special design with 
very high insulation between winding and core, and must be contained in 
a metal box from which it is adequately insulated, in order to obviate the 
possibility of a short circuit between the neon tube and earth through the 
choke and its mounting. Large 
neon installations may have two 
or more high-tension circuits, in 
which case each must be sup-
pressed with a separate choke. 

Generally speaking, suppres-
sion on the high-tension side 
of a neon sign is adequate, but 
if necessary it may be supple-
mented by suppressor con-
densers across the low-tension 
terminals of the neon trans-
former, in the manner shown in 
Fig. 66. Some attention should 
be given to the high-tension 
transformer of the neon sign to 
see that all insulators are clean. 
Other precautions include the use of screened cable, but here, again, it 
must be a special type specifically designed to withstand the very high 
voltage to which it will be subjected. It is also necessary that the metal 
covering should be stripped back for several inches at the end of each lead. 
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Fig. 66.—Suppressors fitted to the high- and low-tension 
circuits of a neon sign. 
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Bad Contacts.—Normally, non-" mechanical " electrical apparatus does 
not cause interference, but when faulty or in bad condition the converse ap-
plies. Electric irons and electric fires will cause a continuous but intermittent 
crackle if a bad contact is present, resulting in an arc; such an arc may be 
minute and imperceptible except under very careful examination, but 
nevertheless capable of causing serious interference to a radio receiver. 
The proper and only course to adopt is to trace bad contacts and repair. 
Motor•car Interference.—Short-wave receivers may be troubled by 

interference from the ignition system of motor-cars. Such interference 
reaches maximum intensity between 9 and 15 metres, and little 
can be done to reduce the trouble if the receiver is used on these wave-
lengths, except by placing the aerial higher and farther away from the 
source of interference and employing a screened downlead. Many 
receivers, however, do not tune below about 16 metres, in which case 
some relief may be obtained by connecting a suitable choke in the aerial 
lead. In order that reception is not impaired the choke should be so 
designed that its impedance is very low at the lowest wavelength to be 
received, but as high as possible on lower wavelengths. A suitable choke 
may be wound by winding some io feet of wire round a pencil 
and connecting it in the aerial lead. A short-wave station should be tuned 
in, and the choke shorted to see if the sacrifice of sensitivity is too great, in 
which case turns may be removed until shorting the choke indicates that 
no great sacrifice is being made. 

Electro-medical apparatus used for diathermy, X-ray, etc., can cause 
very severe interference indeed on the short wavebands, and diathermy 
apparatus may interfere with television apparatus to a very serious 
extent. Such interference can only be cured at the source, and usually 
means encasing the whole apparatus in a screened room. Diathermy 
interference may be experienced over several miles. Motor-car interference 
of a frequency-modulated transmission is almost certain to be due to in-
adequate signal input and the cure is a better aerial, suggestion for which 
may be found on page 250 of Volume I. 
General Remarks.—No mention has yet been made of suitable values 

for the condensers shown in the various circuits included in this chapter. 
Generally speaking, condensers of the order of le are suitable. The 
tendency is to use condensers larger than this value on direct current 
and smaller on alternating current, often as low as •I p.F. When a con-
denser is connected between the live wire of A.C. mains and earth a current 
will flow through it which will be a wattless current, that is to say, voltage 
and current will be 9o° out of phase. It should be borne in mind that an 
electric shock can be obtained from the terminal of a condenser when the 
other terminal is connected to a live A.C. supply. It is essential, therefore. 
that the earth lead of a suppression arrangement should be properly 
insulated. With an applied voltage of 200/250 volts a severe shock can 
be obtained from the remote side of a i LF condenser, but •I p.F may be 
considered as safe. 



CHAPTER 16 

MISCELLANEOUS WORKSHOP HINTS 

WORKSHOP procedure s something that can only be gained by experi-
ence and really consists of an accumulation of various ways and means 
of overcoming the innumerable mechanical difficulties which are just 
another side of service engineering. Obviously problems will present 
themselves from time to time which must be dealt with as they arise in 
a manner suited to convenience. On the other hand, there are a number 
of minor difficulties that will frequently arise, and some effort has been 
made to classify these below. No attempt is made to touch upon the 
subject of the actual workshop equipment, as this will vary widely to 
suit the needs of readers and will be determined by a number of factors 
depending upon the frequency with which service-work is undertaken 
and, no doubt, upon economic considerations. 
Removing the Chassis.—When serious fault-finding is contemplated 

it is usually necessary to remove the chassis, which is not always as simple 
as might reasonably be expected, because some manufacturers pay in-
adequate attention to accessibility. Nowadays really serious problems 
are not presented, but a few years ago it was not unknown for a receiver 
to be so designed that pieces of wood were glued into position after 
insertion of the chassis, which had to be removed before the latter could 
be withdrawn. To still further complicate service-work, at least one such 
receiver was so arranged that when the wooden blocks were chiselled out 
there was considerable danger of splitting the cabinet. 
The modern chassis is usually held in place by four fairly obvious 

fixing bolts or, alternatively, is of the so-called floating type, which often 
means that the chassis is jammed in position between four or more 
rubber bushes. A brief examination of the fixing will undoubtedly 
determine the method of release. The next step is to remove the control-
knobs, which are usually secured by grub-screws, one for the light controls 
and two for the heavy controls, such as tuning. Another popular method 
of fixing knobs, particularly on receivers of American origin, is by means 
of a key-way and spring, requiring merely a determined effort to pull 
the knobs off the spindles. There is, however, a variation of this 
arrangement, whereby a retaining collar must be sprung off the spindle 
before the knob can be withdrawn. A special tool is available, and 
although it is not impossible to remove the collars without its use, it 
is virtually impossible to replace them without it. It is obvious that 
considerable care must be taken not to attempt to pull these knobs off 
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their spindles without removing the collar, as such an attempt is likely 
to result in damage. 

Whatever the type of knob, there is a high probability of scratching 
the cabinet unless precautions are taken. A simple method of obviating 
this possibility is to cut a hole in the middle of a suitable-sized piece of 
cardboard, and slit the cardboard from the hole to one edge, thus per-
mitting it to be slipped over the spindle and protecting the cabinet from 
accidental damage. 
Some receivers have one or more controls at the side, and mere 

removal of the control-knob will not permit the chassis to be withdrawn, 
as the spindle will still project. Almost invariably the projecting spindle 
takes the form of a small extension of the main spindle, which must be 
released on the inside of the cabinet; it is usually held to the main 
spindle by at least two grub-screws. The general arrangement is shown 
at Fig. 67. Some controls, such as, for example, the on/off switch, may 

be mounted on an individual 
escutcheon, probably by 
means of a large nut. Unless 
a special spanner is available 
it is extremely difficult to 

111 
  loosen such a nut, but if the 
  escutcheon is any shape other 

than a pure circle it should be possible to release the 

escutcheon and pass it through 
the hole in the cabinet which 
it covers. 
The loudspeaker will usually 

be a separate fixture. It will, 
therefore, be necessary to either disconnect the loudspeaker from the 
chassis, or release the loudspeaker so that it may be withdrawn side by 
side with the chassis. If connection is made by means of a multi-way plug, 
the loudspeaker can be quickly released, but if it is necessary to remove 
individual wires, it is highly desirable that a note should be made of 
their colour-coding in relation to the speaker-terminals or tags, as it 
may be extremely difficult to trace the connections behind the loud-
speaker transformer. If it is decided to remove the speaker, it is usually 
desirable to remove the loudspeaker from its baffle rather than to adopt 
the alternative of removing the baffle from the cabinet, as this may 
damage the silk or other material used as backing for the speaker fret; 
it is extremely tedious to stretch new silk across the baffle-opening, unless 
a proper frame is available, owing to the difficulty of getting the grain 
or pattern perfectly straight. 

It will often be found that when all fixing devices and controls have 
been removed the chassis can only be withdrawn for a fraction of an inch. 
Many manufacturers place a wooden batten immediately inside the 

Fig. 67.—A spindle coupling; this device has special 
significance when the control is on the side of the 
cabinet. 
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chassis and secure it to the bottom of the cabinet; this will foul and 
even damage the components or wiring unless the chassis is lifted before 
it is withdrawn. When the chassis is replaced it will almost invariably 
be found that some tolerance is available, probably due to the hole in the 
cabinet being larger than the fixing bolts which pass through them; 
this is to allow the controls to be properly centred and just clear of the 
cabinet. If knobs, other than the grub-screw fixing type, are employed, 
it will be expedient to push the chassis in as far as it will go, replace the 
control-knobs, and withdraw and centre the chassis so that the knobs 
are just clear of the cabinet ; the chassis can then be secured by its 
fixings. 
Care of the Chassis.—It will be unnecessary to dwell upon the 

necessity for preventing damage to the chassis through such causes as 
the structure falling over through being unsuitably propped up to secure 
the necessary accessibility. There is, however, a possibility of damage 
in certain types of receivers through a cause that may be entirely un-
suspected; there are a number of receivers in which a very simple form 
of trimmer is used, consisting only of one plate, the dielectric and tension 
arrangements, the actual chassis 
itself forming the other plate; such 

'MICA an arrangement is shown at Fig. INSULATOR  
68. The modern chassis is made   

INSULATOR' lirr of fairly heavy material, but, owing 
Fig. 68.—A trimming condenser of the type which to the weighty components affixed 

utilises the chassis as one of its plates. 
to it, it is comparatively easy to 
bend or warp it slightly, with the result that one or more of the trimmers 
varies its capacity, making realignment of some of the tuned circuits 
necessary, an operation which may be simple enough if reliable instru-
ments are available, but otherwise may present almost unsurmountable 
difficulties. It is, perhaps, relevant to point out that misalignment can 
occur in receivers using this type of trimmer, due to the base of the 
cabinet warping and bending the chassis. If misalignment is suspected, 
and one corner of the chassis springs up when released, it may be safely 
concluded that this has, in fact, occurred and, after realignment, those 
corners which do not rest on the baseboard should be packed, so that 
the shape of the chassis is not changed when the securing devices are 
tightened up. 
Removing Rivets.—The practice of riveting components to the chassis 

may be economical from the manufacturers' point of view, but it cannot 
be said that it affects the service engineer in the same way. Three types 
of rivets are used: the bifurcated rivet shown at Fig. 69, the solid rivet 
shown at Fig. 70, and the eyelet shown at Fig. 71, which is used for light 
fixing. It is assumed that a nut and bolt will be used for refixing and, 
therefore, the necessity for preserving the rivets intact does not arise, 
and it is usually quickest in the long run to file both the bifurcated and 
solid rivets until they can be withdrawn. If the bifurcated type of rivet 
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is loose, it may be possible to withdraw it if the tags are bent upwards 
in line with the shank, but, more often than not, the bend forms a kink, 
making withdrawal difficult, even after the tags have been filed off. 
The eyelet can be very easily removed by inserting a file tag through the 

hollow centre from the under 
side and simultaneously pushing 
and twisting. 
Some manufacturers paint the 

thread of a bolt which protrudes 
from the nut to prevent the nut 
from becoming loose, and the 

author strongly advocates the practice of putting a spot of oil on the 
nut before any attempt is made to unscrew it, as otherwise the nut may 
become jammed, which may, in turn, result in damage to some com-
ponent if the nut is in an inaccessible position and considerable force has 
to be applied. 

Sometimes electrical connection is necessary between a coil-can or 
fixing-lug and the chassis itself, and care should be taken when replacing 
the components to see that adequate connection is made. Some chassis 
are sprayed with aluminium or   
copper paint, which substances can , ‘;'• 1 
be more correctly described as in-
sulators than conductors, and it is 
therefore necessary that the paint 
be scraped off if a nut and bolt 
fixing is used. This may not have 
been done by the manufacturer, because either the eyelet or solid rivet 
will expand and make contact with the inner wall of the hole. As 
scraping paint from a chassis is somewhat tedious and, unless carefully 
done, is inclined to make the chassis look shabby, it is suggested that 
a stock of lock-tight washers be kept, and placed under the nut when 
electrical contact is desired. This type of washer will completely obviate 
the possibility of a nut coming loose and, for the information of those 
who are unacquainted with this device, it is a steel washer with teeth 

on both faces which are capable of 
cutting through any type of paint 
into the actual iron chassis. 
Replacements.—Generally 

speaking, the golden rule for re-
placing components is to use exactly 
the same type of manufacture un-

less, of course, the new component is being fitted rather more in the nature 
of a modification than a repair. The use of a non-standard replacement 
is liable to introduce difficulties, even assuming that its electrical specifica-
tion is precisely correct. Firstly, the fixing holes will usually be differently 
spaced and, although drilling the chassis does not present any difficulty 

Fig. 69.—A bifurcated rivet. 

Fig. 7r.—A hollow rivet or eyelet. 

Fig. 70.—A solid rivet. 
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when the chassis is bare, considerable care must be exercised when all 
the components and wiring are in their normal position, partly to ensure 
that fragments of metal from the drilling do not find their way into 
places where they can do harm, and also on account of the difficulty of 
starting a hole in a hard metal chassis without the usual centre-punch 
dent, which cannot be made owing to the probable damage which would 
result from the jar caused by the hammer-blow. It may be noted that 
a sharp diamond-shaped drill is much easier to start without a punch dent 
than the twist drill, and it is worth while keeping a few of these drills to 
start the hole, after which a twist drill can be employed in the interests 
of speed. Should occasion arise to make a large hole, and a bench drill 
is not available, the usual practice can be adopted of making a ring of 
small holes, but it is essential that these should be very close together 
in order that rough handling is not necessary to knock the centre out. 

If the component to be replaced has a number of terminals which, in 
all probability, will not be marked, it is essential to make a detailed plan 
before the old component is removed. It is also advisable to compare 
the connections of the new component carefully, even though it is 
reputed to be a replica of the old component; quite apart from the 
possibility of the supplier making an error, manufacturers occasionally 
modify components in order that one type may serve for two or more 
receivers. They sometimes fail to take adequate steps to draw attention 
to such changes, and, no doubt, occasions might arise when the incorrect 
wiring (which results from the change if it passes unnoticed) could result 
in damage to the component itself, or some other associated with it. 
Wiring.—When replacing wiring it is necessary, in certain circum-

stances, to pay adequate attention to gauge and insulation. Gauge is 
only important for heater circuits, which may call for heavy wire, in the 
case of receivers using a large number of valves. Insulation is particularly 
important with connections between a high-voltage secondary of the 
transformer, as the voltage across the outer terminals will be in the 
neighbourhood of double the D.C. smoothed voltage, and may be 
600 volts or more in quite unambitious receivers. There is quite a lot 
of insulated sleeving on the market that will break down on voltages 
considerably lower than 600 volts, possibly resulting in damage to the 
transformer winding, or even causing the receiver to catch fire. 
Switches.—Repairs carried out on switches are usually more or less 

unsatisfactory, whether the switch is of the on/off or wave-change type. 
It is not possible to generalise on the subject of switch repairs, but it 
is probably true to say that 90 per cent. of switch faults are due to 
blades or contacts losing their original springiness. This loss of springi-
ness in on/off switches is very often due to the affected part having 
warmed up by an arc occurring between dirty contacts. When examining 
the switch in this condition it may well appear that the trouble is dirty 
contacts, and that the fault will be obviated by suitably cleaning them; if 
the contacts have lost their springiness, arcing will very soon recommence. 
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Fig. 72.—A connector 
used to facilitate 
soldering a joint be-
tween two wires. 
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Wave-change switches do not normally carry sufficient current to 
become over-heated, but the blades may well become tired with use, 
and replacement of the complete switch is the only reasonable procedure 
to adopt. When replacing wafer-type switches the greatest care should 
be taken to ensure that the new component is really identical with the 
old. Wafer switches are available with innumerable major and minor 
modifications, such as the linking together of selected contacts, which 
are often carried out in such a manner that they will not readily be noticed; 
one manufacturer of wafer switches has issued for the convenience of 
receiver manufacturers and others no less than thirty-one different two-
pole three-way types, and it is little exaggeration to say that, superficially, 
they are of identical appearance. 

Soldering.—The soldering iron must necessarily play an important 
part in service work, and some remarks on the subject may prove useful„ 
Generally speaking, the servicing of a receiver calls for a number of joints 
to be unsoldered and re-soldered at fairly frequent intervals, as, for 
example, when breaking a series of connections for the purpose of taking 

current readings. For such a purpose the electric solder-
ing iron is entirely suitable, and by keeping constantly 
hot will obviate unnecessary delay. If it is well de-
signed, it will not readily over-heat, and, therefore, 
frequent re-tinning will be unnecessary. 

In some receivers direct-soldered connections are 
made to the chassis. For re-soldering such a connec-
tion the average electric soldering iron will be found 
unsuitable, owing to the conduction of heat by the 
chassis itself resulting in the iron being incapable of 

raising the solder adhering to the chassis to melting-point; for such 
purposes the ordinary tinsmith's iron is much to be preferred. 
When planning the production of modern receivers, care is taken to 

avoid as fu as possible the joining of wires to each other, connection 
being effected at the soldering tag or other convenient point. When 
connection between wires is unavoidable, the modern engineer is rarely 
content with a plain soldered joint, as it is well known that in mass 
production such connections are prone to result in dry joints. For 
making such connections various methods are adopted, the most common 
of which employs a miniature tinned copper " spring " (Fig. 72). It is 
intended that these should be slipped over the two wires to be joined, 
the junction then being soldered; in order that the solder will run inside 
the " spring," it will have to be decidedly hot; so hot, in fact, that a dry 
joint is improbable. These " springs " are easily obtainable and their 
cost is negligible. 

Very considerable care should be exercised in choosing a soldering 
flux, on account of the very real danger of corrosion. There are a number 
of fluxes on the market which are stated to be free from this danger, and, 
for normal purposes, this is unquestionably correct. Some of these, 
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however, will behave differently when influenced by an electric current, 
which will promote electrolysis and make a non-corrosive flux into the 
exact opposite. It is suggested, therefore, that care be taken to procure 
a flux which is specially made for soldering electric joints. At one time 
this question was so serious that a famous wire manufacturer produced 
a suitable flux, in order to refute the suggestion that transformer 
breakdowns could be attributed to the wire, whereas the real trouble was 
the use of unsuitable flux. 
Many engineers prefer to use a resin-cored solder, which takes the form 

of a metallic tube filled with resin, and this substance is admirable for use 
in receiver manufacture, when all joints are chemically clean; but it is 
not altogether satisfactory for service-work, where the surfaces to be 
soldered may be greasy or dirty and, furthermore, resin is more liable to 
produce dry joints than any other flux and is, therefore, unsuitable for 
use under unfavourable conditions. 
Emergency Soldering.—Occasion may arise when a joint has to be 

soldered and the necessary equipment is not available. With a little 
ingenuity it will be found possible to improvise the necessary materials 
from the normal equipment of almost any household. Any piece of 
brass or copper, of suitable shape, can be made to serve for a soldering-
iron, and tinfoil, such as that used in cigarette packets, can be made to 
serve the purpose of soldering, although an unexpectedly large quantity 
will be required to form a fair-sized " blob." Several substances can be 
used for flux, the most obvious of which is resin, which will be available 
if any member of the household plays the violin or other stringed instru-
ment; tennis players also use resin. The next suggestion is pure tallow, 
which may be available in the form of a tallow candle or, failing this, 
recourse must be made to killed spirits of salt. This solution is prepared 
by taking a small quantity of domestic spirits of salt and dropping therein 
a few scraps of zinc, which can usually be found projecting from the roof 
of an outbuilding or elsewhere. This flux should not, however, be used 
if any other substance is available, as it is likely to cause corrosion. To 
minimise this danger, care should be taken completely to kill the spirit 
by dissolving in it as much zinc as it will consume and, after the joint 
has been made, a small quantity of some alkali, such as ammonia, can 
be applied and the joint then wiped with a clean wet rag. 

Soldering Inaccessible Connections.—The assembly of a radio chassis 
is planned in such a manner that all joints and components are readily 
accessible, providing that the assembly order is adhered to, but when a 
repair makes necessary the soldering of a connection that is surrounded 
or covered by components and wiring, it may be impossible to bring the 
iron in contact with the joint without risk of damage to some component 
by over-heating or other cause. It may be necessary to remove one or 
more components, but very often the following can be tried with success. 
Take a piece of copper wire of about fourteen gauge and wrap it round 
the bit of an ordinary (non-electric) type of iron, some half a dozen turns 
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will be necessary, which should then be hammered to bring the wire into 
firm contact with the iron; if necessary the end of the wire may be 
flattened to form a soldering bit. One or two inches of wire will be left 
projecting from the iron, which can be bent to such shape as will permit 
the end of the wire to be brought in contact with the joint. It will be 
found that if the iron is heated considerably above the normal soldering 
temperature the extension wire can be made hot enough to solder a 
small joint, providing that the operation is carried out quickly. 

Soldering Litz Wire.—If it becomes necessary to re-solder a piece of 
Litz wire, considerable care is needed if the operation is to be successfully 
accomplished. It must be borne in mind that serious loss of efficiency 
will result if a single one of the many strands is broken, either literally, 
or in the sense that it is not properly soldered and, consequently, not 
making proper contact. A Litz coil using, say, 27/4o wire could have a 
high-frequency resistance of 2.5 ohms, but if a single strand is broken, 
the high-frequency resistance might well rise to some hundred ohms. 
Each individual strand of Litz wire is separately insulated, usually 

by spun silk, and the whole is encased in a further layer of spun silk. 
It is obviously necessary to remove the insulation from each individual 
wire without breaking it, which requires considerable care, after which 
the strands should be counted to see that one has not broken off, and the 
whole lightly twisted together. The end is then tinned, preferably by 
applying a little flux and then dipping it in molten solder. It is 
imperative that a non-corrosive flux be used, owing to the thin gauge of 
wire and the impossibility of removing surplus flux from between the 
individual strands. It is, perhaps, of sufficient interest to mention that 
manufacturers strip Litz wire either by a special machine or by dipping 
it in a chemical which will speedily eat away the silk covering but will 
not in any way dissolve or corrode the copper; some types of Litz wire 
use enamel insulation, which is available in a specialised form, so that the 
enamel can be readily dissolved in alcohol. 

Sealed Trimmers.—Trimming condensers and permeability iron-core 
trimmers are usually sealed after adjustment, either with paraffin wax, 
beeswax, sealing wax, or paint. This presents little difficulty in the case 
of trimming condensers, as a small spanner will allow the application of 
sufficient force to break the sealing material. True, a certain amount 
may have worked its way into the thread, but this may be of assistance, 
as it will make the adjustment comparatively stiff—which is perhaps 
desirable, as only a very small movement should be necessary when 
realigning. The unsealing of iron cores may present some difficulty, 
since the core will often be sunk some distance within the moulding, 
forming a cup which may hold a considerable quantity of sealing material, 
which must be removed with care, as iron cores are easily broken. Quite 
apart from the inconvenience involved, considerable expense may be 
entailed, as it is usually necessary to purchase the complete component, 
as many manufacturers use iron cores under licence and are not permitted 
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to sell them separately. When cores are sealed with sealing-wax it can 
be softened with a few drops of methylated spirit and, when sealed with 
paraffin or beeswax, gentle heat must be applied by means of an old 
screw-driver or file suitably warmed. It is necessary to remove practically 
every trace of sealing material before attempting to unscrew the core, 
otherwise the sealing material may enter the thread and fix the core 
immovably. 
Finding Polarity.—If the workshop is supplied with D.C. mains, 

it may sometimes be desired to find the correct polarity, which 
can be done by various means, the following being two examples. It 
can, of course, be ascertained by a moving-coil voltmeter, providing that 
its terminals are marked. 

In the absence of a polarised meter polarity can be found by dipping 
the conductors in weak acid (vinegar will serve), when one lead will 
quickly become surrounded by bubbles, indicating that it is the negative 
lead. Special impregnated paper can be obtained in small books, known 
as pole-finding paper. A small piece is slightly damped and the two 
leads drawn across it: the negative lead will trace a coloured line just as 
if it were a coloured pencil. 

Renovating Damaged Cabinets.—A badly damaged cabinet is a job 
for an experienced french polisher, but minor renovation can be success-
fully undertaken after very little practice. The average radio cabinet 
is made of veneered plywood and finished with either french polish or 
cellulose lacquer. There are, however, examples of cabinets which are 
not veneered, but are made of bare plywood on which is printed the 
grain and colouring of rare wood in a very realistic manner. After 
printing, these cabinets are either french polished or sprayed with cellulose 
lacquer. Such cabinets are extremely difficult to renovate, and are best 
left alone as, unless the work is done by an expert, the probability is that 
a portion of the " grain " will be rubbed off. Even the too-vigorous 
application of furniture polish may so rub the edges of this type of 
cabinet that white wood appears. 

Minor imperfections, in the form of dents or bruises, can be quite easily 
removed with a piece of damp rag and a soldering iron. The damp rag 
is folded over to make a wad of several layers and laid on the damaged 
part. Next, touch the cloth at a point immediately over the dent or 
bruise with the hot iron; only light pressure is necessary, for a few seconds 
at a time. The idea is to drive steam into the bruise or dent, causing the 
wood to swell and thus regain its original level. It may be necessary to 
prick the wood slightly, particularly in the case of walnut veneer and, in 
the interests of the ultimate appearance, a very fine needle should be used. 
When steaming-out bruises and dents it should always be borne in mind 
that plywood is actually a series of thin wooden sheets glued together, 
and that if heat is applied indiscriminately the glue will become soft 
and the wood will blister, a condition that is very difficult to remedy. 
After the bruise or dent has been removed the surface should be rubbed 
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very gently with a piece of old sandpaper of fine grain, of the variety 
known as " wet or dry." For this purpose the sandpaper should be 
dipped in water before use. 

After smoothing down the bruise with sandpaper, a little clear cellulose 
lacquer or french polish should be applied with a soft brush and the cabinet 
put aside for several hours. The next step is to rub down the lacquer 
carefully, until the dividing line between the old lacquer and the new is 
imperceptible. For this operation sandpaper is quite unsuitable and 
special rubbing-down compound should be used. It is obtainable from 
any source that supplies french-polishing sundries, and consists largely of 
very finely ground pumice stone or commercial rouge, after which the 
affected portion can be given a thin coat of cellulose lacquer or french 
polished. Lacquering or polishing a small part of the cabinet necessitates 
some experience, and those who feel unable to undertake the task can 
produce a very similar effect with piano cream; several applications will 
be necessary, and the secret of success is to use the smallest quantity of 
polish and the largest amount of energy. 

It is important to note that a lacquer finish can be repaired with french 
polish but that it is absolutely fatal to attempt to touch up french polish 
with lacquer, as the solvent will strip off or blister the surrounding french 
polish. 
When the bruise or dent is steamed out and rubbed down with sand-

paper the surface may be damaged and white wood appear, in which case 
it should be coloured with a little suitable spirit stain, applied with a soft 
camel-hair brush or a feather. The former is preferable when the grain 
of the wood is not very contrasting, otherwise the feather will be found 
more convenient. It is extremely difficult to obtain a perfect match, and 
it should be remembered that, all things being equal, the touch-up area 
will be less conspicuous if it is darker, rather than lighter, than the 
cabinet as a whole. After applying the stain time should be allowed for 
it to become thoroughly dry, so that the colour can be carefully compared. 
Some cabinets have a dull finish or even an egg-shell finish, in which 

case it will be necessary to treat the repaired area to match by rubbing it 
very gently with very fine pumice powder in the case of egg-shell finish, or 
commercial rouge in the case of dull finish. 

Scratches may be dealt with in exactly the same way as dents and 
bruises, providing they are not deep, always assuming, of course, that the 
wood is actually scratched and not only the polish. For deep scratches 
it will be necessary to employ a suitable stopping material of the type 
specially made for this purpose. White stopping may be used and sub-
sequently stained with spirit stain, but it is generally more satisfactory 
to use a coloured stopping, even if it has to be slightly darkened with 
stain afterwards. It is advisable to use rather more stopping than 
necessary, so that it dries above the level of the cabinet and may be 
rubbed down and treated as described above. 

As a final suggestion on this subject attention is drawn to the desir-
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ability of making the fullest possible use of the grain of the wood to assist 
in hiding a repair. If the damaged section cuts across any pronounced 
graining the latter should be carefully copied and even exaggerated, as 
a little boldness will do much to hide any suggestion that a repair has been 
effected. Those with artistic ability can completely disguise a repair by 
carefully staining it to represent a burr in the grain, always assuming, of 
course, the wood is normally liable to contain such figures. 

Slow-motion Drives.—The majority of modern receivers employ some 
form of slow-motion drive, of which there are various types, some being 
more prone to mechanical defect than others. The most popular type 
of slow-motion drive is a small wheel driving a large disc by friction, and 
when trouble arises it can be found by inspection, and the necessary repair 
effected. The planetary gear gives very little trouble, but when it 
becomes defective through age it is normally impracticable to repair 
it, and replacement of the entire unit is the only satisfactory procedure 
to adopt. Another popular form of slow-motion drive consists of a cord 
wound round a driving pulley and several small jockey pulleys, the ends 
being terminated by small springs fixed to the centre-boss of a drum. 
When replacement of the cord becomes necessary its length should be 
such that the springs are under considerable tension, to prevent slipping 
and to take up any slight stretch. It is imperative that some form of 
cord be used which has the smallest possible tendency to stretch and 
which is unaffected by humidity and temperature. Few types of cord 
will comply with these conditions, but a densely woven damp-resisting 
fishing-line is satisfactory. 

Cleaning Metallised Valves.—Unless very special precautions are 
taken metallised valves are liable to become soiled when they are sub-
jected to the fairly considerable amount of handling which is incidental 
to service-work. When appearance is important it will be desirable to 
clean these valves, which cannot be done by ordinary means. It will be 
found, however, that marks can be quickly removed by rubbing them 
with a particular type of rubber used by artists and known as " art gum." 
This material is a buff-coloured translucent substance and is made in 
three grades, the medium being suitable for this particular purpose. 

Iron Cores.—There are various types of iron cores used in intermediate-
frequency transformers and elsewhere to permit of trimming by per-
meability tuning. Generally speaking, the adjustment is accomplished 
by screwing them in or out; some manufacturers use cores moulded in 
the form of a screw, while others use a bakelite moulded screw with the 
core attached. Should the two elements of the latter type become 
detached, they may be stuck together with fish glue; on no account use 
an adhesive containing amyl acetate, as this substance will cause many 
types of core material to disintegrate. 

Cleaning Television Tubes.—If a cathode-ray tube is removed from 
a television receiver, it is logical to clean the face of it before replacing it. 



144 MISCELLANEOUS WORKSHOP HINTS 

It is not always advisable, however, to clean the remaining portion of 
the glass, as some tubes are sprayed or smeared with a semi-conductive 
substance to discourage the formation of an uneven static charge. 

If for any reason this coating is removed, the accumulation of a static 
charge will cause one or more edges of the picture to appear as though 
semicircular pieces have been cut out; this phenomenon is due to an 
uneven static charge and can be obviated by smearing the sides of the 
tube evenly with a mixture of glycerine and common salt in approxi-
mately equal portions. 



CHAPTER 17 

ACCUMULATOR CHARGING AND MAINTENANCE 

BEFORE the inception of broadcasting the accumulator was scarcely 
known to the layman and could not, by any stretch of imagination, be 
regarded in the light of an item of domestic equipment. Radio has 
changed all this to such an extent that to-day the accumulator is so 
familiar that it is scarcely given a moment's thought or consideration, 
with the result that it receives no care and very little attention other 
than the essential recharging. To meet the demand for an accumulator 
that would give satisfactory service without proper care the responsible 
manufacturers produced the mass-type accumulator, which took the form 
of not less than two, occasionally three, solid plates, perhaps half an inch 
or more in thickness, in a moulded glass container. Such accumulators 
are very robust and will stand a remarkable amount of ill-treatment and 
are relatively cheap to replace, but, nevertheless, there are doubtless many 
readers who desire to give some care and attention to accumulators and 
others who charge their own accumulators for reasons of convenience. 
The following remarks on accumulator maintenance are provided for 
these readers and also for the guidance of those professionally engaged in 
radio engineering. 
The Chemical Change.—Mention has been made of the accumulator 

earlier in this work, but it is desirable to add a few definite remarks 
purely relative to considerations of charging and maintenance. When 
the accumulator is fully charged, the active material in the positive plate 
is lead peroxide, and the negative plate is pure lead of a spongy texture, 
the electrolyte being dilute sulphuric acid. During discharge the active 
material of both the positive and negative plate tends to change to lead 
sulphate, the electrolyte loses certain of its constituents, and the specific 
gravity falls. 
To charge the accumulator it is therefore necessary to change the lead 

sulphate back to lead peroxide in the positive plate and to pure lead in 
the negative plate. Apart from the fact that effecting this change may 
entail a certain amount of inconvenience and the provision of the 
necessary equipment, it would seem that the process is simplicity itself. 
This is only true providing the accumulator has not been discharged and 
so left for an appreciable time, since this delay in restoring the plates to 
their original condition produces the formation of a white lead sulphate 
that is usually incapable of being converted back to active material by 
the usual charging process. For the benefit of those who are quite 
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unacquainted with accumulator charging it may be mentioned that this 
process consists of passing a direct current through the accumulator at 
an appropriate rate and period and in the right direction, that is to say, 
the positive terminal of the source of supply is connected to the positive 
terminal of the accumulator, the negative poles being similarly connected 
together. Considerations of the rate and duration of charge are dealt 
with below. 

Sulphuric Acid.—If an accumulator is to give satisfactory service for 
a reasonable period it is essential that the initial charge be correctly 
carried out. This is particularly important with multi-plate accumu-
lators. Assuming that the accumulator is supplied in a dry state, it will 
be necessary to fill the cell with pure sulphuric acid diluted with distilled 
water to the specific gravity appropriate for the particular make of 
accumulator, and which is invariably stated on the label. 

It is convenient to purchase " accumulator acid" which is already 
diluted and, if necessary, dilute it a little more to obtain the particular 
specific gravity required. This procedure is very strongly advised, as 
concentrated sulphuric acid can only be described as a dangerous com-
modity. Quite apart from the fact it may cause blindness if splashed into 
the eye, it is capable of burning a hole in a wide variety of substances, 
among which are clothes and carpets. If for any reason the dilution of 
concentrated acid is undertaken, it is absolutely imperative that the 
distilled water be placed in a container and the acid added a few drops 
at a time; in other words, always add acid to water. If the reverse process 
is attempted and the water is poured on the undiluted acid, it will boil 
and very probably fly in the operator's face, who will be lucky if the 
damage is limited to a few bad burns. Strictly speaking, when it is 
necessary to add a little more distilled water to dilute acid, the latter 
should be poured into the former, but this is extremely inconvenient, 
as there is no means of knowing the quantity of water that will be 
required and it is, therefore, a commercial practice to add the water 
very gently to the already diluted acid, assuming, of course, that the 
diluted acid is, in fact, reduced to the weak state appropriate for use 
in accumulators. 

Specific Gravity and the Hydrometer.—The specific gravity of a liquid 
can be described as its relative heaviness, and is conveniently determined 
by means of a hydrometer, a typical example of which is shown at Fig. 73. 
It will be seen that it consists of a rubber bulb and glass cylinder contain-
ing a calibrated float. By means of the rubber bulb the glass cylinder may 
be partially filled by drawing some of the acid out of the accumulator; 
the float will be partly immersed to an extent dependent on the specific 
gravity of the acid, which can be read directly on the calibrated scale. 
A hydrometer is the only entirely satisfactory means of ascertaining the 
charged and discharged state of an accumulator; a voltmeter is admittedly 
quite useful, and a low reading will always indicate that the accumulator 
is in a relatively discharged condition, but, unfortunately, a high reading 
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is not an infalliable indication that the accumulator is in a charged 
condition. 
The First Charge.—The procedure to be adopted will vary slightly 

with various types and makes of accumulators, but 
the following may be accepted as general practice: 

(1) Fill the accumulator with dilute sulphuric acid 
of correct specific gravity. It is important that the 
specific gravity indicated on the label should be 
strictly adhered to. The acid should be about half 
an inch above the top of the plates. 

(2) Allow the accumulator to stand for ten hours 
or so and then add sufficient acid of correct specific 
gravity, to make up for that which has soaked into 
the plates, so that the level is correct. Correct level 
is usually indicated by a line printed or moulded on 
the container, otherwise it should be about half an 
inch above the top of the plates. It is important that 
non-spillable accumulators should not be over-filled. 

(3) Connect to a suitable source of direct current 
(see section entitled " Accumulator Chargers" at 
the end of this chapter) until the charge has been 
continued for the appropriate time and the specific 
gravity of the acid has remained constant for three 
hours and/or the voltage across the battery has 
remained constant for not less than three successive 
readings taken at intervals of one hour. When 
fully charged all the plates will be gassing freely. 

(4) Special Note.—On no account should the 
temperature of the acid be allowed to rise above 
ioo° F. for accumulators in celluloid containers, or 
no° F. for cells in glass containers. Care should be 
taken not to bring a flame or even a lighted cigarette 
or pipe near an accumulator on charge, or imme-
diately after charging has ceased, as hydrogen is 
given off which may become ignited and cause an 
explosion. 

(5) Measure the specific gravity by means of the 
hydrometer, and if this is more than -005 above or Fig. 73.—A hydrometer 

with acid drawn in, per-
below the correct figure, add stronger diluted acid miffing its specific gra-

or water as may be necessary to correct the electro- vity to be read from the 

lyte. If the specific gravity is too low, an attempt scale on the float. 

should be made to raise it by a further period of charge, and if this fails 
to bring about the necessary correction, then it is permissible to add acid, 
as above mentioned. If the specific gravity is too high, this may be 
ignored for the time being and rectified by topping up the battery on 
the occasion of the next charge with distilled water. 
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(6) Add to or withdraw the electrolyte, as may be necessary, to correct 
the level, making due allowance for the fact that the level will fall about 
a quarter of an inch when the gas bubbles have been allowed to escape. 

It is imperative that the charging-rate as specified on the label be 
rigidly adhered to. If charging cannot be completed continuously, it 
should be given in periods of not less than twelve hours It is realised 
that this may be inconvenient in the case of commercial establishments 
who may have to work to an eight-hour day, and therefore a period of 
eight hours must, of necessity, be given. 

If the accumulator is contained in a celluloid case, it is desirable that 
when giving the preliminary charge the acid be thrown away when the 
charge is nearly completed and the cell refilled with acid of the correct 
specific gravity. 

(7) It is desirable that connection between the source of supply and 
accumulator be made by means of the accumulator terminals, which 
should be screwed down reasonably finger-tight in order to preclude the 
possibility of a spark. Many charging stations make a practice of 
connecting accumulators together with clips, which in all probability is 
satisfactory if they are well made and designed for the job, otherwise 
there is a danger of an electric spark igniting the hydrogen given off by 
the accumulator. 

(8) Applicable to Mass-type Accumulators Only.—Mass-type accumu-
lators differ from multi-plate types inasmuch as they are capable of func-
tioning when filled with acid without an initial charge. This feature can 
be used to advantage in the case of an emergency, but it is very strongly 
recommended that when practicable a charge be given at the rate and for 
the period indicated on the accumulator label. Some mass-type cells are 
prone to excessive gassing towards the completion of charge, and also to 
excessive temperature-rise. An adequate watch should, therefore, be 
kept and the charging-rate reduced if neceAsary. 
Recharging.—The process of recharging is, in principle, similar to the 

initial charge, except that, of course, the necessity does not arise for 
filling with electrolyte. The fact that the accumulator is in a discharged 
condition is most readily determined by the use of a hydrometer, the 
specific gravity below which the cells should not be permitted to fall 
will be stated on the accumulator label. Otherwise a voltage test may 
be taken, while the accumulator is actually discharging. If the voltage is 
below 1.8 volts, the accumulator should be recharged immediately; as 
already mentioned, the accumulator should never be left in a discharged 
condition. It is useful to note that a considerable change takes place 
in the colour of the plates when the accumulator is discharged. The 
positive plate will lose its warm reddish-brown colour and the negative 
plate will become light in colour. 
Almost invariably the rate of charge will be greater for recharging than 

for the initial charge, but here again the correct rate will be stated on the 
accumulator label and will vary with the type of accumulator and its 
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ampère-hour capacity. As already intimated, these remarks are of a 
general nature, and it may be useful to mention that several accumulator 
manufacturers issue booklets giving definite details for the charging and 
maintenance of their particular manufactures; it is well worth while 
obtaining the booklet appropriate to the accumulator used. 

Charging Methods.—Broadly speaking, there are two basic methods 
of controlling the charging-rate of accumulators, i.e. constant potential 
and constant current. The constant-potential system entails an arrange-
ment whereby the source of supply is maintained at a constant voltage. 
With such an arrangement the accumulator when first connected is sub-
jected to an abnormallyheavy currentowing to the low E.M.F. and,as the 
internal resistance decreases and the E.M.F. rises, the charging current 
falls until it is almost negligible when the accumulator is fully charged. 
Constant-potential charging sets, intended for commercial use, are usu-
ally made so that they may charge a 12-volt car battery should occasion 
arise, and it is expected that accumulators to be charged should be 
grouped so that six cells are in series. In the hands of the inexperienced 
or careless such a charger is open to serious misuse, as an inadequate 
number of cells or, alternatively, the correct number of cells but of varying 
capacity may well result in the small-capacity cells passing such a heavy 
current that the positive plates disintegrate. 
The alternative arrangement is constant-current charging, whereby the 

current flowing is regulated by a series resistance or other means, adjust-
ment being made from time to time so that the charging-rate is kept 
approximately constant as the E.M.F. of the cells rise. For commercial 
purposes it is unfortunately unavoidable that the charging-time is speeded 
up, and as a compromise the constant-current arrangement may be 
modified so that the rate of charge is relatively high at the beginning and 
progressively reduced towards the end. In this way the average type of 
accumulator can be satisfactorily charged in from eight to ten hours. 
It should be understood that in mentioning the necessity for speeding up 
the charging-time for commercial purposes the author does not wish to 
condone the charging of accumulators at a destructive rate, but it is 
useless to avoid the tendency of users of battery receivers to take an 
accumulator to their charging-station early in the morning and insist on 
collecting it during the evening of the same day. While such speedy 
charging is not desirable from a purely theoretical standpoint, the fact 
remains that an accumulator may be charged in eight to ten hours in the 
manner described without shortening its effective life to any serious extent. 
To summarise the merits of constant-potential and constant-current 

charging, it is apparent that constant-potential charging has the sole 
merit that it does not require any attention, but necessitates considerable 
care and discretion in grouping the cells and may prove extremely 
awkward if a comparatively small number of cells have to be charged 
which vary considerably in capacity. It therefore seems fair to say that 
this method is far from satisfactory. Constant-current charging, or the 
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modified form of it described above, is generally accepted as satisfactory 
from the point of view of efficiency and proper care of the accumulators 
under charge, but requires a certain amount of care if charging is to be 
accomplished in eight to ten hours. 
Accumulator Faults.—Accumulators are subject to various faults due 

to misuse occasioned by either incorrect charging, over-discharging, or by 
permitting the cell to stand in a discharged condition, and also due to old 
age or misadventure. 

Loss of Capacity.—This may be due to sulphation rendering the accu-
mulator incapable of taking a full charge, or due to an internal leak 
caused by a piece of plate having become detached and resting between 
the positive and negative plates. If the specific gravity falls about -075 
below the correct figure an internal short is indicated. 

Disintegration of Positive Plate.—A space is provided at the bottom 
of an accumulator to receive a fine peroxide deposit which will fall during 
the life of the accumulator. This deposit will gradually turn white and 
is a practically normal happening. If lumps of material appear at the 
bottom of the cell this is due to over-discharge if signs of sulphation are 
present on the positive plates (which may be recognised as white patches) 
or, alternatively, due to an excessive rate of charging if the positive plate 
is black or blackish in colour. 

Cracked Plates.—Cracks may appear in the plates either on the surface 
or from side to side to an extent that will eventually cause the plate to 
separate. This can be due to old age or to sulphation caused by over-
discharge or, less probably, to a manufacturing defect. 

Blisters on Negative Plate.—Blisters on the actual negative material or, 
alternatively, the appearance of a growth resembling fungus, is almost 
invariably due to the specific gravity of the acid being too high. This 
can easily be checked by means of a hydrometer, but should never occur 
if this instrument is used during charging, as obviously this abnormality 
would be noticed long before damage could occur. 

Special Note.—If occasion arises to empty the accumulator, either as a 
preliminary step to withdrawing it from its case to effect a repair or to 
change the acid, it is imperative that the accumulator be fully charged 
before the acid is emptied out or the plates withdrawn. Should a short 
circuit occur due to a piece of active material having become detached 
and lodged between two plates, it may be possible to dislodge it by 
" washing the accumulator out." If this treatment be resorted to, it is 
imperative that only acid of approximately correct specific gravity be 
used; the practice of washing out with distilled water is strongly con-
demned, as it is liable to loosen the active material, which will probably 
result in several short circuits occurring within a very small space of time. 
Accumulator Chargers.—Accumulator charging on D.C. mains 

is extremely simple, as it is only necessary to provide a suitable series 
resistance to limit the current to the required value. If a small num-
ber of cells is to be charged, this procedure is most uneconomical. 
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Suppose, for example, that the mains voltage is 250 volts, and twenty-five 
cells are to be charged at once, it is apparent that approximately 200 volts 
must be dropped across a resistance, which means that 8o per cent 
of the wattage consumed 
will be wasted. At one 
time simple devices made 
their appearance, consist-
ing of a lampholder and 
leads for home charging 
on D.C. mains. Such a 
device was incredibly ci) z 
wasteful, and the charging ri E 
of a 20-ampère-hour ti  0 
accumulator on 250-volt si 
mains would result in the  ?/' 
consumption of 5 to 6 
units of electricity. At 
the time when these devices made their appearance it was not uncommon 
in remote country districts (where such a device would presumably appeal) 
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Fig. 74.—A simple accumulator charger using a metal rectifier. 
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Fig. 75.—A more elaborate accumulator charger, allowing a group of large cells and a group of small 
cells to be charged simultaneously. The arrangement shown has a disadvantage that the cur-
rent flowing through one circuit will vary the current flowing through the other, although any 
error can be corrected by means of the transformer tappings and variable resistance. 

for electricity to cost gd. per unit, thus the cost of charging this small 
accumulator works out at 4s. 6d. per charge. Unless a large number of 
cells will always be charged at one time it will be far more economical to 
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convert the D.C. supply to A.C., usually by means of a converter, and 
step down the voltage by a transformer and then rectify. 
When A.C. mains are available, charging is comparatively simple, 

and the circuit of a typical charger is shown at Fig. 74, the rate of 
charge being controlled by tappings on the secondary of the trans-
former, with a fixed resistance in series with the accumulator that has 
an ohmic value several times that of the internal resistance of the battery, 
to avoid slight changes of voltage having a profound effect on the rate of 
current flowing. If desired, the tappings on the secondary may be 
dispensed with and the resistance may be made variable, but it must be 
so arranged that an adequate proportion is always in circuit. This 
arrangement is wasteful, owing to the wattage dissipated in the additional 
resistance, but is otherwise perfectly satisfactory. Fig. 75 shows the 
circuit arrangement of a relatively elaborate charger having two charging 
circuits so that small accumulators can be grouped on one circuit and 
larger accumulators grouped on another circuit, each being regulated for 
an appropriate charging-current. It will be observed that in the interest 
of economy a single ammeter is used, which may be plugged in to other 
circuits by means of the jack provided. Obviously, by suitable arrange-
ment, any number of charging-circuits can be provided. 



APPENDIX I 

(i) Radio Mathematics—The mathematics used in this book are of the 
simplest possible nature consistent with imparting the requisite informa-
tion; wherever possible a note is included showing the inference to be 
drawn from various formula for the convenience of those whose interest 
is superficial rather than directed to actual application. 
Although only the simplest mathematical terms are used, it was thought 

worth while to include a short résumé of the rules used, to serve in the 
nature of a reminder to those who have not had occasion to handle 
formula perhaps since school days; on the other hand, those who are 
familiar with the use of simple formula will not desire to read this section 
(Appendix I) (I). 
Take as an example the formula which expresses the reactance of an 

inductance, viz.: 
X =_- 27rfL 

In the section where the formula is first introduced the meaning of the 
several symbols will be given, together with the units to be used, in such 
terms as these: " when X equals reactance in ohms, n equals 3-141, 
f equals frequency in cycles per second, and L equals inductance in henrys." 

It is obvious from the accompanying text matter that the formula is 
included to enable the reader to determine the reactance of an inductance ; 
X is the symbol for reactance generally, but inductive reactance is some-
times written XL. It is written as X in the text in question, as it is 
obvious that inductive reactance is being discussed. 

In order to determine the required value (namely the value of X) it is 
necessary to resolve X; the word resolve" may sound formidable, but it 
simply means substituting the several letters for relevant numbers and 
working out the resulting straightforward " sum." A glance will show 
that four characters are used, 2, n, f, and L, and it is important to remember 
that when characters follow each other without a sign (i.e. ±, ±) 
between them it is understood that they are to be multiplied together; 
thus the formula could be (but never is) written as follows: 

X = 2 xnxfxL 
In so rewriting the formula no difference whatever has been made to 

it, the multiplication sign has merely been inserted where it is normally 
assumed. The next step is to substitute the characters for knort 
quantities. 
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7t. The Greek letter pronounced " pi " is a constant and has a value of 
3.14159 etc., but for such purpose as finding the reactance of an induc-
tance it will be sufficiently accurate for normal work to take its value as 
3.14 or, if it happens to be more convenient, as 3+. 

f. It is apparent that the value of X will vary with frequency, and it 
must be decided at what frequency the value of X is required; let it be 
assumed that the reactance of a smoothing choke is to be determined as 
a step towards ascertaining its efficiency as part of the mains pack. 
The frequency of hum ripple will be roo cycles per second if the mains 
periodicity is 50 cycles per second, therefore, for the present pur-
pose, f equals roo. 
L" equals inductance in henrys." This is a piece of information about 

the choke that must be determined either by measurement, calculation, or 
by accepting the manufacturer's specification. Let it be assumed that 
it is a 3o-henry choke; then L equals 30 (if appreciable direct current is 
flowing through the choke, the value must be that which obtains under 
such a condition). 
The values of the characters are now known, so they can be substituted 

thus: 
reactance it inductance 

a constant frequency 

X = 2 X 314 X I00 X 30 

When 2, 314, roo, and 30 are multiplied together, the answer is 18,840; 
thus the reactance of a 3o-henry choke at roo cycles is 18,840 ohms. 

Attention can now be directed to a slightly more complicated formula, if 
the use of the word complicated" can be excused when applied to the 
very simple expression below, which is the formula for determining the 
stage gain of a valve working into a resistive load; it is taken from the 
chapter on low-frequency amplification. 

x R 
Stage gain _ R 

when p. equals the amplification factor of the valve under working con-
ditions, r. equals the impedance of the valve under working conditions, 
and R is the effective resistance in the anode circuit. 
For the purpose of this example assume that ix equals 20, ra equals 

io,000, and R equals 30,000. It is now possible to substitute the symbols 
directly: 

p• X R 20 X 3o,000  
Stage gain —  , 

— 30,000 ± 10,000 

By multiplying together the numbers above the line and adding together 
those below the line the calculation is still further simplified: 

600,000 
40,000 
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The presence of a simple horizontal line denotes that the expression above 
it is to be divided by the expression below it, but it is essential that each 
be reduced to a single expression before this is attempted, and in so 
doing it is imperative that all multiplication signs be worked out before 
any notice whatever is taken of ± or — signs. To revert to the expression 
above, the answer could be determined by dividing 600,000 by 40,000, 
but the process is made very much less laborious by the normal operation 
of cancelling : 

3 
ekoèiàM 3° 
et,w t — = 15 (the stage gain). 

2 

It will be observed that the stage gain is 15, and it is apparent that the 
expression could possibly have been worked out mentally, but in practice 
it is unlikely that the several values would be in such convenient round 
figures. 

In the chapter on altErnating current there appears the formula: 

Z VR2 ± X2 

when Z equals impedance, R equals pure resistance, and X equals 
reactance. 
For this example let it be assumed that R equals ro ohms and X also 

equals io ohms. It is now possible to substitute : 

Z Vic) ± 102 

It will be noted that in each case the figure io is followed by the index 2, 
denoting that it has to be multiplied by itself or, in more correct terms, 
that it must be squared. Having done this the expression can then be 
written : 

Z = VI00+100 = V200 

The sign V denotes that the square root has to be found, which, in the 
example under discussion, means that a number must be found that 
when multiplied by itself equals 200. For approximate purposes 14 can 
be taken as the answer, since 14 x 14 = 196, and in the present instance 
is determinable by inspection. If the square root must be determined 
accurately, or the number is too large for mental arithmetic, then the 
square root must be worked out. 
The square root of a number is most easily determined by the use of a 

slide rule, and those who are not familiar with this invaluable adjunct 
to radio engineering, and calculations generally, are strongly advised to 
obtain one, together with an instructional booklet. If a square root is 
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to be determined by arithmetic, the procedure is somewhat tedious; 
admittedly some whole numbers can be handled by means of factors, but 
as this appendix does not pretend to be a treatise on mathematics, a 
single method which is capable of finding the square root of any number 
must serve. 

Before giving a resume of square root, it will be as well to  establish 
one or two facts, even if they are, perhaps, rather obvious. Vioo = 10 
and Vio,000 = ioo. It is apparent, therefore, that each two digits in 
the original number give one additional digit in the square root. 
Assume that it is desired to find the square root of 54,756. The number 

must first of all be split up into pairs of digits, beginning at the right-hand 
side ; it is apparent that if there is an odd number of digits, a single 
one will occupy the extreme left-hand position. The number will be seen 
below set out in the conventional manner: 

5,47,561 

The first step is to find the nearest square root of the first digit, or pair 
of digits, as the case may be. In the example this is obviously 2, which 
is placed on the right-hand side and forms the first digit of the ultimate 
answer; the digit is also squared and placed below the 5, and also doubled 
and placed on the left, as shown below. The subtraction is now made and 
the next two digits brought down: 

5,47,5612 
4 

4(?) 147 

The next step is to find the figure which can be substituted for ? above, 
bearing in mind that the divisor as a whole must be multiplied by the 
selected figure, and still remain a suitable divisor. In the present example 
the required number is 3, which makes the divisor 43. The figure 3 
therefore becomes the second digit of the answer, and the divisor is 
multiplied by 3, making 129, which is duly subtracted from the 147 and 
the remaining pair of digits is brought down: 

5,47,56 
4 

43 147 
129 

1856 

23 

Each time a new pair of digits is brought down a new divisor must be 
obtained by doubling that portion of the ultimate answer which has so 
far been obtained, which in this case will be 46. The next step is to deter-
mine the third figure of the divisor, which, as before, must be such that 
it may be multiplied by the divisor as a whole. In this example it is 
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obviously 4, which forms the ultimate digit of the answer; 464 is now 
multiplied by 4, giving 1,856, leaving no remainder : 

5,47,56 234 
4 

43 147 
129 

464 1856 
1856 

Occasion may arise when it is desired to find the square root of a decimal. 
It may be noted that if the decimal has an odd number of places it is 
necessary to add a nought, and it is not possible to determine the square 
root exactly. If the number is a pure decimal the procedure is perfectly 
straightforward, and may be followed from the example below. Note 
that the digits in the answer will always be preceded by a decimal point 
(when finding the square root of a pure decimal), since the square root of 
a number that is less than one will also be less than one. 

In the example below the first pair of digits (oo) is taken care of by a 
single nought in the answer; it will be remembered that each pair of 
digits in the number results in one digit in the square root. This observa-
tion may be extended by drawing attention to the fact that each two 
decimal places in the number will result in one decimal place in the square 
root. The example below shows the ma nner of determining V-000625: 

.00,06,25 .025 
4 

45 225 
225 
• • • 

When determining the square root of a mixed number, the digits are 
marked off in pairs, left and right, from the decimal point; if an odd 
number of places appear after the decimal point, a nought is added. 
The decimal point in the answer is put in immediately before  the first 
pair of decimal digits is brought down. In the example below V4o8.8484 
is determined : 

402 

4042 

4,08.84,84 
4 
0884 
804 

8084 
8084 

20'22 
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(2) The Interpretation of Graphs.—Broadly speaking, a graph may be 
described as a convenient means of determining an indefinite number of 
relationships between two variables. The simplest type of graph is one 
in which the curve is a straight line, and it should be noted that the line 
drawn across the squares is known as a " curve," whatever its shape 
may be. 
Suppose some liquid is to be sold at 5s. per pint. If it is to be 

sold in even quantities, such as quarter- and half-pints, it will be quite 
unnecessary to resort to graphical methods, but if a ready means of 
determining fractional quantities is required, it is conceivable that a 
graph would be worth while. Fig. 76 shows a piece of the usual squared 
paper which, it will be observed, is divided up into a number of major 

squares, which are 
in turn subdivided 
into tenths. As 5s. is 

 Lamm sixty pence, it will be 
• mama  

20  imam   convenient to use six   ................:  
such squares, so that 
each square will re-

15     present ten pence and 
.........•.     consequently each 

z   ..  minor square will 
• io   represent one penny. 

It is now necessary 
to distribute the pint 
along the vertical 
dimension; obviously 
each major square 
could represent one 

O 10 20 30 40 50 60 fluid ounce, but this 
would make the re-
sultant graph ill-
proportioned, which 

hampers accurate reading. It is therefore convenient to make each 
major square equal 5 fluid ounces, as shown. To draw the curve 
it is only necessary to mark off two known relationships, since the 
cost will be strictly proportional to the volume of liquid. These 
two points could conveniently be a pint at 5s., which will be placed 
where the horizontal 2o-ounce line cuts the vertical 5s. line (i.e. sixty 
pence). This is indicated in Fig. 76 by a small circle. The other 
point could conveniently be one-fifth of the previous quantity, namely 
4 ounces for one shilling, which is denoted by the lower small circle, 
and the two lines joined up and extended in either direction, as may 
be necessary. 
The real value of a graph is for determining relationships which are 

not proportional. Fig. 77 shows a curve which has been plotted 

a' 
MUM 

MMMMMMMMMMMM MIMUMMUMB: 

a an 

MM 

 Ben : 

:MUM. 

BO 

PENCE 

Fig. 76.—A simple example of a graph. 
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from the following information, the actual points being indicated by 
small circles : 

Volts. Cycles per second. 
o o 
2 666 
3 1,333 
35 2,000 

If the nature of the phenomenon is fully understood, it will be safe to 
join the points shown at 
Fig. 77 so that the graph 
now appears as Fig. 78. 
The process of continuing a 4 
line between points is known 
as interpolation, a practice 
which can only be employed 
providing the nature of the 
phenomenon is such that a 
change of one variable has 
a reasonable effect on the 
other. To take an extreme 
case, the curve at Fig. 78 
might be plotted in all good o 
faith from a small series of 
known relationships, but the 
true curve might be as 
shown at Fig. 79 if more facts 
were known, as indicated by the crosses which denote additional points. 

Certain curves are drawn on paper the divisions of which are non-linear 
in either or both directions. Generally speaking, such divisions follow a 

logarithmic law. This type 
of scale may be employed 
in order that the shape of 
the resultant curve shall 

4   convey a more appropriate 
mental impression of the 
phenomenon under observa-
tion. For example, a graph 

0 A  plotted between some vari--.1 
> able in the horizontal direc-

tion and audio gain in a 
vertical direction would have 
linear divisions if the gain 

o 2000  is expressed in decibels, but 

CYCLES PER SECOND 
if it is expressed in terms of, 
say, voltage, it will be de-
sirable to use a logarithmic 
scale in the vertical direction, 

o 

uà 

o 
> 2 

Fig. 77.—The 

1000 2000 

CYCLES PER SECOND 

first step in preparing a graph—marking 
off the points. 

Fig. 78.—Second step in preparing a graph—joining up 
the points. It is essential that the number of points 
be adequate for the type of work. 
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so that deviation from the 
curve would give an idea 

4   of the apparent audible 

0:1   

change in volume. It will 

be remembered that the response of the human ear 

to changes of volume follows o 
> 2  approximately logarithmic 

law. 
The use of a logarithmic 

scale is sometimes employed 
as a means of showing more 

o 1000 2000 clearly the behaviour of the 
CYCLES PER SECOND curve that is straight for the 

greater part of its length. 
Fig. 79.—A graph showing the danger of insufficient 

points. Additional points might show that Fig. 78 When reading from toga-
is incorrect and should be as shown here. rithmic paper, care should 

be taken to avoid falling 
into the error of assuming that half a division is the geometrical half-
way mark. The mathematical centre between two divisions bears the 
same relationship to the boundaries of the division in question as it 
bears to a complete logarithmic section. 

(3) Reading Circuit Diagrams.—There are several conventions for 
expressing the actual connections in circuit diagrams, in addition to 
innumerable minor and major differences in the actual symbols used to 
express various components. The accompanying illustrations, Figs. 8o-83, 
show the extent of the 
variation as used by various 
responsible publications, as-
sociations, or manufacturers. 
The variations in the ex-

pression of the actual con-
nections are limited, and 
can therefore be referred to 
in detail. Throughout this 
work the author has adopted 
the convention of using a small loop when one wire crosses another without 
making contact, as shown at Fig. 8o (left), which shows two wires crossing 
but not making contact with each other. For indicating that two wires 
are in metallic connection with each other the author has adopted the 
convention of simply omitting the loop, as shown at Fig. 8o (right). 
Some circuit diagrams use the loop, as shown at Fig. 81 (left), to express 

wires crossing each other, but employ a small spot at the junction of two 
wires that are connected together, as shown at Fig. 81 (right). Presum-
ably this idea has arisen from the suggestion of a blob of solder holding 
the wires together. 

Fig. 80.—(left) Wires crossing, (right) a junction. 
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Another convention which differs completely from that used in this 
book is to show wires that cross but that do not touch by simply drawing 
them across each other, as 
shown at Fig. 82 (left), and 
indicating wires that are in 
metallic connection by means 
of a spot at the point of 
junction (Fig. 82 (right)). It 
will be realised that a junction 
in the first-mentioned con-
vention is the same as a cross-
over in the third-mentioned 
convention. That such a 
state of affairs can exist is very unfortunate, and when a circuit 
diagram from an unknown source is read it is necessary to note which 

convention is used, deriving 
the information merely from 
the fact that the applica-
tion of the wrong convention 
will show a ridiculous series 
of connections. It is 
apparent that some know-
le d ge of circuit arrange-
ments is necessary before 
it is possible to determine 
whether or not a particular 

pair of wires are in contact or otherwise. 
There is yet a further convention which uses straight lines drawn across 

each other with or without a spot to indicate a junction and a broken line 
as indicated at Fig. 83 to represent a cross-over. 
This arrangement is perhaps the best one to adopt 
if the loop convention as shown at Fig. 8o is 
objected to on account of the large number of loops 
that have to be drawn on an elaborate diagram. 
The author prefers the loop convention as, in his 
opinion, it permits a circuit arrangement to be 
more quickly grasped than is possible with any 
other convention. This is, however, purely a 
matter of opinion. Fig. 83.—Yet another 

onven 
(4) Colour Codes and Customs.—There are c fion for wirescrossing. 

several colour codes which are standardised for 
various purposes. Some are strictly adhered to, but others are more 
often honoured in the exception rather than in the rule. 

Resistances.—It will be observed from the foregoing that resistances 
are colour coded in a different way for those having leads at right angles 
to the main body as compared to those having leads in line with the 

Fig. 8i.—A slightly modified convention: (left) wires 
crossing, (right) a junction. 

Fig. 82.—An entirely different convention: (left) wires 
crossing, (right) a junction. 
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main body, although the principle remains the same. Insulated resist-
ances usually have the same colour code as those of the axial lead type 
irrespective of their construction. 

It should be noted that the second digit may be indicated by the appro-
priate colour in the form of either a coloured band or a coloured tip. 
This is shown at Fig. 84a and Fig. 84h respectively. When the dot, tip 
(or band) is absent, it is assumed to be the same colour as the body. 

RESISTANCE COLOUR CODE 

Colour. Body and Tip. Dot. 
Black o None. 
Brown 1 o 
Red 2 00 
Orange 3 000 
Yellow 4 0000 
Green 5 00000 
Blue 6 000000 
Violet 7 0000000 
Grey 8 U.S.A. only { 00000000 
White 9 000000000 

EXAMPLES. 

Body Colour. Tip or Band Colour. Dot Colour. Resistance. 
Brown Red Black 12 ohms. 
Violet Green Brown 750 ohms. 
Yellow Black Orange 40,000 ohms. 
Black Red Blue 2 megohms. 

Fig. 84a.—The body colour denotes the 
first digit. The colour of the tip the 
second digit, and the colour of the 
spot the number of noughts. 

MEN 
I t LibLERANCE 

 DOT 

 TIP 

 BODY 

Fig. 84b.—The new modified colour 
code used for resistances with axial 
leads. 

The tolerance of resistances is shown by a gold or silver tip or ring as 
appropriate, as follows: 

Gold tip ± 5 per cent. 
Silver tip ± io per cent. (Silver indicated ± 20 per cent. up to Spring 

'944) 
Not coded± 20 per cent. (No indication was ± ro per cent, up to 

Spring 1944) 
Fuses.—Fuses are colour coded in accordance with the table below, 

but there are no regulations regarding the manner in which the colour 
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shall be applied. It may take the form of paint, coloured-paper label, 
etc. Some manufacturers ignore this code and may, for decorative 
purposes, colour all values, say, blue. The code, however, is as follows: 

Black 6o milliampères. 
Grey too milliampères. 
Red 150 milliampères. 
Brown 250 milliampères. 
Yellow 500 milliampères. 
Green 750 milliampères. 

Dark Blue i ampère. 
Light Blue 1•5 ampères. 
Purple 2 ampères. 
White 3 ampères. 
Black and white 5 ampères. 

When interpreting the colour code of condensers it should be remem-
bered that one micro-micro-Farad (p.p.F) is equal to one pico-Farad 
(pF). 

Colour. 

Black 
Brown 
Red 
Orange 
Yellow 
Green 
Blue 
Violet 
Grey 
White 
Gold 
Silver 
Black 

A 
tst Digit. 2nd Digit. Ciphers. 

o o -o 
I I 0 

2 2 oo 
3 3 000 
4 4 0000 
5 5 00000 
6 6 000000 
7 7 0000000 
8 8 00000000 
9 9 000000000 

Note —The tolerance colour dot E is some-
times replaced by a letter, in which case " G" 
= 2 per cent., " J " = 5 per cent., " K " 
io per cent., and " M" = 20 per cent. 

British Colour Code for Battery Connections. 
—The colour code for wander-plugs given below 
is honoured by some manufacturers and totally 
ignored by others; some of the latter hope-
lessly confuse the position by using coloured 
wander-plugs without conformity with the code. 

Red . 
Yellow 
Green . 
Blue . 
Black . 
Pink . 
Brown 
Grey . 
White 

D 
Decimal 

Multiplier. 

10 

100 

1,000 

0'1 

0'01 

E 
Tolerance. 
Per cent. 

2 

5 
10 

20 

0 0 0 

Typs. 

A 

D 
E 

G 

Fig. 85.—The condenser colour 
coding illustrating table above. 

• Highest positive H.T. voltage. 
• Second highest positive H.T. voltage. 
• Third highest positive H.T. voltage. 
• Fourth highest positive H.T. voltage. 
• Common negative (L.T. — and/or H.T. — and/or G.B. -1-). 
. L.T. positive. 
• Maximum G.B. negative voltage. 
• Second highest G.B. negative voltage. 
. Third highest G.B. negative voltage. 

Special Nots.—Any additional leads are coloured violet and their purpose indicated in some 
other manner. A lead emanating from a centre tap is coloured white. 

American Colour Code for Battery Connections.—It should be noted that 
the American colour code for battery connections is strictly adhered to 
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and is determined by the colour of the lead itself, the colour of the actual 
wander-plug being ignored. 

Red .•  Highest positive H.T. voltage. 
Maroon and Red•  Second highest positive H.T. voltage. 
Maroon•  Third highest positive H.T. voltage. 
Black, red tracer .•  H.T. 
Black, yellow tracer • L.T. 
Yellow•  L.T. +. 
Green. • GB. + . 
Black, green tracer•  Maximum G.B. negative voltage. 
Brown • Second highest G.B. negative voltage. 

Special Note.—In America the high-tension battery is known as the B battery, thus H.T. + 
s + B. Similarly, the low-tension supply is called the A battery and grid-bias the C battery. 

Multiple Block Condenser Leads.—When a block condenser has two 
wires only they are red and black irrespective of capacity or any other 
consideration, otherwise the following code applies: 
Red . • Highest capacity (positive). 
Yellow•  Second highest capacity (positive). 
Green . • Third highest capacity (positive). 
Blue .•  Fourth highest capacity (positive). 
Violet. • Fifth highest capacity (positive). 
Black . Principal negative. 
Brown • Second negative. 
Grey .•  Third negative. 
White • Centre tap for voltage doubler. 

Special Note.—If two sections are of the same capacity, the one with the higher voltage 
rating will have the higher code colour. 

Markings in accordance with the following table may appear on con-
densers in addition to, or as an alternative from, the colour code above. 

+ Common positive junction. 
— Common negative junction. 
± Series connection. 
& Isolated section. 

There are numerous other colour codings, including British conventions 
for transformer leads and American conventions for moving-coil loud-
speaker leads. The codes and customs tabled above include those in 
general use and moderately frequent use, the rest being omitted, as they 
are so seldom employed that they result in confusion. A complete 
standardisation report has been published by the Radio Component 
Manufacturers Federation. Standardisation in other forms has been 
recommended by the British Radio Valve Manufacturers Association and 
other responsible bodies. 

(5) Short-wave Reception.—Reception of long-distance short-wave 
stations requires considerably more care and patience than is generally 
supposed. One is accustomed to receiving stations on the medium and 
long wavebands spaced at reasonable distances apart on the dial. 
When searching for short-wave stations it is important to remember that 
the change of frequency per degree of rotation is very considerable, so 
considerable in fact that on the Io-metre band fifty channels may easily 
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be covered by a quarter of an inch on an ordinary dial. These remarks 
are, of course, directed to those receivers which use the same variable 
tuning condenser for all wavebands. 
Apart from the question of patience and care, the success of short-

wave reception depends to a very large extent on knowing which band 
to use at various times of the day. A particular station may be easily 
received at midnight, but be utterly unobtainable at midday. Some 
stations transmit at times which make them practically unreceivable in 
this country, since they work on frequencies unsuited to their distance 
from this country. The wavebands which can be expected to yield 
the most long-distance stations change with the time of day, the seasons 
of the year, and the utterly unstable condition of the various refracting 
layers in the upper atmosphere. The most important factor in determin-
ing the time is sunrise and sunset, and the remarks on each band below 
are expressed in these terms in order that they shall be applicable all the 
year round within reasonable limits. 

16-metre Band.—On this band distant reception is most easily accom-
plished when the entire path between transmitter and receiver is wholly 
in daylight. It is apparent, therefore, that stations in an easterly direc-
tion will be most easily received during the period two hours after sunrise 
until midday. American stations are most readily obtainable between 
midday and sunset, and European stations will be most consistent between 
sunrise and two hours after sunset. 

I9-metre Band.—Distant reception is most readily obtained on this 
band when the path between transmitter and receiver is largely, but not 
entirely, in daylight. Good conditions last until an hour or two after 
sunset at the receiving end. American stations are most readily received 
over a period extending about two hours on either side of sunset. 

25-metre Band.—Distant reception is at its best when the transmitter 
is in daylight and the receiver is in darkness. American stations are 
usually received between one and five hours after sunset at the receiving 
end, while European stations are usually available during the afternoon 
and evening. 

31-metre Band.—Distant reception is at its best when the transmitter 
is in darkness and the receiver in daylight, or vice versa. North and 
South American stations begin to come over at good strength about two 
hours after sunset, and will usually increase in strength until midnight 
or a few hours after. The best chance of obtaining Australian stations 
is often on this particular waveband between sunrise and two or three 
hours afterwards. European stations can be expected throughout all 
hours of the day. 

49-metre Band.—Reception is best on this band when the path between 
the transmitter and receiver is wholly in darkness. American stations 
are best received from about five hours after sunset until daybreak, and 
European stations from two hours after sunset until daybreak. 
Owing to the phenomenon of skip distance relatively near stations may 
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be unobtainable when more distant stations are coming in well on the 
same band. When searching for short-wave stations an up-to-date 
schedule giving stations and frequencies should be available, as operating 
times and frequencies are subject to constant change. The above notes 
on the different wavebands can be summarised by the phrase, " the later 
the hour the longer the wavelength." 

(6) Miscellaneous Valves.—The following is a brief résumé of certain 
types of valves omitted from the main text to avoid confusion. 

Electron Multiplier Valves.—A class of valve which utilises the pheno-
menon of secondary emission. The idea of applying what was hitherto 
regarded only as a drawback must be attributed to Farnsworth and 
Zworykin, who apparently worked on the idea independently and made 
their discoveries known at about the same time. The principle underlying 
the Electron Multiplier is amplification due to secondary emission. In 
practice, a number of anodes are employed, each being bombarded by a 
secondary electron from the previous anode, arrangements being made to 
accelerate progressively the electrons along the structure so that each 
anode gives off many more secondary electrons than primaries received. 
The principle has found practical application in television transmission 
in the form of the Farnsworth tube, certain special applications in high-
frequency work, and in fields outside radio engineering. 
Magnetron.—A special form of diode valve constructed so that the 

electron stream can be placed in the gap between the poles of a powerful 
magnet. When so arranged, it is capable of maintaining continuous 
oscillation or permitting anode current variation by magnetic means, 
and relies for its functioning on the somewhat obscure behaviour of a 
stream of electrons in a powerful field. Although the arrangement 
has great possibilities, the author is unaware of any practical appli-
cation in the field of domestic radio engineering. 
Multi-purposeValve.—Twenty years ago a valve existed which possessed 

five grids in addition to the usual anode and cathode. It was so designed 
that the valve could fulfil any normal function by suitable connection 
or interconnection of its grids. In a suitable circuit arrangement, there-
fore, it could be used as high-frequency amplifier, frequency changer, 
oscillator, mixer, intermediate-frequency amplifier, detector, low-
frequency amplifier, or output valve. From the point of view of the 
listener the system had one great advantage, namely, that a single spare 
valve would suffice as a replacement for any stage. 
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AN ABRIDGED TECHNICAL DICTIONARY 

A. BATTERY.—American term for L.T. battery or accumulator. 
ABSORPTION.—As applied to controlling the output of a transmitter or 

to a wave meter, whereby advantage is taken of the property of a tuned 
circuit " absorbing " power from another tuned circuit to which it is 
coupled. 

A.C.—Abbreviation for Alternating Current. 
ACCELERATION.—The rate of increase of velocity of electrons or a 

physical body. Acceleration and voltage are synonymous terms when 
applied to the flow of electrons. 
ACCEPTOR CIRCUIT.—A tuned circuit which offers a minimum im-

pedance at resonance. 
ACCUMULATOR.—A secondary cell which converts chemical energy into 

electrical energy, and vice versa. 
ACOUSTIC FEED-BACK.—The reintroduction of sound waves, e.g. sound 

waves from the loudspeaker actuating a pick-up head or microphone. 
ACOUSTICS.—The science of sound. 
ACOUSTIC WAVES.—Another term for sound waves. 
ACTINIC VALUE.—The value of a light source for photography. 
ADMITTANCE.—The reciprocal of impedance (Symbol Y). 
AERIAL.—Speaking broadly, any device for collecting energy from 

electro-magnetic waves, whether specifically designed for this purpose or 
whether in some improvised form. 
AERIAL (RESONANT).—An aerial of such dimensions that it has a 

natural frequency related to the frequency of the station which it is 
desired to receive. Such aerials are highly directional. If the trans-
mitter is more than a few hundred miles distant, orientation must be 
determined from a globe or a great circle projection map. A map based 
on Mercator's Projection is useless for this purpose. 
AERIAL CIRCUIT.—A vague term, but generally understood to mean 

everything between the aerial and the first valve. 
AERIAL DIRECTOR.—A rod or wire placed between the transmitter 

and the aerial for the purpose of increasing the efficiency of the 
system. 
AERIAL DOWNLEAD.—A vague term, but usually intended to convey 

the metallic connection between the receiver and the actual aerial. In 
the case of a standard inverted L aerial the downlead may collect more 
than 50 per cent. of the total energy. 
AERIAL DUMMY.—A circuit including inductance and capacity and 

usually resistance, intended to have the same effect as a normal aerial on 
167 
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the input circuit of the receiver. The usual values are 25 n, 20 11H, and 
200 ¡II/F. 
AERIAL FEEDER.—A downlead which is not intended to collect energy, 

its impedance is normally matched to the impedance of the aerial at the 
point of connection. 
AERIAL HALF-WAVE.—An aerial with a natural wavelength equal to 

half that of the station to be received. 
AERIAL INSULATION.—The resistance between the aerial and earth. 
AERIAL REFLECTOR.—A rod or wire so placed that the aerial is between 

it and the transmitter for the purpose of increasing the efficiency of the 
system. 
AFTER-GLOW.—The continuation of fluorescent light after electric 

bombardment has ceased from a fluorescent material such as the screen 
of a C.R.O. tube. 
A.G.C.—See automatic gain control. 

ALTERNATING CURRENT. — A cur-
rent the direction of which reverses 

  at regularly recurring intervals. The 
algebraic average value is zero. 
ALTERNATOR.—A device for convert-

ing mechanical energy into A.C. elec-
trical energy. 
AMMETER.—Strictly an abbreviation 

Fig. 86.—A standard dummy aerial circuit, for ampère meter. An instrument for 
The values are 25 S2, 20µH, and 2c,c)4,.F. measuring the rate of flow of electricity 

in terms of ampères. 
AMPÈRE.— The practical quantitative unit of electrical current (Sym-

bol A). 
AMPÈRE HOUR.—A unit of quantity of electricity, equal to the flow of 

one ampère for one hour (Symbol Ah). 
AMPÈRE METER.—See Ammeter. 
AMPÈRE TURN.—A measure of magneto motive force expressed as the 

product of the number of turns in an electro-magnet and the current 
flowing through it. 
AMPLIFICATION FACTOR.—A factor denoting the ratio between the 

effect of grid voltage and anode voltage on anode current in a valve 
(Symbol ii., a Greek letter which is pronounced " mu "). 
AMPLIFIER.—A device for increasing the amplitude of a change of 

voltage or current; as normally used the word " amplifier " denotes a 
circuit containing a valve or valves for increasing the strength of a radio 
or other signal. 
AMPLITUDE.—The peak voltage or the peak current of a waveform. 
AMPLITUDE DISTORTION.—The presence of alien frequencies in the 

output waveform. See also Frequency Distortion. 
ANODE.—The plate of a valve, i.e. the electrode that is farthest from 

the cathode. The electrode to which the electron stream flows. 
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ANODE A.C. RESISTANCE.—The differential resistance between cathode 
and anode of a thermionic valve (Symbol Ra, sometimes written ra). 
ANODE-BEND DETECTION, less correctly called Anode-bend Rectifica-

tion.—A valve arranged to rectify by virtue of anode current being biased 
to sensibly zero. 
ANODE CONVERTER.—A small combined rotary dynamo and motor 

giving high-tension supply from a low-tension input. 
ANODE CURRENT.—The total current flowing in the anode circuit 

(Symbol Ia). 
ANTENNA.—American for aerial. 
ANTINODE.—The point at which voltage or current is at a maximum in 

an aerial or feeder; the point on a diaphragm where displacement is 
a maximum. 
APERIODIC AERIAL.—An aerial working directly into the grid of an 

amplifying valve which is not preceded by a tuned circuit. 
APPARENT POWER.—The product of R.M.S. volts and R.M.S. ampères; 

when voltage and current are exactly in phase the apparent power and the 
wattage dissipation are equal. 
APPLETON LAYER.—An ionised refracting layer above the Kennelly-

Heaviside layer. 
ARC TRANSMITTER.—A wireless transmitter in which the " negative 

resistance " characteristic of a carbon/copper electric arc is utilised to 
produce continuous oscillations. An obsolete system. 
ARCING.—Colloquially, a current passing between two conductors due 

to faulty insulation or inadequate spacing. 
ARMATURE.—The inner (usually rotating) member of an electrical 

generating machine. 
ARTIFICIAL AERIAL.—See Aerial Dummy. 
ASTATIC COIL.—An inductance so wound that the external field is 

sensibly negligible. 
ATMOSPHERICS.—Interference to wireless reception of natural origin 

such as radiation caused by lightning discharges and also radiation 
originating from outer space. 
ATOM.—The smallest known particle of an element. An atom not having 

an electrical charge has equal numbers of positive and negative charges. 
ATTENUATION.—The deliberate or incidental introduction of loss in a 

circuit. 
ArrENuAToR.—An arrangement, usually of resistances, deliberately 

introduced to reduce the output from and input to a receiver, measuring 
instrument, or other piece of apparatus. 
AUDIO FREQUENCY.—Wave periodicity within the compass of the 

human ear. 
AUDIO-FREQUENCY TRANSFORMER.—A transformer so designed that it 

will handle audio frequency without causing undue frequency distortion. 
AUTOMATIC GAIN CONTROL.—A circuit to hold a television signal at a 

chosen level independent of input variations. 
R.T. III-12 
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AUTOMATIC VOLUME CONTROL.—A means of controlling the gain of a 
receiver by the amplitude of the signal input to counteract the effects of 
fading and/or to equalise the output on local and distant stations without 
manual adjustment. 
AUTO-TRANSFORMER.—A transformer, the primary and secondary of 

which are virtually one winding. 

B. BATTERY.—American for high-tension battery. 
BACK E.M.F.—The voltage (or Electro-motive Force) which acts in 

opposition to the flow of current in an electrical circuit. 
BAFFLE.—A mechanical obstacle between the front and back of a 

diaphragm to prevent the effect of the sound waves on either side of the 
diaphragm from tending to cancel each other. 
BALANCED ARMATURE.—A type of loudspeaker movement, the arma-

ture of which is balanced both magnetically and mechanically. 
BALLAST TUBE.—American for barretter. 

BANDPASS FILTER.—An arrangement of tuned circuits 
designed to attenuate all but a single band of frequencies. 
BANDPASS TUNER.—A variable bandpass filter. 
BANDSPREAD TUNING.—An arrangement for spreading 

out the tuning range so that a narrow shortwave band 
will cover the whole dial. 
BARRETTER.—A device which appears to resemble an 

electric lamp designed so that it tends to keep the 
flow of current constant irrespective of a change of 
voltage. 
BASKET Com.—An obsolete type of inductance made 

by winding wire in and out of an odd number of pins 
arranged radially about a hub. 

BATTERY.—Two or more cells connected in series. 
BEAM CURRENT.—See Gun Current. 
BEAM TRANSMISSION.—The system of directing the radiation from an 

aerial in one particular direction. 
BEAT NOTE.—A third frequency caused by and being the difference 

between two other frequencies. 
BEAT RECEPTION.—A system of making continuous wave transmission 

audible by heterodyning the incoming signal to produce an audible signal. 
BEL.—A logarithmic unit of power ratio. The practical unit is the 

decibel, which is one-tenth of a bel. 
BEVERAGE AERIAL.—A low aerial, the length of which is several times 

the wavelength to be received. It exhibits marked directional properties 
and has the advantage of favourable signal to noise ratio. 
BIAS.—An initial voltage applied. usually to the grid of a valve, to 

determine its operating condition. 
BLACK SCREEN.—Modern television tubes are darkened to allow greater 

room lighting. Some decrease of background "noise" is also achieved. 

Fig. 87.—A typical 
basket coil. 
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BLASTING.—A form of distortion, the nature of which is suggested by 
the term itself. 
BLATTNERPHONE.—A device for recording music or speech by impart-

ing magnetic variations to a tempered steel tape. 
BLOCKING CONDENSER.—See D.C. STOPPER. 
BLUE GLOW.—A phenomenon exhibited by a thermionic valve, the 

bulb of which contains an abnormal amount of residual gas. It is 
caused by the ionisation of the gas atoms resulting from collision with 
electrons. 
BOBBIN.—Usually a reel-shaped former on to which an inductance is 

wound. 
BORNITE.—A crystal that exhibits detecting properties when associated 

with zincite. 
BRIDGE.—A circuit arrangement for quantitative electrical measure-

ments. 
BRIGHT EMITTER.—A valve requiring the filament to be raised 

to a relatively high temperature before normal emission takes place. 
BUZZER WAVE METER.—A wave meter which functions as a miniature 

calibrated transmitter actuated by an oscillatory current produced by a 
buzzer. 

BY-PASS CONDENSER.—Condenser connected across a resistance or 
impedance to offer reduced impedance to audio or high frequencies. 

C. BATTERY.—American for grid-bias battery. 
CAPACITANCE.—An alternative name for capacity. 
CAPACITOR.—An alternative name for condenser. 
CAPACITY (of an accumulator).—The number of ampère hours that a 

cell can deliver after being fully charged. Of a condenser or insulated 
body—a measure of ability to store electricity (Symbol C). 
CAPACITY BRIDGE.—A balanced circuit arrangement for measuring 

capacity by determining its ratio to a known capacity. 
CAPACITY COUPLING.—A term used when a coupling between two 

circuits relies upon a condenser, one plate of which is connected to each 
circuit. 
CAPACITY REACTION.—Usually intended to mean magnetic reaction, 

the degree of which is controlled by a variable capacity. Strictly, the 
term means reaction due to energy fed from anode to grid by capacity 
coupling. 
CARBON MICROPHONE.—A microphone which functions by virtue of 

variation in resistance between carbon contacts. 
CARRIER.—A broad term used to indicate carrier wave, carrier current, 

or carrier voltage. 
CARRIER FREQUENCY.—The fundamental frequency of a transmitter. 

See also Sidebands. 
CARRIER SUPPRESSION.—A transmitting system in which the carrier 

wave is not radiated. 
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CARRIER WAVE.—A waveform modulated by a signal frequency enab-
ling the latter to be transmitted through free space. 
CASCADE.—A term used to denote that two or more pieces of appara-

tus, usually amplifiers, are so connected that the output of one is fed to the 
input of another. The valves in a receiver are said to be in cascade. 
CATHODE.—An electrode from which electrons are emitted. The term 

is sometimes so used that it is peculiar to an indirectly heated valve. 
CATHODE-RAY OSCILLOGRAPH.—A complete apparatus, comprising a 

cathode-ray tube, time base, and power pack. 
CATHODE-RAY TUBE.—A therinionic device which reproduces current or 

voltage phenomena as a visible light trace. 
CAT'S WHISKER.—A wire contact which forms a detector in conjunction 

with a suitable crystal. 
CELL.—See Accumulator and Primary Cell. 
CHARACTERISTIC CURVE.—A graph plotted to convey the peculiarities 

and electrical features of a piece of apparatus. In radio engineering the 
expression tends to be reserved for use in conjunction with thermionic 
valves. 
CHOKE.—An inductance designed to have a large A.C. impedance but a 

relatively small D.C. resistance. 
CHOKE CAPACITY COUPLING.—Similar to resistance capacity coupling, 

except that the anode resistance is replaced by a choke to increase the 
steady anode voltage of the valve. 

CLASS A AMPLIFIER.—An amplifying valve so biased that anode current 
flows at all times unless the valve is over-loaded. 
CLASS AB AMPLIFIER.—An amplifying valve so biased that anode 

current flows for more than half but less than the whole of one cycle of an 
A.C. input. This class of amplifier is sub-divided; when no grid current 
flows at full output it is Class AB,. When grid current flows for some 
portion of the complete cycle at full output it is Class AB,. 
CLASS B AMPLIFIER.—An amplifier the grid bias of which will reduce 

the anode current to sensibly zero when no input is applied. 
CLASS C AMPLIFIER.—An amplifier the grid bias of which is appreci-

ably greater than that necessary to reduce the anode current to sensibly 
zero. 

COEFFICIENT OF COUPLING.—A percentage indication of the mutual 
inductance between two coils. 
COHERER.—An obsolete detector utilising the property of metal filings 

which make imperfect contact unless influenced by high-frequency 
current. 
CONDENSER.—A component deliberately designed to possess capacity. 
CONDENSER MICROPHONE.—A microphone which converts sound waves 

into change of capacity. 
CONDUCTANCE.—The reciprocal of resistance. The unit is the mho, 

which is the reciprocal of an ohm. See also Mutual Conductance. 
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CONDUCTOR.—A substance which offers comparatively little resistance 
to the flow of current. 
CONE.—A large cone-shaped loudspeaker diaphragm. 
CONTINUOUS WAVES.—Undamped oscillations of constant amplitude; 

but, for signal purposes, broken up in the form of the Morse code. The 
incoming signal must be heterodyned to render it audible. 
CONVERTER.—In television, a unit to enable a Band I receiver to also 

receive Band III. 
CORRECTOR CIRCUIT.—Usually, but not necessarily, a resistance and 

condenser across an inductance to reduce frequency distortion. 
COUNTERPOISE.—A wire supported underneath an aerial near to, and 

used instead of, the earth. 
COUPLING.—Coupling is said to exist when an electrical change in one 

circuit produces an electrical change in another. 
CROSS MODULATION.—A term used to describe the phenomenon result-

ing when two signals, one of which is of relatively high amplitude, are 
imposed on the 
grid of a screened 
tetrode, resulting 
in the modulation 
of one station 
superimposing it-
self upon the 
carrier of the 
other. When this 
condition obtains, 
both modulations are imposed on one carrier and the following tuned 
stages are powerless to separate them. 
CRYSTAL.—See Crystal Detector, or Quartz Crystal, as may be 

appropriate. 
CRYSTAL DETECTOR.—A detector which takes advantage of the fact 

that some crystals exhibit the property of offering greater resistance to the 
flow of current in one direction than in the other. 
CUMULATIVE GRID RECTIFICATION, OR DETECTION.—Another name for 

leaky grid detection. 
CURRENT.—The movement of electrons along a conductor. As a 

matter of convenience the direction of flow is assumed to be in the 
opposite direction to the actual movement of electrons. 
CUT-OFF.—The limit above or below which a microphone, loud-

speaker, transformer, amplifier, etc., ceases to convey energy without 
undue attenuation. 
CYCLE.—One complete sequence of a recurrent phenomenon. 

DAMPING.—Strictly speaking, the rate at which a train of oscillations 
dies away. Colloquially, the deliberate or accidental introduction of 
resistance into a tuned circuit. 

Fig. 88.—Drawing of a coherer taken from a museum collection. 
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D.C. STOPPER.—A condenser connected in a circuit to prevent the flow 
of direct current. 

D.C.C.—Abbreviation of Double-cotton-covered. 
DEAD BEAT.—A meter is said to be dead beat when the pointer comes 

to rest without oscillating. 
DECIBEL.—One-tenth of a bel (Symbol db). 
DEFLECTOR PLATES.—The side plates in a cathode-ray tube which 

deflect the direction of the electron beam. 
DELAY (VOLTAGE).—A voltage applied, usually to a diode, so that a 

circuit or part of a circuit is inoperative until the input reaches a pre-
determined level. 
DEMODULATION.—A phenomenon which occurs when a weak modulated 

signal is rendered inaudible by a relatively strong carrier on a nearby fre-
quency. The actual demodulation can only occur in the detector valve. 
DETECTOR.—A valve or crystal combination arranged to cut off the 

upper or lower half of a modulated carrier. 
DIAPHRAGM (of a Loudspeaker).—Strictly, a disc or cone producing 

sound waves, but usually reserved for horn-type speakers. 
DIELECTRIC.—The insulator separating the plates of a condenser. 
DIELECTRIC Loss.—Loss of energy which occurs when a potential 

difference appears across a dielectric. The extent of the loss differs 
widely with different substances, and increases with frequency. 
DIFFERENTIAL CONDENSER.—A condenser with one set of moving vanes 

and two sets of fixed vanes so arranged that the average capacity is 
constant. 
DIODE.—A two-electrode thermionic valve incorporating an anode and 

cathode or filament. 
DIPLEXER.—A device to enable separate Band I and III aerials to be con-

nected to a television receiver with only one aerial socket. A device to 
enable a combined Band I and III aerial to be connected to a television 
receiver with separate sockets for Band I and III aerial feeders. 
DIRECT CURRENT.—A current the direction of which is continuous. 
DIRECTION FINDER.—A wireless receiver with a special aerial array, or a 

loop aerial designed with the intention of determining the direction of a 
transmitter. 

DISCRIMINATING CIRCUIT.—A portion of an automatic-frequency con-
trol circuit which brings about a change of potential consequent upon a 
change of frequency. 
DOWNLEA D.—See Aerial Downlead. 
DRIVER.—A valve used in front of a class B output stage to supply the 

power used in the input circuit of the output valve due to the flow of 
relatively heavy grid current. 
DYNAMIC CHARACTERISTICS.—Curves usually, but not necessarily, of 

a thermionic valve, showing working performance, e.g. when anode and 
grid voltages are varying simultaneously. 
DYNAMIC LOUDSPEAKER.—Another name for moving-coil speaker. 



AN ABRIDGED TECHNICAL DICTIONARY 175 

DYNATRON.—A tetrode arranged to work as an oscillator by virtue of 
the property of the valve to generate continuous oscillation if the poten-
tials applied are such that the valve works on its negative resistance 
characteristic. 

EARTH POTENTIAL.—The electrical potential of the earth is considered 
as zero and various points of electrical apparatus are connected to earth 
for the purpose of preventing the building up of induced potentials. 
EBONITE.—An insulating material made of vulcanised rubber and 

sulphur. 

EcHo.—Reflection of sound causing one or more repetitions of a single 
original sound. 
EDDY CURRENTS.—Currents induced in a conductor by a magnetic 

field. 

EFFICIENCY DIODE.—An integral part of a line time base which incor-
porates flyback E.H.T. 
ELECTROLYTE.—The liquid in the secondary cell, electrolytic con-

denser, etc. 

ELECTROLYTIC CONDENSER.—A form of condenser in which the dielec-
tric is a film of oxide formed by electrolysis set up by the current which 
flows through the condenser when the potential is first applied, and, to a 
lesser extent, during the whole of the time in which the condenser is in 
use. This type of condenser had a very favourable capacity to size 
ratio. 

ELECTRO-MAGNET.—A magnet which is effective only when a current is 
passing through a coil which is placed round the iron core. 
ELECTRO-MOTIVE FORCE.—The force that tends to bring about move-

ment of electricity in a circuit (Symbol E). 
ELECTRON.—The fundamental unit of negative electricity. The 

electron and proton are equal in charge but opposite in sign. 
ELIMINATOR.—A device for supplying a radio receiver with high 

tension, low tension, and grid bias from the house-lighting system. 
EMISSION.—The liberation of electrons from an electrode. 
ETHER.—The name given to an asumed medium which at one time 

was thought necessary to permit the transmission of wave motion. 
EXPONENTIAL HORN.—A loudspeaker horn so shaped that the pro-

gressive increase of diameter follows a logarithmic law. 

FADER.—A tapped volume control permitting the mixing of two inputs 
or the gradual change from one input to another. 
FADING.—Random fluctuations of aerial input due to changes in re-

fracting layers in the upper atmosphere. 
FARAD.—The unit of capacity. The practical unit is the microfarad, 

which is one millionth of a farad (Symbols F, ilF). 
FEED BACK.—The deliberate or accidental transference from a point 

in a circuit to another that is nearer to the input end. 
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FEEDER.—See Aerial Feeder. 
FERRITE AERIAL.—A small aerial intended to be used inside a receiver 

cabinet made of a rod of the material Ferrite. 
FIELD COIL.—Magnet energising coil of a moving-coil loudspeaker. 
FIELD STRENGTH.—The strength of a transmitter at a given place. 
FIELD OF VISION.—The area " seen" by the television camera. 
FILAMENT.—A cathode which is directly heated. 
FLUORESCENT SCREEN.—A chemical screen having the property of 

becoming luminous when bombarded by electrons. 
FLUX DENSITY.—A measure of magnetic or electrostatic force shown as 

the number of lines per unit area. 
FLYWHEEL SYNC.-A time base which resists the tendency of inter-

ference to make the vertical lines of a television picture ragged. 
FOCUSING.—The adjustment of an electron beam so that its cross sec-

tion is a minimum area at the point of impact on the fluorescent screen. 
FRAME AERIAL.—A closed loop aerial wound as an exaggerated solenoid. 
FRAME-HOLD.—A standardised term for the frame-synchronism adjust-

ment of a television receiver. 
FRAME TIME BASE.—That portion of a television receiver that controls 

the vertical deflection of a cathode-ray beam. 
FREQUENCY.—The number of complete cycles which occur in a given 

time (Symbol f). 
FREQUENCY CHANGER.—A circuit arrangement employing a valve, 

usually of special type, the main component in the anode circuit having a 
fixed frequency irrespective of the input frequency. 
FREQUENCY DISTORTION.—Variation of amplitude for a constant input 

at various frequencies. 
FREQUENCY MODULATION.—A system whereby audio frequency modu-

lates the carrier by swinging the frequency instead of the amplitude, see 
Chapter 29, Volume I. 
FULL-WAVE RECTIFICATION.—The conversion of alternating to direct 

current whereby both half-cycles are utilised. 
FULL-WAVE RECTIFYING VALVE.—A valve containing a twin assembly 

of two diodes 
FUNDAMENTAL FREQUENCY.—The lowest component frequency of a 

complex wave. The frequency of a fundamental alternating current or 
voltage (of an aerial), the lowest natural frequency of an aerial without 
the artificial addition of inductance or capacity (Symbol fi). 
FUSE.—A piece of relatively thin wire placed in a circuit. In the 

event of overload the fuse melts and prevents further damage. 

GAIN.—The ratio of output to input of an amplifier. 
GALVANOMETER.—A sensitive electrical indicating instrument. 
GANGING.—The practice of mechanically uniting two variable com-

ponents to achieve adjustment by means of a single knob. 
GAS-DISCHARGE TRIODE.—A thermionic valve with a trace of residual 

gas to facilitate its operation as a time-base generator. 
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GASSING (of an Accumulator).—When an accumulator is on charge it 
gives off hydrogen and oxygen gases and when this phenomenon becomes 
readily apparent the cell is said to be gassing. 
GAUSS.—A magnetic unit of flux density. 
GRAMOPHONE PICK-UP.—A device for converting mechanical energy 

derived from the sound groove of a record into electrical energy. 
GRAPH.—A curve allowing the relationships between two quantities to 

be readily determined. 
GRID.—The name given to all electrodes between the cathode and 

anode of a thermionic valve. 
GRID BIAS.—See Bias. 
GRID CURRENT.—A flow of current 

thermionic valve (Symbol Ig). 
GRID DETECTION.—Another name for Leaky Grid Detector. 
GRID LEAK.—A resistance so placed that the grid current flowing 

through it applies a potential to the valve grid. 
GRID-PLATE TRANSCONDUCTANCE.—Another 

ductance. 
GUN.—The beam-forming electrodes of a cathode-ray tube. 
GUN CURRENT.—The beam current of a cathode-ray tube. 

from or to the control grid of a 

name for mutual con-

HALF-WAVE RECTIFICATION.—See Full-wave Rectification. 
HARD VALVE.—The valve is said to be hard when it has been ex-

hausted to a very high degree of vacuum, in the process of which occluded 
gas must be driven from the surface of all metal and glass within the 
envelope. 
HARMONIC AMPLIFIER.—An arrangement for producing harmonics by 

distorting a relatively pure waveform. If desired, one or more har-
monics can be independently separated by means of filters. 
HARMONICS.—Multiples of the fundamental frequency. Twice the 

fundamental frequency is a second harmonic, three times, the third 
harmonic, and so on. 
HEATER.—A heating element placed inside, but insulated from, the 

cathode for the purpose of raising its temperature to produce electron 
emission. 
HEAVISIDE LAYER.—See Kennelly-Heaviside Layer. 
HENRY.—The unit of inductance (Symbol H). 
HERTZIAN WAVES.—Another name for radio waves. 
HETERODYNE RECEPTION.—See Beat Reception. 
HETERODYNE WAVE METER.—The calibrated oscillator which is 

adjusted so that the beat note between wave meter and receiver is zero. 
HIGH- DEFINITION TELEVISION.—The term used to distinguish the 

modern television system, which is made up of a relatively large number 
of lines, from the original experimental system made up of only 30 lines, 
and consequently giving very limited definition. 
HIGH FREQUENCY.—A term without any clearly defined limits, but 
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intended to include alternating-current phenomena above about 50 kilo-
cycles per second. 
HIGH-FREQUENCY AMPLIFIER.—See Radio-frequency Amplifier. 
HIGH-FREQUENCY CHOKE.—See Choke. 
HIGH-FREQUENCY RESISTANCE.—The resistance of a conductor to 

radio-frequency currents. It is always higher than D.C. resistance, but 
varies with frequency. 

HIGH-PASS FILTER.—A filter circuit that is designed to pass all fre-
quencies above a predetermined value. 
HIGH TENSION.—The relatively high voltage supplied to the anodes of 

thermionic valves. 
HIGH-TENSION BATTERY.—A number of dry cells or miniature accumu-

lators arranged in one or more convenient units for supply-
ing high-tension current to a radio receiver. 
HONEYCOMB Com.—Also known as wave-wound or 

III duo-lateral coil. A machine-wound coil, the turns of 
which are wound from side to side, forming a continuous 

II I pattern not unlike a sinusoidal waveform. 
II I HORIZONTAL FORM.—The linearity of a television pic-

ture in the horizontal or line direction; also called line 
linearity. 
HOT-WIRE AMMETER.—A current-measuring instru-

ment that depends for its action on the expansion of a 
wire consequent upon being heated by the passage through 
it of the current to be measured. 
HYDROMETER.—Broadly, a device for measuring the 

specific gravity of a liquid. Suitable types are available 
for measuring the specific gravity of accumulator acid. 
HYSTERESIS.—See Magnetic Hysteresis. 

IMPEDANCE.—The opposition offered to alternating 
current by inductance, capacity, and resistance. See 
also Reactance, Anode A.C. Resistance (Symbol Z). 
INDUCED VOLTAGE (OR CURRENT).—Energy in a con-

ductor due to a magnetic field from another conductor. 
INDUCTANCE.—The property of a conductor or coil to oppose a change 

in the flow of current. A straight wire possesses inductance, but the 
term is usually reserved for a coil deliberately intended to produce 
this phenomenon in some desired degree (Symbol L). 
INDUCTANCE BRIDGE.—A balanced circuit arrangement for measuring 

inductance. 
INDUCTIVE RESISTANCE.—A resistance wound in the form of an in-

ductance so that its impedance is greater than its resistance. 
INDUCTOR LOUDSPEAKER.—A moving-iron loudspeaker with a push-

pull action designed to overcome the limitations imposed by the width of 
the magnet gap in the balanced-armature type of speaker. 

Fig. 89.—Enlarged 
drawing of a 
cathode cut away 
to show the in-
sulated heater. 
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INERT CELL.—A dry cell that does not become active until filled with 
water or some other solution. It may thus be stored in hot climates for a 
long period. 
INERTIA.—The tendency of a body to resist a change of velocity. 
INFRA-BLACK.—The term sometimes used in television to denote the 

signal amplitude that is below the black level. 
INSULATION.—The property of reducing to negligible limits the flow of 

current between two conductors. 
INSULATOR.—The opposite to a conductor, i.e. a substance that offers a 

very high resistance to the passage of current. 
INTER-ELECTRODE CAPACITY.—The capacity existing between any pair 

or any set of electrodes in a thermionic valve. As colloquially used, it is 
sometimes implied that the term refers to the control grid/anode capacity 
of an H.F. tetrode or pentode. 
INTERMEDIATE FREQUENCY.—As normally used, the term refers to the 

frequency of that portion of a super-
heterodyne receiver which is pretuned. 
INTERNAL IMPEDANCE. —Another 

term for impedance or anode A.C. 
resistance. 
INTERRUPTED CONTINUOUS WAVE.— 

Continuous-wave transmission inter-
rupted at audio frequency so that it 
may be received without the use of the 
autodyne or heterodyne system. 

INTER-VALVE COUPLING.—The means by which the output of one valve 
is made to appear as a potential change between the grid and cathode of 
the succeeding valve. 

ION TRAP.—A small electrode in the neck of a cathode-ray tube which, 
in conjunction with a small magnet, traps ions present in the tube, thus 
preventing them from striking and damaging the screen material. 
IONISATION.—The act of splitting up the gas so that its atoms are 

short of or have an excess of electrons. 
ISOCHRONOUS.—Two A.C. waveforms are said to be isochronous if they 

appear in the same circuit at the same frequency but are out of phase. 
ISOLATING CONDENSER.—See D.C. Stopper. 

Fig. no.—A typical example of a single-
circuit jack. 

JAcx.—A device enabling connection to be made to one or more 
circuits and, if desired, the making or breaking of one or more circuits by 
the insertion of a plug to which an additional circuit is connected. 
JAMMING.—Interference with a wanted station from other transmitters. 
JAR.—A unit of capacity. Not now used in radio engineering. 
JIGGER.—Obsolete name for a high-frequency transformer. 

KATHODE.—Another spelling for cathode that is fast becoming obsolete. 
KENNELLY-HEAVISIDE LAYER.--A layer of ionised particles of variable 
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density and height, capable of refracting radio waves to an extent de-
pendent upon the condition of the layer and the frequency of the wave. 
KERR CELL.—A device in which the optical properties of the medium 

are controlled by an electric field. By suitable arrangement the intensity 
of a light can be controlled by a magnetic field. 
KILOCYCLE.—One thousand cycles (Symbol kc). 
KILOCYCLE/SECOND.—The number of kilocycles that occur in any 

second (Symbol kcs). 
KILOVOLT.—One thousand volts (Symbol kV). 
KiLowArr.—One thousand watts (Symbol kW). 
KnowArr HOUR.—The practical unit of quantity of electrical energy 

(Symbol kWh). 

LAMINATED CORE.—A transformer or choke core made up with thin 
iron plates. 
LIGHTNING ARRESTOR.—A form of 

spark-gap connected between aerial and 
earth to prevent the accumulation of 
a static charge upon the aerial. It 
does not, as popularly supposed, pro-
tect the receiver if the aerial is actually 
struck by lightning. 
LIMITER.—A valve device in FM 

receivers to exclude AM modulation 
and prevent overload. 
LINEAR AMPLIFICATION.—A condi-

tion that obtains when the output is 
proportional to the input in frequency and amplitude. 
LINE FLYBACK E.H.T.—An arrangement whereby the change of volt-

age during the line flyback is stepped up and rectified to form the E.H.T. 
of a television receiver. 
LINE HOLD.—The control on a television receiver that is adjusted to 

achieve line synchronism. 
LINE IMPULSE.—A square waveform imposed on the modulation of a 

television transmitter to produce line synchronism at the receiving end. 
LINE LINEARITY CONTROL.—An adjustment fitted to some television re-

ceivers permitting the velocity of the spot to be made constant for the length 
of its travel. Non-linearity causes an image to be broad or narrow, accord-
ing to whether it appears on the right-hand or left-hand side of the picture. 

LINE-SYNCHRONISING CONTROL.—See Line Hold. 
LINE TIME BASE.—That part of a television receiver that causes the 

spot to travel in the horizontal dimension. 
LOADING COIL.—An inductance connected in the aerial lead to extend 

the wavelength range without interference with the actual receiver. 
LOCAL OSCILLATOR.-_-A valve oscillator as used in a superheterodyne 

receiver. 

Fig. 9i.—A simple form of lightning arrestor. 
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LOGARITHMIC HORN. —See Exponential Horn. 
LOG LAW CONDENSER.—A variable condenser, the vanes of which are so 

shaped that the angle of rotation is proportional to the logarithm of the 
change in capacity. 
LOOP AERIAL.—American for frame aerial. 
LOOSE COUPLING.—Coils are said to be loose coupled when their mutual 

inductance is small when compared to their self inductance. 
Low FREQUENCY.—See Audio Frequency. 
Low TENSION.—The voltage applied to the filament or heater of a 

thermionic valve 

MAGNETIC FLux.—The total number of lines of force radiating from 
the magnet or coil (Symbol 0). 
MAGNETIC HYSTERESIS.—Lagging of magnetic flux behind the magnet-

ising force causing energy dissipation. 
MAGNETIC REACTION.—Reaction achieved by inductive coupling 

between the anode and grid circuits of a thermionic valve. 
MAGNETIC SCREEN.—A screen of iron, mu-metal, or rho-metal placed 

round a piece of apparatus to screen it from external magnetic field or, 
alternatively, to enclose a piece of apparatus so that its magnetic field 
does not affect the surrounding circuits. 
MAGNETRON.—A special valve in a magnetic field which produces 

extraordinary values of peak output. 
MAGNIFICATION FACTOR.—See Amplification Factor. 
MAINS UNIT.—See Power Pack. 
MEGACYCLE.—One million cycles (Symbol Mc). 
MEGGER.—A meter with some source of potential for measuring high 

resistance. 
MEGOHM.—One million ohms (Symbol M n). 
MERCURY-ARC RECTIFIER.—A rectifier which functions owing to the uni-

directional conductivity of a metallic arc in a vacuum. D.C. voltage 
derived in this manner usually has an appreciable A.C. component, and 
the smoothing arrangements of D.C. receivers will often prove inadequate. 
METAL RECTIFIER.—A rectifier made up of a number of copper plates, 

one side of each being oxidised. 
METALLISING.—The metal covering on the outside of a thermionic valve. 
MH0.—Unit of conductivity. 
MICA.—A natural mineral much used as the dielectric material in small 

condensers. 
MICROAMPÈRE.—One millionth of an ampère (Symbol 
MICROFARAD.—One millionth of a farad (Symbol ilF). 
MICROHENRY.—One millionth of a henry (Symbol 1/11). 
MICROPHONE. —A device for converting sound waves into electrical energy. 
MICROPHONE AMPLIFIER.—An amplifier used in conjunction with 

microphones having very small output; a complete amplifier is sometimes 
housed in the actual microphone head. 
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MICROVOLT.—One millionth of a volt (Symbol 
MILLIAMPÈRE.— One thousandth of an ampère (Symbol mA). 
MILLIHENRY.—One thousandth of a henry (Symbol mH). 
MILLIVOLT.—One thousandth of a volt (Symbol mV). 
MIRROR GALVANOMETER.—A sensitive measuring instrument in which 

the weight of a pointer is dispensed with by a minute mirror which 
throws a spot of light on the scale. If the scale is placed at a distance 
from the meter, a proportionate increase of deflection sensitivity is 
obtained. 
MODULATING GRID (of a Cathode-ray Tube).—The grid, usually the one 

nearest the cathode, which is intended to control the intensity of the 
beam (in a thennionic valve the grid to which a signal will normally be 
applied). Another name for control grid. 
MODULATION.—The imposition of one frequency upon another. As 

applied to radio transmission the imposition of audio frequencies on the 
carrier wave. 
MOLECULE.—The smallest particle of a chemical compound which is 

distinguishable as that compound. 
MONOCHROMATIC SENSITIVITY.—The sensitivity of a photo-electric cell 

to light of a given colour. 
MOTOR-BOATING.—Instability in a radio receiver which produces a 

relatively low-frequency oscillation of a spurious character. 
MOVING-COIL AMMETER (milliammeter, etc.).—A type of instrument 

which is actuated by the tendency of a coil in a magnetic field to align 
itself so that both fields are in line. 
MOVING-COIL LOUDSPEAKER.—A loudspeaker the diaphragm of which 

is actuated by a coil fixed at its apex and situated between the poles of a 
powerful magnet. 
MOVING-COIL MICROPHONE.—A microphone in which the diaphragm 

has a coil fitted to its apex, which is placed in the field of a powerful magnet 
so that movement of the coil produces an induced current in its winding. 
MOVING-IRON LOUDSPEAKER.—A general term denoting a loudspeaker 

the cone of which is actuated by an iron reed or armature in a magnetic 
field. 

Musn.—Interference caused by natural and man-made static, unwanted 
transmitters, i.e., general background noise. 
MUTUAL CONDUCTANCE.—The power of the grid of a thermionic valve 

to control the anode current. It is usually quoted in terms of milli-
ampères change of anode current per volt change of grid potential. 
(Symbol g). 
MUTUAL INDUCTANCE.—The effect obtaining when two inductances are 

so arranged that the flow of current through one will produce a potential 
across the other (Symbol M). 

NAPERIAN LoGAninim.--Logarithms calculated to the base 2.71828. 
NATURAL FREQUENCY OR NATURAL PERIODICITY.—The frequency at 



AN ABRIDGED TECHNICAL DICTIONARY 183 

which a circuit will oscillate by virtue of its own inductance and capacity 
(Symbol fo). 
NATURAL WAVELENGTH.—The wavelength at which an aerial will 

oscillate by virtue of its own inductance and capacity. 
NEEDLE-ARMATURE PICK-UP.—A pick-up SO constructed that the actual 

needle is also the armature. 
NEGATIVE FEEDBACK.—Transference of energy from anode to grid 

circuit so that the fed back current or voltage is out of phase. Correctly 
applied, it is used to improve the quality of amplifiers and the stability of 
oscillators. 
NEGATIVE POLE.—A point in a circuit at a potential lower than any 

other point in the circuit. 
NEGATIVE RESISTANCE.—A condition when a decrease of voltage brings 

about an increase of current. 
NEON LAMP (NEON TUBE).—A glass envelope filled with low-pressure 

neon gas containing two electrodes. 
NEPER.—Continental unit of gain. One neper equals 

8.68 decibels. 
NEUTRAL WIRE (NEUTRAL MAIN).—The earthed 

wire of athree-phase A.C. system or of a three-wire 
D.C. system. 
NEUTRODYNE RECEIVER.—A receiver employing a 

more or less obsolete principle in which the inter-
electrode capacity of the amplifier is balanced out by 
an equal feed-back from another point in the circuit 
that is out of phase. 
NICKEL IRON.—An iron-nickel alloy of a high per-

meability used for transformer cores. 
NICROME.—A nickel-chrome alloy much used for 

valve grids, owing to the ease with which it may be 
freed from occluded gas. 
NIGHT EFFECT.—A general expression indicating phenomena affecting 

radio reception during the hours of darkness. 
NODE.—The point at which voltage or current is at a minimum in an 

aerial or feeder. The point on a diaphragm where displacement is minimum. 
NODON RECTIFIER.—A more or less obsolete form of rectifier, at one 

time used for such purposes as accumulator charging. It comprised an 
aluminium cathode and lead anode in ammonium phosphate. 
NON-INDUCTIVE RESISTANCE.—A resistance SO wound that its induc-

tance is negligible, or made in the form of a solid composition rod which 
achieves the same purpose. 
NOTE MAGNIFIER.—Obsolete term for audio-frequency amplifier. 

0i-rm.—The basic unit of resistance (SI). 
OHMMETER.—An instrument for measuring resistance. 
OHM'S LAW.—The inflexible and unchanging law that the flow of 

Fig. 92 — A type of 
neon lamp that is 
equally adaptable for 
simple time bases or 
domestic purposes. 
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current is proportional to the potential difference across the circuit and 
inversely proportional to resistance. 
OPEN CIRCUIT.—A circuit through which current cannot flow. 
OPEN GRID.—Colloquial term used to imply an accidental disconnection 

isolating a valve grid from its cathode. 
OSCILLATION.—The rhythmic change of current and voltage normally 

produced by feeding energy from an anode circuit back to its own grid 
circuit. 

OSCILLATION VALVE.—An obsolete term at one time meaning triode. 
OSCILLATOR.—A circuit, usually employing a valve, primarily intended 

for producing and maintaining oscillation at a predetermined frequency.. 
OSCILLOGRAPH.—See Cathode-ray Oscillograph. 

PACKING.—The accidental rearrangement of carbon granules in a 
microphone resulting in reduced sensitivity, dis-
tortion, and decreased signal to noise ratio. 
PARAPHASE PUSH-PULL.—An output circuit so 

arranged that the output valves are driven in 
opposite phase by connecting the grids to the 
cathode and anode of the previous valve or from 
the anodes of two audio-frequency amplifying 
valves, the grid of one being driven from a tap 
on the anode resistance of the other. 

Fig. 93.—Electrode assembly 
of a " peanut " valve. The 
illustration is twice full size 
and the outer circle shows 
the proportionate size of a 
sixpenny piece. 

PARASITIC OSCILLATION.—Spurious oscillation, 
due to a portion of a circuit oscillating at its 
natural frequency, e.g. the grid lead of an output 
valve. 
PARKERISING.—A method of making iron and 

steel less liable to corrosion. Many modern 
chassis are finished in this way. 

PEAK VALUE.—The maximum value of an alternating voltage or 
current. 
PEAK VOLTAGE (CURRENT).—The maximum amplitude of an alternat-

ing phenomenon as distinct from the R.M.S. value. 
PEANUT VALVE.—A general term embracing that class of valve which is 

contained in a very small bulb. 
PENTODE.—A thermionic valve with five electrodes. The term is not 

generally used for frequency changers, although some do, in fact, have 
five electrodes. 
PERCENTAGE MODULATION.—The ratio of the carrier and modulation 

amplitude expressed as a percentage. 
PERIKON DETECTOR.—A crystal detector using bornite and zincite in 

contact as the element. 
PERIODICITY.—Another word for frequency. 
PERMANENT MAGNET.—A hard-steel magnet which retains its magnet-

ism for a relatively indefinite period. 
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PERMEABILITY.—Magnetic conductivity of a material. The ratio of 
flux density to magnetising force (Symbol p.). 
PERMEABILITY TUNER.—A system where tuning is effected by moving 

a dust-iron core in and out of a tuning coil. 
PERSISTENCE.—The continuation of a phenomenon after the force pro-

ducing it has ceased. 
PERSISTENCE OF VISION.—A failing of the human eye, whereby it 

appears to see an object for a fraction of a second after the object is no 
longer visible. Without this failing television might never have been 
possible. 
PHASE.—The relative progression of a periodic phenomenon. 
PHASE ANGLE.—The angular relationship between two alternating 

phenomena of identical frequency (Symbol cp). 
PHASE DETECTOR.—A type of frequency to modulation convertor used 

in FM receivers. 
PHoN.—A quantitative unit of noise. 
PHOTO-ELECTRIC CELL.—A high-vacuum device that generates a 

minute current due to and proportional to light falling 
on its sensitive cathode. 

PICK-Up.—See Gramophone Pick-up. 
PICTURE SYNCHRONISM (HOLD, SHIFT, ETC.).—See 

Frame Hold. 
PILLAR.—American for synchronising impulse. 
PILOT-LIGHT.--A small bulb so situated on the receiver 

that attention is drawn to it when switched on. 
PLATE.—Another name for anode. 
POLAR DIAGRAM.—Commonly a curve of the output 

of a transmitter, permitting the field strength in any 
particular direction for a given distance to be readily 
determined. 

POLE (of a Magnet).—The apparent end of a magnet 
from which lines of force emanate. 

POSITIVE POLE.—A point on a circuit that has a higher potential than 
any other point. 

POST-OFFICE Box.—A convenient adaptation of the Wheatstone bridge, 
used for highly accurate resistance measurement. 
POTENTIAL DIFFERENCE.—Difference in potential between two points 

of a circuit. 
POTENTIAL DIVIDER.—A tapped resistance, or the equivalent, used to 

tap off a predetermined fraction of a larger potential. 
POTENTIOMETER.—A variable potential divider. 

Fig. 94.—A standard 
photo cell. 

POWER FACTOR.—The ratio of watts to volt-ampères. 
POWER GRID DETECTION.—A vague term denoting a leaky grid detector 

working with a low value of grid leak and high anode voltage. 
POWER PACK.—That portion of a mains receiver that supplies the 

energy required by the receiving valves. 

R.T. 111-13 
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POWER VALVE.—A colloquial term denoting a triode valve intended 
for use in the output stage. 
PRIMARY CELL.—A cell which relies on chemical action and which does 

not require charging. 
PROGRESSIVE SCANNING.—See Sequential Scanning. 
PROTON.—The smallest unit charge of positive electricity. 
PULSATING CURRENT.—A uni-directional current whose amplitude 

varies periodically. 

QUARTER-WAVE AERIAL.—An aerial having a natural wavelength 
equal to a quarter of the wavelength it is desired to receive. 
QUARTZ CRYSTAL.—A natural crystal used for controlling frequency. 

Advantage is taken of the phenomenon that an alternating voltage 
applied to opposite faces of a quartz crystal of suitable thickness will 
cause the crystal to vibrate and by its own physical dimensions hold the 
electrical frequency constant within close limits. 

RADIATION.—The projection of electro-magnetic waves into free space. 
RADIO BEACON.—A transmitter with a directional aerial system, or 

otherwise, that radiates a signal to assist the navigation of ships or 
aeroplanes. 
RADIO CHANNEL.—A band of frequencies of sufficient width to permit 

radio or television communication. 
RADIO COMPASS.—A radio direction finder used for navigating. 
RADIO FREQUENCY.—An undefined term intended to cover all fre-

quencies used in radio transmission. The term is sometimes used in such 
a manner that it is intended to convey the idea of signal frequency as 
distinct from intermediate frequency. 

RADIO-FREQUENCY AMPLIFIER.—An amplifying stage or stages tuned 
to the frequency of the incoming signal. 
RATIO DETECTOR.—A type of frequency to modulation convertor used 

in FM receivers. 
REACTANCE.—Opposition offered to an alternating current due to 

inductance or capacity or both. The total opposition offered by resist-
ance, inductive reactance, and/or capacitative reactance is known as 
impedance (Symbol X). 
REACTION.—The accidental or intentional transference of energy from 

an anode circuit to a grid circuit so that the feed-back current is in phase. 
REACTION CONDENSER.—A variable condenser arranged to control the 

amount of energy fed-back in a reactive circuit. 
RECTIFICATION.—The conversion of alternating current into uni-

directional current. 
RECTIFIER.—A device for rectifying alternating current. It usually 

consists of one or more diodes or a metal-oxide unit. 
RECTIFYING VALVE.—A thermionic diode specially designed for 

rectifying alternating current. 
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REDIFFUSION.—The passing on of a received programme to a third 
party. 

REFLECTION (of a Radio Wave).—The " bouncing back" of a wave 
occasioned by its striking a medium that it cannot penetrate The bend-
ing of a wave caused by its inability to pass through a medium in a straight 
line, is more correctly described as refraction. 
REFLECTOR.—One or more wires or rods placed behind a transmitting 

or receiving aerial to direct radiation or increase reception, as the case 
may be. 
REFLEX CIRCUIT.—A circuit arrangement, now more or less obsolete 

in which one or more valves act as both high-frequency and low 
frequency amplifiers. 
REFRACTION 

See Reflection. 
REGENERATION.— 

Reaction. 
REINARTZ CIRCUIT. 

—A reactive detector 
controlled by capa-
city, so arranged that 
the reaction coil is also 
the aerial-coupling. 
REJECTOR. — A 

tuned circuit designed 
to offer high impe-
dance to a particular 
frequency. 
RELUCTANCE.— 

The opposition offered 
H.T.-to the passage of mag-

netic flux (Symbol S). 
REMOTE CONTROL Fig. 95.-A typical reflex circuit. 

(in Radio Recep-
tion).—A device permitting the receiver to be more or less completely 
operated by means of extension controls. 
RERADIATION.—The re-transmission of energy received from some 

external source; this phenomenon presents problems in direction finding 
RESIDUAL MAGNETISM.—Magnetism in an iron core remaining after 

the magnetising force has ceased to function. 
RESISTANCE.—The opposition of an electric circuit to the passage of 

current (Symbol R). See also Ohm's Law. 
RESISTANCE-CAPACITY COUPLING.—A coupling arrangement between 

two thermionic valves. See appropriate chapter in general text. 
RESISTOR.—A resistance in its physical form. More generally used in 

America than this country. 
RESONANCE.—A phenomenon that occurs when alternating current 

d 

H.T.+ 

r-fPR)-̀  
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flows through a circuit the natural frequency of which is equal to the 
frequency of the alternating current. 
RESPONSE-CURVE.—The curve showing graphically the relationship 

between two characteristics, e.g. the voltage developed across the tuned 
circuit for various applied frequencies. 
RHEOSTAT.—Another name for variable resistance. 
RINGING (PICTURE).—A sort of visual echo forming one or more out-

lines displaced to the right of objects in a television picture. 
RINGING (TIME BASE).—A series of vertical lines on the left-hand half 

of a television picture caused by the oscillatory characteristics of the line 
time base circuit. 
ROTARY CONVERTER.—A machine for converting alternating to direct 

current, or vice versa. 
R.M.S. VALUE (ROOT MEAN SQUARE VALUE).—The square root of the 

mean value of the squares of the instantaneous values for one complete 
cycle. The R.M.S. value is that which will perform the same work as 
direct current of equivalent amplitude. The effective value of an alter-
nating phenomenon. 

SATURATION (CURRENT).—The state when anode current cannot be 
increased irrespective of the voltage applied (magnetic). The state when 
flux density cannot be appreciably increased irrespective of the mag-
netising force applied. 
SCANNING.—The process of building up a picture by traversing the 

area so that the whole is covered. 
SCANNING DISC.—A disc used in early television which scanned by 

means of a series of holes placed at a progressively increasing distance 
from the centre. 
SCREENED-GRID VALVE (SCREEN-GRID VALVE).—A tetrode, the outer-

most grid of which is so designed that control-grid to anode capacity is 
reduced to a minimum. 
SECONDARY BATTERY.—Two or more secondary cells. 
SECONDARY CELL.—A cell that requires charging before it is capable 

of discharging, e.g. an accumulator. 
SECONDARY EMISSION.—Electrons emitted from a surface due to the 

impact of electrons from another source. 
SELECTIVITY.—The power to select a particular frequency to the total 

or partial exclusion of all others. 
SELENIUM CELL.—A cell exhibiting the peculiarity that its resistance 

varies according to the illumination intensity that falls upon it. 
SELF-CAPACITY.—Capacity between a conductor and earth or between 

two or more points on the same conductor. 
SEQUENTIAL SCANNING.—Television scanning in which each line is 

covered immediately following its predecessor. 
SHIELD.—Another name for the modulating grid of a cathode-ray tube. 
SIDEBANDS.—When a carrier wave is modulated, frequencies are 
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present equal to the difference between and the sum of the carrier and 
modulation frequencies. Collectively known as the sidebands. 

SINE WAVE.--A waveform which follows a sine law. Note: Sinu-
soidal is used as though it were the adjective of sine wave. 

SINGLE SIDEBAND TELEPHONY.—A transmitter so designed that it 
transmits one sideband only. Reception is unintelligible until the 
missing sideband is reintroduced at the receiving end. 

SKIN EFFECT.—The name given to the phenomenon exhibited by high-
frequency currents which tend to travel on the surface of a conductor. 

SKIP DISTANCE.—The area around a short-wave transmitter between 
direct ray and sky wave reception. 
SMOOTHING CIRCUIT.—An arrangement comprising one or more shunt 

capacities and series inductance or resistance intended to convert a 
pulsating current into direct current of constant amplitude. 

SOFTNESS (of a Valve).—The presence of gas in sufficient quantity to 
permit appreciable ionisation. 

SPACE CHARGE.—A cloud of electrons emitted from a cathode and 
which are not immediately flowing to the anode. 
SPIDER.—The centring device of a moving-coil loudspeaker cone. 
SQUARE LAW DETECTOR.—A detector in which the output voltage is 

proportional to the square of the input voltage, e.g. an anode-bend 
detector. 
STAGE GAIN.—The ratio of output voltage to input voltage of a stage 

of amplification. 
STALLOY.—A silicon-iron which has fairly high permeability and low 

hysteresis. It is used for low-frequency and mains transformers. 
STATIC. —Another name for atmospherics. 
STEP-DOWN TRANSFORMER.—A transformer so designed that the 

secondary voltage is lower than the primary voltage. 
STEP-UP TRANSFORMER.—A transformer which is so designed that the 

secondary voltage is higher than the primary voltage. 
STOPPING CONDENSER.—See D.C. Stopper. 
STORAGE BATTERY.—Another name for an accumulator. 
SULPHATION.—A deposit of lead sulphate that appears on the plates 

of an accumulator due to being left in an uncharged state. 
SUPER CASCODE.—An H.F. amplifier using two triodes virtually in series 

giving great gain, increased signal-to-noise ratio, and excellent stability 
even at very high frequencies; often used as the first stage of a television 
receiver. 
SUPERHETERODYNE RECEIVER.—A circuit arrangement using a local 

oscillator which, when mixed with the incoming signal, produces a fixed 
frequency irrespective of signal frequency. 

SUPER-REGENERATION.—A principle which entails the use of a quench-
ing frequency which is above audio frequency, and used to interrupt a re-
active detector so that the latter may be coupled beyond the normal 
threshold point. 
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SUPERSONIC FREQUENCY.—A frequency just above the range of the 
human ear. 
SWINGING.—Momentary variation in frequency of the received wave. 
SYNCHRONISM (in a Television Receiver).—The condition when the 

picture is at rest due to both time bases being in step with the transmitter 
time bases. 
SYNCHRONOUS.—The condition which obtains when two alternating 

phenomena possess a common frequency and pass through all points of 
a cycle simultaneously. 

TARGET.—The fluorescent electrode 
indicator. 
TETRODE.—A four-electrode valve. 
THERMIONIC CURRENT.—The rate of flow of electrons between cathode 

and anode. 
THERMIONIC 

of a cathode-ray type tuning 

VALVE.—A vacuum tube containing two or more elec-
trodes, one of which is intended to be maintained at 
a temperature which will cause it to emit electrons. 
THERMISTOR. — A composition-type resistance 

having the special property that its value increases 
as the current flowing through it tends to increase, 
thus preventing, within limits, a surge. Also used 
instead of a hot-wire barrettor. 
THERMO-AMMETER.—A current-measuring instru-

ment and a miniature thermo-couple; the high-
frequency current to be measured heats the 
thermo-couple and the current thus generated de-
flects the meter. 
TIGHT COUPLING.—When two circuits have a rela-

tively large common impedance, or two inductances 
are so placed that most of the energy in one appears in the other, they 
are said to be tightly coupled. 
TIME-BASE GENERATOR.—A circuit for producing a steadily increasing 

current or voltage followed by a rapid return to zero causing the cathode-
ray beam to move across the screen at a predetermined velocity. 

TIME-CONSTANT.—The time taken by current or voltage to rise to 
63.4 per cent. of its ultimate value. 
TOROIDAL COIL.—An inductance wound on a core, which may or may 

not be of ferrous material, shaped in the form of a ring. A coil wound in 
this manner has an extremely small external field. 
TOTAL EMISSION.—The total number of electrons emitted from a 

cathode due to the influence of a voltage that will draw away all the 
electrons emitted. 

TRANS-CONDUCTANCE.—A term 
America, for mutual conductance. 
TRANSFORMER.—A device normally intended to convert energy in such 

Fig. 96.—A toroidal coil. 

sometimes used, particularly in 
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a manner that voltage is increased or decreased, and current decreased 
or increased. A transformer may be so designed that the voltage is equal 
across primary and secondary and may be used as a means of passing 
alternating current while stopping direct current. 
TRANSIENT.—A phenomenon which lasts only for a very short time. 
TRICKLE CHARGER.— An accumulator charger of small output intended 

to charge during the night to make up for current used for operating a 
radio receiver. 
TRIGGER CIRCUIT (in a Cathode-ray Oscillograph).—A circuit arrange-

ment whereby the beam is held stationary or " blacked out " until 
released, usually by the phenomenon to be observed. 
TRIODE.—A three-electrode valve. 
TRUE POWER.—The actual wattage dissipated in a circuit, i.e. the 

product of volts and ampères multiplied by the power factor. 
TUNED ANODE.—An inter-valve coupling in which the amplified out-

put is built up across a tuned circuit directly in the anode circuit of the 
amplifying valve. 
TUNED CIRCUIT.—A circuit containing inductance and capacity, the 

resonant frequency of which is, or has been, adjusted to some desired value. 
TUNGSTEN.—A base metal employed for valve filaments, and heaters. 
TUNING.—The adjusting of a tuned circuit. 
TUNING COIL.—An inductance forming part of a tuned circuit. 
TUNING CONDENSER.—A variable condenser forming part of a tuned 

circuit and usually providing the means of adjusting resonance to the 
required value. 
TURRET TUNER.—An arrangement of coils which can be rotated so that 

the desired coil is made to register with a fixed pair of contacts; much 
used in television receivers. 

UNDAMPED OSCILLATIONS (UNDAMPED WAVES).—A train of waves 
with constant amplitude. 
UNI-LATERAL CONDUCTIVITY.—The property of allowing current to 

pass in one direction only or considerably more easily in one direction. 
Any rectifying device must necessarily possess this property. 
UNTUNED AERIAL.—An input circuit that is not tuned to the frequency 

of the required signal. Sometimes called an aperiodic aerial. 

VACUUM TUBE.—A vague term covering all types and sizes of sealed 
envelopes which contain electrodes but from which all gas has been with-
drawn as far as practicable. In America the term is inclined to be 
reserved for the thermionic valve. 
VALVE.—See Thermionic Valve. 
VALVE RECTIFIER.—See Rectifier. 
VALVE VOLTMETER.—An arrangement in which small potentials either 

A.C. or D.C. are measured by applying them to the grid/cathode circuit 
of a valve and noting the change in anode current. 
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VARIABLE CONDENSER.—A condenser so designed that its capacity may 
be conveniently and constantly varied, as distinct from a pre-set condenser, 
which, although variable, is intended to be adjusted and left alone. 
VARIABLE-MU VALVE.—A valve with a grid so constructed that the 

mutual conductance can be varied by a negative grid potential without 
introducing pronounced rectification properties. 
VARIO-COUPLER.—An arrangement by which the coupling between two 

tuning coils can be conveniently varied. 
VARIOMETER.—A variable inductance consisting of two coils connected 

in series and so arranged that the coupling can be conveniently varied. 
Variation of coupling produces variation of inductance. 
VERNIER CONDENSER.—A small condenser used in parallel with a large 

one to facilitate fine adjustment. The term has now become rather 
obsolete, and has been replaced by the misuse of the term " trimmer 
condenser." 

VOLT.—The fundamental unit of electrical pressure (Symbol V). See 
also Ohm's Law. 

VOLT-AMPÈRE.--The product of voltage and current. The apparent 
power in an alternating-current circuit. The true power or wattage 
dissipation is given by the product of volt-ampères and the power factor. 
VOLTAGE.—Potential difference measured in terms of the volt. 
VOLTAGE AMPLIFICATION.—The ratio between output voltage and in-

put voltage of an amplifier. 
VOLTAGE DIVIDER.—A resistance usually with fixed tappings. 
VOLTAGE DOUBLER.—An arrangement of two rectifiers whereby the 

D.C. output is in the neighbourhood of double the A.C. input voltage. 
VOLTAGE DROP.—The potential difference across a resistance set up by 

the current passing through it. 
VOLTMETER.—An instrument for measuring electrical pressure in terms 

of the volt. 

VOLUME CONTROL.—An arrangement usually in the form of a variable 
resistance for manual adjustment of receiver output. 
VOLUME EXPANSION.—A circuit arrangement which increases the 

volume of loud orchestration intended to off-set the reduced orchestration 
from a broadcasting station. 

WArn—Unit of electrical power (Symbol \V). 
WATTLESS CURRENT.—Current that is precisely 90 degrees out of 

phase with the applied voltage. 
WAVEFORM.—The shape of the curve obtained by plotting the ampli-

tude of an alternating phenomenon against time. 
WAVELENGTH.—The distance, usually measured in metres, between 

the crests of successive waves (Symbol A). 
WAVEMETER.—An instrument for measuring wavelengths. 
WAVETRAP.—A rejector circuit or an acceptor circuit, or both, used 

to minimise interference from a powerful local transmitter. 
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WHEATSTONE BRIDGE.—An instrument for measuring resistance by 
balancing it against another one of known value. 
WHITE-SPOT LIMITER.—A device used in television to prevent white 

spots caused by interference from exceeding the level of maximum white 
and thereby de-focusing the spot. 
WIPE-OUT AREA.—The area immediately round a transmitter where 

it is impracticable or impossible to receive another station without inter-
ference. 
WIRED WIRELESS.—A system of broadcasting using a modulated 

carrier-wave, which is conveyed to the receiver along a wire that is nor-
mally already in existence for another purpose, e.g. electric-light mains 
or telephone wires. 
WOOD'S-METAL.----A lead-tin-bismuth and cadmium alloy with the low 

melting-point of 6o degrees Centigrade, used for fixing detector crystals 
in their cups. 

X's.—Another name for atmospherics. 
X-RAYS.— Electro-magnetic waves of very high frequency, with con-

siderable application in the medical field. X-rays are often present to a 
very small degree in radio valves which are pumped to a very high 
vacuum. 

ZERO BEAT.—A term used to express a condition in beat reception when 
no beat note is produced, owing to the frequency of the incoming signal 
and local oscillator being identical. 
ZERO POTENTIAL.—Another name for earth potential or, alternatively, 

the condition of no potential difference between two points. 
ZINCITE.—An oxide of copper which forms an efficient detector in 

combination with bornite. The two together are known as a perikon 
detector. 
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Accentuated fading, L 95 
Accumulator, the, i. 26 

care and maintenance, iii. 145 
chargers, iii. 150 
charging, the principles of, i. 26 
faults, iii. z5o 
first charge of, iii. 147 
re-charging, iii. 148 

Acid, sulphuric, iii. 146 
Adjacent-channel selectivity, i. 136 
Aerial arrangements, using frequency-modulation 

system, i. 250 
directional properties of the standard " L" 

type, ii. 68 
feeder impedance, ii. 71 
feeder (television), ü. z79 
matching-stub, ü. 182 
the counterpoise, ii. 76 
the frame, ii. 75 
the television, ft. 178 

Aerial coupling, i. iii 
bandpass, j. 113 
important considerations of, when preceding 

the frequency changing stage, i. 138 
Aerials, brief note on cage type, ü. 69 

doublet. ii. 72 
earths and noise suppression, ii. 67 
for car radio, ii. 84 
mains, ii. 75 
screened down-leads for, ii. 70 
the efficiency of various, ii. 67 
the sky rod, ii. 69 
the standard " L " type, ii. 68 

After-glow, iii. 23 
Air-dielectric condenser, the, i. 45 
Air gaps of moving-coil loudspeakers, i. 200 
Alignment, instruments for, iii. 15, 21 

of a receiver without instruments, iii. 94 
of frequency-modulator detector, iii. 96 
of superheterodyne receiver with modulated 

frequency oscillator and cathode ray 
oscillograph, iii. 88 

of superheterodyne with ganging oscillator 
and out put meter, ill. 93 

receiver, iii. 87 
Alternating current, i. 

measurement of, iii. 8 
nature of, i. 31 

Alternating voltage, measurement of, iii. 8 
Aluminised cathode-ray tube, ii. 122 
Aluminium, magnetic properties of, i. 37 
Ammeter, the. iii. 7 
Ampere-meter, the, iii. 7 
Ampere, the, i. 28 
Ampere-turns, i. 37 
Amplification, audio or low-frequency, i. 163 

stage, i. 79 

Amplification, brief notes on high- or radio-fre-
quency, i. 8o 

Amplification factor, how measured. i. 75 
how read from a curve, i 77 
practical measurement of, iii. 76 
valve, i. 75 

Amplified and delayed automatic volume control, 
i. 213 

Amplified automatic volume control, i. 213 
Amplifier circuit, choice of high-frequency trans-

mitter, ii. zo9 
Amplifier, the high-frequency transmitting, ii. ro5 

the intermediate frequency television, iii. 172 
the radio-frequency television, ii. 171 
the television, ii. 167 
the video, ii. 169 

Amplitude, i. 2 
Amplitude distortion. i. 163, i. 242, 1l. 53 
Amplitude-modulated carrier wave, the, i. 83 
Amplitude-modulation detector, i. 87 
Amplitude-modulated signal, i. 83 
Anode, the, i. 67 

A.C. resistance (see Impedance), i. 74 
bend detector. î. 94 
bypass condenser, effect of, i. 93 
bypass condenser, necessity for, i. 92 
bypass, effect of, on damping, i. 99 
current, i. 72 
current, practical measurement of, iii. 75 
load and its relation to power output and 

distortion, i. 175 
load, its effect on feedback, i. 98 
load, necessity for limiting impedance of, 

i. 176 
load, of diode, i. 90 
load, the optimum (output stage), i. 174 
neutralising (transmitters), ü. 112 

Anodically sprayed plate condensers, i. i54 
Antimony, magnetic properties of, i. 37 
Appleton layer, i. 16 
Astigmatic control adjustment, ii. 19i 
Astigmatism, ii. 185 
A.T.-cut crystal, the, ü. 104 
Atmospheric suppression, 
Atmospherics, i. 20 
Atom, the, i. 21 
Audibility, upper and lower limits of, i. 5 
Audio, or low-frequency amplification, 1. 163 
Automatic frequency control, i. 238 

circuit, analysis of a typical, ii. 6o 
Automatic grid bias, i. 196 
Automatic signal/noise discriminating circuit, i. 

230 
Automatic tuning, L 233 

automatic frequency control applied to, i. 238 
motor driven, i. 237 
muting between stations, i. 237 

194 

76 
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Automatic tuning—continued 

push button, i. 235 
switch operated, L 236 
the teledial, i. 233 

Automatic volume control, 1. 209 
(amplified), i. 213 
as cause of distortion, i. 212 
basic circuit and principles of. i. 209 
corrected, i. 21¡ 
(delayed), i. 211 
delayed and amplified. L 214 
distortion, iii. 58 
possible causes of improper action of, iii. 120 
special valves for, i. 215 
straight, delayed and amplified compared, 

i. 211 
Automobile radio, ii. 79 
Auto-transformer, the low frequency, i. z68 
Auxiliary grid modulation system, the, ii. 118 
A.V.C. (see Automatic volume control) 

Background noise arising in frequency changer 
stage, i. 133 

caused by cross modulation, iii. 70 
caused by misalignment, iii. 71 
causes peculiar to frequency modulation, 

72 
possible causes of, iii. 119 
tracing, iii. 67 

Backlash, reaction, i. rot 
Bad contacts as cause of background noise, iii. 68 
Baffle resonance, i. 202 
Balanced armature loudspeakers, i. 199 
Band I (television), ii. 171, 184 
Band III, ii. 171, 184 
Bandpass coupling, i. 113 
Bandpass filter, the, i. 64 
Bandwidth and picture detail, the relationship 

between, ii. 156 
aspects of, affecting transmission, ii. I z9 
limitations of, i. 13 
of television transmission, ii. z40 

Barium as an emissive substance, i. 67 
Battery (see Cell, the simple), i 25 
Battery chargers, ill. 150 
Beam, the cathode ray electron, ii. 121 
Bel (see Decibel), L 6 
Bias, automatic grid, i. z96 
Bi-grid valve, the, iii. 166 
Black spotter adjustment, ii. 191 
Black spotter, the, ii. 183, 186 
" Blacker than black," ii. 140 
Blocking oscillator (see Timebase) 
Blue glow (see Ionisation, also Fluorescent 

phenomenon) 
Bottom bending, i. 74 
Break-through from non-radio sources, iii. tot 
Break-through, intermediate frequency, iii. too 

prevention of, iii. 97 
ultra short wave, ni. ¡or 

Brightness, ii. 142 
adjustment, ii. 187 

Broadcasting stations, increase in power and 
number of, i. t35 

principles of, i. 
Bulb (flash lamp) as tuning indicator, i. 219 
Button tuning, i. 235 

Cabinet resonance (loudspeaker), i. 202 
Cabinets, renovation of damaged, iii. 141 
Calculation of frequency, i. 63 
Calculation of wattage, i. 30 
Calculation of wave length, i. 64 
Calibration adjustment, in. 95 
Calibration of instruments, iii. to 
Camera for recording oscillograms, use of a 

rotating drum, in. 27 
Camera, the electron, ii. 16o 
Cans, construction of coil, ii. 32 
Capacitive anode load, the effect of. i. 98 
Capacitive reactance, i. 49 
Capacity, principle of, i. 43 
Capacity and inductance in series, i. 57 
Capacity and resistance in series, i. 55 
Capacity, inductance, and frequency; relation-

ship between, i. 63 
Capacity, inductance, and resistance combined, 

i. 6z 
Capacity, measurement of, iii. 7 

of condensers in series and parallel, i. 46 
Capacity tuning, i. 63 
Car aerials, ii. 84 
Car radio, ii. 79 

additional precautions for suppressing inter-
ference on, ii. 90 

aerials, ii. 84 
circuits, general notes on, ii. 83 
earth bonding, ii. 87, 88 
installation of, ii. 87, 88 
interference due to brake static, ii. 92 
interference due to dynamo, ii.92 
interference due to long ignition leads 

(additional precautions), ii. 91 
interference due to roof light, ii. 92 
interference, various causes of, ii. 93 
notes on under-chassis, ii. 87 
origin of, ii. 79 
power pack, ii. 79 
special precautions to be taken when in-

stalling, ii. 88 
Carbon atom, structure of, i. 23 
Carbonised anode, brief reference to, i. 189 
Carbonised valve bulb, brief reference to, i. 190 
Care of accumulators, iii. 145 
Carrier wave, amplitude-modulated, i. 83 

full description of, i. 83 
modulation of, i. z3 
nature of, i. 

Cathode ray oscillograph, üi. 22 
a simple complete, iii. 33 
application, general notes on, iii. 3 
nomenclature, iii. 36 

Cathode-ray tube, iii. 21 
aluminised, ii. 122 
modulation, ii. 142 
the electrodes, iii. 21 
the electrostatically focused, ii. 122 
the gas focused, iii. 2i 
the high vacuum, ii. 121 
the magnetically focused, ii. 126 
the screen, iii. 23 

Cathode-ray tuning indicator (see Magic eye), i. 221 
Cell, the simple, i. 25 
Centimetre as a unit of capacity, i. 44 
Ceramic condenser, the. L 45 
Channel-selection switches (television), ii. 184 
Characteristics, i. 71 
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Characteristics of musical instruments, i. 3, 6 
Charcoal iron, i. 37 
Charger for accumulator, iii. 150 
Charging accumulators, iii. i47 
Charging methods, accumulator, iii. 149 
Chassis, design of a, ii. 32 

precautions to be taken on D.C. mains when 
using a metal, ii. 7 

removal of, iii. z33 
Chirpy keying, ii. 115 
Chokes, car radio power pack, ii. 82 

faults in low frequency, iii. 115 
mains hum caused by defective smoothing, 

64 
Circuit diagrams, reading, iii. 160 
Circuits, analysis of five typical, ii. 37 
Circuits, printed, ii. 36 
Class A. push-pull output. i. 179 
Class B output, third harmonic distortion of, i. 194 

power pack for, il. I 
push-pull output, i. 181 
triode, construction of, i. 187 

Class C push-pull output, i. 181 
Coated filament, the, i. 67 
Cobalt, magnetic properties of, i. 37 
Codes, colour, iii. 161, 163 
Coil cans, construction of, ii. 32 
Coil couplings, effect of, i. 65 
Coil design, i. 149 

mechanical considerations of, i. 149 
Coil magnification, i. 58 
Coil screen, effect on inductance of, i. 155 
Coil screening, i. 155 
Coil, self-capacity, i. 152 
Coil switches, i. 157 

the wafer, i. 158 
three-point, 1. 158 

Coil switching, typical methods of, I. 160 
Coils, choice of wire, i. r5o 

dust-cored, i. 153 
honeycomb, i. 152 
insulation of, i. 155 
iron-cored, i. 153 
necessity for protecting from dampness, i. 149 
of moving-coil loudspeakers, i. zoo 
single layer, i. 152 
use of Litzendraht wire, i. 150 
wave wound, i. 152 

Colour codes and customs, iii. 161 
Component testing, iii. ro9 
Components, choice of replacement, iii. 136 
Concentric cable (television), ii. 179 
Concentric feeder, how to determine the imped-

ance of, ii. 72 
Condensers, construction and design of tuning 

ii. 33 
colour coding of, iii. 163 
(fixed), with anodically sprayed plates, i. 154 
mains hum caused by fault in smoothing, 

62 
measuring the capacity of, iii. 7 
measuring the capacity of, without capacity 

bridge, iii. i io 
microphony, ii. 33 
reference to inductive and non-inductive in 

decoupling networks, ii. 21 
rubber suspension of the tuning, ii. 33 
testing, iii. 110 
testing, brief note on, iii. 63 

Conductors, nature of, i. 24 
Continuous raster, ii. 133 
Contrast adjustment, ii. 188 
Contrast (television), ii. 184 
Conventional current, meaning of, i. 35 
Conversion conductance and heterodyne voltage, 

relationship between, i. 133 
Conversion conductance, definition of, i. 132 
Converter, frequency-amplitude, i. 243 
Copper, magnetic properties of, i. 37 
Correct grid bias, 1. 78 
Corrected automatic volume control, 1. 215 
Counterpoise aerial, the, ii. 76 
Coupling, aerial, i. iii 

bandpass, 113 
coil effect of, 1. 65 
diode to triode, i. 168 
inter-valve, i. 114 
low-frequency auto-transformer, i. 168 
low-frequency resistance capacity, i. 165 
low-frequency resistance transformer, i. r66 
low-frequency transformer, i. 165 

Couplings, transmitter, ii. 106 
Cross modulation, i. 112 

as cause of background noise, iii. 70 
Crystal, or Piezo-electric pick-up, ii. 25 
Crystal control of transmission, ii. toi 
Crystal detector, the, i. 87 
Crystal holder, the, ii. zo4 
Crystal Tweeter speaker, i. 206 
Crystals, grinding, ii. Ica 

notes on transmitting, ii. 103 
notes on X.Y. and A.T. cut, ii. 104 

Cumulative grid detector, i. 93 
Current, anode, i. 72 

electric, nature of, i. 21, 23 
grid, i. 72 
measurement of alternating, iii. 8 
nature of alternating, i. 31 

Cycle, definition of, i. 2, 3 
Cycles, kilocycles and megacycles, conversion of, 

i. 13 

Damaged cabinets, renovation of, iii. 141 
Damping, detector, i. 92, 97 
Darkness, effect on reception, i. 20 
Daylight, effect on reception, i. 20 
D.C. component (television), ii. 170 
D.C. restoration (television), ii. 170 
Decibels, measurement of, iii. to 

significance of, i. 6 
Decoupling, ii. 17 

at very high frequencies, il 21 
grid, ii. 18 

Deflection, electrostatic, ii 125 
magnetic, ii. 128 

Deflector coil assembly, ii. 128 
Deflector plates of the high vacuum cathode ray 

tube, ii. 125 
Delayed and amplified automatic volume control, 

i. 214 
Delayed automatic volume control, i. 211 
Design, general electrical and mechanical con-

sideration in, ii. 31 
Detection, the necessity for, i. 84 
Detector, basic principle of, i. 12 

circuit, a typical television, 
crystal, i. 87 
damping, i. 92, 97 

173 
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Detector--continued 

phase, i. 245 
ratio, i. 243 
the frequency modulated (see frequency-
amplitude converter), i. 243 

output valves, i. 191 
tracing distortion in the, iii. 56 
vision, ii. 168 

Diagrams, reading circuits, iii. 16o 
Diathermy, interference caused by, iii. 126 
Dielectric loss (of a tuned circuit), i. 62 
Dielectric, the, i. 43 
Dillinger fade-out, i. 19 
Diminishing light tuning indicator. i. 219 
Diode as detector, i. 8o 
Diode, germanium, i. 95 
Diode to triode coupling. i. 168 
Diode valve, the, i. 67 
Dipole aerial (television), ii. 178 
Direct current, 1. 31 

component (television), ii. r7o 
mains, special precautions when using, ii. 7 
restoration (television), ii. z70 

Direction of electric current, the true, i. 26 
Directional loudspeakers, i. 206 
Discharge valve, ii. 135 
Discriminating circuit for separation of syn-

chronising impulse, ii. 138 
Distortion, amplitude, iii. 53, 1. 242 

caused by automatic volume control, iii. 58 
caused by station indicators, iii. 59 
due to automatic volume control, 1. 212 
frequency, iii. 53 
general notes on tracing, iii. 59 
harmonic, i. 92, 172 
how to calculate third harmonic, i. 194 
in inter-station noise suppression circuits, 

iii. 58 
in the detector, üi 56 
in the frequency changing stage, iii. e 
in the intermediate frequency amplifier, iii. 56 
in the loudspeaker, iii. 58 
in the output stage, iii. 57 
low frequency, i. 163 
multi-path, iii. 6o 
origin (cathode ray tube), iii. 24 
radio frequency, iii. 56 
valves, i. 73 

Double diode, electrode assembly of, i. 209 
Double diode triode, construction of, i. 215 
Double diode valve as synchronising separator, 

ii. 146 
Double diode valves for automatic volume con-

trol, i. 215 
Doublers, frequency, ii. 113 
Doublet aerials, ii. 72 
Downlead impedance, how to determine screened, 

71 
Downleads, screened, ii. 70 
Driver transformer (class B), i. 183 
Driver valve (class B), i. 182 
Drives, repairs to slow-motion, iii. z43 

various types of slow motion, ii. 35 
Dry electrolytic condenser, the, i. 46 
Dry joints, means of avoiding, iii. 138 
Dust-cored coils, i. z53 
Dust-iron cored coils, advantages of, i. 62 (see also 

Iron-cored coils) 
Dynamic inductor loudspeaker, i. 200 

Dynamic resistance, i. 61 
calculation of, i. 62 

Ear, amplitude of the, i. 6 
human, i. 5 
logarithmic properties of, i. 5 

Earth, the, ii. 76 
Earths and aerials, ii. 67 
E.H.T., il. z78 
Electric motors, suppression of, iii. 129 

suppression of repulsion type, iii. 130 
Electric turn-tables, ii. 29 
Electrical consideiations in design, general, ii. 31 

Electrical interference, causes of, iii. 126 
elimination of, iii. 125 

Electrical machinery, its effects on reception, i. 20 
Electrical units, choice of, i. 33 
Electricity, brief history of, i. 21 

nature of, i. 21, 23 
units of, i. 32 

Electrolyte, i. 27 
Electrolytic condenser, the, i. 46 
Electro-magnet, i. 37 
Electro-magnetic induction, i. 39 
Electro-mechanical tuning indicators, i. 217 
Electromotive force, i. 27 
Electron camera, the, ii. z6o 
Electron coupled oscillators for transmission, 

ii. 99 
Electron multiplier valve, the, iii. 166 
Electron theory, the basic, i. 21 
Electronic emission, i. 68 
Electrons and protons, i. 21 
Electrons, emission of, i. 68 
Electrostatic deflection, ü. 125 
Electrostatic voltmeter, the, iii. 6 
Electrostatically focused cathode ray tube, the 

122 

Eliminator as cause of instability, Hi. 51 
E.M.F., i. 27 
Emission, grid, iii. 81 

principle of, i. 68 
Energised moving-coil loudspeaker, i. 203 
Ether, nature of (see Free space), i. 15 

the (see Free space), i. 
Extra-high-tension, ii. 178 

Fade-out, i. 17 
Fading, accentuation of, by anode bend detection, 

1. 95 
effects on reproduction, i. z8 
selective, i. z9 

Farad, the, i. 44 
Fault finding, general remarks on, iii. z 

procedure, a summary, iii. 117 
(See Servicing) 

Faults, common television, ii. 192 
in loudspeakers, iii. 103 

Feeder impedance, how to determine, ii. 71 
television, ii. 179 
transposed, ii. 73 

Fidelity, aspects of, affecting transmission, 
ng 

Field coil, the, i. 203 
Field of vision, ii. 143 
Filament, the coated, i. 67 
Film, transmission of a, ii. 164 
Filter coils, car radio, ii. 82 
Filter, the bandpass, 1. 64 
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Five circuits analysed, ii. 37 
Flash lamp bulb as tuning indicator, i. 219 
Flicker, method of obviating, ü. 143 
Fluorescent phenomenon, i. 82 
Fluorescent screen, the cathode ray, ii. 121 

materials, ii. 122 
Flux, care required when choosing, iii. 138 
Flux density, i. 36 

of moving-coil loudspeaker, i. 204 
Fly-wheel sync., ü. 158 
Focus adjustment, ii. 189 
Focusing coil, the, ii. 126 
Focusing sleeve, the, ii. 127 
Frame aerial, the, ü. 75 
Frame coil, ii. 128 
Frame flyback, path of the, -"-• 144 
Frame hold (television), ü. 190 
Frame impulse, the, ii. 145 
Frame scan, ii. 233 
Frame shift (television), ii. 186 
Frame-synchronising control (television), ii. 186 
Frame synchronism (television), ii, 186 
Frame timebase, the, ii. 137 

full description of a typical. ii. 174 
Free electrons i. 23 
Free space, 1. II 
Frequency, i. 2 

calculation of, i. 63 
frequency-amplitude converters, i. 243 
frequency-amplitude converter, combined 
limiter and, i. 246 

Frequency changer, simple form of, i. 122 
Frequency changing, i. 119, 241 

television, ii. 172 
Frequency changing stage, tracing distortion in 

the, iii. 56 
Frequency changing valves, i. 125 

the heptode, i. 128 
the octode, i. 227 
the pentagrid, i. 125 
the triode heptode, i. 129 
the triode hexode, i. r3o 
the triode pentode, I. 130 

Frequency control circuit, analysis of a typical 
automatic, ii. 6o 

Frequency distortion, i. 163, iii. 53 
Frequency doublers, ii. 113 
Frequency drift of transmitters, ii. roo 
Frequency, inductance, and capacity, relation-

ship between, i. 63 
Frequency, intermediate, i. 121 
Frequency modulated transmitter, i. 247 
Frequency modulation, i. 86, 239; ii. 117; iii. 52 

advantages and disadvantages of, L 249 
aerial arrangements, i. 250 
as applied to the ganging oscillator, iii. 16 
basic system, i. 240 
distortion, in. 60 
receiver, i. 241 
use of pre-emphasis, i. 247 

Frequency-multipliers, ii. 213 
Frequency range of the human ear, i. 5 
Frequency range of the instruments of the 

orchestra. i. 7 
Frequency response, of a tuned circuit, i. 60 

curves of, i. 65 
Frequency separation, sound and vision, Ii. 

183 
Frequency stability of transmitters, ii. 105 

Gain control, i. 117 
Gain, stage, i. 79 
Ganging a receiver without instruments, Hi. 94 
Ganging of straight receivers, iii. 87 
Ganging of superheterodyne receiver with modu-

lated frequency oscillator and cathode ray 
oscillograph, iii. 88 

Ganging of superheterodyne with ganging oscil-
lator and output meter, iii. 93 

Ganging oscillator, the, iii. 15 
practical application of, iii. 89 

Gas discharge triode timebase, the, iii. 27, 31 
Gas discharge triode valve, television timebase 

using the, ii. 15o 
Gas focused cathode ray tube, the, iii. 21 
Germanium diode, i. 95 
Gramophone pick-up, the, ii. 23 

bass lift circuit for, ii. 28 
microphony, ii. 29 
moving coil, ii. 25 
needle armature, ii. 24 
Piezo-electric, ü. 25 
response correction of, ii. 27 
suitable needles for, ii. 27 
top lift circuit for, ii. 28 
typical movement of, ii. 23 
volume control of, ii. 26 

Gramophone turn-tables, ii. 29 
Graphs, interpretation of, iii. r58 
Grid/anode capacity, i. 97 

effect of, in high frequency amplifiers, i. 104 
of average triode, i. 99 
of the screened grid valve, i. 105 

Grid bias, automatic, i. 196 
correct, i. 78 
modulation system, ii. zr9 
transmitting valves, ü. 96 

Grid control rectifier, the, ii. 115 
Grid current, i. 72 

measurement, iii. 79 
Grid decoupling, ü. 18 
Grid detector, i. 93 
Grid emission, iii. 81 
Grid modulation, the, ii. ri9 
Grid neutralising (transmitters), ii. it z 
Grid potential, the effect of, i. 70 
Grid stoppers, ii. 19 

parasitic, ii. 20 
tuned, ii. 20 

Grid, the, i. 70 
examples of, i. 75 

Griding (see Distortion), i. 74 
Ground wave, i. i7 
Gun, the electron, ii. 121 

Hard-valve timebase, the, iii. 30 
Harmonic distortion, i. 92, 272 

third, how to calculate, i. 294 
Harmonic generators, ii. 113 
Harmonics and their use and effect on trans-

mission, ii. 106 
Harmonics, definition of, i. 3 
Hartley circuit for transmission, the, ii. 98 
Heater insulation, iii. 82 
Heaviside layer, i. 16 
Heising modulation system, the, ii. 117 
Helium atom, structure of, i. 23 
Henry, the, i. 42 
Heptode mixer, basic circuit of, i. 129 
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Heptode, the, i. 128 
High-, or radio-, frequency amplification, brief 

notes on, i. 8o, z 
High-, or radio-, frequency amplifier, stage gain of, 

i. 116 
High-, or radio-, frequency couplings, i. z 13 
High frequency, decoupling at very, ii. 21 
High frequency instability, iii. 47 
High frequency resistance, i. 58 

peculiarity of, i. 6o 
skin effect, L 150 

Higher frequencies, attenuation of, L 64 
High note loss due to anode bypass condenser, 

j. 93 
High note loss due to reaction, i. 98 
Hints, workshop. iii. 133 
Honeycomb coils, i. 152 
Horizontal form (horizontal linearity) (television), 

186, Igo 
Horizontal hold (television), ii. 186, 190 
Horizontal shift (line shift) (television), ii. r86 
Horn type loudspeakers, directional properties of, 

i. 206 
Hot leaks, iii. 8, 
Hot wire meters, iii. 5 
Hum, modulation, power pack considerations, ii. 8 
Human ear, L 5 

amplitude of the, i. 6 
Human voice, i. 3 
Hum-bucking coils, i. 203 
Hum-bucking, the principle of, L 2015 
Hydrogen atom, structure of, i. 22 
Hydrometer, use of the, iii. 146 

Iconoscope, the, ii. 160 
Impedance, j. 49. 74 

calculation of, i. 50, 75 
how to read from a curve, i. 77 
practical measurement of, iii. 76 

Impulse, the frame, ji. 145 
Incremental inductance tuning (television), 

185 
Independent Television Authority, ii. 184 
Indicators, tuning (see Tuning indicator) 
Inductance and capacity in series, i. 57 
Inductance and resistance in series, i. 54 
Inductance, brief note on measurement of, iii. 7 
Inductance, capacity, and frequency, relation-

ship between, i. 63 
Inductance in parallel with capacity, i. 56 
Inductance in parallel with resistance, i. 56 
Inductance, phantom, i. 248 
Inductance, resistance, and capacity combined, i. 

6, 
Inductance, unit of, i. 42 
Induction, electro-magnetic, i. 39 
Inductive anode load, the effect of, i. 98 
Inductive reactance, i. 48 
Inductor dynamic loudspeaker, i. 200 
Infra-black, 
Instability, a quick test, iii. 49 
Instability and motor-boating, iii. 47 
Instability caused by eliminator, in. 51 
Instability due to misalignment, iii. 5z 
Instability, high frequency, iii. 47 
Instability in the low frequency section, iii. 50 
Instability, mechanical causes of, iii. 49 

miscellaneous causes of, ni. 49 
possible causes of, iii. 119 

Instruments, calibration of, iii. ro 
Insulation between cathode and heater, iii. 82 
Insulation of high frequency coils, 1. 155 
Insulators, nature of, i. 24 
Inter-electrode capacity, effect of, in high Ire 

quency amplifiers, i. 104 
Inter-electrode capacity of the screened grid 

valve, i. 105 
Interference, elimination of electrical, iii. 125 

limiter (television), ii. 186 
mains-borne, ii. 76 
suppression circuits, ii. 73 
suppression of electrical (other than at 

source), ii. 67 
Interference in car radio, additional precautions 

to reduce, ii. 90 
by brake static, ii. 92 
by dynamo, ii. 92 
due to ignition, ii. 83 
due to ignition, additional precautions, ii. 91 
due to roof light, ii. 91 
due to various causes, ii. 93 

Interlaced raster, the, ü. 143 
Interlaced scanning, ii. 143 
Interlacing, ii. 190 
Intermediate frequency, i. 121 

amplification (television), ü. 172 
amplifier, detailed considerations of, 1. 141 
amplifier, single circuit coupled, i. 144 
amplifier, tracing distortion in the, iii. 56 
amplifier, triple circuit, i. 145 
amplifier, under- and over-coupling of, i. r43 
break-through, in. roo 
factors governing choice of the, i. 136, 137 
reasons for choosing, i. 121 

Inter-station noise suppression, i. 225 
a novel system, i. 230 
a simple form, i. 226 
automatically discriminating circuits, 1. 230 
circuits, tracing causes of distortion in, us. 38 
mechanical system for, L 230 
using a double diode triode valve, L 227 
with delayed automatic volume control, i. 228 

Inter-valve coupling, notes on, i. 114 
Ion trap, ii. 196 
Ionisation, i. 
Ionised layers, i. 15 
Ions, i. 25 
Iron, magnetic properties of, i. 37 
Iron-cored coils, i. 153 

advantages of, i. 62 
dust, construction of, i. 154 

Keying a transmitter, il. 98 
Keying by grid control of rectifier, ii. n 
Keying, prevention of " chirpy," ii. 115 

Laws of magnetism, i. 36 
Leaks between valve electrodes, iii. 8z 
Leaky grid detector, i. 93 
Light, diminishing, as tuning indicator, i. 219 
Like signs repel, unlike signs attract, i. 22 
Limiter stage, i. 241 
Limiter and frequency converter, the combined, 

i. 246 
Line coil, ii. 128 
Line hold control, the, ii. 139 
Line scan, ii. 133 
Line shift (television), ii. z86 
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Line synchronising control (television), the, ii. 139, 
¡86 

Line synchronism (television), ii. 186 
Line timebase, full description of a typical, ii. 174 
Linearity adjustment, ii. 190 
Linearity, basic method of overcoming lack of 

ii. 136 
Linearity correction by negative feedback, ü. 152 
Litzendraht wire, i. 150 

advantages of, i. 62 
necessity for care when stripping, i. 152 
soldering, iii. 140 

Load, diode anode, i. 90 
how to determine the optimum, i. ii, 193 

Local interference, causes of, iii. 126 
Logarithmic properties of the human ear, i. 5 
Loudspeaker, the, i. 197 

balanced armature, i. 199 
basic requirements of, i. 12 
bobbin resistance of, i. 197 
causes of distortion in, iii. zo4 
causes of low sensitivity in, iii. 104 
causes of rattle in, iii. 105 
characteristics of the moving-coil, 1. 202 
deformation of speech coil by heat, iii. io7 
directional types of, i. 20(10 
faults in, iii. 103 
faults in mains energised, iii. 106 
faults in moving coil, iii. 104 
faults in the hum-bucking coil, iii. 106 
inductor dynamic, i. 200 
lesser-known types, i. 206 
magnets, i. 204 
mains energised moving-coil. i. 203 
mains hum due to fault in, iii. 64 
moving-coil, i. 200 
necessity for limiting impedance of, i. 176 
reed type, i. 197 
resonance, cause of, iii. zo8 
Rochelle-Salt, i. 2o6 
tracing causes of distortion in, iii. 57 
transformer, faults in, iii. 107 
true efficiency of the moving-coil, i. 205 

Low-, or audio-, frequency amplification, i. 163 
causes of frequency distortion in, iii. 54, 57 

Low-frequency amplifier, tracing distortion in the, 
57 

Low-frequency transformers, faults in, iii. 115 
Lou-frequency valves, the choice of, i. 169 
Low-power transmission, principles of, ii. 95 

Magic eye tuning indicator, i. 221 
effect of connection to detector and A.V.C. 

diode, i. 223 
Magnet, the electro-, i. 37 

origin of, i. 35 
the permanent, i. 35 

Magnetic deflection. ii. 128 
Magnetic flux, i. 37 
Magnetic saturation, i. 37 
Magnetically focused cathode ray tube, the, ii. 126 
Magnetism, laws of, i. 36 

nature of, i. 35 
Magneto, suppression of, ii. 84 
Magnetron valve, the, iii. 166 
Magnets for moving-coil loudspeakers, i. 204 
Magnification factor, practical measurement of, 

ill. 76 
Magnification of a tuned circuit, i. 58 

Mains aerials, ii. 75 
Mains-battery valves, i. 82 
Mains energised moving-coil loudspeaker, i. 203 
Mains hum, calculation of percentage ripple, ii. 13 

caused by defective smoothing chokes, iii. «64 
caused by rectifier valve, iii. 62 
caused by smoothing condenser, iii. 62 
considerations when designing power pack, ii. 7 
correct heater sequence of universal valves 

to avoid, ii. 8 
due to loudspeaker fault, iii. 64 
in the low frequency stage, i. ¡ fog 
in universal receivers, iii. 64 
modulation hum, iii. 65 
on gramophone reproduction, iii. 65 
oscillogram of, U. 4 
possible causes of, iii. 119 
reduction of permanent, iii. 66 
tracing, iii. 61 

Mains pack, the, U. 
faults in, iii. 6z 

Mains smoothing, multi-stage, ii. 12 
Mains suppression, as incorporated in power pack, 

9 
Mains transformers, constructional details of, ii. 33 

tracing faults in, in. 115 
Mains valves, construction of, i. 82 
Maintenance (see Servicing) 
Maintenance of accumulators, iii. 145 
Manganese, magnetic properties of, i. 37 
" Man-made static," i. 20 

causes of, iii. 126 
elimination of, iii. 125 

Matching-stub, aerial, ii. 182 
Mathematics, resolving simple formulœ, iii. 153 

square root, iii. 155 
used in this work, iii. 153 

Measurement of inductance and capacity, iii. 7 
Measuring, see entries under names of individual 

instruments 
Measuring instruments, iii. z 

calibration of, iii. 10 
choice of, iii. 3 
moving-coil type, iii. 4 
moving-iron types, iii. 3 
multi-range, iii. 9 
shunt and series resistance, formulœ for, iii. 13 
switches and shunts for, iii. 10 
thermal types, iii. 5 

Measuring screen voltage, iii. 37 
Mechanical causes of instability, iii. 49 
Mechanical considerations in design, ii. 31 
Mechanical flashers, suppression of, iii. 131 
Mechanical tuning indicators, i. 217 
Mechanics of wave motion, i. 
Metal for chassis and screening, choice of, ii. 31 
Metal-oxide detector, brief note on, i. 86 
Metal rectifier, the, ii. 5 
Meter, the ampère, iii. 7 

electrostatic volt-, iii. 6 
internal resistance of the volt-, iii. 6 
microampère-, iii. 7 
milliampère-, iii.7 
ohm-, in. 7 
shunt and series resistance, forrnulœ for 

13 
switches and shunts for, iii. 10 
thermal, iii.5 
volt-, iii. 6 
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Mica dielectric condenser, the, i. 45 
Microampère-meter, the, iii. 7 
Microfarad (micro-micro-farad), i. 44 
Microhenry, the, i. 42 
Microphone in general use, various types of, ii. 120 
Microphone, principles of the, i. 9 
Microphony arising in condenser vanes, ii. 33 
Microphony arising in the gramophone pick-up, 

ii. 29 
Microphony, testing for valve, iii. 76 
Miller effect, i. 97 
Milliammeter as tuning indicator, i. 217 
Milliampère-meter, the, iii. 7 
Misalignment as cause of background noise, iii. 71 
Mixer valves (see Frequency changing valves). 

i. 125 
Mixing (see Frequency changing), i. 119 
Modulating grid, the cathode ray, ii. 123 
Modulation, i. 12, 84 

frequency, i. 239 
how accomplished, ii. 117 
hum, ill. 65 
hum, power pack considerations, ii. 8 
of a cathode ray tube, fit. 142 
percentage, i. 84 
system, the auxiliary grid, ii. il8 
system, the grid bias, ii. zIg 
system, the Heising, ii. 117 

Modulator, frequency, i. 239 
Modulator-grid-voltage/beam-current-curve of a 

cathode ray tube, ii. 142 
Molybdenum for valve construction, i. 68 
Monkey chatter (see Side-band splash), i. 138 
Mosaic, the, ii. 101 
Motor-car interference (to home radio), suppres-

sion of, ill. 132 
Motor-car radio, ii. 79 
Motor tuning, i. 237 
Motors, suppression of electric, iii. 129 
Moving-coil loudspeaker, the, i. 200 

characteristics of the moving-coil, i. 202 
mains energised, I. 203 
true efficiency of, i. 205 

Moving-coil meters, mechanism of, iii. 4 
Moving-coil pick-up, the, Li. 25 
Moving iron, measuring instruments. iii. 3 
Multi-band television receivers, ii. 184 
Multi-path distortion, iii. 6o 
Multipliers, frequency, ii. 113 
Musical instruments, characteristics of, i. 3, 6 
Muting, i. 237 
Muting action between stations, i. 225 
Mutual conductance, i. 76 

how measured, i. 76 
how read from a curve, i. 78 
practical measurement of, iii. 73 

Mutual induction, i. 40 

Needle-armature pick-up, the, ii. 24 
Negative and positive, relationship of, i. 22, 24 
Negative feedback, i. 184 

applied to scanning amplitude control, ii. 153 
loss due to, i. 184 
to correct timebase linearity, ii. 152 

Negative resistance, i. 107 
Neon lamp for measuring capacity, iii. 7 
Neon signs, suppression of, iii. 131 
Neon tube as a timebase generator, iii. 25 
Neon tuning indicator, i. 220 

R.T. III —14 

Neon voltage stabiliser, ii. 14 
Neutralising transmitters, ii. 
Nickel, magnetic properties of, i. 37 
Noise suppression, circuits for, ii. 73 

other than at source, I. 36 
Noisy valves, tracing, iii. 67 
Non-linearity, brief definition of, ii. 136 

correction of, by negative feedback, ii. 152 
Nucleus, structure of, i. 22 

Octode valve, the, i. 127 
Ohm, the, i. 29 
Ohmmeter, the, iii. 7 
Ohm's law, i. 29 

of impedance, j. 54 
Operating conditions (valves), i. 73 
Optimum aerial coupling, i. iii 
Optimum conditions ( valves), i. 73 
Optimum load, j. 174 

how to determine, i. 191, 193 
Origin distortion, iii. 24 
Oscillator, the, j. 120 

for transmission, electron coupled, ii. 99 
ganging, i. 140 
practical application of the ganging, iii. 89 
tracking (see Ganging the oscillator), i. 140 
transmission, ii. 95 

Oscillograph, a simple complete, iii. 33 
cathode ray, iii. 21 
(See Cathode ray oscillograph) 

Output choke, use of field coil as an, i. 203 
Output, class A push-pull, i. 179 

class B push-pull, i. 18i 
class C push-pull, i. 181 
definition of undistorted, i. 171 
paraphase push-pull, i. 186 
push-pull, i. 178 
quiescent, i. i8o 

Output stage, the, i. 171 
application of negative feedback to, i. 184 
tracing distortion in, iii. 57 

Output transformer, how to determine the re-
quired ratio, i. 205 

Output, undistorted, how to calculate, i. 193 
Output valves, i. 187 

in parallel, i. 177 
necessity for limiting external grid-cathode 

impedance, i. 178 
relative advantages of, i. 190 

Padding (superheterodyne oscillator circuit), j. ' 40 
Paper-dielectric condenser, the, i. 45 
Parallex effect, iii. 8 
Parallel fed transformer coupling, i. 166 
Parallel tuned circuit, i. 6o 
Paralleled output valves, i. 177 
Paraphase, push-pull, i. 186 
Parasitic stoppers, ii. 20 
P.D. (see Potential difference), i. 27 
Pentagrid valve, the, i. 125 

basic circuit of, i. 127 
electrode assembly of, i. 126 

Pentode, calculating the optimum load of, i. 193 
construction of, i. 188 
construction of the quiescent, i. 188 
radio frequency, i. 103, 109 
use of a saturated, for timebase correction, 

iii. 30 
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Pentode valve and negative feedback, i. 184 
as synchronising separator, use of a split 

anode, ii. 139 
Percentage modulation, i. 84 
Permanent magnet, the, i. 35 

focused cathode ray tube, ii. 126 
moving-coil loudspeaker, i. 200 
suitable materials for, i. 36 

Permeability, i. 37 
Permeability tuning, i. 63, 154 
Permeability tuning (television), ii. 185 
Persistence of vision, ii. 122, iii. 23 

Phantom inductance, i. 248 
Phase, j. 47 
Phase detector, i. 245 
Phosphorus, magnetic properties of, I. 37 
Pick-up, bass-lift circuit for, ii. 28 

crystal or Piezo-electric, ii. 25 
gramophone, ii. 23 
gramophone turn-table for use with, ii. 29 
microphony, 29 
moving-coil, ii. 25 
needle-armature, ii. 24 
response correction of the, ii. 27 
suitable needles for the, ii. 27 
top lift circuit for, ii. 28 
typical movement of the, ii. 23 
volume control of the, ii. 26 

Picture alignment, ii. 189 
Picture centring, ii. 189 
Picture points, brief reference to, ii. 132 
Picture-height (frame amplitude) adjustment, ii. 

191 
Picture-width (line amplitude) adjustment, ii. 19z 
Piezo-electric or crystal pick-up, the, ii. 25 
Planetary gear, constructional details of, ii. 36 
Plastics, ii. 32 
Plate current, i. 72 
Platinum, magnetic properties of, i. 37 
Plywood, disadvantages of, for mounting loud-

speakers, j. 202 
Polarity, i. 24 

how to determine, iii. 141 
Positive and negative, relationship of, i. 22, 24 
Post Office Box, brief reference to, iii. 7 
Potential difference, i. 27 
Potential drop, i. 29 
Power grid detector, j. 94 
Power pack, the, ii. 

car radio, ii. 79 
faults in the, iii. 61 
for universal receivers, ii. 6 
heat dissipation in, ii. 6 
safety factors for the, li. 15 
television, ii. 176 
voltage doubling circuit for the, ii. to 
voltage, stabilisation of the, Í. 14 

Pre-emphasis, i. 247 
Pre-detector amplification, i. 103 
Pre-selector, necessity for, i. x ii 
Press button tuning, i. 235 
Primary cells, i. 25 
Principles of a broadcasting station, i. io 

of capacity, i. 43 
of detector, i. 12 
of diode detection (full description), i. 89 
of electronic emission, i. 68 
of microphone, i. 9 
of modulation, i. 12 

Principles of a broadcasting station—continued 
oi pentagrid valve, i. 125 
of selectivity, i. 59 
of the super-heterodyne, i. 119 
of the thermionic valve, i. 67 
of the transformer, i. 40 
of transmitting station, i. io 
of triode. i. 70 

Printed circuits, ii. 36 
Puckle timebase, the, iii. 30 
Push button tuning, i. 235 
Push-pull output, i. 178 

class A, i. 179 
class B, i. 181 
class C, i. 181 

Push-pull, paraphase method, i. 186 

58 
Q.A.V.0 (see Inter-station noise suppression) 
Quadrature valve (see Reactance modulator), 

i. 248 

Quartz pick-up, the (see Piezo-electric pick-up), 
ii. 25 

Quiescent output, i. 18o 
Quiet automatic volume control (see Inter-station 

noise suppression), i. 225 

Radio, car, ii. 79 
Radio-frequency, amplification (television), ii. 171 

amplifier, stage gain of, i. 116 
distortion, iii. 56 

Radio-frequency pentode, i. 103, 109 
Radio-frequency tetrode, j. 103 
Radio mathematics, iii. 153 
Radio-, or high-frequency amplification, i. 8o, it z 
Radio-, or high-frequency couplings, i. 113 
Raster, continuous, ü. 133 

interlaced, ii. 143 
sequential, ii. 133 

Ratio detector, i. 243 
Ratio of the transformer, j. 41 
Reactance, i. 47 

calculation of, L 48, 49 
modulator, i. 248 

Reaction, 1. ioo 
backlash, i. 101 
cause of hand capacity, i. lot 
chasing, i. Ica 
its effect on response curves, i. 98 

Receiver alignment, iii. 87 
Receiver, brief outline of, i. II 
Receiver calibration adjustment, iii. 95 
Reception, how affected by fading, i. 18, 19 

how affected by light and darkness, i. 20 
Recharging accumulators, iii. 148 
Rectification, i. 69 
Rectifier, the grid control, ii. 115 

metal oxide, ii. 5 
Rectifier valve, the, ü. 2 

as cause of mains hum, iii. 62 
gaseous, ii. 12 
indirectly heated, ii. 9 

Recurrent phenomena (synchronism on cathode 
ray oscillograph), 27 

Reed type loudspeakers, i. 197 
Reflection of radio waves, i. 16 
Reflector, the dipole aerial, ii. 179, 182 
Renovating damaged cabinets, iii. 141 
Replacement components, choice of, iii. 136 
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Reproduction and bandwidth, i. 
Reproduction, some general remarks on, i. 12 
Re-radiated interference, total suppression of, 

126 
Resistance, i. 28 
Resistance and capacity in series, i. 55 
Resistance and inductance in series, i. 54 
Resistance, capacity, and inductance combined, 

Resistance capacity coupling, i. 165 
Resistance colour codes, the British standard 

162 
Resistance, dynamic, i. 15, 
Resistance in parallel, i. 30 

with inductance or capacity, i. 56 
Resistance in series, i. 30 
Resistance, ohmmeter for measurement of, iii. 7 
Resistance transformer coupling, i. 166 
Resistances (broken) as cause of instability, iii. 48 

spiral cut, causes of breakdown, in. 110 
testing of, iii. 109 

Resistive anode load, the effect of, i. 98 
Resonance due to cabinet and baffle, i. 202 
Resonance of a tuned circuit, i. 58 
Response correction, brief facts on, i. 136 
Response curves, interpretation of, i. 65 
Rivets, removing, iii. 135 
R.M.S. value, L 5z 
Rochelle-salt loudspeaker, the, L 206 
Rod aerial, the, il. 67 
Roof aerial (car radio), ii. 85 
Root mean square value, i. 51 

Saturated amplifier, i. 241 
performance of, i. 242 

Saturated transformer tuning indicator (see 
Diminishing light tuning indicator), I. 219 

Saturated valve for timebase correction, iii. 26 
Saturation, magnetic, i. 37 
Saw-toothed wave form, iii. 18 
Scanning, ii. 132 

interlaced, ii. z43 
Scanning coil assembly, cathode-ray tube, ii. 128 
Schrot effect (see Valve hiss), i. 147 
Screen voltage, measurement of, iii. 37 
Screened downleads, ii. 70 
Screened grid valve, the, i. 103 

arranged for negative resistance working, i. ro7 
construction of, i. 104 

Screened tetrode, arranged for negative resistance 
working, i. zo7 

Screened tetrode, construction of the, i. 104 
Screening grid, function of the i. 104 
Second channel selectivity, i. 137 
Second harmonic, definition of, i. 3 

distortion, L 172 
Secondary emission, i. zo7 
Selective fading, i. 19 

effect on reproduction, i. 19 
Selectivity, i. 59 

adjacent-channel, i. 136 
methods of varying, i. z39 
possible causes of decreased, iii. 118 
second channel, L 137 

Self capacity, i. 43 
coil, i. 152 

Separator valve, ii. r39 
Sequential scanning, ii. 133 
Service engineering, general remarks on, ill. 

203 

Service instruments, iii. z 
a simple complete cathode ray oscillograph, 

33 
calibration of, iii. zo 
choice of, iii. 3 
ganging oscillator, iii. 15 
moving coil meters, iii. 4 
moving-iron types, iii. 3 
multi-range test set, iii. 9 
rectifiers for moving-ir3n types, iii. 4 
(See entries under names of individual instru-
ments) 

shunt and series resistance, formulœ for, 
15 

switches and shunts for, iii. ro 
thermal meters, iii. 5 

Service oscillator, the, iii. 15 
Servicing, accumulator chargers, iii. 150 

accumulator charging and maintenance, ill. 
145 

accumulator charging methods, iii. z49 
accumulator faults, iii. 150 
alignment of a receiver without the aid of 

instruments, iii. 94 
alignment of straight receivers, iii. 87 
alignment of superheterodyne receivers, i ii. 8 
alignment, special tools required for, iii. 895 
amplitude distortion, iii. 53 
background noise caused by bad contacts, 

iii. 68 
background noise caused by cross modulation, 

iii. 70 
background noise caused by misalignment, 

72 
break-through from non-radio sources, iii. To, 
by voltage and current testing, iii. 37 
calibration adjustment, iii. 95 
care of chassis, iii. z*3 
choice of flux, iii. Ije 
cleaning metallised valves, iii. 143 
construction of various types of slow motion 

drive, ü. 35 
distortion caused by tuning indicators, iii.59 
distortion, general notes on, iii. 59 
distortion in the automatic volume control 

circuits, iii. 58 
distortion in the detector, iii.56 
distortion in the frequency changing stage. 

üi. 56 
distortion in the intermediate frequency 

stage, ill. 56 
distortion in the inter-station noise suppres-

sion circuits, iii. 58 
distortion in the loudspeaker, iii. 58 
distortion in the low frequency amplifier, fit 

57 
distortion in the output stage, W. 57 
fault finding by voltage and current reading, 

40 
first charge of the accumulator, iii.147 
frequency distortion, ill. 53 
hydrometer, use of, iii. 146 
instability and motor-boating tracing, iii. 47 
instability caused by eliminators, iii. 5z 
instability due to misalignment, iii. 5/ 
intermediate frequency break-through, iii zoo 
loudspeakers, causes of resonance in, iii. 1$38 
loudspeakers, various faults in, iii. 103 
low anode current throughout set, Iii. 41 
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Servicing—conlinued 
low frequency instability, iii. 50 
mains hum (gramophone reproduction only), 

iii. 65 
mains hum due to loudspeaker defect, iii. 64 
mains hum due to power pack fault, iii. 61 
mains hum due to rectifier valve, iii. 62 
mains hum due to smoothing chokes, iii. 64 
mains hum due to smoothing condenser, iii. 62 
mains hum due to valve defect, iii. 64 
mains hum in universal receivers, iii. 63 
measurement of screen voltage, iii. 37 
modulation hum, iii 65 
noise suppression at source, iii. 125 
noise suppression at source, flashers, iii. 131 
noise suppression at source, motors, iii. 128 
noise suppression at source, neon signs, iii. 131 
noisy valves, iii. 67 
peculiar cause of fading, iii. 123 
pitfalls to be avoided when testing, iii. 37 
polarity finding, iii. 141 
possible causes of abnormal heater voltage, 

111. 121 

possible causes of abnormal high tension 
voltage, iii. 120 

possible causes of background noise, iii 119 
possible causes of decreased selectivity, iii. 118 
possible causes of improper action of auto-

matic volume control, iii. 120 
possible causes of instability, iii. 119 
possible causes of mains hum, iii. 119 
possible causes of weak signals, iii. 118 
prevention of break-through, iii.97 
radio frequency distortion, iii. 56 
receiver alignment (ganging), iii. 87 
recharging accumulators, iii. 148 
reducing permanent hum level, iii, 66 
removal of chassis, iii. 133 
removing rivets, in. 133 
renovating damaged cabinets, iii. 141 
replacement components, iii. 136 
sealing and unsealing trimmers, iii 140 
slow motion drives, iii. 143 
soldering, iii. 138 
soldering inaccessible connections, üi. 139 
soldering Litz wire, iii. 140 
soldering without flux or solder, ill. x39 
sulphuric acid, notes on, in. 146 
summary of fault-finding procedure, iii. 117 
switches, iii. 137 
systematic fault-finding, iii. 37 

Servicing table; anode current normal to all 
valves but signal completely absent, iii. 43 

anode current high to one valve only, iii. 43 
anode low to one valve only, iii. 42 
fluctuating anode current to all valves when 

signal is not being received, iii. 44 
fluctuating anode current to one or more 

valves only when signal is being received, 
due to causes other than fading or depth 
of modulation, iii. 45 

fluctuation to one valve only when signal is 
not being received, iii. 44 

no anode current through set, iii. 40 
no anode current to one valve only, in. 42 

Servicing, tabulated procedure for fault-finding, 

40 
television, ii. 192 
tracing faults in condensers, iii. 110 

Servicing—continued 
tracing faults in low frequency transformers 
and chokes, iii. 115 

tracing faults in mains transformers, iii. 115 
tracing faults in miscellaneous components, 

iii. 115 
tracing faults in resistances, iii. tog 
tracing faults in switches, iii. 114 
tracing faults in tuning coils, iii. 113 
tracing faults in valve holders, plugs and 

sockets, iii. 114 
tracing mains hum, iii. 61 
ultra short wave break-through, iii. tot 
valve testing, amplification factor, iii. 76 
valve testing, anode current, iii. 75 
valve testing, grid current, iii. 79 
valve testing, grid emission, iii. 81 
valve testing, heater insulation, iii. 82 
valve testing, hot leaks, iii. 81 
valve testing, impedance, iii. 76 
valve testing, microphony, iii. 76 
valve testing, rectifier emission, iii. 77 
valve testing, slope (mutual conductance), 

iii. 73 
valve testing, softness, iii. 78 
valve testing, tolerances (general notes), iii. 83 
valve testing, tolerances of frequency 

changers, iii. 84 
valve testing, tolerances of output tetrodes 
and pentodes, iii. 84 

valve testing, tolerances of screened tetrodes 
and pentodes, iii. 84 

valve testing, tolerances of triodes, iii. 83 
valve testing, vacuum, iii. 78 
wiring, iii. 137 
workshop hints, iii. 133 

Shift controls, ü. 129 
Short wave break-through, iii. tot 
Short wave reception, iii. 164 
Short wave transmission, behaviour of, i. 17, 19 
Shunt fed transformer coupling (see Resistance 

fed transformer coupling), i. 166 
Shunts and switching (measuring instruments), 

iii. to 
Sideband cutting, i. 64 
Sideband shriek, i. 225 
Sideband splash, I. 138 
Sidebands, i. 13 
Sidebands, full notes on, i. 85 
Signal, amplitude modulated, i. 83 
Signal analysed, the, i. 83 
Signal generator (see Ganging oscillator), iii. 15 
Signal to noise ratio, i. 146, 240 
Signals absent on certain frequencies, iii. 124 
Silver, magnetic properties of, i. 37 
Sine wave, the, i. 53 
Single layer coils, i. 152 
Skin effect, i. x50 
Skip distance, i. 
Sky-rod aerial, the, ii. 69 
Sky wave, i. 17 
Slope, i. 76 

how read from a curve, i. 78 
practical measurement of, iii. 73 

Slow-motion drives, repairs to, iii. 143 
Slow-motion tuning, various types of, ii. 35 
Smoothing, ii. 3 

multi-stage, ii. rz 
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Smoothing, special requirements of frequency 
modulation, i. 241 

Softness, detection of valve, iii. 78 
of a valve (see Ionisation), i. 

Soldering, general notes on, as. z38 
inaccessible connections, iii. 139 
Litzendraht wire, in. 140 
without flux or solder, iii. 139 

Solids, liquids, and gases, i. 21 
Sound, i. r, 3 

nature of, i. r, 3 
phenomenon peculiar to the ear, I. 1, 
reflection and absorption of, i. 7 
wave motion of, i. 

Speakers, i. 197 
balanced armature, i. 199 
characteristics of the moving-coil, i. 202 
directional types, i. 206 
inductor dynamic, i. 200 
lesser known types, i. 206 
magnets, i. 204 
mains energised moving-coil, i. 203 
moving-coil, 1. 200 
reed types, i. 197 
Rochelle-salt, i. 2o6 

Specific gravity of accumulator acid, üi. 146 
Speech coils of moving-coil loudspeakers, i. 

201 

5 

Speed of wave motion, i. 2 
Spiders (of moving-coil loudspeakers), i. 201 
Square root, how to determine, iii. 155 
Squegger timebase, the, U. 155 
Stability of a high frequency amplifier, i. z i6 
Stage amplification, i. 79 
Stage gain, i. 79 

low frequency, i. z64 
of a high frequency amplifier, i. 116 

Static, i. 20 
causes of, iii. 126 
elimination of " man-made," iii. 125 
(" man-made ") suppression (other than at 

source), ii. 67 
Steel, magnetic properties of, L 37 
Step-down radio, L 41 
Step-up ratio, L 41 
Strontium as an emissive substance, i. 67 
Sulphuric acid, iii. 146 
Sun spots, effect on fading, i. 19 
Superheterodyne, design of, L 135 

principles of, i. 119 
Supersonic frequency, necessity for preventing, 

in class B output, i. 183 
Suppression, car radio, U. 83 

car radio, due to external causes, U. 84 
circuits for interference, ii.73 
of atmospherics, ii. 76 
of electrical interference other than at source, 

U. 67 
of interference in car radio, additional pre-

cautions for, ii. 90 
of make and break devices, iii. 130 
of mechanical and thermal flashers, iii. 131 

Suppressor circuit for A.C. mains, iii. 128 
for D.C. mains, iii. r28 
for repulsion type motor, iii. 130 
improved for A.C. mains, iii. 129 

Suppressor grid, nature of, i. 109 
Swedish iron, i. 37 
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Switch, control spindle and locating plate of the 
wafer, i. 159 

operated tuning, i. 236 
wafer, i. 158 

Switches and shunts (measuring instruments), iii. 
zo 

Switches and switching, i. 157 
Switches (coil), requirements of, i 157 
Switches, faults in, 

repairs to, iii. 137 
Switching, typical methods of, i. 160 
Synchronising separator circuit employing a 

double diode, ii. z46 
Synchronising separator, interlaced scanning, 

special reference to the, U. 146 
Synchronism, a practical method of obtaining, 

with the cathode ray oscillograph, lii. 27 
as applied to a cathode ray oscillograph, iii. 27 
basic method of achieving, U. 136 
practical circuits for achieving, U. 138 
separator adjustment, ii. 191 
separator valve, ii. 139 

Synchronism adjustment, ii. ¡go 
Systematic fault-finding, brief notes on. (See 

Servicing.) 

Teledial tuning, L 233 
Telephony transmission, practical notes on, ii. 116 
Telescopic aerial (car radio), U. 86 
Television, adjustments and faults, ii. 187 

aerial design, ii. 178 
amplitude control by negative feedback, ii. 

153 
astigmatic control adjustment, ii. 191 
astigmatism, ii. 185 
Band I, ii. 171 
Band III, ii. 171 
bandwidth, U. r4o, r56 
brief historical note on, U. 
brightness, ii. 142 
brightness adjustment, U. 187 
channel-selector switches, ii. r84 
contrast control, U. 188 
D.C. component, U. r7o 
discharge valve, U. 135 
effective range of, U. r79 
electron camera, the, U. 160 
electrostatic deflection, ii. 125 
feeders, ii. 179 
field of vision, ii. 143 
film transmission, U. 164 
fluorescent screen, U. 121 
focus adjustment, U. 189 
focusing coil, U. 126 
focusing sleeve, U. 127 
focusing the electron beam electrostatically. 

U. 122 

frame and line coils, U. 128 
frame scan, U. r33 
frame shift, ii. 186 
frame-synchronising control, ii. 186 
frame synchronism, ii. 186 
frame timebase, full description of a typical, 

ii. 174 
frame timebase, the, ii. 137 
frequency changer, U. r72 
high frequency accentuation, U. 169 
high vacuum cathode ray tube, U. 121 
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Television—continued 
high vacuum cathode ray tube as applied to 

121 
high voltage, a warning, ii. 187 
horizontal form, ii. 186, i90 
horizontal hold, ii. 186, r90 
horizontal linearity, ii, 186 
horizontal shift, ii. 186 
human eye and its effect on, ü. 139 
iconoscope, the, ii. 16i 
incremental inductance tuning, ii. 185 
Independent Television Authority, ii. 184 
interlaced scanning, li. 143 
interlacing control, ii. 'go 
intermediate frequency amplifier, ii. 172 
inverter (black spotter), ii. 183 
inverter (black spotter) adjustment, ii. 19i 
ion trap, ii. 196 
line shift, il. 186 
line scan. ii. 133 
line synchronism, ii. 186 
line timebase, full description of a typical, 

r75 
linearity adjustment, ü. 190 
magnetic deflection, ii. 128 
magnetically focused cathode ray tube, ii. 126 
mechanical systems, ii. 165 
modulation of cathode ray tube, i. z42 
modulation waveform analysis, ii. 140 
multi-band receivers, ii. 184 
nomenclature, ii. 184 
non-linearity correction by negative feedback, 

z52 
non-linearity, definition of, hi. r36 
permeability tuning, ii. 185 
persistence of vision, ii. 122 
picture alignment and centring. 
picture-height (frame amplitude) adjustment, 

ii. 191 
picture-width (line amplitude) adjustment, 

191 
power pack, ii. 176 
radio frequency amplifier, ii. 171 
receiver adjustments and faults, ii. z87 
receiver block diagram, ii. x63 
receiver design, ii. 167 
reflectors, ii. 179, 182 
scanning, ii. 132 
separation of sound and vision frequencies, 

r83 
shift control by focusing magnet, ii. 129 
signal, analysis of the, ii. 140 
signal, modulation waveform of the, ii. 141 
special valves, ii. 168 
split anode pentode as synchronising 

separator, ii. z39 
synchronising controls, ii. 139 
synchronism, practical circuits for achieving, 

r38 
synchronism principles, il. z36 
synchronism separation, ii. 138 
synchronism separation by double diode, ii 

146 
synchronism separator control, ii. 19z 
technique. an outline of. ii. z59 
three-channel tuner, ii. 185 
timebase, a complete and practical, ii. 139 
timebase for magnetic deflection, H. 149 
timebase, the, U. 131 

Television--continued 
timebase, the gas discharge. ii. 150 
timebase, the squegger. ii 155 
transmission, basic nrincivles of. ii. 159 
transmission, modulation of, ü. z40 
transmitter block diagram, ii. 162 
transmitter-scanning correction, ii. z64 
transmitter timebases, ü. 1[59 
tube (see Cathode ray tube) 
tuner (programme selector), ii. 186 
tuning. ii. 188 
turret tuner, ii. 184 
typical circuit constants, ii. 172 
vertical form, ii. 186, 190 
vertical hold, ii. r90 
vertical linearity, ii. 186 
vertical shift, ii. 186 
video amplifier, ii. 142, 169 
vision amplifier, ii. 167 
vision and sound amplifier combined, ii. 270 
vision detector. ii. r68 
white-spot limiter, ii. 19/ 

Television faults, ii. 192 
corner shadow, ii. 196 
focus not sharp, ü. 194 
frame and/or line hold unstable, ii. 194 
frame scan absent, ii. 194 
interference excessive, ii. 194 
line scan absent, ii. 192 
luminous halo, ii. 193 
patterns on screen (watered silk or Scotch 

plaid effects), ii. 194 
picture absent but raster normal, ii. 192 
picture incorrectly proportioned, ii. 194 
picture too small, li. 194 
scanning lines unduly apparent, ii. 195 
screen illumination absent, ii. 192 
stationary spot, ii. 195 
two or more images, ii. z95 
uneven focus, ii. 195 

Temperature, brief note on method of avoiding 
effect of, iii.5 

Tertiary winding to achieve synchronism, use of 
a, ii. 138 

Test set, multi-range, iii. 9 
Testing by voltage and current, iii. 37 
Testing components, iii. log 
Testing condensers, equipment for, iii. ixo 
Testing tuning coils, iii. 13 
Testing valves, iii. 73 
Tetrode (output) construction of, i. 190 
Tetrode, radio-frequency, i. 103 
Tetrode, screened, construction of, i. 104 
Thermal delay switch, brief reference to, i. 238 
Thermal flashers, suppression of, iii. 131 
Thermal meters, iii. 5 
Thermionic emission, principles of, i. 68 
Thermionic output valves, relative advantages of, 

i. 190 
Thermionic rectifier valve, the gaseous, ii. 12 
Thermionic rectifying valve, the, ii. 2 
Thermionic valve, amplification factor of, i. 73 

arranged for voltage quadrupling, ii. II 
as anode bend detector. i• 94 
as frequency doubler, arrangement of, ii. / 13 
as frequency multiplier, arrangement of, ii. 113 
as grid detector, i. 93 
as harmonic generator, arranging the, ii. u4 
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Thermionic valve—continued 
as synchronising separator, the double diode, 

ji. 146 
as synchronising separator, use of a split 

anode, ii. 139 
as telephony modulator, various arrange-

ments of the, ii. 117 
characteristics, i. 71 
characteristics, practical measurement of, 

iii.76 
construction of class B triode, i. 187 
construction of double diode tziode, i. 215 
construction of high frequency tetrode 

(screened grid). i 104 
construction of output tetrode, 190 
construction of pentode, i. 188 
construction of quiescent pentode, i. 188 
construction of triode, i. 187 
correct heater sequence when using universal, 

ii. 8 
curves, interpretation of, i. 76 
designed for automatic volume control, i. 215 
detection of softness in, iii. 78 
detector output, i. 191 
diode as detector, i. 89 
distortion caused by, i. 73 
electron coupled oscillating, ii. 99 
filament, different appearance between a 

fused and broken, iii. 85 
for timebase discharging, arrangement of a, 

n. 135 
frequency changing, i. 125 
grid/anode capacity, i. 97 
grid emission in a, iii. 81 
heptode, j. 128 
high frequency pentode, i. 107 
high frequency pentode and tetrode, j. 103 
impedance of, i. 74 
in transmitting circuits, neutralisation of 

II 
indirectly heated rectifier, ii. 9 
insulation between heater and cathode of a 

iii. 82 
keying the grid control rectifier, ii. 115 
leaks between the electrodes of a, iii. 81 
magic eye tuning indicator, i. 221 
mains hum, due to fault in a, iii. 64 
measurement of grid current in a, iii. 79 
miscellaneous, iii. 166 
mutual conductance of, i. 76 
octode, the, j. 127 
operating conditions of, i. 73 
oscillator, the, i. 120 
output, the, i. 187 
principles of, i. 67 
softness of, i. 81 
television timebase using the gas discharge 

triode, ii. 150 
tester, a simple, iii. 8o 
testing, iii. 73 
testing emission of rectifier, iii. 77 
tolerances, iii. 83 
to prevent frequency drift, crystal control of, 

101 
to suppress atmospherics, using a diode, ii. 77 
to suppress local interference, using the 

phase reversing properties of a, ii. 74 
tracing a noisy, iii. 67 
transmitter high frequency amplifying, ii. zo5 

Thermionic valve—continued 
transmitting oscillator, ii. 95 
triode heptode, i. 129 
triode hexode, i. 130 
triode pentode, i. 130 
types for television, special, ii. 168 
use of a saturated, for timebase correction, 

26, 30 
voltage doubling, ii. zo 

Third harmonic distortion, i. 172 
how to calculate. i. 194 

Three-channel tuner (television), ii. 185 
Three-electrode valve, the, i. 70 
Three-point coil switches, i. 158 
Thunderstorms, effect on reception. i. 20 
Time constant condenser for separating syn-

chronising impulses, ii. 138 
Timebase, a complete and practical, ii. 139 

a hard-valve, üi. 30 
applied to television, ii. 131 
arranged for magnetic deflection, the gas 

discharge triode, ii. 151 
basic principle of a, ii. 134 
basic requirements of a linear, ii. 136 
for magnetic deflection, the arrangement of 

a, ii. 149 
frame, ii. 137 
gas discharge triode, iii. 27, 31 
general principles of, iii. 24 
squegger, ii. 155 
television transmitter, ii. 159 
using the gas discharge triode, ii. 150 
very simple, iii. 25 

Tin, magnetic properties of, i. 37 
Tolerances permissible in a triode, iii. 83 
Tolerances permissible in frequency changers, 

84 
Tolerances permissible in output tetrodes and 

pentodes, iii. 84 
Tolerances permissible in screened tetrodes and 

pentodes, iii. 83 
Tone compensation circuit, notes on a typical, 

ii. 58 
Tone control, i. 177 
Tone correction circuit, notes on a typical, ii. 58 
Top cut, i. 64 
Top lift (television), ii. 169 
Tracing background noise, iii. 67 
Tracing distortion, iii. 53 
Tracing mains hum. iii. 
Transformer, car radio power unit, ii. 82 

construction of mains. ii. 33 
coupling (low frequency), i. 165 
faults in low frequency, iii. 115 
(output), how to determine the required 

ratio, i. 205 
principle of, j. 40 

tracing faults in mains, iii. n3 
Transistors, i. 96 
Transmission, crystal control of, ii. tot 

Hartley circuit, ii. 98 
practical notes on telephony, ii. 116 
principles of low power, ii. 95 

Transmitter, a basic circuit for, ii. 97, 98 
brief outline of, i. io 
frequency drift of, ii. zoo 
frequency modulated, j. 247 
keying, ii. 98 
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Transmitting station, principles of, i. io 
Transmitting valves, difficulty in producing 

oscillation from, ii. 102 
Transposed feeder, ii. 73 
Trimming condensers, care of, iii. 135 

sealing and unsealing, 
use of, i. 141 

Triode, as radio-frequency amplifier, i. 103 
calculating the optimum load of, i. 191 
construction of the, i. 187 
heptode, basic circuit of, i. 131 
heptode, the, i. 129 
hexode, the, i. 13o 
pentode, basic circuit of i. 132 
pentode, the, i. z3o 
to diode coupling, i. 168 
valve, the, i. 70 

Tuned anode coupling, i. 114 
Tuned circuit, the, i. 57 
Tuned grid coupling, i. Ir5 
Tuned transformer coupling, i. 115 
Tungsten as an emissive metal, i. 67 
Tungsten, magnetic properties of, i. 37 
Tuner (programme selector, television), ii. 186 
Tuning, automatic (see Automatic tuning) 
Tuning,capacity, i. 63 
Tuning coils, finding faults in, ni. 113 
Tuning condensers, construction and design of, 

33 
rubber suspension of the, ii. 33 

Tuning indicator, i. 217 
as a cause of distortion, iii. 59 
diminishing-light type, i. 219 
magic eye, i. 221 
mechanical types, i. 217 
neon, i. 220 
use of milliammeter for, i. 217 

Tuning, permeability, i. 63, 154 
Tuning range, i. 63 
Tuning television receivers, ü. i88 
Tuning. various types of slow motion, ii. 35 
Turn-tables, electric, ii. 29 
Turret tuner (television), ii. 184 
Twin feeder (television), ii. 179 

140 

Ultra short wave break-through, iii. Ica 
Under-car aerial, ii. 85 
Undistorted output, definition of, i. 171 

how to calculate, i. z93 
Units, choice of electrical, i. 34 

of capacity, i. 44 
of electricity, i. 32 

Universal receivers, causes of mains hum in, in. 63 

V.H.F., i. 15, 86; ii. 35 
Vacuum, the, i. 68 
Valve, amplification factor of, i. 75 

application of negative feedback to pentode, 
i. 184 

as a leaky grid detector, the triode, i. 93 
as an anode bend detector, the, 1. 94 
as frequency doubler, arrangement of a, 

ii. 113 
as frequency multiplier, arrangement of, 

ii. 113 
as harmonic generator, arranging the, Ii. 114 
as synchronising separator ,the double diode, 

ii. 146 

Valve—continued 
as telephony modulator, various arrange-
ments of the, ii. 117 

bi-grid, the, iii. 166 
detector output, i. 191 
difficulty in starting oscillation in a trans-

mitting, I. 102 
diode detector, the, i. 89 
driver, the (class B), 1. 182 
electron coupled oscillating, ii. 99 
electron multiplying, the, iii. z66 
filament, different appearance between a 

fused and broken, iii. 85 
for timebase discharging, arrangement of a. 

ii. 135 
grid/anode capacity, i. 97 
grid emission in a, iii. 8, 
heptode, the, i. 128 
diode, the, i. 67 
hiss, L z4.7 
impedance, 1. 74 
in transmitting circuits, neutralisation of, 

III 
indirectly heated rectifier, ii. 9 
insulation between heater and cathode of a, 

82 
keying the grid control rectifier, ][5 
leaks between the electrodes of a, iii. 81 
magic eye tuning indicator, the, i. 221 
magnetron, the, iii. 166 
mains-battery, i. 82 
mains hum due to fault in a, iii. 64 
measurement of grid current in a, in. 79 
multipurpose, iii. 166 
mutual conductance of, i. 76 
necessity for limiting the grid-cathode 
impedance of a, i. 178 

neon voltage stabilising, the, ii. r4 
noise (see Valve hiss), i. 147 
principles of the thermionic, i 67 
radio-frequency pentode, i. 107 
radio-frequency tetrode, 1. 103 
rectifying, the, ü. 2 
softness, detection of, iii. 78 
softness of, i. 81 
television timebase using the gas discharge 

triode, ii. 150 
testing, iii. 73 
testing emission of rectifier, iii. 77 
testing for microphony, iii. 76 
to prevent frequency drift, crystal control of, 

ii. tot 
to suppress atmospherics, using a diode, ii. 77 
to suppress local interference, using the 

phase reversing properties of a, ii. 74 
tolerances, iii. 83 
tracing a noisy, iii 67 
transistors, i. 96 
transmitter high frequency amplifier, ii. 105 
transmitting oscillator, ii. 95 
triode heptode, the, i. z29 
triode hexode, the, i. 130 
triode pentode, the, i. 130 
types for television, special, ii. z68 
use of a saturated, for timebase correction, 

iü. 26, 30 
voltage doubling, ii. lo 

Valve characteristics, i. 71 
practical measurement of, ni. 76 
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Valve construction, brief notes on, i. 68 
of the class B, 1. 187 
of the double diode triode, i. 215 
of the output tetrode, j. 190 
of the pentode, i. 188 
of the quiescent pentode, i. 
of the screened tetrode, 104 
of the triode, i. 187 

Valve curves, interpretation of, i. 76 
Valve oscillator, the superheterodyne, i. 120 
Valve tester, a simple, iii. 8o 
Valves arranged for voltage quadrupling, ii. 10 

choice of low frequency, i. 169 
cleaning metallised, iii. 143 
construction of mains, i. 82 
correct heater sequence when using universal, 

8 
designed for automatic volume control, i. 215 
distortion caused by, i. 73 
frequency changing, i. 125 
miscellaneous, iii. 166 
octode, the, i. 127 
operating conditions of, i. 73 
output, i. 187 
output in parallel, i. 177 
radio-frequency pentode and tetrode, the, 

i. 103 
relative advantages of output i. 190 

Variable mu characteristics, i. z to 
Variable selectivity, i. 139 
Variable tone control, i. 177 
Vectorial addition, i. 56 
Velocity of wave motion, i. 2 
Vertical aerials, ii. 69 
Vertical form (vertical linearity) (television), ii. 

186, 190 
Vertical hold (television), ii. 186, r90 
Vertical shift (frame shift) (television), ii. 186 
Very high frequency, i. 15, 86; ii. 35 
Vibrator, car radio, ii. 79 
Video amplifier, the, ii. 169 

circuit, a typical, ii. 173 
necessity for a, ii. 142 
special requirements of a. ii. 143 

Vision amplifier, the, ii. 167 

Vision detector, the, ii. 168 
Visual persistence, ii. 122 
Volt, the, i. 28 
Voltage doubling, ii. lo 

measurement of alternating, iii. 8 
quadrupling, ii. ii 
regulation, ii. 3 
stabilisation, ii. 14 

Voltmeter, the, iii. 6 
electrostatic, iii. 6 
internal resistance of the, iii. ô 

Volume control, i. 117 
of the gramophone pick-up, ii. 26 

Vowel sounds, characteristics of, i. 3, 4 

Wafer switches, construction of, i. 158 
control spindle and locating plate, i. 

Wattage, i. 30 
method of determining, i. 31 

Wave motion, mechanics of, i. 
of sound, i. 
speed of, i. 2 
velocity of, i. 2 

Wave wound coils, i. 152 
Waveband switches, general considerations of, 

i. 158 
Wavebands, definition of, i. 1r4 
Waveform mechanics, i. 5 
Wavelength, i. 2 

calculation of, i. 64 
conversion to kilocycles and megacycles, i. 14 

Waves in free space, i. 15 
Weak signals, possible causes of, iii. 118 
Whistle suppression, i. 146 
Whistles, prevention of, iii. 97 
White-spot limiter (invertor), II. 183, 
Windscreen wiper, suppression of, ii. 
Wiring, general notes on, iii. 137 
Workshop hints, iii. 133 

X-cut crystal, the, ii. 104 

Y-cut crystal, the, ii. 104 

Zinc, magnetic properties of, i. 37 
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FOREWORD 

Tan absence, among contemporary works on radio engineering, of a concise data book has 

become increasingly more apparent. It is true that numerous text-books contain a few 

tables, formula3 or other matter, but a shelf of books is necessary before all normal informa-

tion of this class is available, and even then, much valuable time can be wasted in finding it; 

when found it often leaves much to be desired, particularly from the point of view of 

covering modern needs or presenting facts and figures in a form that is immediately usable. 

It is perhaps not unreasonable to form the conclusion that very little original work has 

been done on tabular data for more than a decade, old tables being published anew without 

being brought up to date or remoulded to suit changing needs. 

The aim of this small volume has been twofold. Firstly, to present a very carefully 

selected series of circuits, data and formula; and secondly, to reshape information so that it 

covers present-day requirements, is freed from errors and inconsistencies of the past, and in 

addition, includes both English and American standards. 

The very complete index which follows these remarks permits quick reference to the 

information required, since the cross indexing reveals the presence of any particular subject 

under any reasonable heading. The main subjects are, however, briefly described below. 

(i) A representative selection of the circuits of receivers marketed by Britain's leading 

radio manufacturers during the last ten years is included primarily to illustrate changing 

design tendencies. 

(ii) A selection of useful circuits designed to perform a variety of functions. 

(iii) A selection of relatively simple test gear circuits with full component values. 

(iv) Formula) and data selected and presented in such a manner that considerable 

saving of time can be effected by regular use. Particular care has been taken to so devise 

tables that all related data are available in a single table. The author wishes to thank 

Mr. S. S. D. Jones, M.A., of St. Peter's Hall, Oxford, who checked the formule and made 

a number of useful suggestions. 

(v) Valve equivalent tables and valve base connections. 

This volume is essentially complementary to Modern Practical Radio and Television, 

since the latter is broad in its conception, whereas the former is precise in character and is 

intended for quick reference as opposed to systematic study. 

C. A. QIYABRINGTON. 

in 
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References to Circuit Diagrams are shown in italics 

Acid dilution table, sulphuric, 71 
Accumulator acid dilution table, 71 
Accumulator specific gravity tables, 71 
Adapter, television sound, 39 
Aerial attenuation network design, 55 
Aerial, data for television, 66 
Aerial feeder, impedance of a concentric, 53 
Aerial feeder, impedance of a twin, 53 
Aerial, length of a quarter-wave, 53 
Aerial, length of a half-wave, 53 
Aerial, length of a long wire, 53 
A.C. voltage, current, impedance and power, relation-

ship between, 51 
Amerman screws (used in radio), 69 
American wire gauge copper wire table, 58-9 
Amplifier, a 2-stage pre-amplifier, 30 
Amplifier, a 2f watt Q.P.P. battery, 27 
Amplifier, a 10-watt A.C. maim, 28 
Amplifier, a 20-watt A.C. mains, 29 
Amplifier design, formula) for R.C. coupled, 55 
Amplification factor, calculation of valve, 54 
Amplification, voltage, 54 
Associations, directory of, 74 
Attenuation network design, 55 
Audio frequency capacitive reactance table, 84 
Audio frequency inductive reactance table, 84 
Audio frequency LC constants, table of, 57 
Audio frequency amplifier design, formulas for R.C. 

coupled, 55 
Audio oscillator, a general-purpose, 46 
Audio oscillator, a simple neon, 47 

B.A. screws, 69 
B.S.F. screws, 68 
Bandpass tuning, peak separation. 53 
Bare copper wire table, 58-9 
Bases, valve, 75.-85 
Baas boosting and control, 32 
Bias, calculation of grid, 54 
Brains formula for valve output, 54 
British S.W.G. copper wire table. 58-9 

C.G.S. mechanical symbols, 73 
Capacitive reactance, 51 
Capacitive reactance table, 84 
Capacitively coupled bandpass tuning, peak separation 

of, 53 
Capacity bridge, 47 
Capacity of a fixed condenser, 55 
Capacity and inductance, calculating the resonant 

frequency and wavelength of, 52 
Capacity, inductance and resistance in series, imped-

ance of, 52 
Capacity, inductance and resistance in series, voltage 

across, 52 
Capacity of parallel condensers, 51 
Capacity and resistance in parallel, current flowing, 52 
Capacity and resistance in parallel, impedance of, 52 
Capacity and resistance in parallel, voltage across, 52 
Capacity and resistance in series, current flowing, 52 
Capacity and resistance in series, impedance of, 52 
Capacity and resistance in series, voltage across, 52 
Capacity of series condensers, 61 
Cathode ray oscilloscope, a typical, 44 
Characteristics, calculation of valve, 54 
Class B receiver, a typical 4-valve, 19 
Climatic data, 71 
Colour code, ready-worked table of resistance, 62 
Coefficient of coupling, 53 
Comparative resistance, 70 
Compensated volume control, 32 
Coil, turne for a given inductance, 55 

Coil, L of a single or multi-layer, 55 
Coil winding tables, 57 
Concentric feeder, impedance of, 53 
Condenser, calculating the capacity of a, 55 
Condensers in parallel, capacity of, 51 
Condensers in series, capacity of, 51 
Conversion table of decibels, current or voltage ratio 
and power ratio, 65 

Conversion table, electrical, 67 
Conversion table, fractions—decimal—millimetre, 88 
Conversion table, mechanical, 69 
Conversion table, wavelength—frequency, 58 
Converter, a shortwave, 31 
Copper wire table, 58-9 
Cotton-covered copper wire table, 58-9 
Coupling, coefficient of, 53 
Coupling, optimum, 53 
Current, resistance and voltage table, 61 
Current ratio-decibel conversion table, 65 
Current, voltage, impedance and power for A.C., rela-

tionship between, 51 
Current, voltage, resistance and power for D.C., rela-

tionship between, 51 

D.C. voltage, current, resistance and power, relation-
ship between, 51 

Decibel, current or voltage ratio, power ratio conver-
sion table, 85 

Decibel levels, indications of, 71 
Decibel table, 65 
Detector circuits, diode and infinite impedance. 37 
Dielectric constants of insulators, 66 
Diode detector circuits, 37 
Dipole, data for television, 68 
Decimal—millimetre—fractions equivalents, 88 
Directory of Institutions and Associations, 74 
Distortion, calculation of triode valve output, 64 
Drill sizes, B.A. clearing, 89 
Drill sizes, tapping, 88-9 
Drill sizes, twist, 68 
Dynamic resistance at resonance, 52 
Dynatron signal generator, 48 

E.H.T., vibrator power pack for obtaining, 42 
Electrical conversion table, 87 
Electrolytic condenser test set, 49 
Enamelled copper wire table, 58-9 
Equivalents table, valve, 86-90 
Eureka resistance wile table, 60 

F.M. receiver, 23 
Fader circuits, 33 
Flexible (flex) wire table, 60 
Formule, useful, 51 
Fractions—decimal—millimetre equivalents, 68 
Frequency and wavelength, calculation of, 52 
Frequency—wavelength conversion table, 66 
Frequency modulated receiver, 23 
Frequency to wavelength, formulas for converting, 52 
Fuse wire table, 60 

General symbols, 73 
Greek letters, the pronunciation of, 55 
Grid bias, calculation of, 54 

High frequency capacitive reactance table, 64 
High frequency feeders, impedance of, 53 
High frequency inductive reactance table, 84 
High frequency LC constants, table of, 57 
High frequency transformer ratio, 53 
Humidity, note on, 71 

IV 



INDEX 
Impedance, calculation of valve, 54 
Impedance of L, R and C in parallel, 52 
Impedance of L, R, C and L an series, 52 
Impedance of L, R and C in series, 52 
Impedance of L, R and L in parallel, 52 
Impedance of L, R and L in series, 52 
Impedance, voltage, current and power for A.C., rela-

tionship between, 51 
Imperial wire gauge copper wire table 58 
Indices, significance of, 67 
Inductance and capacity, calculating the resonant 

frequency and wavelength of, 52 
Inductance and resistance in parallel, impedance of, 52 
Inductance and resistance in series, current flowing 

through, 52 
Inductance, resistance and capacity in series impedance 

of, 52 
Inductance and resistance in parallel, current flowing, 
52 

Inductance and resistance in parallel, voltage across, 52 
Inductance, resistance and capacity in series, voltage 

across, 52 
Inductance, turns for a given, 55 
Inductance and resistance in series, impedance of, 52 
Inductance and resistance in series, voltage across, 52 
Inductances in parallel, 51 
Inductances in aeries, 51 
Inductance of a single or multi-layer coil, 55 
Inductive reactance, 51 
Inductive reactance table, 84 
Inductively coupled bandpass tuning, peak separation 

of, 53 
Insulating materials, dielectric constants of. 66 
Infinite impedance detector, 37 
Institutions, directory of, 74 
Interference (none) limiting, 98 

LC constant, 53 
LC constants table of R.F. and A.F., 57 
Lead fuse wire table, 80 
Loudspeaker impedance, matching valve impedance 

to, 54 
Low frequency amplifier design, formula) for R.C. 

coupled, 55 
Low frequency capacitive reactance table, 64 
Low frequency inductive reactance table, 84 
Low frequency LC constants, table of, 57 

Magnification of a tuned circuit, 52 
Mathematical symbols, 73 
Mechanical conversion table, 69 
Mechanical symbols, 73 
Metals, relative resistance cf, 76 
Metals, resistivity of, 70 
Meter series resistance table, 70 
Meter shunt resistance table, '70 
Midget receiver, a typical T.R.F., 25 
Millimetre—fractions—decimal equivalent s, 68 
Mixing circuits, 33 
Morse code practice, simple oscillator for, 38 
Multi-vibrator waveform generator, 49 
Mutual conductance (slope), calculation of valve, 54 

Negative feedback, 36 
Neon audio oscillator, 47 
Neon voltage stabiliser, 40 
Nichrome resistance wire table, 60 
Noise limiting, 38 
Numerical values, ready-worked, 71 

Ohm's law, 51 
Ohm's law, ready-worked table based on, 81 
Optimum coupling, 53 
Optimum load, calculation of, 54 
Oscilloscope, a practical, 44 
Output transformer ratio, 64 

Parallel condensers, capacity of, 51 
Parallel inductances, 51 
Parallel resistances, 51 
Paraphase push-pull, 34 
Peak separation, bandpass tuning, 53 
Phase splitting, 34-35 
Pick-up, scratch filter, 38 
Plastics, table of manufacturers' brand names, 68 
Power output, calculation of triode, 54 
Power pack, vibrator, 42 
Power ratio—decibel conversion table, 65 
Power, voltage, current and impedance for A.C., rela-

tionship between, 51 
Power, voltage, current and resistance for D.C., rela-

tionship between, 51 
Pre-amplifier, a 2-stage, 30 
Prefixes used in radio numerology, 67 
Push-pull, phase splitting, 34-5 

Q.P.P. battery amplifier, a 24-watt, 27 
Q.P.P. receiver. a superhet, 22 

R.C. coupling formuke, 55 
Radio engineering symbols, 73 
Radio frequency capacitive reactance table, 64 
Radio frequency inductive reactance table, 64 
Radio frequency LC constants, table of, 57 
Reactance, capacitive, 51 
Reactance, inductive, 51 
Reactance table, ready-worked, 64 
Receiver, a frequency modulated, 23 
Receiver, a Q.P.P. superhet, 22 
Receiver, a typical D.C./AX'. T.R.F., 24 
Receiver, a typical T.R.F. midget, 25 
Receiver, a typical 4V, Class B., 19 
Receiver, a 7 -} 1V 3 waveband A.O. 20- I 
Receiver, a most unusual, 28 
Receiver, the Bush A.C. 81, 2 
Receiver, the Coseor 458 A.C., 3 
Receiver, the Cossas' 484, 4 
Receiver, the Ekco A274, 5 
Receiver, the Ekco U29, 6 
Receives., the Ferguson 450, 7 
Receiver, the Ferguson 910, 8 
Receiver, the O.E.C. BC4655, 9 
Receiver, the K.B. FB1OFM, 10 
Receiver, the McMichael 451, 11 
Receiver, the McMichael 452, 12 
Receiver, the Philips 170A, 11 
Receiver, the Pye 15A, 15 
Receiver, the Pye 45A, 14 
Receiver, the standard wartime A.C., 16 
Receiver, the Ultra U930, 18 
Receiver, the Ultra T401, 17 
Relationship between voltage, current, power and im-
pedance for A.G., 51 

Relationship between voltage, current, resistance and 
power for D.C., 51 

Relative resistance, 70 
Resistance and capacity in parallel, current flowing, 52 
Resistance and capacity in parallel, impedance of, 52 
Resistance and capacity in parallel, voltage across, 52 
Resistance and capacity in series, current flowing, 52 
Resistance and capacity in series, impedance of, 52 
Resistant* and inductance in parallel, current flowing, 

52 
Resistance and inductance in parallel. impedance of, 52 
Resistance and inductance in series, current flowing, 52 
Resistance and inductance in parallel, voltage across, 52 
Resistance and capacity in series, voltage across, 62 
Resistance and inductance in series, voltage across, 52 
Resistance at resonance, dynamic, 52 
Resistance, capacity coupling formulte, 55 
Resistance, capacity and inductance in series, imped-
ance of, 52 

Resistance, capacity and inductance in series, voltage 
across, 52 

Resistance colour code, British, 83 
Reigigtonee colour code, table of. 62 



INDEX 

Resistance colour code, U.S.A., 83 
Resistance, comparative, 70 
Resistance, relative, 70 
Resistance, specific, 51 
Resistance table, meter series, 70 
Resistance table, meter shunt, 70 
Resistance, voltage drop across, 81 
Resistance, voltage and current table, 61 
Resistance, voltage, current and power for D.C., rela-

tionship between, 51 
Resistance wire table, 80 
Resistances in parallel, 51 
Resistances in series, 51 
Resistivity of metals, 70 
Resonance, dynamic resistance at, 52 

Scratch filter, 38 
Screws, American (used in radio), 89 
Screws, B.A., 69 
Screws, B.S.F., 88 
Screws, wood, 69 
Screws, Whitworth, 68 
Selectivity of a tuned cirouit, 53 
Series condensers, capacity of, 51 
Series inductances, 51 
Series resistance table, meter, 70 
Series resistances, 51 
Servicing equipment, a capacity bridge, 47 
Servicing equipment, a dynatron signal generator, 48 
Servicing equipment, electrolytic condenser test set, 49 
Servicing equipment, a general-purpose audio oscillator, 

48 
Servicing equipment, a multi-vibrator waveform genera-

tor, 49 
Servicing equipment, a simple neon audio oscillator, 47 
Servicing equipment, a typical oscilloscope, 44 
Servicing equipment, a valve voltmeter, 45 
Servicing equipment, a universal test set, 50 
Shortwave converter, 31 
Shunt resistance table, meter, 70 
Signal generator, a dynatron, 48 
Silk-covered copper wire table, 58-9 
Slope, calculation of valve, 54 
Smoothing circuits, unusual, 41 
Societioa, directory of, 74 
Sound intensity, estimation of, 71 
Specific gravity, accumulator, 71 
Specific resistance, 51 
Stabilisation, voltage, 40 
Stage gain, 54 
Stage gain at high A.F., 55 
Stage gain at low A.F., 55 
Stage gain at medium A.F., 55 
Standard wire gauge resistance wire table, 60 
Sulphuric acid dilution table, 71 
Symbols, valve, general, mathematical and C.O.S. 

mechanical, 73 

Tapping drill sizes, 68-9 
Television aerial attenuation network, 55 
Television aerial data, 66 
Television aerial feeder, impedance of, 53 
Television sound adaptor, 39 

Temperature by colour, estimation of, 71 
Temperatures, world, 71 
Tut set, a universal, 50 
Tut set, an electrolytic condenser, 4› 
Time constante, 53 
Time, variations in world, 72 
Tin alloy fuse wire table, 60 
Tin fuse wire table, 80 
Tinned copper fuse wire table, 80 
Tone controL, 32 
Transformer ratio, H.F., 53 
Transformer ratio, output, 54 
Treble boosting and control, 32 
Triode valve, calculation of power output and distor-

tion, 54 
Tuned circuit, calculating frequency and wavelength 

of the, 52 
Tuned circuit, magnification of a, 52 
Tuned circuit, selectivity of a, 53 
Tuning coil winding tables, 57 
Twist drill sizes, 68 
Twist drill sizes, B.A. clearing, 89 
Twist drill sizes, tapping, 88-9 

Universal test set, 50 

Valve bases, 75-91 
Valve, calculating grid bias for, 54 
Valve, calculating optimum load for a, 54 
Valve, calculating output and distortion of a triode, 54 
Valve characteristics, calculation of, 54 
Valve equivalents table, 92-105 
Valve symbols, 73 
Valve voltmeter, 45 
Variations in world time, 72 
Vibrator power packs, 42 
Voltage amplification, 54 
Voltage, current, impedance and power for A.C., rela-

tionship between, 51 
Voltage, current, resistance and power for D.C., leis. 

tionship between, 51 
Voltage, current and resistance table, 61 
Voltage ratio—decibel conversion table, 85 
Voltage stabilisation, 40 
Voltmeter, valve, 46 
Volume control, 32 
Volume expansion, 35 

Wartime A.C. receiver, the standard, 16 
Watts, relationship to voltage, current and resistance, 

61 
Waveform generator, a multi-vibrator, 49 
Wavelength—frequency conversion table, 56 
Wavelength and frequency, calculation of, 52 
Wavelength to frequency, converting, 52 
Whitworth screws, 88 
Wind velocity and pressure on cylindrical and flat sur-

faces. 71 
Wire table, copper, enamel, S.C.C., etc., 58-9 
Wire tables, miscellaneous, 80 
Wire table, resistance, 80 
Wood screws, sizes of, 69 
World time, variations in, 72 

vi 



USEFUL CIRCUIT SECTION 

Tan following forty-one pages contain a selection of useful circuits presenting a broad 
picture of commercial practice and contemporary design and also show, by a series of 
' unit " circuits, everyday alternatives and refinements associated with specialised rather 
than domestic equipment. The commercial circuits in this section will also be found 
helpful when fault-finding, since the task of tracing connections without the assistance of 
the appropriate circuit diagram is simplified by reference to a selection of typical arrange. 
mente. A close study of these circuits will suggest ideas for the systematic stage-by-stage 
isolation of a faulty receiver, a procedure so essential to efficient servicing; the use of the 
Information Bureau service for assistance when diagnosing a fault in a particular receiver 
is impracticable, since those who are able to select the appropriate facts and figures would 
not normally require such advice. 

Commercial circuits which form the subject of pages 2-18 are followed by thirteen 
representative circuits; four of these circuits are rearrangements of those published in 
Modern Practical Radio and Television, Chapter 5, Volume II, with component values added. 
The rearrangement has been undertaken, since the original circuits were designed for the 
sole purpose of forming a basis for comment, and many functions were deliberately dupli-
cated for the purpose of broadening discussions. These rearranged circuits can be regarded 
as an individual interpretation of the original circuits, and form a most interesting subject 
for comparison. 

In the various circuits illustrated in the following pages values have, of necessity, been 
specified, since in certain cases component values are peculiar to the valves selected. The 
author desires to make it clear, however, that he considers valves made by any member of 
the British Valve Association to be satisfactory providing, of course, they are associated 
with suitable component values. In short, the selection of valves in the following pages 
has been almost entirely influenced by the types in the author's possession. 

Pages 32-42 contain a variety of" unit" circuits useful when modifying or adding to 
existing equipment, and much thought and trouble has been expended in selecting circuits 
that will have wide appeal. One or two circuits have, however, been added on account of 
their intrinsic interest and originality. 

Component values have been specified in these " unit " circuits wherever possible. 
Where values are omitted, it is because they are influenced by the complete circuit of 
which these " unit " circuits are intended to form only a small part ; in nearly every case, 
however, the missing value can be determined from studying the fundamental principles 
involved in the relevant section of Modern Practical Radio and Television. 

The author welcomes suggestions for " unit " circuits, or indeed any other items for 
possible inclusion in future editions of this data book. 

1 
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Tux Buell MODEL A.C.81 

Attention is drawn to the output stage in which negative feedback is introduced by the omission of a cathode by-pass condenser; note that, the 

output valve anode is fed from the unsmoothed side of the H.T. supply, also the parasitic stopper in the I.F. amplifier grid lead. 



THE CossoR MODEL 456 A.C. 
Note the directly heated low filament voltage output valve, the bias for which is developed across the loudspeaker :field coil placed in the negative 

H.T. lead. 
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Tux Cossos MODEL 484 
The aerial circuit arrangements are interesting and are worthy of careful study. Attention hi ale directed to the method of applying negative 

feedback and the resistance capacity two-stage H.T. smoothing. 
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THE Elmo FM MODEL A274 
Points of interest are the oscillator coupling, the method of obtaining negative feedback, and the tape recorder connection. 
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Note the rejector inductance in the aerial lead and the position of the I.F. rejector circuit between the frequency changer grid and aerial circuit. Observe 
that f uses are provided in both mains leads and rectifier anode lead. observe also the mains filter. 
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THE FERGUSON MODEL 450 
Pointe of interest are the use of very small condensers in the design of the aerial couplings, anti-squegging resistance in the oscillator grid oircuite and 

the series negative feedback arrangements. 
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THE FERGUSON MODEL 910 

Points to note are parasitic stoppers in the oscillator grid and output anode circuits, resistance capacity smoothing and the fact that A.V.C. 1E1 derived 
from the anode of the I.F. amplifier to reduce sideband shriek when tuning. 



S 

• 

RFC 

M52 

• 

o 

6.800 n lopoon 

OS mf 

8200 

fDSR4s4 361 64 

 I 
.00000 n 

i4  

no 

0-e• 

65131 

39 pf 

.05 

22000 

470 

£05 • I I ml 

— We 

009.,f 

± 02 .f 
7- 02 

=. Clot. tol«ronct 

,0º_ef 

—E 

o 
T  

05 

OSVOM 

•0_LIAf 02 no! 

Mû 

Po 

n,f 

T 

22 pf 

- 

300 

°SPAM 
DH 63 

mf 

Z. 

680.000 A 

.N/VVV• 

02,Rf 

 11-7.101; 

23 

2200 

1100 

SPAM 

r4T 33C 

220 

2 

05.6Lt.. 

rl 

a 

TY174 
304 

VVVV‘ 

0. 

93 

0558FA 

u 1. 
A:5;3 

MC /OC 
200-250V 

RFC 

THE G.E.C. MODEL BC4685 
Both aerial and oscillator coupling is unusual, the medium /and long wave sections have only single turn primary windings and rely on the common 

impedance of the condensers marked close tolerance. Attention is also drawn to the R.F. choke in the aerial circuit which eliminates any tendency 
to modulation hum. 
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THE KOLSTEB•BRANDES FM MODEL FB 10FM 

Note particularly the middle stage, which is refiexed, being an I.F. amplifier and a L.F. amplifier; the screen acts as the anode for the latter function. 
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THE MCMICHAEL MODEL 451 
There are many detailed points of interest in this circuit, but attention is directed to the aerial circuit and switching, the output valve grid circuit and the mains transformer primary. 



THE MCMICHAEL MODEL 452 
Noto parasitic steppers in the frequency changer screen lead and output valve anode lead, also anti-equegging resistance in the oscillator grid circuit. 

The resistance condenser combinations given by the four-position tone control are of interest; note that negative feedback is employed. 
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TEE PHILIPS MODEL 170A 
The negative feedback arrangements are an interesting object-lesson in circuit design; the volume control is compensated by automatically varying negative 

feedback and the tone control operates by varying the amount of negative feedback at higher frequencies. Note also the hum neutralising arrangements. 
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THE Pvic MODEL 45A 
Like the model 15A, attention is drawn to the tone control arrangements. These two circuits form an interesting comparison between A.C. and 

D.C./A.C. working. 
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Tax PEE MODEL I5A 
Attention is directed to the tone control switch, which has four positions. It is well worth following out the connections for each position. 
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STANDARD W AR-TIME A.C. RECEIVER 
This circuit is included as an example of austerity and because of certain ingenious features, notably the use of the I.F. amplifier suppressor (acting in 

conjunction with the cathode as a diode) to produce A.V.C. The is a metal oxide detector. This receiver was manufactured by a number of firms 
who introduced sundry variations, and a surprising number are still in use. 
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THE ULTRA MODEL T401 
Note parasitic stopper in the frequency changer screen lead and anti-squegging resistance in the oscillator grid lead. The biasing of the frequency changer 

and I.F. amplifier and the A.V.C. delay arrangements are additional points of interest. 



FIM 
AERIAL 

.00 1 
F/M- R.F PF r 

LFCNOKE 
('0.71Ach.) 

THE ULTRA AM—FM Monal. U930 
Note separate oscillation for VHF and MW—LW bands, phase correction in ratio detector circuit and tone compensated volume control. 
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A slight rearrangement of the class B receiver, shown in Chapter 5, Volume II, but with component values added. The aerial circuit uses bandpase coils 
which sometimes require small additional capacitive coupling, usually about 5 pf, shown dotted in the above illustration. 
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The output section and component values are on the facing page 
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7 + 1 VALVE, 3-BAND RECEIVES 
(12 watt, push-pull output) 

This circuit is included in response to numerous requests for more details of the circuit shown in 
Chapter Bof Volume II; it is presented, however, without the automatic frequency control circuit and 
with other modifications, so that non-standard components have been excluded. The output stage has 
aleo been modified from 8 to 12 watts. Much of the text matter which accompanies the 10-valve 
circuit in Volume H applies equally to the rearrangement herewith. Triode output valv,s are used, and 
although less efficient than tetrodes, they still enjoy considerable popularity where H.T. current Is not 
of paramount importance. 
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CONDENSERS 

Cl =.= 100 pf 
C2 — 15 pf 
C3 •I mf 
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C5 •1 mf 
C8 •2 mf 
C7 .- 16 mf 
C8 •2 mf 
CO •-•-• TO 
CIO •2 mf 
C11 •2 mf 
C12 — IFTC 
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C19 — IFTC 
C20 IFTC 
C21= 1 mf 
C22 •01 mf 
C23 65 pf 
C24 .02 mf 
C25 .= 75 pf 
C26 = • 1 mf 
C27 ... •01 mf 
C28 = •03 mf 

C29 =. .02 mf R9 ... 15,000 
C30 = 50 mf R10 .... 100 
C3I ... •05 mf Rh I = -5 + .5 Mn 
C32 ... .03 mf R12 — 10,000 
C33 — .05 raf R13 — 3,300 
C34 ... .03 mf R14 — 47,000 
C35 = •5 mf R15 — 1 Milli 
C38 .— •5 mf § RIS — 20,000 
C37 — 16 mf 1117 ... 56,000 
C38 = •075 mf R1R.... 2,000 
039 =, .075 mf R19 —. 1 MO 
040 — 25 mf R20 = 20,000 
C41 ... 25 mf R21 = 1 ME) 
C42 ... 16 mf R22 = 1 MO 
C43 — 4 mf R23 — 1 Mil 
C44 — 1 mf R24.. I MD 
C45 — • 1 mf R25 = 130,000 
C46 — • I mf R26 ... 2,000 

R27 — 3,600 
R28 = 330 

RESISTANCES (Orms R29 = 3,600 
R I — 15,000 R30 ... 100,000 
R2 ... 5,100 R3I — 100,000 
R3 — 100 R32... 25 
R4 —. 8,200 R33 25 
R5 — 33,000 R34 — 510 
R8 — 300 R35 .... 510 
R7 .... 33,000 R36 .... 10 
R8 ... 5,100 R37 —. 7,500 

• Capacity of variable tuning condenser will depend on Malta of bands to be covered 
and inductance of coils selected. 
t Capacity as required to tune selected I.F. transformers to intermediate frequency to 

be used. 
j Capacity as required to raise total padding capacity to required figure. 
• 036 may, with advantage, be connected across a portion only of BIS to provide a 

small amount of negative feed-back. 
II Values shown are preferred values: close non-preferred values can be used with 

discretion. 
Tapped resistance gives any lesser degree of A.V.O. on shortwave band as desired. If 

very weak stations are required, move tap to top end of resistance and disconnect from grid 
of VI, when R3 should be 700 fl. 

VI Cossor MVS/Pen or MVS/Pen B V5 Cossor 41MP •• 
V2 Cossor 41 6TH V6 Mazda PP5/400 
V3 Cossor MVS/Pen or MVS/Pen B V7 Mazda PPS/400 
V4 Cossor DDT V8 Mullard FW4/500 

•• The author has used a valve of this type for several years with complete success 
under conditions prevailing in this circuit; nevertheless, a considerable voltage difference 
existe between heater and cathode. It is advantageous, therefore, to supply the heater 
from a separate transformer winding, the centre tap being connected to chases through • 
• 1 oat-condenser. 



HT+ 

ir 20,000 A 

OS RAM 
X 24 

SW' 

S Vd 2 

W 

W 

10000 0 

40,0000I 

=•= 

• 005 

I} 

\ 100 f 

f o 
0 

C> 
C> 

11.. wri mf 

 vVv 

COSSOR 
210V PT 

50 

5CLil 

50pf 

0,000 

MAZDA 
L21 DO 

ORO 

I M 

100000 

woo 

m f5  

• 

C> 
—C> 

2mf 

20 000 
AA 

50000 a 

50,000 0 MAZ 
OP 25   

Soo 

100 

mf 

• 5 M.A • n I Mr). 

o  
H T — 

L T + 

c--0 
L T — 

Q.P.P. SuvEREEr BATTERY RECEIVER 

A modification of the Q.P.P. receiver illustrated in Chapter 5, Volume II, but with typioal values shown. Coils covering any desired number 
ef wavebands oso, of course, be used, and their selection will determine the values of the pre-set trimming and padding condensers. Should a frequency 
changer or I.F. amplifying valve be used of a type which passes grid current at zero grid volts, the low er end of the A.V.C. diode load zéSiStance should be 
disconnected from L.T. — and connected to a point on the main bias resistance, which is just sufficiently negative to prevent the flow of grid current. 
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A TYPICAL 1VmERArtn F.M. RECEIVER 
This simple F.M. receiver is intended to be used with the output and power pack unit shown on page 21, which will need to be modifled in the following 

way : Terminal 4, C44 and R36 are deleted and the points formerly bridged by R36 joined together; the value of R37 becomes 1,000 ohms. The 
H.F. and oscillator coils and the I.F. and discriminator coils will normally be part of a complete set designed for the waveband or bands to be covered no 
value is shown for the condenser marked * as it will normally be an integral part. of the discriminator coil assembly. The type of discriminator used has been 
selected because it is possible to align it with limited test equipment, otherwise the ratio detector on phase detector would be preferred. 
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TYPICAL D.C./A.C. T.R.F. RECE/VER 

This circuit is generally similar to the D.C./A.C. circuit in Chapter 5, Volume II, but values are shown and some modifications have been introduced. 
Variable negative feed-back could be introduced by using a potentiometer for the resistance across the L.F. transformer secondary, the slider being con-
nected through a 1 rof-oondeneer to the output anode. 
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TYPICAL T.R.F. MIDGET RECEIyEB 

This circuit is typical of many of the cheaper midget receivers manufactured in the U.S.A., and although fundamentally a 3 -I- I valve receiver, only two valves, 
are used, which are only 1 inches diameter and 3 ift inches long, including pins, making possible with the use of midget components a receiver of exceedingly 
small dimensions The rectifier anode dropping resistunee (500 n) assumes a L.S. transformer primary resistance of 350 ; these considerations are important 
as the 70L7—GT has a maximum anode voltage of 117 volts and the 25B8—GT has a maximum anode voltage of 100 volts. 
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Circuits presented in a book of this character are necessarily orthodox, and this circuit is introduced as a measure of relief and to illustrate that good results 
can be obtained in more ways than one. The circuit was found by the author in use in a recreation room, where it gave really excellent quality on more or 
tees local stations. The circuit arrangement is probably the result of a series of modifications carried out without regard to the circuit as a whole. 
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2}-werr Q.P.P. BATrEBY AMPLETIEB 
A 2h-watt battery amplifier with a simple two-input mixer. The resistance marked t will normally require selection to ensure that the first amplifier 

works under optimum conditions. The negative feed-back resistances marked • are best determined by trial, 100,000 ohms being a convenient starting-point. 
A variable top out control and a fixed base out device are fitted. 
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10-wATT A.C. MAINS AMPLIFIER 

A conventional 10-watt ampliher employing negative feed-back over all stages. When using this form of negative feed-back it is essential that the two 
halves:of the L.S. transformer primary are tightly coupled. Tone control is omitted as most users will prefer separate tone controls associated with each input 
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20-werr AbfPLIIIIEB 
An amplifier similar to that shown on page 28, but having an output of 20 watts. The condenser marked with an asterisk was found to have a marked 

effect on stability in the original amplifier, the value being 10 pf. When using this sort of negative feed look it is essential that the two halves of the L.S 
transformer primary are tightly coupled. 
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AN A.C. MAINS Parearapunza 
A typical preamplifier for use with crystal or other low output microphones, with certain types it will be necessary to connect 

the appropriate resistive load across the input terminals; in any case a D.C. path must be provided for the grid of the first valve. Re-
sistance marked • should be omitted when the main amplifier already has a D.C. connection to the grid of its first valve. 
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SHORTWAVE CONVERTER FOR A.C. MAINS 
A particularly efficient shortwave converter with H.F. amplifier. The aerial coil and H.F. transformer can conveniently be ganged and the oscillator 

coil separately tuned or the three may be ganged together, in which case padding condensers can be introduced in the oscillator coil or coils. The condenser 
marked S may take the form of two wires twisted together or a small pre-set, and should be the subject of experiment to obtain maximum results. If the earth 
lead of the main receiver is short, earth the unit separately; if not, join the two earth terminals together and use a common earth lead. The I.F. transformer 
should preferably be about 1,300-1,500 kcs. and should have about two-thirds of the secondary removed. 



A variable tone-control circuit for cutt.ng the lower 
frequencies. 

The conventional variable tone-control 
:circuit for cutting the higher frequencies. 
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A filter giving a rapid decline in response from 
50 to 1,000 cycles followed by a sensibly flat 
characteristic; useful when really heavy bass 
response is desired. 
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(Above) Bass boosting circuit suitable for i.e with an 
average magnetic pick-up. Resistance marked • may be 
variable, in which case it may be 50.000 Q. 

(Left) Compensated volume control avoiding the appar-
ent serious change in frequency response when volume is 
varied. R should be 30.000 n, the upper portion being 
24,0001) and the lower 8,000 n. 
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A filter giving sensibly level response up to 100 
cycles followed by a rapid increase between 100 
and 1,000 cycles, after which the increase tends to 
become progressively more gradual. Useful for 
boosting the middle frequencies and increasing 
the intelligibility of speech. 

AND VOLUME-CONTROL CIRCUITS 

32 



(Left) A mixing circuit which although simple has the disadva itage 
that adjustment of one input affects the other input. This is minimised 
by the resistances R, which should be twice the value of the variable 
resistances. (Centre) A simple fader circuit using a tapped volume con-
trol. (Right) A modified mixing circuit which includes a variable 
resistance Rp, allowing a pre-set limit to be imposed on input 2. 

MIXING AND FADER CIRCUITS 

33 

A twin valve mixing circuit giving completely 
independent adjustment of both inputs. Values 
shown are suggested for a fairly high impedance 
triode. 

A similar arrangement to that shown ( left), but giv-
ing combined fading and mixing for two pairs of 
inputs. 
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The simplest method of phase splitting, 
using an input transformer with centre-
tapped secondary. Separate bias resistances 
are shown, but a common bias resistance can 
be used if desired. 

LS . OR 
COUPLING 
TRANSFORMER 

Probably the most popular phase splitting 
arrangement; the anode load of VI is 
halved, one half being placed between anode 
and H.T. -.1-, the other between cathode and 

HT+ 

L.S. os 
COUPLING 

A variation of the circuit ( eft) sometimes advocated 
when a centre-tapped transformer is not available; it 
is a bad arrangement, since the value of RI + R2 
divided by the square of the transformer ratio appears 
as a reflected load in the anode circuit of the preceding 
valve. 

V I 

_ 

VP 

—Rs-

R2 

R I 

V2 

 H < 

R3 
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V3 

A very useful phase-splitting arrangement which offers a 
simple means of achieving balance. RI ± R2 should equal 
R3, RI being just large enough to give the required input to 
the paraphase valve Vp. This valve makes no contribution 
to the stage gain of the amplifier. 

PII811-PIIIL, PHASE Spixrrnia 

34 



I- - - «', 
I ..- -.- 1 %.-- ... . 
e -  
Jot, c....)▪ 1  

r• -D _Le 
7., i - (..9 r:-.) .../.-
I  

I <7.2.1) t':-> 1 I 
1.-- - .., I, - -I 1 

; 
- r - 

RI <' r ÍR 2 

SRAM H I 1.25mr N 14 
'00000f)-
TTM 

OSRAM D 63 
-VVVVVVV‘  

100.000 

HT+275V 

iso.000n 30.000 n. OSRAM X 64 
-25rnf - 5,sf 

C 

HT - 

- I 4 V 

OIsif 

A typical volume expansion circuit, the shaded portion represents a norma diodo detector. Considerable 
difficulty is usually experienced in getting volume expansion to function correctly, and some experiment is 
invariably necessary. 

200,00on. - I 0 V 

C 2 

HT -F 

HT-

Two-phase splitting arrangements which have serious shortcomings but are very convenient when converting 
a single output stage to push-pull. The circuit (left) is preferable, but requires a spare tap T on the output trans-
former primary.The circuit (right) does not require a tap, RI should be equal in value to R2, and together their 
resistance should be about ten times the primary impedance. In both circuits Cl is the coupling condenser and 
C2 the H.T. isolating condenser, and can be about • 1 mf and 1 mf respectively. 

PHASE Slum-rpm continued Alm VOLUME EXPANSION 
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In these typical negative feed-back circuits, where resistances are so marked, feed-back increases as RI increases 
in relation to R2. In the circuit (top left) RI + R2 must equal the correct bias resistance value for the valve. R 
in the arrangement (bottom right) should be about five times the speech-coil impedance, which must be reasonably 
low; if positive instead of negative feed-back is obtained, reverse connections between speech coil and resistance R. 
In the circuit (top right) RI, Cl are the main negative feed-back components and 02, R3 provide negative feed-
back top cut. 

TYPICAL NEGATrvie FEED-BACK Cracurrs 
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The infinite impedance detector. The 
volume control is usually about • 5 megotim ; the 
unmarked resistance is intended as a filter and 
is usually about 10,000 ohms; a suitable 
value for the blocking condenser is - 1 mf. 

PUSH-PULL 
OUTPUT 

•SHLI •5t411 

A single diode arranged to deliver a balanced 
output. It is, however, difficult to reduce 
mains hum to acceptable limits when using 
valves of normal construction. 

A diode detector so arranged that H.F. is 
virtually absent across the diode load, sometimes useful in control circuits of various kinds. 

PUSH— POLL 
OUTPUT 

H T— 

A double diode detector arranged to deliver a balanced 
output, for feeding a push-pull amplifier. RI, Cl and R2, 
C2 form the diode loads and may be of conventional values. 

An unusual arrangement giving e balanced output from 
a single diode for use when the tuned circuit must be 
isolated in so far as D.C. potential is concerned. 

PUSH-PULL 
OUTPUT 

20 

200pf 

HT— 

Two diodes arranged for voltage coubling which is 

INPINIT'IL IMPEDANCE AND DIODE DETECTOR CIRCUITS 
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A simple noise- limiter circuit which will miegate the 
effect of noise of short duration, the amplitude of which is 
greater than that of the desired signal. As R2 is increased 
in respect to R1, the voltage at which the diode commences 
to cut is increased. 

\.P.1 

o 

.0 2 tnf 

•2 Mn 

A simple oscillator suitable for Morse-
code practice. With the average 
triode. 12-20 volts H.T. is usually 
sufficient. Suggested values for grid 
leak and condenser are • 25 megohm 
and -01 mf. 

HI+ 

R I 

330 a 

140 in H 

• 0075m 

(Above) A tuned scratch filter 
suitable for use with the average 
magnetic pick-up. The resistance 
should have a value of 330 ohms 
including the D.C. resistance of the 
actual pick-up. If necessary. the 
condenser value shown can be ob-
tained by connecting the following 
values in parallel: •005 mf •002 
mf •0005 mf. 

R 2 (Left) An improved form of 
noise limiter, immediately following 
the detector. The variable resistance 
controls the amplitude at which 
limiting commences; RI can have 
a value of 100,000 ohms for each 
100 volts of H.T. supply; R2 is 
selected to give the required con-

HT— trol. 

NOISE LIMITING AND SCRATCH FILTER CIIICITITS 
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L 
50pr 

5.00011 

50pfritAr 

100pf 

2M11 

OS RAM 
r e....\IL 2 

 f 0000000   
VHF/HFC 

10 pf 

N.NAA/V\APJ\i‘  
75,000 fr. HT+ 100V 

ohrif 

TO LIVE PICK UP 
TERMINAL OF 
RECEIVER 

HT— 

L T + 

IT— 

EARTH OR EARTH 
TERMINAL OF RECEIVER 

VHF/HFC RI 

TO LIVE SIDE 
OF L.S. PRIMARY 
(OR EXTENSION 
SPEAKER 
TERMINAL) 

TO LIVE PICK 
UPTERMINAL 

TELEVISION SOUND ADAPTERS (B.B.C. frequencies) 

These adapters enable the sound which accompanies television broadcasts to be reproduced on receivers not 
provided with this facility. The arrangement (top) is for use with a battery receiver, but can aleo be used with a 
mains receiver if an accumulator is employed for heating the filament. The coil consists of five turns of 
20 S.W.G. wire spaced equal to wire diameter and wound on a I-inch diameter former, which ahould be removed, 
leaving the wire self-supporting. The top tap is two turns from the top and the lower tap between a half and 
one turn lower. These two units were designed to work on the B.B.C. London transmitter and some variation to 

inductance ciarneter turns may be necessary for other frequencies. 
The A.C. mains version uses the same coil as the battery version and employs a transformer for heater supply; 

the secondary voltage should be 6-3 volts with the valve shown. or 4 volte if more convenient, when an Osram 
MIIL4 may be employed. RI should have such a value that the anode voltage is approximately 100; R is 
intended to smooth reaction, and its value should be found by trial. 
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INPUT 
REG D.C.. 

OUTPUT INPUT 
REG 

OUTPUT 

(Left) A simple circuit giving a sensibly constant voltage output 
irrespective of the current drawn within stated limits. Stabiliser tubes 
are made by various manufacturers, who publish curves from which the 
value of R may be determined. The controlled output voltage is 
usually 120/130 volts. (Right) In this arrangement two tubes are 
used to double the voltage output. 

Stabiliser tubes ar-
ranged as a voltage 
divider. This circuit is 
only suitable where cur-
rent drawn from the 
120-Vend 240-V tappings 
does not exceed about 
2mA each. 

6J 7 

SMOOTHED 
DC INPUT 

AC. INPUT 
(110-130V) 

REG 
A.C. 
OUTPUT 

Two voltage stabiliser tubes in 
opposite sense, arranged to give a 
regulated A.C. output. The in-
put voltage shown, 110/130 volts, 
is R.M.S. voltage, not peak voltage. 

An elaborate arrangement in which voltage regulation is achieved in both 
A.C. and D.C. portions of the circuit. A voltage doubler is employed to 
compensate for the relatively low.voltage A.C. input. When the value of R 
in the D.C. circuit is determined, the D.C. resistance of the choke must be 
considered to be part of it. 

CS4 

• 25 Mfl 

4 mf 
(or more) 

REGULATED OUTPUT 
SUGGESTED 
MAXIMUM 
75V 

.25bin 
2w Neon lamp 
QI5-125y)  

A valve voltage regulator circuit suitable for laboratory use which gives a remarkably 
constant output voltage; the maximum current output is about 25 m.a, but two or 
more S64 valves may be used in parallel as desired to increase output. In exacting 
conditions where the output voltage must be independenof ambient temperature, the 
neon lamp must be replaced by some source of D.C. bias such as the 24-volt accumulator. 

VOLTAGE STABILISATION 
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An extremely efficient smoothing system, but 
possessing the disadvantage that a special tapped 
choke is necessary, and values of capacitors are not 
only critical within small tolerance but must be 
varied to suit different mains frequencies. 

A smoothing arrangement in which part of the 
smoothing system L, C is selected to resonate at the 
hum frequency, which is twice the mains frequency. 
Like the circuit above, this circuit has the disadvan 
tags that values must be selected for a particular 
mains frequency. 

Another form of high-efficiency smoothing circuit 
where the choke L and C form an acceptor circuit and 
must resonate at the hum frequency, which is twice 
the mains frequency. This circuit, in common with 
those shown above, sacrifices adaptability for high 
efficiency. 

UNUSUAL SMOOTHING CIRCUITS 

41 
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mf 
C 

50 TURNS 
5 OR 12 V 14 5 W G 
 e (SO 0-0 00  — 17257nf A conventional vibrator 

power pack employing valve 
rectification. 

2.5 H 

16mf - 16tni. 

20 H 

rn"ZiC-P  

6 OR 12 V 
50 TURNS 
14 5 WC 

A similar arrangement to that shown 
above, but utdising a self-rectifying 
vibrator which obviates the use of a 
rectifier valve. 

6 V 

 ( 0-6-0-0 0 0   

1.01 rt7f 
_1500V 

f 

 a-6MP 

2.5mH 20 H 

•urnf 16mf + 16 mt. 

0 ,1 

E 

zon 

mf 
— 2000v 

 NVWVWVW  

.2rref 
— 2000V 

7:1 TRANSFORMER 

An interest.ng vibrator power pack used by the author for the E.H.T. supply of a portable oscillograph which 
worked from a 6-volt ear battery. The author has used a similar circuit to obtain the E.H.T. supply for a tele-
vision receiver converted for uso on D.C. mains. H.F. chokes marked S should be inter-wound; It should be 
adjusted so that the neon stabiliser tubes only just glow. The 10Mn resistance must be made up of several 
resistances in series, e.g. five resistances of 2M0 each. 

VIBRATOR POWER PACKS 
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TEST GEAR AND SERVICING EQUIPMENT SECTION 

PUBLISHED test gear circuits are very often idealistic in character but presented without 
component values; this is usually due to the fact that the individual or company responsible 
for the design feels disinclined to give away the result of weeks or months of patient de-
velopment. With the exception of the oscilloscope on page 44, which is a laboratory 
designed commercial instrument, the circuits which form the subject of this section do not 
pretend to be idealistic, but have the compensating advantage that all component values 
are given; furthermore, they can be relied upon to function properly, since they are precise 
copies of miscellaneous pieces of test gear built by the author and used for varying numbers 
of years with the object of reducing wear and tear on precision laboratory instruments 
when the use of such accurate instruments is not essential. 

Those who contemplate constructing one or more pieces of test gear must realise that a 
considerable amount of thought and care must be expended if such equipment is to be even 
moderately accurate. Components must be selected with great care, mechanical construc-
tion must be above criticism, while certain instruments such as signal generators and valve 
voltmeters must be efficiently screened. 

Any component which controls or affects the calibration of a piece of test equipment 
must be a very great improvement upon the type of component used in the construction 
of the ordinary radio receiver. If this remark applies to any one type of component more 
than another, it is to the variable condenser, mass-produced examples of which cannot be 
relied upon to repeat the same capacity to within the required limits each time the 
moving section is rotated to the same position. 

When constructing test gear, it must always be borne in mind that the assembly as a 
whole must possess sufficient mechanical rigidity to prevent calibration from being 
affected by normal rough handling or the position in which the equipment rests. In con-
clusion, let it be said that a piece of inaccurate or unreliable test gear is a most dangerous 
thing to have on the service bench or in the laboratory, and one of the greatest potential 
sources of wasted time, patience, and energy. 
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A PRACTICAL OSCILLOSCOPIII 

The circuit diagram on the facing page shows a typical oscilloscope, the Mullard E800, which is included as representative of present-day oscillograph practice. It is 
neither economical nor practicable to attempt the individual construction of such a comprehensive instrument, but by careful study the various functions can be dissected and 
the relative parts of the circuit used to form the basis of any workshop instrument that may be contemplated, or as a hookup with an existing oscilloscope that lacks some 
desired facility. Voltages of the order of 1,500 volts are normal with instruments of this type, and in the case of the example illustrated, two external sockets, K14 and 
£15, are at a potential of 1,250 volts with respect to earth. 

Brief characteristics are: Time-base frequency range •25-16,000 cps. Vertical det3ection sensitivity 7V, A.C. (R.M.S.) per cm. or 21V, D.C. per cm. Horizontal deflection 
sensitivity 14V, A.C. (R.M.S.) per cm. or 42V, D.C. per cm. The voltage amplifier has a gain of 7,000 approx. with a frequency response from • 1-40,000 cps. fiat within 2 db. 

The synchronism system switch permits a choice of six systems; positions 1, 2, 3 and 5 use the internal time-base. Position 4 permits the use of an external time-base 
source, while position 6 is single stroke. Synchronism for positions 1, 2, 3 and 5 is derived as follows: ( 1) From vertical deflection amplifier. (2) From external source 
applied between £3, £4. (3) From 50-cycle mains. (5) By means of mechanical contact breaker 56; the gas discharge triode fires at " break." 

There are fifteen external connections and four external links, which are intended for use in the following manner and give the facilities implied: 

Kl, £2. Time-base voltage outlet for external use; available when synchroniaing system switch is in positions 1, 2, 3, 5 or 6. 
£3, K4. Same use as Kl, K2, but for use when synchronising system switch is in position 4. 
K5, K7. Inlet for voltage to be observed; when 55 is opened for high impedance input, KS and £6 are used instead of K5 and £7. 

£9. Give direct somas to vertical deflection plates, which can he freed from internal connection by opening the links SI, 52. 

K11, £12. Give direct access to horizontal deflection plates, which can be freed from internal connection by opening the links S3, St. 

£10, £13. Inlet for grid modulation voltage. 
K14, £ 15. Are for beam suppression by an external source; the beam is suppressed when £14, £15 are short-circuited. 

r-- ....... ----- ________  

loon n 

FIT + 220 

0.000 

o  
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MAZDA 00 207 
(USING MIX 2 MT) 
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DE - 13/.500) 

-11-11.46.'epPOnene 

ozmf 

35000 

DOT 

VALVE VOLTMETER 

A simple, but highly efficient diode valve voltmeter with triode amplifier 
Note that a separate accumulator must be used for each filament and that they 
must be housed within the screen or in a separate screened compartment with-
out exposed connecting wires. Resistance values shown are satisfactory when 
using a standard 250-µA meter, which will give full scale deflection with an 
input of only about 1.5 volts. If properly designed, calibration does not fall 
off unduly with frequencies up to 50 Mos. The 10,000-n resistance is so adjusted 
that the meter reads zero after the 1,000-n bias resistance has been set so that 
the triode is working at the beginning of the straight portion of its character-
istic. Larger input voltages can be accommodated by shunting the meter, 
but a limitation is imposed when the input is large enough to overload the 
triode. 
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A GENERAL-PURPOSE Al7D10 OSCILLATOR 
Originally constructed for general purposes, this oscillator has proved very satisfactory. The uso of the L.F. transformer is open to criticism, but in practice 

it is quite satisfactory; an additional lead may be led out from the top end of the secondary if a high impedance output is desired. The L.F. transformer 
can, of course, be replaced by resistance capacity coupling, but output is thereby reduced. Suitable valves are: Rectifier U14 or UU5, Oscillator GAB, Triode 
Output 6J50. The output frequency is determined by the value of L and the values of the various condensers ; for formula see page 52. 



1.000 
cps 

PHONES 

(High 
resistance 

X C 

1,000 
cps 

X e 

o  
A simple capacity bridge, the accuracy of which is dependent on the accuracy of known condensers available 

and the calibration of a variable resistance which must be non-inductive. The diagram ( left) is a practical wiring 
circuit, that on the right being a schematic arrangement to illustrate the following instructions. To find the 
capacity of an unknown condenser XC, connect a condenser of probable similar value at KC and adjust resistance 
until the injected 1,000-cycle note disappears or reaches a definite minimum, when 

XC KC 
R. 

when XC equals the unknown, and KC the known capacity and Rà is the portion of the resistance across KC and 
R. is the portion across XC. If R. is greatly dissimilar to 14, greater accuracy can be obtained by selecting a 
condenser for KC which gives a better ratio. 

+ 16riif 

5.000 — 
20,000 n 

-003rnie 

.006 mf 

3:1 (t) NEON 

LAMP 

í5 0,000 /I 
.46-0 

-o 
A very simple form of audio oscillator, useful where simplicity and economy are necessary and a bad waveform 

can be tolerated. An ordinary L.F. transformer is used, but connected to give a step-down ratio to increase 
output current at the expense of voltage; where higher voltage is desired at the expense of current the trans-
former can be reversed. A resistance and condenser in series are shunted across the transformer to limit changes of 
output at dillerent frequencies. The presence of the transformer is not essential; it limits the frequency range 
and prevents ready calculaton of frequency, but improves the waveform for general purposes. Suitable rectifiers 
on 431U, U14 or 13115. 

CAPACITY BRIDGE AND SIMPLE NEON AUDIO OSCILLATOR 
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A DYNATRON SIGNAL GENERATOR 
The signal generator shown above is not proof against criticism, but has the advantages of simplicity and robustness. The variable condenser C must be 

of impeccable design, and the whole unit must be built into a screening box from which the inductances must be spaced by a minimum of 2 inches. The 
inductance marked with an asterisk consists of a suitable length of resietance wire wound on a glass tube—or this component and the • 0003-mf condenser can 
be replaced by a standard dummy aerial. The coils must be so designed and constructed that they are adequately free from temperature and other changes. 
The output is modulated or not at will, the modulation frequency being approximately 1,000 cps. Suitable valves are: Rectifier 431U or UT..15, Oscillator 
AC/SG and Triode Output MIlL4. The neon stabiliser is the SI30. 



A.C. 

MAINS 

250 V. 
SMOOTHED 

a 
REGULATED 

4V. AC 

This electrolytic-teat set will give 
leakage current and approximate capa-
city under working conditions. With 
switch in position shown, leakage 
current may be read directly from 

I V2 ELECTROLYTIC D.C. milliammeter VI should equal 
CONDENSER D.C. working-voltage of condenser (V2 
UNDER 7 EST. must exactly equal VI). 

To measure capacity, throw switch 
and road A.C. volts and current. 

159 x I 
C •-• 

V x f 
C is in mf, is in milliamps; 

when V is in volts ( R.M.S.), fis mains 
L periodicity in cycles. 

For capacity test, V1 and V2 must be 
exactly equal, V3 should be about 
30 per cent. of V1, and VI + V3 should 
preferably be about 75 per cent, of 
condenser working-voltage 
Warning: Bad connections on VI or 

V2 may damage the meters. 

This improved form of multi-vibrator has the advantages of wide frequ enoy range and extreme simplicity; 
the multi-vibrator unfortunately, however, has a bad waveform, although with this particular arrangement some 
improvement can be made by careful adjustment of RI. The ganged variable resistances R2, R3 control the output 
frequency, R4 allows a small voltage at mains frequency to be used to lock the oscillator frequency at any desired 
multiple of the mains frequency. 

ELECTROLYTIC CONDENSER TESTER AND MULTI-VIBRATOR 
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SWITCH POSITIONS 

81 

A.C.= Volts A.C.: 
1= 0-1,000 volts D.C. 

2= 0-100 volte D.C. 
3=0-10 volts D.C. 

4=0-100 mA D.C. 
5=0-10 mA D.C. 
8= 0-1 mA D.C. 
7=0-250,000 ohms. 
8= 0-500 ohms. 

82 

C.= Ohms, D.C. volts and amps. 
1=0-10 volte A.C. (R.M.S.) 
2- 0-100 volts A.C. (R.M.S.) 
3=0-1,000 volts A.C. (R.M.S.) 

Note 1.—When switch Si is in positions 
1-8 inclusive, switch S2 must be in position 
D.C. When switch Si ia in position A.C., 
switch 82 Mtia be in position 1, 2 or 3 as 
appropriate. 

Note 2.—When the switch 83 is closed, 
the reading on the meter is halved, thus 
doubling all D.C. current and voltage 
ranges and A.C. voltage ranges except 
0-10 V. A.C. 

RESISTANCE V AWES 

RI = 20,000- R. ohms. 
R2 = 180,000 ohms. 
R3 = 1,800,000 ohms. 

R. 

199 
R4 ohms. 

R.  
R5 = 19 ohms. 

R8 = 85,000 ohms. 
R7 = R. 

R8 = 17,000 ohms. 
R9 = 162,000 ohms. 
RIO = 1,620,000 ohms. 
R11 = 5,000 ohms. 
R12 = 5,000 ohms (variable). 
R13 = 54,000 ohms. 

= the resistance of the meter used, 
which must have a full-scale deflection of 
0-500 i.‘A ; if the internal resistance of the 
meter selected is 50 ohms or less, RI can 
be 20,000 ohms. 

Rectifier unit—Westinghouse Type 1 mA 
bridge instrument rectifier. 

Note.—If high accuracy is required on 
the 0-10 V. A.C. range, R8 should be 
varied to suit the individual characteristics 
of the rectifier used, 

kw. 

2 W. 

kw. 
1w. 
2 W. 
I w. 

1w. 

A UNIVERSAL TEST Szwr 

(2,000 ohms per volt) 

For ranges see table above, left. R1, 2, 3, 6, 8, 9, 10 must be of the high stability 
 + 1% tolerance type. R4, 5, 7, must be wire wound. R11. 12 may be normal resistances. 
D.C. ° In most cases the values shown will not be obtainable as a single component, but must 

0-i,000V be built up with two or more as required. Switch Si must be of a type that does not short-
circuit contacts when rotated; it may be a single two-pole, nine-way wafer or two one-0.25 ol.n. 

o pole, nine-way wafers; in either case an additional wafer should be ganged on the same 
- spindle so that contacts shown black can be doubled up to reduce contact resistance. 

Separate scales should be used for range groups as follows: ( 1, 2, 3, D.C., 1, 2, A.C.), 
(3, A.C., (4, 5, 6), ( 7), (8). Calibration should be checked with the aid of a similar instru-
ment of high accuracy. This instrument has its resistance range extended to 2-5 MO 
if a 30-volt battery is connected where shown; Si must be in position 7 and readings 
taken from the -25 Mn scale multiplied by 10. If an H.T. battery is used to supply the 

 ° necessary 30 volte, a zero reading can be obtained by adjustment of R12; after temporarily 
shorting the 2.5 M I terminals. If zero reading cannot be obtained, check H.T. battery 

 o for correct voltage. 



USEFUL FORMULA AND DATA SECTION 

The formulae on these pages and the tables on the pages that follow are accurate to 
normal engineering standards and, where appropriate, they are selected for the special 
use of the radio engineer and are rationalised with due regard to raw materials, tolerances and ranges suitable for radio engineering. 

Voltage, Current, Resistance and Power for D.C. 

V 
V2 V = w w. FR, w == 

when V = volts, I = amps., R ---- ohms and W = watts. 

Voltage, Current, Impedance and Power for A.C. 

V V 
V , w PR, w vi cos 

when V = volts, I = amps., Z = ohms and cp = phase angle between V and I. 

Resistances in Series 
Resistances in Parallel 

1; R, ± R2 4- R3 + R4, etc. 1 1 1 1 1 

E " E.; if2  + etc' 

Specific Resistance 
Two Resistances in Parallel 

R =-.. p-A- R x R2 

RI ± R 2 
when p = specific resistance per centimetre cube, R = resistance in ohms, B length in 
centimetres and A = area in square centimetres. 

Condensers in Series 

I 1 102  03 1 1 
54, etc. 

Two Inductances in Parallel 

L — L1 x L, 
Li L, 

Condensers in Parallel 

+ C2 + 03 + 04, etc. 

Two Condensers in Series 

C 01 X C. 
CI ± Us 

Inductances in Parallel 
1 1 1 1 Inductances in Series 

1 
L = L, -I- L2 + L, L,, etc. 

Note.—Above inductance formulae assume no mutual inductance. 

Inductive Reactance 
Capacitive Reactance XL =-- 2TrfL 

when f cps. and L = henrys. 

L r2 r2 + 1.4' etc' 
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when f = cps. and C = farads 



Resistance and Capacity in Series Resistance and Capacity in Parallel 

Z= VIt1 + Z= 

V = I /VR2 — I 2 V I 1 /V— (27rfC)2 
R2 

I — 
VR2 + 

V 

R (2TrfC)2 
2 

when Z = impedance in ohms, R = ohms, V = volts, I = current in amps. and C — 
capacity in farads. 

Resistance and Inductance in Series 

± XL' 

V 
I =-- 

V = I Vits (27rfL)2 

Resistance and Inductance in Parallel 

RX, 
Z ---= 
VRI ± XL' 

I= 
1 j_  1 

RI (27cfL)2 

V = I RXL 
VR2 X 

when Z ----- impedance in ohms, R = ohms, V =, volts, I = amps. and L = henrys. 

Resistance, Capacity and Inductance in Series 

V = I 1\v/R' (27cfL — 271dc) Z = V le -I- (XL — Xe)' 

when Z = impedance in ohms, R = ohms, V = volts, I -= amps., L henrys and C =-
farads. 

Frequency and Wavelength 
1 

f= 
27r / LC 

when f = cps., L = henrys and C = farads. 

1 000 000 

27rVLC 

when f = kcs., L p.H and C = 

X = 1,884 VITC 

when L = C -= 1./.F and X -= metres. 

A = 1.884VLC 

when L C =-- [.1.4.tF and X = metres. 

300' 000 = 300 
X = 300'000 , 300 f -= f -- X X f A = - T 

when f = kcs., X = f =-- mes., X = when f .-- kcs., X ---, when f "---- mes. 
metres. metres. metres. X ---- metres. 

Dynamic Resistance at Resonance 

R = 27rfLQ or R =--- — 
Cr 

when L --= henrys, C --= farads and r 
HF resistance at frequency concerned. 
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Magnification of a Tuned Circuit 
271-fL 

Q r 

when L = henrys, C = farads and r = 
HF resistance at frequency concerned. 



Selectivity of a Tuned Circuit 

Voltage on 100  % of volt-
tuned circuit  c f) age at re-

1 ± 4Q2 —f sonance 

when f = frequency of resonance in cycles, 
8f = amount of detuning in cycles, Q = 
magnification of tuned circuit. 

Coefficient of Coupling 

k —   
%/Li L2 

when M = mutual inductance, 
L„ L, = inductance in henrys. 

Optimum Coupling 
(for max. signal) 

m Vn T2 

27cf 

when r2 1.2 = HF resistance at resonance 
and f = frequency in cps. of resonance. 

H.F. Transformer Ratio 

n2 
R. 

when n = ratio, R. = valve 
impedance and R = dynamic 
resistance. 

Bandpass Tuning, Peak Separation 

Inductive Coupling 

Peak separation = V(276)1M1 —  
22rL 

when M = mutual inductance in henrys, r =--
henrys and Cm = coupling capacity in farads. 

Time Constants 

RC =-- time in seconde for voltage across 
a discharging condenser to fall to 37% 
approx. of its original value 

— = time in seconds for current to reach 

63% approx. of its ultimate steady value 

when R = ohms, L = henrys and C = farads. 

H.F. Feeders 

Zo. 

when Z. = characteristic 
impedance. L = henrys 
and C = farads per unit 
length. 

Aerials 

Length of I X 468  
aerial in feet — f(mcs.1 

LC Constant 

LC 25330 — 
f 

when L = = 
e and f = mos. 

Capacity Coupling 

/\/  1  

7c  r2 Peak separation —  (2feems 

HF resistance in ohms, L = inductance in 

RC = time in seconds for a charging con-
denser to reach 63% approx. of its ultimate 
voltage 

— = time in seconds for a current to fall 

from its maximum steady value to 37% 
approx. of that value 

Z. of twin feeder =-
2D 

276, log10 

when d = diam. of wire, 
D = mean distance between 
conductors, K = dielectric 
constant. 

Length of I X 234  
aerial in feet.' f(mes .) 

53 

Z. of concentric feeder — 
D 

138, log10 --d-

•VK 

when D = internal diam. 
of outer conductor, d = 
diam. of inner conductor 
and K = dielectric con-
stant. 

Length of long 492(N — -05) 
wire aerial in feet = f (mos.) 

when N = number of 4 waves on aerial. 



Valve Characteristics 
'piped- Change in anode volts  

Slope = Change in anode current 
ance Change in anode current Change in grid volts 
Amp. Change in anode volts 

Slope — Amp. factor factor Change in grid volts Impedance 

Relationship between impedance (R.), amplification factor (µ) and 
slope (g.,) is: 

t.t.= gi.R. and R. --

when units are volts, amps. and ohms and g., is in amps. per volt. 

Power Output and Distortion of Triode Valves 
5% second harmonic distor-

tion is present when the distance 
— I. is V- of the distance 

- min (I. is the operating 
or bias point). The use of a 
special ruler to satisfy this con-
dition is explained on page 193, 
Vol. I, of Modern Practical Radio 
and Television. Suitable dimen-
sions for making such a ruler are 
given on the left; any trans-
parent material may be used, and 
great accuracy must be observed. 

Output watts = (I na, — I ...)(V maz — V mi.) 
V ma, — V % 2nd harmonic distortion 

-- Iflft IØJfl I max 4- min  

2 
in=7—ain X 100% 

Load resistance 

vg .o vg= M Vg.2X 

Diagrammatic representation of anode-
volt/anode-current curve. 10 is the 
operating point. 

when V = volts and I = current in amps. 

Power Output, Optimum Load 

Watts output = .0411.1.k (Y11- ) approx. 
11 

when V.= anode voltage in volts, 
v.= amplification factor and k 
as below. 

k — 

when V. = anode voltage in volts, 
V, = grid voltage in volts, Ia 
anode current in amps. 

Voltage Amplification ( Stage 
Gain) 

Stage gain =_-
Z R. 

when Z = impedance of anode 
load, 11 --- amplification factor and 
R. = valve impedance. (If Z is in-
ductive or capacitive, Z and R. 
must be added vectorially.) 
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and Bias by Formulœ 
Optimum load = /.9 14V„\ 

in ohms k 

Units and value of the constant k 
are the same as those given, left. 

Approx. grid bias = Vg X 1,000 
(la + lag) n 

when V, = grid bias in volts, I. 
= anode current in mA, I = 
screen current in mA and n= 
number of valves using common 
bias resistor. 

Output Transformer Ratio 

N == VrTZe 

When N ----- transformer turns 
ratio, R. = optimum load of 
valve and Z = loudspeaker im-
pedance. 



R.C. Coupled A.F. Amplifier Design 

Stage gain at 1111  = 
medium frequencies R Ra A mi Stage gain at = A te 

low frequencies 
4/1+  1  

(27cf)' Cispe Stage gain at Amthigh frequencies VI (27e C,Irs 

when R = r RR.  R,R — 
R, R2 R R. 

R,R, 
P R2  

and when R. = valve impedance, R, = anode load resistance in ohms, R2 = grid leak 
resistance in ohms, C, =-- total shunt capacity in farads, C2 == coupling capacity in farads, 
= valve amplification factor, A.,= see top left, p = see bottom right. 

Attenuation Network Design 

Unbalanced T type 

R, = Z2 (NN  + 11) R, 

2V-We, 
N — 1 

V2 

Balanced H type 

when Z = impedance in ohms, R = resistance in ohms and N -= the ratio of power 
absorbed (by the attenuator) from the source of the power to the output power delivered. 

Turns Required for a Given Inductance and Size of Coil Former 

Multi L (3.5D -I- 81) D Single L 81) 

layer .2D1 X (I)— 2.25d) N2 layer .2D1 —N2 

Inductance of a Single or Multi-layer Coil 

L .2N21)2 (D-2•25d Note.—For single layer coil 
— 3.5D+81 x D J omit all in brackets 

when N _ _ number of turns; D-=outside diameter of coil; 1= length of coil; d = depth 
of coil (i.e. times outside minus inside diameter) ; L = gH (measurements in inches). 

Capacity of a Fixed Condenser 

C — .0885AK (n — 1) 
d 

when A = overlapping area of metal plates in square centi-
metres, K = dielectric constant, n = number of metal plates. 
d = distance between plates in centimetres. 

GREEK LETTERS.—Greek letters used in these pages of form ulai are pronounced as 
follows: p = rho, p = phi, it = pi, A = lambda, g = mu and 8 -= delta. 
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READY-WORKED FREQUENCY-WAVELENGTH 
CONVERSION TABLE 

f in Me4. Metres If in Mes. Mttres 

100 
98 
96 

94 

92 

90 

88 
86 

84 

82 

80 
78 
76 

74 

72 

70 
68 

86 

84 
62 

60 
58 
58 

64 
52 

50 
48 
48 
44 
42 

40 

39 
38 

37 
36 

35 

34 

33 

32 

31 

30 

29 
28 

27 

26 
25 

24 
23 
22 

21 

20 
19 

18 

17 
16 

15 
14-5 

3 14 

3-06 13-5 
3-12 13 

3-19 12-5 

3-26 12 

3-33 11-5 

141 11 
149 10-5 

3-57 10 

3-66 9-5 

3-75 9 
3-85 85 

3-94 8 

405 7.75 
42 7-5 

4-29 7-25 
4-41 7 

4.55 175 
4-69 15 

4.84 6-25 

5 6 
117 59 

5-38 58 
5-56 5.7 
5-71 5.6 

6 5.5 
8-25 14 
6-52 5-3 
6.82 5.2 
7-14 5.1 

7-5 5 
7-7 4-9 

7-9 4-8 
111 4.7 

8-33 4.6 
157 4-5 

8.82 4-4 

109 4-3 
9-37 4-2 

9-68 4.1 

10 4 

10-35 3-9 

10-71 3-8 
11-11 175 
11-54 3-7 

12 165 

12-5 3-6 
13-04 3-55 

13 64 15 

14-29 145 
15 14 

15-79 3-35 

1167 3-3 
17-65 3-25 

18-75 3-2 

20 3-1 

20-69 3 

f in Kr-s. Metres fin Kett. Metres fin Kro. Metres 

21-43 
22.22 

23-08 

24 

25 

26-08 

27.27 
2157 

30 
31-58 
33-33 

35-29 

37.5 

38.71 
40 

41-38 

42-86 

44-46 
46-15 

48 
50 
50-85 

51-73 
52.63 

53-57 

54-55 
55-55 

56 
57-69 
58-83 

60 
61-23 

62-5 

63-83 

65-22 
66.66 

68-18 

69-77 
71.43 

73-18 

75 

76-98 

78-95 

80 
81-08 

82-19 

83-34 
84-39 

85-72 
8696 

88-25 

89-56 
90-91 

92-31 

93-7 

96-77 

100 

3,000 
2,950 

2,900 

2.850 
2,800 

2,750 

2,700 
2,650 

2,600 

2,550 
2,500 

2,450 

2,400 

2,350 
2,300 

2,250 
2,200 

2,150 

2,100 
2,050 

2,000 

1,950 
1,900 
1,850 
1,800 

1,760 
1,700 

1,650 
1,600 
1,550 

1.500 
1,450 
1,400 

1,350 

1,300 
1,250 

1,200 

1,150 
1,100 

1,050 
1,000 

990 
980 

970 
960 

950 
940 
930 

920 
910 

900 
890 

880 
870 
860 

850 
840 

100 

101-7 

103-5 

105-3 
107-1 

109-1 

111-1 
113-2 

115-4 

117-7 

120 
122-5 

125 

127-7 

130-4 

133-3 
136-4 

139-5 
142.9 

146-4 

150 

153-9 
157.9 
162-2 
166-7 

171.4 
176-5 
181-8 
187-5 
1916 

200 

206-9 
214-3 

222-2 
230-8 

240 

250 

260-9 
272-7 

285-7 

300 

303 
306-2 

309-3 
312-5 
315-8 
319-2 
322.9 

326-1 

329-7 
333-3 

337-1 

340-9 

344-9 
348-9 

352-9 
357-1 
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830 

820 

810 

800 
790 

780 

770 
760 

750 
745 

740 

735 

730 

725 
720 

715 

710 

705 

700 
695 

690 

685 

680 
675 

670 
665 
660 
655 

650 
645 
840 

835 
630 

625 

620 

615 

610 

605 
600 

695 

590 

585 

580 
575 

570 
665 

560 
555 

550 

545 
540 

535 

530 
525 

520 
515 

510 

361-4 

365-8 

370-7 

375 
379-7 

384-9 

389-6 
394-8 

400 

402-9 
405-4 

408-2 

411 
4118 

416-7 

419-6 

422 

425-5 

428-6 

431-7 
434.8 

438 
441-2 
444-5 
448-8 

451-1 
454.6 

458 
461.5 
465-1 

468-5 
472-4 

476-2 

480 
483-9 
487.8 

491-8 

495-9 
500 
504-2 

508-5 

512-8 

517-2 
521-7 
526.3 

531 

535-7 
540-5 

545-5 
550-6 
555-6 

560-8 

566 
571-4 

576-9 

582-5 

588-3 

505 
500 

495 

490 
485 

480 

475 
470 

465 
460 

455 

450 
440 

430 

420 

410 

400 

390 

380 

370 
360 

350 
340 
330 

320 

310 
SOO 
295 
290 

285 

280 
275 

270 

265 
260 

255 

250 

245 
240 

235 

230 

225 
220 
215 

210 
205 

200 
195 

190 
185 

180 
176 

170 

165 
160 

155 

150 

594-1 

600 
606 

612-3 
618.6 

825 

631-6 
638-3 

645-2 

6512 
659-3 

666-7 

681-8 
697-7 

714-3 

731-8 
750 

7618 

789-5 
810.8 
833-4 

857-2 

882.5 
909-1 
937 

967.7 
1,000 
1.017 
1,034-5 

1,052.6 
1,071-4 

1,090-9 
1,111-1 

1,132 

1,153-8 

1,176-5 
1,200 

1,224-5 
1,250 
1,276-6 

1,304-3 

1,333-3 
1,363-6 

1,3914 

1,428.5 
1,463-5 

1,500 
1,538-5 

1,579 
1,621-6 

1,666-7 
1,714-3 

1,764-7 

1,818-2 

1,875 

1,935-5 

2,000 



READY-WORKED COIL WINDING TABLES 
KEDIITM WAVES 

Former 
rm. 

(inche.º) 

175 Microhenrye • 200 Microhenrys t 225 Microhenrys 

S.W.G. Type 

1.25 
1.25 
1.5 
1-75 
1.75 
2 
2 
2.25 
2.25 
2-5 
2.5 

32 
30 
30 
30 
28 
30 
28 
28 
28 
28 
24 

5.8.0. 
D.S.C. 

D.S.C. 
D.S.C. 
D.S.C. 
D.S.C. 
D.S.C. 
D.C.C. 
D.S.C. 
D.C.C. 

Turns 
Length 
(inches) S.W.G. Type Turns 

Length 
(inches) 

85 
93 
74 
63 
67 
54 
58 
52 
70 
47 
68 

F05 
1-38 
1-1 
95 

1-16 
8 

-93 
1-95 
84 

185 

32 
30 
30 
30 
28 
30 
28 
28 
26 
28 
24 

&S.C. 
D.S.C. 
D.S.C. 
D.S.C. 
D.S.C. 

D.S.C. 
D.S.C. 
D.C.C. 
D.S.C. 
D.C.C. 

94 
103 
82 
68 
73 
59 
64 
57 
77 
51 
65 

1-15 
1-53 
1-22 
1 
1-25 
•89 
1-15 

2.1 
-9 

2-05 

S. W.G. Type Turns 
Length 

(inch..) 

32 
30 
30 
30 
28 
30 
28 
28 
26 
28 
24 

S.S.C. 
D.S.C. 
D.S.C. 
D.S.C. 
D.S.C. 
D.S.C. 
D.S.C. 
D.S.C. 
D.C.C. 
D.S.C. 
D.C.C. 

104 
112 
90 
78 
80 
65 
70 
82 
87 
56 
72 

1.26 
1-72 
1-36 
1-15 
1.4 
-97 
1-25 
11 
2-39 
1 
125 

Note.—' For normal broadcast coverage where a trimmer is employed, use 175 with -0006 mf. 
t Use with -0005 mf. for normal broadcast coverage. 
t Use with -0004 inf. for normal broadcast coverage. 

LONG WAVES 

Former 
Thom. 
(inehe8) 

2.100 Microhenrys • 

Type 

3,000 Microhenrys t 

1 36 Enamel 
1 36 Enamel 
1-5 36 Enamel 
1-5 34 Enamel 
2 34 D.S.C. 
2 34 D.B.C. 

Grooves: 

4 

5 
4 

Turns 
per groove S.W.G. Type Grooves: 

92 
80 
80 
60 
51 
45 

36 
36 
36 
36 
36 
36 

Enamel 
Enamel 
Enamel 
Enamel 
D.S.C. 
D.B.C. 

Turns 
per groove 

5 95 
6 85 
3 96 
4 78 
4 60 
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Note.—• For normal longwave coverage use -0005 mf. 
t For normal long-wave coverage use -0004 mf. 
t Grooves must be Finch deep, Tig -inch wide and be b-inch apart; such formers may be purchased 
ready-made in ebonite or other suitable insulating material. 

READY-WORKED L x C CONSTANTS FOR RADIO AND 
AUDIO FREQUENCIES 

Radio Frequencies 
L inaH and C in p‘F 

Radio Frequencie•--continued Audio Frequencies 
L in H and C in p.F 

F in Kee. L x C F in Kos. L x C F in cps. L x 0 

30,000 
15,000 
10,000 
7,300 
6,000 
5,000 
1,000 
950 
900 
875 
850 
825 
800 
780 
760 
740 
720 
700 

-0000282 680 
-0001129 660 
-000253 640 
-0004763 630 
-000704 620 
-001014 610 
-02533 600 
-02806 590 
.03127 580 
.03308 670 
-03506 560 
-03721 550 
-03957 465 
.04163 300 
-04385 250 
-04625 200 
-04891 170 
-05149 150 

-05477 
-05815 
-06184 
-06382 
• 06484 
-06807 
-07036 
•07276 
-07529 
-07796 
-08076 
-08373 
•11715 
-28145 
•40545 
•63325 
-87646 
1-1258 

25 40-545 
50 10-136 
100 2.533 
200 •633 
400 •158 
600 -07 
800 -04 
1,000 -025 
2,000 •0063 
3.000 •0028 
4,000 •0016 
4,500 -00125 
5,000 -001 
6.000 .0007 
7,000 -0005 
8,000 -0004 
9,000 -00031 
10,000 -00025 

Note.—Many formula, incorporate V L x C; above figures are L x C, the square-root of which can be 
taken when necessary. 
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COPPER WIRE TABLE 

Imperial or 
British Standard 

Wire Gauge 

U.S.A. Diameter in 
Wire Gauge inches 

Diameter in 
millimetres 

*Ohms per 
thousand 

feet 

Feet 
per lb. 

S.W.G. 
A.W.G. 

(B. & S.) Bare 

10 
11 

12 

13 

14 
15 
16 

17 

18 

19 
20 

21 

22 

23 

24 

25 
26 

27 

28 

29 

9 

10 

11 
12 

13 

14 
15 

16 

17 
18 

19 

20 
21 

22 

23 

24 

25 

26 

27 

•128 
.116 
.1144 
•104 
•1019 
-092 
.09074 
.08081 
.080 
.0720 
.064 
.06408 
.05707 
.056 
.05082 
.048 
.04526 
.04030 
.040 
.036 
.03589 
.032 
.03196 
.02846 
.028 
.02535 
.024 
.02257 
.022 
-0201 
.020 
.018 
.0179 
-0164 
.01594 
.0148 
.0142 
.0136 

3.25 
2.946 
2.906 
2.64 
2.558 
2.337 
2.304 
2.053 
2.03 
1.828 
1.63 
1.628 
1.450 
1.422 
1.291 
1.22 
1.150 
1.024 
1.016 
-914 
.9116 
.8138 
.8118 
.7230 
.711 
.6438 
.6096 
.5733 
.559 
.5106 
.508 
.457 
.4547 
.4165 
.4049 
.376 
.3606 
.3454 

.6219 

.7570 

.7921 
-942 
-9989 

1.204 
1.26 
1.588 
1-592 
2.000 
2.488 
2.525 
3.184 
3.249 
4.016 
4.422 
5.064 
6.385 
6.368 
7.860 
8.051 
9.950 
10.15 
12.80 
12.997 
16.14 
17.69 
20.36 
21.05 
25-67 
25-47 
31-45 
32-37 
37.88 
40.81 
46.52 
51.47 
55.09 

20.16 
24.55 
25-23 
30.54 
31-82 
39.01 
40.12 
50.59 
51.60 
63.80 
80.65 
80.44 
101.4 
105.4 
127.9 
143-3 
161.3 
203.4 
206.4 
254.8 
256-5 
322.6 
323.4 
407.8 
421.2 
514.2 
573.4 
648.4 
682.6 
817.7 
825.8 

1,019 
1,031 
1,229 
1,300 
1,508 
1,639 
1,786 

7.81 
8.62 
8.74 
9.62 
9.81 

10.87 
11.02 
12.37 
12.50 
13.89 
15.59 
15.61 
17-52 
17.86 
19-68 
20.83 
22.1 
24.8 
25.0 
27.78 
27.8 
31.25 
31.3 
35.1 
35.71 
39.4 
41.67 
44.3 
45.45 
49.7 
50.00 
55.56 
55.8 
60-98 
62.7 
67.57 
70.4 
73.53 

Enam. 

t Turns per inch 

S.C.C. D.C.C. S.S.C. D.S.C. 

7.63 
8-33 
8.58 
9.26 
9.61 

10-42 
10.7 
12.00 
11-90 
13.33 
14.81 
15.1 
16.9 
16.95 
18.9 
19.72 
21.2 
23.7 
23.47 
25.97 
26.5 
29.15 
29.5 
33.1 
33.33 
37.0 
38.91 
41.4 
42.37 
46.5 
46.51 
51.55 
52.0 
56.50 
58.4 
62.50 
65.3 
67.57 

7.35 
8.07 
8.23 
8-93 
9-26 

10.00 
10.4 
11.6 
11.36 
12.29 
14.08 
14.4 
16.1 
15.87 
17.9 
18.18 
19.8 
22.0 
21.28 
23.81 
24.4 
26.32 
27.0 
29-8 
29.4l 
33.5 
34.48 
36.9 
37.04 
40.6 
40.00 
43-48 
44.6 
46-73 
49.0 
50.51 
53.4 
53.76 

7.04 
7.69 
7.91 
8-48 
8-85 
9.43 
9.98 

11.07 
10.64 
12.08 
13-16 
13.59 
15.00 
14.71 
16.5 
16.95 
18.2 
20.0 
19.61 
21.28 
22.0 
23.26 
24.1 
26.3 
25-64 
29.5 
29.41 
32.1 
31.25 
34.9 
33.33 
35.71 
37-8 
37.88 
40.9 
40.32 
44.0 
42.37 

14.9- 3 

16.9- 5 
18.9 
20.0 
214 
23.6 
23.81 
26.32 
26.3 
29.41 
29.4 
32.7 
33.33 
36.6 
38.46 
40-6 
42.55 
45.2 
46.51 
51.81 
50.0 
56.50 
55-8 
62.11 
61.7 
67.11 

14.71 

16.67 
18.2 
19.61 
20.2 
22.5 
23.26 
25.64 
25-0 
28.57 
27-7 
30.7 
32-26 
34.1 
37-04 
37.5 
40.00 
41.4 
43.48 
48.78 
45.6 
52.91 
50.0 
57.80 
54.9 
62.11 

• Resistance of U.S.A. gauges measured at 68° F. and S.W.G. gauges at 60° F. 
f Apparent inconsistencies in turns per inch between similar British and U.S.A. gauges are due to differences in thickness of insulation. 



COPPER WIRE TABLE (eon-Id.) 

BrliZephe;ill.atlnterard U.S.A. 
Wire Gauge 

Wire Gauge 
Diameter 
in inches 

Diameter in 
millimetres 

S.W.G. 
A.W.G. 
(B. ct. S.) 

30 
31 

32 
33 

34 

35 

38 

C>1 37 

38 

39 

40 
41 

42 

43 

44 

45 

46 

47 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 
42 

43 

44 
45 

•01264 
.0124 
.0116 
.01126 
.0108 
•01 
-01003 
•0092 
•00893 
•0082 
•0079 
.0072 
•0071 
.0068 
-0083 
.006 
.0056 
•0052 
•0050 
.0048 
•0044 
•00445 
•004 
•00396 
•0036 
• 00353 
•0032 
-00314 
•0028 
•00275 
.0025 
•0024 
•00225 
•002 
-002 
•00175 

•3211 
•315 
•2946 
•2859 
•274 
•2540 
•2546 
•234 
•2268 
•2082 
•2019 
-193 
•1798 
•1727 
•1601 
•152 
•1426 
•1320 
-1270 
•122 
•1117 
•1131 
•102 
•I007 
•0914 
•0897 
•081 
•0799 
.0711 
.0898 
-0835 
•08I 
-0571 
.0504 
•0504 
•0404 

*Ohrne per 
thousand 

feet 

84.90 
68-27 
75-7 
81-83 
87.4 

101.9 
103-2 
120-4 
130-1 
144-4 
184-1 
176-4 
208-9 
220-4 
260-9 
283.0 
329-0 
376-8 
414-8 
442-2 
526-3 
532-1 
636-8 
859-8 
786.3 
831-8 
995-0 

1,049-0 
1,299-7 
1,370.0 
1,660-0 
1.7611-0 
2,050-0 
2,547.0 
2.600.0 
3,390-0 

Feet 
per lb. 

2.067 
2,148 
2,455 
2,607 
2,832 
3,302 
3,287 
3,901 
4,145 
4,882 
5,227 
5,718 
8,591 
7,143 
8,310 
9,174 
10,480 
12.210 
13,210 
14,330 
17,060 
18,660 
20,640 
21,010 
25,480 
28,500 
32,280 
33,410 
42,120 
43.700 
62,800 
57,340 
65,300 
82,580 
82,600 
107,900 

t Turns per ineh 

Bare gnam. S.C.C. D.C.C. S.S.C. I D.S.C. 

82-8 
80-65 
86-21 
88-8 
92-59 
100-0 
99-7 
108.0 
112-0 
119-0 
125-8 
131-6 
141-2 
147-0 
158-8 
166-7 
178-0 
192.3 
260-0 
208-0 
227-0 
224-0 
250.0 
252-0 
277-8 
283-0 
312.5 
318-0 
357.1 
363-0 
400-0 
418-7 
444-0 
500.0 
500-0 
571-0 

73.5 
74.83 
79-37 
81-0 
85.47 
91.74 
92•5 
99-0 
103-0 
110-0 
114.0 
118-0 
129-0 
135-0 
144-0 
148.5 
161.0 
175-4 
181-0 
185.7 
206.0 
204.0 
222-0 
227-0 
265-0 
258-0 
277.7 
285.0 
315.1 
327-0 
378.0 
368-3 
421-0 
435-5 
471-0 
523.0 

58.4 
57.47 
60-24 
63 2 
83.29 
66.67 
68-9 
70-42 
74-8 
80-65 
80-0 
86-21 
88.2 
99-21 
92-5 

100-0 
99-9 

108-7 
111-0 
113-6 

117.0 

125.0 

133-0 

140.0 

47.3 
44-64 
46-30 
50-5 
48-0 
50.0 
54.0 
52.08 
57-4 
57-47 
60-0 
60-25 
64.1 
63.29 
87-5 
88.67 
70.9 
70-42 
76-9 
72-46 

80.0 

83.3 

86.9 

90-0 

68.4 
72-99 
77.52 
75.1 
82.84 
88.50 
83.3 
95.24 
91•7 
103.0 
100.0 
112.5 
109.0 
123.5 
120-0 
137.0 
131-0 
153-8 
142-0 
164.0 
178.6 
153.0 
192.3 
166-0 
208.3 
181.0 
227.3 
196.0 
250.0 

277.7 

312-5 

• Resistance of U.S.A. gauges measured at 680 F. and S.W.G. gauges at 60° F. 
t Apparent inconsistencies in turns per inch between similar British and U.S.A. gauges are due to differences in thickness of insulation. 

80.2 
67.11 
70.92 
85.3 
75.19 
80.0 
71.4 
85.47 
77-5 
91-74 
83.3 
99.0 
90-0 
107,5 
97-0 

118.0 
104.0 
130.0 
111-0 
137-0 
151.5 
117.0 
161.2 
125.0 
172.3 
133-0 
185-2 
140.0 
200-0 

217,1 

238.0 



MISCELLANEOUS WIRE TABLES 
FUSE-WIRE TABLE 

Fusing 
Current 
in amps. 

2 
3 
4 
6 

10 
15 
20 
25 
30 

Tin 
Tin Alloy 

(15% Lead, 25% Tin) 

Diameter 
in inches 

S.W.G. Diameter 
in inches 

S.W.G. 

Tinned Copper 

Diameter 
in inches 

S.W.G. 

-0072 37 .0084 
.0113 31 -0136 
-0148 28 .0184 
.018 26 -02 
-02 25 .024 
.024 23 -032 
.032 21 1 .048 
-044 — -064 
-056 17 — 
.064 16 — 
-072 15 — 

35 
29 
27 
25 
23 
21 
18 
16 

-01 
-0138 
-0146 

.022 

33 
29 
27 

24 

Lead 

Diameter 
in inches 

.0084 

.0124 
-0164 
.02 
.024 

.036 

.048 
-058 
-072 
-08 

S.W.G. 

35 
30 
27 
25 
23 

20 
18 
17 
15 
14 

The above figures are approximate owing to the desirability of using S.W.G. and round figures in amps.; 
they are, however, sufficiently accurate for practical purposes. Sixty per cent. may be taken as the safe normal 
current. 

FLEX 

I 
Description [ Sectional Area in 1 Maximum 

eq. ins. (nominal) Current in amps. 
Description  Sectional Area in 

eq. ins. (nominal) 
Maximum 

Current in amps. 

14/.0076 
23/.0076 
40/•0076 

.0006 2 
-001 3 
-0017 5 

70/.0076 
110/-0076 
162/-0076 

.003 

.0048 
-007 

10 
15 
20 

RESISTANCE WIRE 

Diameter 
(inches) 

Eureka* Nichrome t 
(ohms per yard) (ohms per yard) S.W.G. 

Diameter 
(inches) 

10 
12 
13 
14 
15 
18 
17 
18 
19 
20 
21 
22 
23 
24 
25 
28 
27 
28 
29 

•128 
•104 
.092 
.08 
-072 
•064 
-056 
.048 
.04 
-038 
.032 
-028 
-024 
-022 
-02 
.018 
.0164 
-0148 
-0136 

-053 
-08 
•1023 
•1353 
•1871 
-2115 
•2762 
-378 
-541 
-668 
•846 
1-105 
1-504 
1-789 
2-166 
2-873 
3-221 
4-119 
4.884 

•125 
•189 
-242 
.32 
•395 
•486 
-636 
-865 
1-246 
1-539 
1.957 
2.546 
3-463 
4-118 
4.979 
8-156 
7-422 
9-107 
10-793 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

-0124 
-0118 
-0108 
-01 
-0092 
-0084 
-0078 
-0088 
.006 
-0052 
.0048 
-0044 
.0040 
-0038 
-0032 
.0028 
-0024 
-002 
-0016 

Eureka * 
(ohms per yard) 

5-633 
6-436 
7.427 
8-662 
10-23 
12-27 
15 
18-74 
24-05 
32.03 
37-6 
44-74 
54-13 
66.68 
84-61 
110-5 
150-4 
216-6 
338.4 

Nichrome t 
(ohms per yard) 

12-982 
14-285 
17-102 
19-960 
23-57 
28-277 
34-583 
43.166 
55-374 
73.722 
86-485 
100-15 
124-7 
153.875 
194-94 
254-6 
346-3 
497-89 
779-52 

• Values are approximate and are based on an alloy of 40% nickel and 80% copper. This wire should not 
be used above 575° F. (300° C.). It has an extremely low temperature coefficient. 

t The resistance of nichrome varies considerably; figures given are the average of several different manu-
facturers, all being alloys of approximately 80% nickel and 20% chromium. Alloys containing a small 
percentage of iron have a slightly lower resistanee; temperature coefficient is low, averaging -I- 0-0001 per C" 
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READY-WORKED VOLTAGE, CURRENT AND RESISTANCE TABLE 
VOLTAGE DROP IN VOLTS 

1 2 4 6 8 10 14 18 22 26 30 34 38 42 48 50 60 70 80 100 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

14 

16 

18 

20 

22 

24 

28 

28 

30 

32 

34 

38 

38 

40 

42 

44 

46 

48 

60 

62 

54 

56 

58 

60 

1,000 

500 

333 

250 

200 

167 

143 

126 

Ill 

100 

83 

71 

83 

56 

50 

45 

42 

39 

36 

33 

31 

29 

28 

26 

25 

24 

23 

22 

21 

20 

19 

19 

18 

17 

17 

2,000 

1,000 

4,000 

2,000 

6,000 

3,000 

8,000 

4,000 

10,000 

5,000 

14,000 

7,000 

18,000 

9,000 

22,000 

11,000 

26,000 

13,000 

30.000 

15,000 

34,000 

17,000 

38,000 

19,000 

42,000 46,000 

21,000 23,000 

50,000 

25,000 

60,000 

30,000 

70,000 

35,000 

80,000 

40,000 

C 
100,000 .4 

50,000 .., 
867 1,332 2,000 2,684 3,333 4,667 6,000 7,333 8,667 10.000 11,333 12,667 14,000 15,333 16,667 20,000 23,333 26.667 33,333 c 
500 1,000 1,500 2,000 2,500 3,500 4,500 5,500 6,500 7,500 8,500 9,500 10,500 11,500 12,500 15,000 17,500 20,000 25,000 ,..! 
400 800 1,200 1,600 2,000 2,800 3,800 4,400 5,200 6,000 8,800 7,200 8,400 9,200 10,000 12,000 14,000 16,000 

le 
20,000 .0 

333 667 1,000 1,333 1,667 2,333 3,000 3,667 4,333 5,000 5,667 6,333 7,000 7,667 8,333 10,000 11,687 13,333 16,667 
283 572 857 1,143 1,430 2,000 2,571 3,142 3,714 4,288 4,857 5,429 6,000 8,571 7,143 8,571 10,000 11,429 14,386 C 
250 600 760 1,000 1,250 1,750 2,250 2,760 3,250 3,760 4,250 4,750 5,250 5,750 6,250 7,500 8.750 10,000 12,500 e 
222 444 687 889 1,111 1,556 2,000 2,444 2,889 3,333 3,778 4,222 4,667 6,111 5,556 6,667 7,778 8,889 11,111 „.., 
200 400 600 800 1,000 1,400 1,800 2,200 2,800 3,000 3,400 3,800 4,200 4,600 6,000 6,000 7,000 8,000 10,000 
167 333 500 687 833 1,167 1,500 1.833 2,167 2,500 2,833 3,167 3,500 3,833 4,167 5,000 5,833 6,667 8,333 
143 283 428 572 714 1,000 1,286 1,671 1,857 2,143 1 2,429 2,714 3,000 3,286 3,571 4,288 5,000 5,714 7,143 E 
126 250 375 500 625 875 1,125 1,376 1,625 1,875 l 2,125 2,376 2,625 2,875 3,125 3,750 4,375 5,000 6,260 
111 222 333 444 558 778 1,000 1,222 1,444 1,667 1 1,889 2,111 2,333 2,656 2,777 3,333 3,889 4,444 

ke 
5,556 

100 300 300 400 500 700 900 1,100 1,300 1,500 1,700 1,900 2,100 2,300 2,500 3,000 3,500 4,000 5,000 
91 182 273 364 455 636 818 1,000 1,182 1,364 1,545 1,727 1,909 2,091 2,273 2,727 3,182 3,636 4,545 
83 167 250 333 417 583 750 917 1,083 1,250 1,417 1,583 1,750 1,917 2,083 2,500 2,917 3,333 4,167 E 
77 153 231 308 385 538 692 848 1,000 1,154 1,308 1,462 1,615 1,769 1,923 2,308 2,692 3,077 3,846 
71 143 214 286 357 500 643 786 929 1,071 1,214 1,357 1,500 1,643 1,786 2,143 2,500 2,857 3.0 I,. + 
67 133 200 287 333 467 600 733 867 1.000 1,133 1,267 1,400 1,533 1,667 2,000 2,333 2,667 3,333 
83 126 188 250 213 437 581 688 813 938 1,063 1,188 1,313 1,438 1,663 1,876 2,188 2,500 3,125 
59 118 176 235 294 412 529 647 765 882 1,000 1,118 1,236 1,353 1,471 1,765 2,059 2,353 2,941 E 
56 Ill 167 222 278 389 500 611 722 833 944 1,056 1,167 1,278 1,389 1,667 1,944 2,222 2,778 ,.,...1 
53 106 158 211 263 368 474 578 884 789 895 1,000 1,105 1,211 1,316 1,579 1,842 2,105 

l-e 2,632 

50 100 150 200 250 350 450 550 650 750 850 950 1,060 1,150 1,260 1,600 1,750 2,000 2,300 «. 
48 95 143 190 238 333 429 524 643 714 610 905 1,000 1,095 1,190 1,439 1,667 1,905 2,381 
45 91 136 182 227 318 409 500 591 682 773 884 955 1,045 1,136 1,364 1,591 1.818 2,273 E 
43 87 130 174 217 304 391 478 565 652 739 826 913 1,000 1,087 1,304 1,522 1,739 2,174 
42 

40 

83 

80 

125 

120 

167 

160 

208 

200 

292 

280 

378 

360 

458 542 

440 520 

625 

600 

708 

680 

792 

760 

875 

840 

958 

920 

1,042 

1,000 

1,250 

1,200 

1,458 

1,400 

1,667 

1,600 

,-.0.0., le 2,v e 

2,000 

38 77 116 154 192 289 346 423 500 577 653 731 808 885 962 1,154 1,346 1,538 1,923 
37 74 Ill 148 185 259 333 407 81 556 630 704 778 852 926 1,111 1,291 1,481 1.852 e 
36 71 107 143 179 260 321 393 484 536 607 671 760 821 893 1,071 1,250 1,429 1,786 ,"...1 
34 69 103 138 172 241 310 379 457 617 586 855 724 793 862 1,034 1,207 1,379 

1.> 
1,724 o 

33 67 100 133 167 233 300 367 433 500 667 1 833 700 767 833 1,000 1,167 1,333 1,667 



READY-WORKED RESISTANCE COLOUR CODE 
_ 

Ohms Body Tip Dot Ohms Body Tip Dot 

10 Brown Black Black 820 Grey Red Brown 

11 Brown Brown Black 910 White Brown Brown 

12 Brown Red Black 1,000 Brown Black Red 

13 Brown Orange Black 1,100 Brown Brown Red 

15 Brown Green Black 1,200 Brown Red Red 

18 Brown Blue Black 1,300 Brown Orange Red 

18 Brown Grey Black 1,500 Brown Green Red 

20 Red Black Black 1,600 Brown Blue Red 

22 Red Red Black 1,800 Brown Grey Red 

24 Red Yellow Black 2,000 Red Black Red 

27 Red Violet Black 2,200 Red Red Red 

30 Orange Black Black 2,400 Red Yellow Red 

33 Orange Orange Black 2,600 Red Green Red 

36 Orange Blue Black 2,700 Red Violet Red 

39 Orange White Black 3,000 Orange Black Red 

43 Yellow Orange Black 3,300 Orange Orange Red 

47 Yellow Violet Black 3,500 Orange Green Red 

50 Green Black Black 3,800 Orange Blue Red 

51 Green Brown Black 3,900 Orange White Red 

58 Green Blue Black 4,000 Yellow Black Red 

82 Blue Red Black 4,300 Yellow Orange Red 

88 Blue Grey Black 4,500 Yellow Green Red 

75 Violet Green Black 4,700 Yellow Violet Red 

82 Grey Red Black 5,000 Green Black Red 

91 White  Brown Black 5,100 Green Brown Red 

100 
Brown Black Brown 5,800 Green Blue Red 

110 
Brown Brown Brown 6,000 Blue Black Red 

120 Brown Red Brown 8,200 Blue Red Red 

130 Brown Orange Brown 6,800 Blue Grey Red 

150 Brown Green Brown 7,000 Violet Black Red 

180 Brown Blue Brown 7,500 Violet Green Red 

180 Brown Grey Brown 8,000 Grey Black Red 

200 Red Black Brown 8,200 Grey Red Red 

220 Red Red Brown 9,000 White Black Red 

240 Red Yellow Brown 9,100 White Brown Red 

250 Red Green Brown 10,000 Brown Black Orange 

270 Red Violet Brown 11,000 Brown Brown Orange 

300 Orange Black Brown 12,000 Brown Red Orange 

330 Orange Orange Brown 13,000 Brown Orange Orange 

350 Orange Green Brown 15,000 Brown Green Orange 

380 Orange Blue Brown 18,000 Brown Blue Orange 

390 Orange White Brown 18,000 Brown Grey Orange 

400 Yellow Black Brown 20,000 Red Black Orange 

430 Yellow Orange Brown 22,000 Red Red Orange 

450 Yellow Green Brown 24,000 Red Yellow Orange 

470 Yellow Violet Brown 27,000 Red Violet Orange 

600 Green Black Brown 30,000 Orange Black Orange 

510 Green Brown Brown 33,000 Orange Orange Orange 

580 Green Blue Brown 35,000 Orange Green Orange 

820 Blue Red Brown 36,000 Orange Blue Orange 

880 Blue Grey Brown 39,000 Orange White Orange 

700 Violet Black I Brown 40,000 Yellow Black Orange 

750 Violet Green 1 Brown 13,000 Yellow Orange Orange 

I 

62 



READY-WORKED RESISTANCE COLOUR CODE (contd.) 

Ohms Body Tip Dot Ohm, Body Tip Dot 

47,000 Yellow Violet Orange 390.000 Orange White Yellow 

60,000 Green Black Orange 400,000 Yellow Black Yellow 

51,000 Green Brown Orange 430,000 Yellow Orange Yellow 

56,000 Green Blue Orange 450,000 Yellow Green Yellow 

60,000 Blue Black Orange 470,000 Yellow Violet Yellow 

62,000 Blue Red Oran ge 500,000 Green Black Yellow 

68,000 Blue Grey Orange 510,000 Green Brown Yellow 

70,000 Violet Black Orange 560,000 Green Blue Yellow 

75,000 Violet Green Orange 800,000 Blue Black Yellow 

82,000 Grey Red Orange 620,000 Blue Red Yellow 

91,000 White Brown Orange 680,000 Blue Grey Yellow 

100,000 Brown Black Yellow 750,000 Violet Green Yellow 

110,000 Brown Brown Yellow 820,000 Grey Red Yellow 

120,000 1 Brown Red Yellow 910,000 White Brown Yellow 

130,000 Brown Orange Yellow 1 MO Brown Black Green 

150,000 Brown Green Yellow 1.1 ma Brown Brown Green 

160,000 Brown Blue Yellow 1.2 MO Brown Red Green 

180,000 Brown Grey Yellow 1-3 MG Brown Orange Green 

200,000 Red Black Yellow 1-5 mn Brown Green Green 

220,000 Red Red Yellow 1•6 MG Brown Blue Green 

230,000 Red Orange Yellow I- 8 Ma Brown Grey Green 

240,000 Red Yellow Yellow 2 MO Red Black Green 

250,000 Red Green Yellow 2.2 Ma Red Red Green 

270.000 Red Violet Yellow 2.4 Mû Red Yellow Green 

280,000 Red Grey Yellow 2-7 mn Red Violet Green 

300,000 Orange Black Yellow 3 MO Orange Black Green 

330,000 Orange Orange Yellow 4 Ma Yellow Black Green 

350,000 Orange Green I Yellow 5 MO Green Black Green 

360,000 Orange Blue Yellow 10 Mû Brown Black Blue 

THE RESISTANCE COLOUR CODE (British and U.S.A.) 

Colour Body Tip Dot Colour Body Tip Dot 

Black 
Brown 
Red 
Orange 
Yellow 

O 
2 
3 
4 

o 
2 
3 
4 

.0 
o 

00 
000 

0000 

TI e body colour denotes the first digit, 
the colour of the tip the second digit, 
and the colour of the spot the number 
of noughts after the second digit. 

Green 
Blue 
Violet 
Grey 
White 

63 

5 5 00000 
8 6 000000 
7 7 0000000] 
8 8 00000000 
9 9 000000000 

IL TOLERANCE 
 DOI 

'r ip 
 500Y 

The modified colour code used for resist-
ances with axial leads. 



READY-WORKED REACTANCE TABLE (in ohms) 

Inductance 
trt Hell ry8 

30 cpe. 50 cps. 100 opa. 400 opa. 1,000 cps. 3,000 cpe. 5,000 cps. 

1
 

A.
F.
 
I
N
D
U
C
T
I
V
E
 

1
 

100 18,800 31,400 62,800 251,000 628,000 1,880,000 3,140,000 
75 14,130 23,550 47,100 188,400 471,000 1,413,000 2,355,000 
50 9,420 15,700 31,400 126,000 314,000 942,000 1,570,000 
25 4,710 7,850 15,700 62,800 157,000 471,000 785,000 
10 1,880 3,140 6,280 25,100 62,800 188,000 314,000 
1 188 314 628 2,510 6,280 18,800 31,400 
.1 les 31.4 62.8 251 628 1,880 3,140 
.01 1.88 3.14 6.28 25-1 62.8 188 314 
.001 •188 •314 -628 2.51 /28 18.8 31.4 

Capacity 30 cpe. 50 cps. 100 cps. 400 cpe. 1,000 cpe. 3,000 ope. 5,000 ope. 

50 
100 
260 1pf. 
300 
800 

.001 

.005 

.01 

.02 

.025 

.03 
-05 
.1 
-25 

1-0 
2-0 
2/0 
50.0 

mfd. 

10.6 Mû 
5.3 Mû 
1.06 Mû 

531,000 
265,000 
212,000 
174,000 
106,000 
53,100 
21,200 
10,600 
5,310 
2,650 
212 
106 

10.6 mo 
6-37 Mû 
3.18 Mû 

637,000 
318,000 
159,000 
127,000 
106,000 
63,700 
31,800 
12,700 
6,370 
3,180 
1,590 
127 
63-7 

6-37 MO 
/31 Mû 
3.18 Mû 
1.59 Mû 

318,000 
159,000 
79,600 
63,700 
53,100 
81,800 
16,900 
6,370 
3,180 
1,690 
796 
6/7 
31-8 

/98 MÛ 
1.59 Mû 
1.33 Mû 

796,000 
398,000 
79,600 
39,800 
19,900 
16,900 
13,300 
7,960 
3,980 
1,590 
798 
398 
199 
15.9 
7-96 

/18 Mû 
1-59 Mû 

637,000 
531,000 
318,000 
159,000 
31,800 
15,900 
7,960 
6,370 
5,310 
3,180 
1,590 
637 
318 
159 
79.6 
/37 
/18 

1.06 Mn 
531,000 
212,000 
174,000 
106,000 
53,100 
10,600 
5,310 
2,650 
2,120 
1,740 
1,060 
531 
212 
106 
5/1 
2/5 
/12 
1.06 

637,000 
318,000 
127,000 
106,000 
63,700 
31,800 
6,370 
3,180 
1,590 
1,270 
1,060 
837 
318 
127 
63.7 
31.8 
15-9 
1-27 
-637 

A.
F.

 
C
A
P
A
C
I
T
I
V
E
 

Inductance 100 Ras. 250 Kee. 465 Ku. 500 Kea. 1,000 Kai. 1,500 Kca. 5,000 Kos. 

R
.
F
.
 
I
N
D
U
C
T
I
V
E
 

•111 62,800 157,000 292,000 314,000 828,000 943,000 3,140,000 
.0111 6,280 15,700 29,200 31,400 82,800 94,300 314,000 

1,000 µH 628 1,570 2,920 3,140 6,280 9,430 31,400 
200 FE 126 315 484 630 1,260 1,890 6,300 
100 di 62 157 292 314 828 943 3,140 
50 µ11 31 78 146 157 314 476 1,570 

Capacity 100 KC9. 250 lice. 465 lice. 500 lice. 1,000 Ku. 1,500 Ku. 5,000 Ka. 

R.
F.

 
C
A
P
A
C
I
T
I
V
E
 

10} 159.000 636,000 34,200 31,800 15,900 10,600 3,180 
60 31,800 12,720 6,850 6,360 3,180 2,120 636 
100 Pf. 16,900 6.360 3,420 3,180 1,690 1,060 318 
500 3,180 1,272 685 636 318 212 6/6 

001 1,590 638 342 318 159 106 31.8 
.005 318 127.2 68.5 63.6 31-8 21-2 6.36 
.01 169 6/6 34.2 31.8 15.9 10.6 3-18 
.05 
• I mfd 

31-8 
15-9 

12.72 
616 

/85 
3.42 

6.36 
/18 

3.18 
159 

2.12 
1.06 

.638 

.318 
.25 6-36 2.544 1.37 1.272 •636 -424 •127 
.5 3.18 1-272 .685 .636 •318 -212 .064 

1.0 1.59 .636 342 .318 •159 •106 .032 
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READY-WORKED DECIBEL TABLE 

LOSS 

Current or Voltage 
Ratio 

Power Ratio 

db 

GAIN 

Current or Voltage 
Ratio 

Power Ratio 

1 1 o 1 
-989 -977 .1 1.012 

•977 -955 -2 1-023 

•966 -933 -3 1-035 

•955 -912 -4 1-047 

•944 -891 -5 1-059 

• 933 • 871 .6 1.072 

-923 •851 -7 1-084 

-912 -832 -8 1-096 

•902 •813 -9 1-109 

-891 •794 1 1-122 

•871 •759 1-2 1-15 

•851 -724 1-4 1.17 

-832 .692 1.6 1.2 

-813 -861 1.8 1-23 

•794 .631 2 1-26 

.750 • 562 2-5 1-34 
•708 •501 3 1-41 

-868 •447 3-5 1-5 

-831 •398 4 1-59 

.596 •355 4-5 1-88 

-562 •316 5 1-78 

-531 -282 5-5 1-88 

•501 -251 8 1-99 

-473 -224 8-5 2-11 

• 447 • 199 7 2-24 

-422 •178 7-5 2-37 

•398 •158 8 2-51 

•376 •141 8-5 2-68 

• 355 •126 9 2-82 

.335 •112 9-5 2-98 

-316 .1 10 3-16 

• 282 -079 11 3-55 

• 251 .063 12 3.98 

•224 .05 13 4-47 

•199 -04 14 5-01 , 

•168 .025 16 6-31 

•126 .016 18 7-94 

.1 -01 20 10 

-056 -00316 25 17-78 
.032 -001 30 31-62 

-0178 -000316 35 56-23 

-01 -0001 40 100 

-0056 -0000316 45 177-8 

-00316 .00001 50 316 

-002 -00000316 r 55 582 

-001 -000001 60 1,000 

-0006 -000000318 65 1,770 

-000316 -0000001 70 3,180 

-0002 -0000000316 75 5,620 

-0001 • 00000001 80 10,000 

-00008 -0000000032 85 17,800 

• 0000316 -000000001 90 31,600 

-00002 -0000000003 95 58,200 

-00001 -0000000001 100 100,000 

1 

1-023 

1-047 

1.072 

1-098 

1-122 

1-148 

1-175 

1-202 

1-23 

1-259 

1-32 

1-38 

1-44 

1-51 

1.58 

1-78 

1-99 

2-24 

2-51 

2-82 

3.18 

3-55 

3-98 

4-47 

5-01 

5-82 

6-31 

7-08 

7-94 

8.91 

10 

12-8 

15.8 

19-9 

25-1 

39-8 

83-1 

100 

316 

1,000 

3,180 

10,000 

31,600 

100,000 

316,000 

1,000,000 

3,180,000 

10,000,000 

31,800,000 

100,000,000 

318,000,000 

L000,000,000 

3,180,000,000 

10,000,000,000 
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TELEVISION FREQUENCIES AND READY-WORKED AERIAL DATA 

Station 

Crystal Palace . 

Divis . . 
Dover Area' 
Holme Moss 
Londonderry . 
North Heeaary Tor 
Rosemarkie . 
Truleigh Hill . 
Blaen Plwy . 
Kirk o' Shotte . 
Norwich . 
Row Ridge 
Channel Isles 
Meldrum . 
Sandale . . 
Sutton Coldfield 
Isle of Man 
Pontep Pike 
Wenvoe . 
Litchfield . 
Croydon . 
Winter Hill 
Blacichill . 
Emley Moor 
South Wales 

Channel Polar' 

2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
8 
9 
9 

10 
10 
10, 

PZ 

C
<
C
C
<
C
<
M
C
C
e
l
e
l
l
e
I
C
I
I
I
C
e
l
-
l
e
•
C
l
e
c
e
l
l
e
<
 

Vision : mce.' Sound: Dip.' Ref.' I Space' 

45 41.5 128 133 32 
45 41.5 

48-25 1155 128 133 . 32 
51.75 111 , 27.75 
51.75 48-25 Ill 115-5 27-75 
51-75 48.25 Ill 111.5 27.75 
51.75 48.25 Ill 115-5 27-75 

51.75 48.25 Ill 115.5 27.75 
51.75 48-25 Ill 115.5 27-75 
56-75 53.25 101 105 25.25 

58.75 53.25 53.25 101 105 25.25 
56-75  101 105 25.25 
56.75 53-25 101 105  25.25 

61-75 58-25 93 97  23-25 
61.75 58.25 93 97 23.25 
61.75 58-25 93 97  23.25 

61.75 58.25 93 97  23.25 

66.75 63.25 86 89.5 21-5 

66.75 63-25 
66-75 63-25 88 89.5 21.5 

88 89.5 21.5 
189.75 186.25 30 31.25 7.5 

194.75 191-25 29  30 7.25 

194.75 191.25 29 30 7.25 
199-75 196-25 28 29.25 7 

28 29.25 7 199.75 196.25 ' 

199.75 196.25  28j1 29.25 7 

Polarisation; V = Vertical, H = Horizontal. ' Some transmitters are offset by 8-75 km. Vision and 
20 kcs. Sound to avoid mutual interference. Length of dipole and reflector in inches. 4 Spacing between dipole 
and reflector. A transmitter may be erected near Dover if Thanet is not adequately served when Crystal Palace 
is on maximum power. 

INSULATING MATERIALS 
DIELECTRIC CONSTANTS (K) 

Subetance Die lectric Constant* Substance Dielectric Constant* 

Air 
Bakelite . 
Casein . 
Celluloid . . 
Celluloid, photographic 
Cellulose acetate . 
Cellulose acetate, moulded 
Cellulose acetate, sheet 
Dilectene 100 . 
Ebonite . 
Ebonite, P.O. standard 
Empire cloth . . 
Ethyl cellulose . 
Fibre (red) . 
Glaee . . 
Glass, common window 
Glass, photographie . 
Isolantite . . 
Mica . . . 
Mica, first-quality Indian 

4-4-7.8 
6-1-6-8 
4-15 

6-6-6-7 
4-5-5-4 
3-6 
3-4.5 

3-6-3.75 
2-3-3 
2.8 
2 

2-2.9 
2-5-4-8 
5.1-9.9 
7.9-8.2 

7.5 
6-6-1 

Micanite, non-flexible 
Myoalex . 
Nylon . . 
Paper, varnished 
Paraffin . 
Paraffin oil . 
Paraffin wax 
Paraffined paper 
Polyethylene 
Polystyrene . . 
Polyvinyl chloride 
Porcelain . 

Pyrex (glass) 
Rubber 
Shellac 
Steatite 
Trolitul . . 
Urea-formaldehyde resin 

Vinylite . . 
Wood (dry) . 

7 
8.5 

3-5-3.7 
2-3 

2.1-2.4 
2.1-4-7 
2-2.5 
2-3-5 
2-5 

2-5-2-59 
8-12 

5-5-8-8 
4.5-5 
2-3-5 
2-9-3-7 

6-1 
2.2-125 
6.6-7.6 

3-3-4 
245-7-7 

• Figures are average, but exceptions will be found outside the tolerances quoted Temperature and 
frequency also introduce variation; above figures are at 1 mos. with the exception of cellulose, rubber, shellac 
and wood. 
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ELECTRICAL CONVERSION TABLE 
(For Mechanical Conversion Table, see page 89) 

MULTIPLE AND SUB-MULTIPLE CONVERSION 

To Convert 
, 

Into Multiply by Conttrroely, multiply by 

Amps Milliamps 1,000 •001 
Amps Microamps 1,000,000 •000001 
Cycles Kilocycles -001 1,000 
Cycles Megacycle. -000001 1,000,000 
Farads Microfarads 1,000,000 • 000001 
Farad. Micromicrofarads (pf) 1,000,000,000,000 .000000000001 
Henrys Millihenry. 1,000 -001 
Henry. Microhenrys 1,000,000 .000001 
Kilocycles Megacycles -001 1,000 
Millivolts Microvolts 1,000 -001 
Mhos Micromhos 1,000,000 .000001 
Microfarads Picafarads (pf) 1,000,000 -000001 
Ohms Micro-ohms 1,000,000 -000001 
Ohms Megohme .000001 1,000,000 
Volts Millivolts 1,000 .001 
Volts Microvolts 1,000,000 •000001 
Volts Kilovolts -001 1,000 
Watts Milliwatts 1,000 .001 
Watts Microwatts 1,000,000 4/00001 
Watts Kilowatts .001 1,000 

INTER-UNIT CONVERSION 

Horsepower 
Horsepower 
Horsepower 
Micromicrofarads 
Microfarads 
Atmospheres 
Atmospheres 

Watts 
Force de Cheval 
B.T.U. per minute 
Centimetres (capacity) 
Centimetres (capacity) 
Inches of Mercury 
Centimetres of Mercury 

748 
1-0139 

42.4 
1.1 

1,100 
29-92 
76 

PREFIXES USED IN RADIO NUMEROLOGY 

Prefix 

centi 
mil or milli 
micro 
micromioro 
pica 
kilo 
meg or mega 

-0034 
•988 
-02357 
.9 
-0009 
-03342 
-01318 

Abbreviation Definition 

o 

mm or 

e 

one-hundredth of 
one-thousandth of 
one-millionth of 
one-millionth of a millionth of 
one-millionth of a millionth of 
one thousand times 
one million times 

Expreo.rion 

SIGNIFICANCE OF INDICES 

Simple Equivalent 

10, 
10' 
10' 
10' 
10° 
10' 
10, 
10' 
10' 
lois 

10 
100 

1,000 
10,000 

100,000 
1,000,000 

10,000,000 
100,000,000 

1,000,000,000 
10,000,000,000 

Expression Simple Equivalent 

67 

10" 
10" 
10" 
10" 
10 -, 
10" 
10 -, 
10" 
10" 
10". 

-1 
•01 
•001 
-0001 
• 00001 
• 000001 
• 0000001 
-00000001 
• 000000001 
.0000000001 



TWIST DRILL FRACTIONS-DECIMAL-MILLIMETRE 

SIZES EQUIVALENTS 

Drill Dia. ( in.) Drill 
Number , Number 

Dia. (in.) 

1 
2 
3 
4 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
28 
27 
28 
29 
30 
31 
32 
33 
34 
35 
38 
37 
38 
39 
40 

.2280 

.2210 
•2130 
.2090 
.2055 
.2040 
•2010 
•1990 
•1980 
•1935 
•1910 
•1890 
•1850 
•1820 
•1800 
•1770 
•1730 
•1695 
•1660 
•181O 
•1590 
•1570 
•1540 
•1520 
•1495 
•1470 
1440 
•1405 
•1360 
•1285 
•I200 
•1160 
•1130 
•1110 
•1100 
•1065 
•1040 
•1015 
-0995 
.0980 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
58 
67 
58 
59 
60 
61 
82 
63 
64 
65 
86 
67 
68 
69 
70 
71 
72 
73 
74 
75 
78 
77 
78 
79 
80 

•0960 
.0935 
-0890 
•0880 
.0820 
.0810 
.0785 
.0780 
.0730 
.0700 
.0670 
.0635 
.0595 
.0550 
.0620 
.0485 
.0430 
-0420 
.0410 
.0400 
.0390 
.0380 
.0370 
.0360 
.0350 
.0330 
.0320 
.0310 
.0293 
.0280 
.0260 
.0250 
-0240 
-0225 
-0210 
.0200 
.0180 
-0160 
.0145 
-0135 

Fraction 
of inch 

Decimal 
of inch 

Millimetre Fraction 
of inch 

Decimal 
of inch 

MiUimere 

.814. 
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fts 

14 

14 

.0158 

.0313 

-0489 

.0625 

41781 

.0938 

•1094 

•1250 

•1406 

•1563 

•1719 

•1875 

.2031 

.2188 

.2344 

.2500 
•2656 

.2813 

.2969 
•31315 

.3281 

.3438 
•3594 
•3750 

.3908 
-4083 
-4219 

.4375 

.4531 

.4888 

.4844 

.5000 

•397 

.794 

1.191 

1.588 

1.985 

2.381 

2.778 

3.175 

3.572 

3.969 

4.366 

4.782 

5.159 

5.558 

5.953 

8-350 
6.747 

7.144 
7.541 

7.937 
8.334 

8.731 
9-128 
9.525 

9.922 
10.319 
10.718 

11.120 
11-509 
11.908 
12.303 

12.700 

it 

te 

ti 

fi 

-e 

1 

-5156 

.5313 

.5469 

.5625 

•5781 

-5938 

•6094 

-6250 

•6408 

.6583 

-6719 

.6875 

-7031 

•7188 

-7344 

.7500 

.7656 

.7813 

.7989 

.8125 

.8281 
41438 
.8594 
.8750 

.8908 

-9083 
-9219 

•9375 
.9531 
-9688 
.9844 

1-0000 

WHITWORTH SCREWS B.S.F. SCREWS 

Size ( in.) Turne per inch Tapping Drill 

1 

40 

24 

20 

18 

16 

12 

11 

10 

8 

41 

29 

12 

k. 

I. 

Size (in.) 

13-097 

13.494 

13.891 

14.287 

14.884 

15-081 

15-478 

15.875 

16.272 

16.688 

17.085 

17-462 

17.859 

18.256 

18.653 

19-050 
19.447 

19.843 

20.240 
20-637 
21.034 
21.430 
21.827 
22.224 
22.621 

23.018 
23.415 
23.812 

24.209 

24.606 
25-003 

25.400 

Turns per inch Tapping Drill 

68 

17.1 

1'8 

178 

28 

26 

28 

22 

20 

18 

18 

16 

14 



B.A. SCREWS 

B.A. Number Diameter Core Diam. 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

.2362 

.2087 
•185 
•1614 
•1417 
•126 
•1102 
.0984 
.0866 
.0748 
.0669 
.0591 
.0512 
.0472 
.0394 
.0354 

•189 
1661 
•1469 
•1268 
•1106 
•098 
•085 
.0756 
-0661 
.0563 
-0504 
-0445 
.0378 
-0354 
.0283 
.0256 

Turns per inch Clearing Drill Tapping Drill 

25.4 
28.2 
31.4 
34.8 
38.5 
43.0 
47.9 
52-9 
59.1 
65-1 
72.6 
81-9 
90-7 

101.0 
110-0 
121.0 

2 
10 
18 
25 
29 
32 
37 
42 
46 
49 
52 
54 
55 
58 
62 

9 
17 
24 
29 
32 
37 
43 
46 
50 
53 
54 
56 
60 
63 
68 
70 

Tapping Drill sizee are recommended for brass. For soft substances use the next smaller size drill. 

WOOD SCREWS 

Gauge Number Shank Diam. 

AMERICAN SCREWS 
(As used in Radio Manufacture) 

Clearing Drill Size Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

.066 

.080 

.094 
•108 
•122 
•136 
•160 
•164 
•178 
•192 
.206 
•220 
.234 

48 
43 
38 
32 
29 
26 
21 
17 
14 
9 
4 
1 

Where danger of splitting is great, use next larger 
size drill. 

Diameter Tapping Drill 

2-56 
3-48 
4-40 
5-40 
8-32 
8-32 
10-24 
10-32 
12-24 
}-20 

.0860 

.0990 
•1120 
•1250 
•1380 
•1840 
•1900 
•1900 
.2160 
.2500 

MECHANICAL CONVERSION TABLE 

49 
44 
43 
38 
33 
28 
23 
20 
17 
7 

To Convert into Multiply by Conversely, 
multiply by 

Centigrade 
Cubic inches 
Gallons (British) 
Grams 
Grams 
Inches 
Inches of mercury 
Knots 
Litres 
Metres 
Metres 
Metres per minute 
Miles per hour 
Miles per hour 
Sq. inches 
Watts 
Watts 

Fahrenheit 
Cubic centimetres 
Gallons (U.S.A.) 
Grains 
Ounces (a.d.p.) 
Centimetres 
Lbs. per eq. in. 
Miles 
Pints 
Feet 
Yards 
Feet per minute 
Feet per minute 
Feet per second 
Sq. centimetree 
B.T.U. per minute 
Horsepower 

(Ce x 32 
16.39 
1.20094 

15-432 
.03527 

2.54 
.49116 
1152 
1.76 
3-2808 
1.094 
3.281 

88 
1-467 
6.452 
.05688 
-00134 

(F - 32) x 
.06102 
.83268 
.0648 

28-35 
.3937 

2-0360 
.86836 
.5682 
.3048 
.9144 
.3048 
.01136 
-6818 
•1550 

17.58 
745.7 

e 
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READY-WORKED METER SHUNT AND SERIES RESISTANCE TABLE 
The table below gives values of shunt resistance for increasing the current range of a milliammeter and the 

values of series resistance for converting a milliammeter into a voltmeter to cover various ranges. A practical 
example of this technique is given on page 60. The internal resistance of the milliammeter is a controlling factor. 
The average 0-1 milliammeter, for example, has an internal resistance of something less than 50 ohms; in drawing 

up the tables below the author intends that the resistance of the meter shall either be made up to 100 ohms by 
the use of a suitable series resistance, or, preferably, be made up to 50 ohms with an additional 50 ohms added, 
the latter being provided with a press-button shorting switch, so that its depression will double the meter reading 

when desired. By incorrect switching arrangements, serious errors can be introduced by switch contact resistance 

attention is therefore drawn to page 12, Vol. III, of Modern Practical Radio and Television. 

Serum Resistance in Ohm* for Milliammeter with range as below 

Required Voltage 
Range (volts) 1 rnA 2 mA 3 mA 5 mA 10 mA 

2 . . •1,900 *900 566 300 *100 

3 . 2,900 1,400 *900 500 200 

5 . . *4,900 2,400 1,560 *900 *400 

10 . . *9,900 *4,900 3,230 *1,900 *900 

15 . . 15,000 7,400 *4,900 2,900 1,400 

20 . . *20,000 *9,900 8,580 3,900 *1,900 

30 . . 30,000 15,000 *9,900 5,900 2,900 

50 . . *50,000 25,000 18,800 *9,900 *4,900 

100 . . •100,000 *50,000 33,300 *20,000 *9,900 

150 . . 150,000 75,000 *50,000 30,000 15,000 

200 . . *200,000 •100,000 88,800 40,000 *20,000 

300 . . 300,000 150,000 •100,000 60,000 30,000 

500 . . *500,000 250,000 186,000 •100,000 *50,000 

1,000 . •1,000,000 *500,000 333,000 *200,000 •100,000 

Note.-The above resistance values have been adjusted to convenient values so far as possible consistent with 
maximum error not exceeding 1 per cent. Figures marked with asterisk indicate ranges that read conveniently 

on the meter scale. 

SHUNT RESISTANCE IN OHMS FOR MILLIAMMETER WITH TOTAL RESISTANCE OF 100 OHMS 

Multiplying 
Factor 

Multipiying 
Factor 

Multiplying 
Factor 

Multiplying 
Factor 

2 loo 10 11.11 80 1.895 400 .25 

4 93-33 20 546 80 1.266 500 2 

5 25 30 3.45 100 141 800 •16 

6 20 40 246 200* .503 800 • 12 

8 14.29 50 104 300 .334 1,000 .1 

• It is inadvisable to attempt multiplication factors above 100 unless fully conversant with test gear and 

very low resistance shunts. 

7 
5 

COMPARATIVe., RESISTANCE RESISTIVITY, p OF METALS 

Material Relative Resistance Material ed. Ohms per cu. cm. at 0° C. 

Copper 1 Copper, standard . . 1.589 

German silver . . 11.7-184 Copper, hard-drawn . 1.6 

Eureka . . . . 30 average Eureka . . . . 48 average 

Nichrome . 55 average Nichrome . . . 112 average 

Silver . . . 44 Silver . . . . 147 

Silicon bronze . 14 Aluminium . . . 247 

Aluminium . . . 1.8 Nickel . . 12.32 

Nickel . . . • 13 Manganin . . . 42 average 

Phosphor bronze . „ 4.4 German silver . 21 average 

Manganin , . . 27 Iron, annealed . . 107 
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SULPHURIC ACID TABLE 
(Quantities by Volume) 

1.350 Sp. Gr. = 1 part acid to 2.3 parts distilled water. 

1.300 „ „ = 1 „ „ „ 2-8 

1.250 „ „ -= 1 „ „ „ 3-8 

1.200 „ „ 1 „ „ „ 5.0 
1.150 „ „ = 1 „ „ „ 7.0 

91 

PP 

PP 

P. 9. 

PP PP 

P. 9. 

Note.-Above table assumes undi.uted acid to be 
1•84O Sp. Gr. Always add acid to water; the reverse 

procedure is most dangerous. 

ACCUMULATOR DISCHARGE 
TABLE * 

Fully charged 

PP 

9. P. 

Half discharged 

.9 

Discharged . 

99 

▪ = 1.250 Sp. Gr. at 80° F. 

•--- 1.248 „ „ „ 70° F. 
= 1-242 „ „ „ 80° F. 

•.. 1.180 „ 80° F. 

• = 1-178 „ „ „ 70° F. 
• = 1-173 „ „ „ 80° F. 

• .. 1-110 „ „ „ 80° F. 

= 1-107 „ „ „ 70° F. 

• . . 1-105 „ „ „ 80° F. PP 

• Varies slightly with different makers. 

ESTIMATION OF TEMPERATURE 
BY COLOUR 

Black red 
Deep red 

Brilliant red . 
Vivid orange . 

Yellow . . 
Whitish yellow 

White . . 
Blinding white 

= 900 F. .. 500' C. 
= 1,000° F. 525° C. 

= 1,400° F. 775° C. 
.= 1,550° F. 850° C. 

1,725° F. 950° C. 
1,825° F. 1,000° C. 

= 1,975° F. = 1,100° C. 
--- 2,20(i° F. = 1,200° C. 
= 2,800° F. = 1,500° C. 

ESTIMATION OF SOUND 
INTENSITY 

o db Threshold of normal hearing. 
10 db --- Very quiet but unmistakable sound. 

20 db = Kettle boiling at 8 ft. away. 

30 db = Sewing machine in adjoining room (door 
open). 

40 db = Moderate radio set in adjoining room. 

50 db = Traffic noise on main road with closed 
windows. 

75 db = Very buey suburban main road. 
100 db Road drill other side of road. 
125 db = Shattering noise, e.g. unsilenced motor. 

engine fully revved in small confined 
space; feoling of discomfort begins to 

over be apparent. 
125 db At noise-levels 130-140 db, pain rather 

than hearing is experienced. 

Note.-The above indications of sound-intensity 
are obviously wide approximations; they are the 

result of measurement in a South-west London 
suburb, using a microphone. The ear, however, will 

be greatly influenced by the nature of the sound, e.g, 
a person singing out of tune may give the impression 

of being louder than a more pleasing sound of equal 
intensity; also the human ear is not linear to fre-

quency. 
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CLIMATIC DATA 
Miscellaneous information useful when considering 

overseas requirements or when erecting large aerial 
masts. 

TEMPERATURES 

British Isles . Max. 100° F. Min. e F. 
Europe (excluding 
U.S.S.R.). . = „ 125° F. 

Africa . = „ 138° F. 
Australia . • = „ 127° F. 

Asia . . • = „ 125° F. 

North America . = „ 120° F. 
New Zealand • = „ 95° F. 

South America . = „ 115° F. 

U.S.A. . • = „ 134° F. 
. - „ 110° F. 

WIND 
10 m.p.h... 

20 

30 
50 

75 
100 
125 

150 
175 

200 
10 

20 
30 
60 
76 
100 
125 
150 
175 
200 

- 50° F. 

0° F. 
19° F. 

- 90° F. 
- 70° F. 

23° F. 
- 25° F. 
- 88° F. 
- 90° F. 

VELOCITY AND PRESSURE 
•23 lb. per eq. ft. on cylindrical surface 

.8 PP 

1-7 „ 
4-2 „ 

8-7 „ 
14.5 „ 
21-9 „ 

30-9 „ 
41-4 

▪ 53-5 
• • 4 lb. per sq. ft. on flat surface 

- 1-3 
= 2.8 
= 9.7 
= 14.5 
= 24-3 

38-9 
= 51.9 

89-5 
▪ 89-8 

pp, pp PP 

OP 

.9 

PP 

HUMIDITY 
Humidity varies so widely in relatively small areas 

that brief data is meaningless, but in certain parts of 
the world humidity is as high as 99 per cent. Its 
effect on radio receivers may be controlled by spray. 
ing with nitrocellulose lacquer. For use in non-
built-up areas about 2 per cent, of pentachloral-
phenol may be added as a fungus deterrent. 

READY-WORKED NUMERICAL 
VALUES 

= 3-1418 

9-8898 

1 

1 

V; = 1.7725 

1 
= .5842 

Area of circle 

Area of triangle 

Area of cylinder 

Volume of sphere 

•3183 

4013 

2ir = 8.2832 
1 

•1592 

1.4142 

-▪ = 1.7321 

1 
v-2 •7071 

1 
•5773 

= B▪ ase x }13 
2,rrH 

4 
- 17 

3 

Volume of cylinder = 

Volume of cone 



VARIATIONS IN WORLD TIME 

Local time is given in considerable detail below owing to its great value when identifying foreign stations.. 
Up-to-date information of this kind and up-to-date frequency changes are given in the Short- Wave New., 
published by The Amalgamated Short-Wave Press Ltd., 57 Maids Vale, W.9. 

Country 
To 

G.M.T. 
ADD 

From 
G.M.T. 
TAKE 

Country 
To 

G.M.T. 
ADD 

From 
G.M.T. 
TAKE 

Hrs. Mine. Hrs. Mina Hrs. Mine. Hrs Mina 
Aden . . . . . 3 00 — Kenya . . . . 2 30 — 
Afghanistan . . . . 4 00 — Korea • • . . 9 00 — 
Albania . . . . 1 00 — Latvia . . . . 2 00 — 
Algeria. . . . , No change Liberia . • • • — 44 
Argentine . * . . — 4 00 Libya . . . . 1 00 — 
Australia, N.S.W.,Victoria . 10 00 — Lithuania . . . . 1 00 — 

„ Queensland . . 9 30 — Madagascar. . . . 3 00 — 
„ Western . . 8 00 — Malay States . . . 7 20 — 

Bahamas „ . . . — 5 00 Malta . . . . . 1 00 — 
Barbados . . . . — 4 00 Manchukuo . . . . 8 00 — 
Bechuanaland . . . 2 00 — Mexico . . . • — 6 00 
Belgian Congo (Leopoldville) . 1 00 — Mongolia . . . . 7 00 —  

(Stanleyville) . 2 00 — Mozambique . . . 2 00 — 
Belgium . . . . No change Netherlands . . . 20 — 
Bermuda . . . , — 4 00 Newfoundland . . . — 3 30 
Bolivia. . . . . — 4 33 New Guinea (Dutch) . . 9 00 — 
Borneo, North . . . 8 00 — „ , (British) . . 10 00 — 

,, Dutch . . . 7 30 — New Zealand . . . 11 30 — 
Brazil « . . . . — 3 00 Nigeria . . . . 1 00 — 
British Guiana . . — 3 45 Norway . . . . 1 00 — 
British Honduras . . . — 8 00 Palestine . . . . 2 00 — 
Bulgaria . . . . 2 00 — Panama . . . . — 5 00 
Burma . . . . . 8 30 — Paraguay . . . . — 4 00 
Canada: Peru . . . . . — 5 00 
New Brunswick, Nova Scotia — 4 00 Poland . . . . 1 00 — 
Quebec, Ontario. . . — 5 00 Portugal . . . . No change 
Manitoba . . . . 8 00 Rhodesia, North . . . 2 00 — 
Alberta, Saskatchewan . — 7 00 „ South . . . 2 00 — 
British Columbia . — 8 00 Rumania . . . . 2 00 — 
Yukon Territory . . — 9 00 Saudi Arabia . . . 3 00 — 

Ceylon . . . . . 5 00 — Senegal . . . . — 1 00 
Chile . . . . . _ 4 00 Sierra Leone . . . — 1 00 
China, Eastern . . . 8 00 — Solomon Islands . . . 10 00 — 
„ Central arid Western . 7 00 — Somaliland (Fr. and Brit.) . 3 00 — 

Colombian Republic . . — 5 00 South-West Africa . . 2 00 — 
Costa Rica . . . . — 5 00 Spain No change 
Cuba . . . . . — 5 00 Sudan . . . . 2 00 — 
Cyprus . . . . 2 00 — Sweden . . . . 1 00 — 
Czechoslovakia . . . 1 00 — Switzerland. . . . 1 00 — 
Denmark . . . . I 00 — Syria • . . . . 2 00 — 
Ecuador, Guayaguil . . — 5 I A Tanganyika . . . 3 00 — 

„ all other parts. . — 5 14 Thailand . . . . 7 00 — 
Egypt • • • • 2 00 — Transjordan . . . 2 00 — 
El Salvador . . — 8 00 Trinidad and Tobago . . — 4 00 
Estonia . . . . 2 00 — Tunisia . . . . 1 00 — 
Ethiopia . . . . 3 00 — Turkey . . . 2 00 — 
Finland . . . . 2 00 — Union of South Africa . . 2 00 — 
France . . . . . No change U.S.S.R., European . 3 00 — 
French Cameroons. . 1 00 — ,. Ukraine (Kiev) . 4 00 — 
„ Equatorial Africa I 00 — ., Ural Area (Sverd-
„ Guiana . . . — 4 00 lovsk) . . 5 00 — 
, Indo-China . 7 00 — ., Usbek (Tashkent) . 6 00 — 

Gambia . . . . — 1 00 ., Siberian Area (Novo. 
Germany . . . . I 00 — Sibursk) . . 7 00 — 
Gold Coast . . . . No change „ Siberian Area 
Greece . . . . . 2 00 — (Irkutsk) . . 8 00 — 
Greenland . . . . — 3 00 .. Asiatic Repb. (Chita, 
Hawaiian Islands . . . — 9 30 etc.) . . . 9 00 — 
Honduras . . . . — 6 00 99 Asiatic Repb. (Vladi-
Hungary . . . . 1 00 — vostok) . . 10 00 — 
India . . . . . 5 30 — U.S.A., Atlantic Coast . . — 5 00 
Iran . . . . . 3 00 — 99 Central States . . — 6 00 
Iraq . . . . . 3 00 — ,, Mid-Western States . — 7 00 
Italy . . . . . 1 00 — 9.9 Pacific Coast . . — 8 00 
Jamaica . . . . — 5 00 Uruguay . . . . — 3 30 
Japan . . . . 9 00 — Venezuela . . . — 4 30 
Java . . . . . 7 30 — Yugoslavia . . . . 1 00 — 
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SYMBOLS 

Note.— Symbole used are those in daily use and are not necessarily idealistic. 

GENERAL SYMBOLS 

Admittance . 
Ampere. . 
Amplification factor . . 
Angular velocity ( 2,,f) . . 
Anode A.C. resistance (impedance) 
Anode current . . 
Anode current inductance 
Anode voltage 
Capacity 
Conductance . . 
Conductivity . . 
Current (instantaneous) 

Current (R.M.S.) . 
Dielectric constant . 

E.M.F. . . • 
E.M.F. (instantaneous) 
Energy. 

Farad . 
Frequency . . 
Grid circuit inductance 
Grid current . . 
Grid voltage . 
Henry 
Impedance . 
Inductance . 

Amplification factor 
Anode current . 
Anode impedance . 
Anode voltage . 
Capacity, anode cathode. 
Capacity. anode output 
Capacity, grid anode 
Capacity, grid cathode 
Capacity, grid input 
Cathode current 
Cathode voltage 

Y• 
A 

m 

Ra 
Ia 
Ls 
Va 

G. g 

'Y 

E 
e 

Lg 

Ig 

Vg 

Magnetic field. 
Magnetic flux. 
Magnetic flux density 

Magneto motive force . 
Magnification of tuned circuit 
Mutual inductance . . 
Number of plates, turns, etc. 
Ohm . . 

Period . . 
Permeability . 
Phase displacement or angle 
Power output 

Reactance . . 
Reactance, capacitive 
Reactance, inductive 
Reluctivity . 
Resistance . 
Resistance, H.F. 
Resistivity 
Suaceptanoe 
Time . 
Velocity. 
Volt • 

Watt . 
Wavelength 

VALVE SYMBOLS • 

Conversion conductance . 
Filament current . 
Filament voltage . 
Grid current . . 
Grid input impedance 
Grid voltage . . 

Optimum load 
Screen current 
Screen voltage 

• Slope . . . . 
• Transconduotance (U.S.A.) • 

* A new system of valve symbolisation has been introduced by the B.V.A. and will doubtless pass into general 

i 
usage in due course; that shown ha a been in use for many years and, w ith slight variation, will be found n mast 
text-books. 

H 

N, 

Po 
X 
Xe 

XL 

Is equal to . 
Is not equal to 
Is approx. equal to. 
Is the same as . 
The difference between 

Varies as; is proportional to 
Greater than . . 
Not greater than . 

Length (cm.) . 

Maas (gm.) • 
Time (sec.) . 
Surface (sq  cm ) 
Volume (ou. cm.) . 
Velocity (cm. per see.) 
Acceleration (cm, per seo.) 

MATHEMATICAL SYMBOLS 

cc 

Less than . 
Not less than . 
The sum of . 

General symbol of an angle 
A small difference . 
Angle . . . • 
An unknown quantity . 
Angular velocity; 24 . 

• 

C.G.S. MECHANICAL SYMBOLS 

• 1 Force (dyne) . 
. m Work (erg) . 
• t Energy (erg) . . 
A Power (erg per sec.) . . 
V Pressure (dynes per sq. cm.) . 
y Angle (radian) 
a Angular velocity (radians per see.) . 
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go 

If 

Vt 

Ig 

Zg 

Vg 

RO 
IBC 
Vgg 

gm 

gin 

. X 

13 



DIRECTORY OF RADIO AND ELECTRICAL INSTITUTIONS AND 

ASSOCIATIONS 

BRITISH INSTITUTION OF RADIO ENGINEERS 
General Secretary : G. D. Cturroan, F.C.C.S., 9 Bedford Square, London, W.I. (Museum 1901-3.) 

INSTITUTION OF ELECTRICAL ENGINEERS 
Secretary: W. K. Buàtuxxx, Savoy Place, Victoria Embankment, London, W.C.2. (Temple Bar 7878.) 

THE TELEVISION SOCIETY 
Joint Secretary: G. PARR, 88 Compton Road, London, N.21. (Laburnum 4123.) 

INCORPORATED RADIO SOCIETY OF GREAT BRITAIN 
Secretary : J. CLABRICOAT8, 0 .B.E., New Ruskin House, Little Russell Street, London, W.C.1. (Holborn 7373. 

INSTITUTION OF RADIO ENGINEERS, AUSTRALIA 
Secretary: N. 8. Gumourt, Box 3120, G.P.O., Sydney, Australia. 

INSTITUTE OF RADIO ENGINEERS (INC.) 

330 West 42nd Street, New York. 

RADIO TRADES' EXAMINATION BOARD 

9 Bedford Square, London, W.1. (Museum 1901-3.) 

CITY AND GUILDS OF LONDON INSTITUTE 
Dept. of Technology, 31 Brechin Place, South Kensington, 8.W.7. (Freemantle 1121.) 

RADIO INDUSTRY COUNCIL: 

BRITISH RADIO EQUIPMENT MANUFACTURERS' ASSOCIATION 

59 Russell Square, London, W.C.1. (Museum 6901-5.) 

BRITISH RADIO VALVE MANUFACTURERS' ASSOCIATION 
Piccadilly House, 16 Jermyn Street, London, &W.1. (Regent 5168.) 

RADIO COMMUNICATION AND ELECTRONIC ENGINEERING ASSOCIATION 

59 Russell Square, London, W.C.1. (Museum 6901-5.) 

RADIO COMPONENT MANUFACTURERS' FEDERATION 
22 Surrey Street, Strand, London, W.C.2. (Temple Bar 6740.) 

RADIO AND TELEVISION RETAILERS' ASSOCIATION 

18 Woburn Square, London, W.C.1. (Museum 3987.) 

SCOTTISH RADIO RETAILERS' ASSOCIATION 

4 Forres Street, Edinburgh 3. 

NORTHERN IRELAND RADIO RETAILERS' ASSOCIATION 

20 Victoria Street, Belfast. (Belfast 26631 and 21109.) 

WIRELESS DEALERS' ASSOCIATION 

29-30 Daine Street, Dublin. (Dublin 71693.) 

INSTITUTE OF PUBLIC ADDRESS ENGINEERS 
18 Woburn Square, London, W.C.1. (Museum 3987.) 

BRITISH STANDARDS INSTITUTION 
28 Victoria Street, London, &WA. (Abbey 3333.) 

BRITISH " WIRELESS FOR THE BLIND" FUND 

226 Great Portland Street, London, W.1. (Euston 5251.) 
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VALVE BASES AND CONNECTIONS 

Every care has been taken in compiling the information given below; it will be realised that the 
author is dependent, in many cases, upon information received from various sources; errors may there-
fore exist and no liability can be accepted. 
The valves listed are " current " and " replacement " types catalogued by selected valve manufac-

turers and used in both radio and television receivers. The symbols in the diagrams are largely self-
explanatory but are listed below for convenience. When there is more than one similar electrode, they 
are, when necessary, distinguished by a dash; for example, the symbols a' a", k' k" imply that anode a' 
is associated with cathode k' whereas anode a" is associated with cathode le. 

a 
bp 
def 

h 

anode 
beam-forming plates 
target deflector 
filament 
grid 
heater 

ic 

te 

internal connection 
cathode 
metalising 
internal shield 
magic eye target 
target screen 

An isolated figure indicates that a pin so marked is connected internally to the pin corresponding to the 
number used; valve pins are deemed to be numbered starting with No. 1 at the bottom centre, but 
when there is no pin in this position numbering starts at 7 o'clock. These numbers must not be 
confused with subscript numbers such as g, used to denote the positions of grids in a multi grid valve; 
in line with usual practice, such grids are numbered starting with No. 1 nearest to the filament or 
cathode. For example, the grids of a pentode are numbered in the following manner. Control grid 
g1, screening grid g, and suppressor grid g,. Reference to Volume 1, page 105, will help to illustrate these 
symbols. 
In addition to the main symbols shown above, there are four subscripts used to distinguish between 

similar electrodes used for different purposes. For example, at means the anode of the triode section of 
a multi-valve. 

d diode t triode 
p pentode tap tapping on heater or filament. 

Where appropriate, the usual signs are used to denote positive and negative. For example, f(—) 
denotes that the pin so marked must be used for the negative filament connection. 

BRIMAR 

S.G. and R.F. Pens. 

CuaaErrr TYPES 
DAF96 73 
DF96 70 
1A115 73 
1AJ4 70 
1L4 70 
185 73 
IT4 70 
1U5 64 
6A.116 80 
6BA6 67 
6BH6 76 
6I3J6 76 
6BR7 303 
6BS7 298 
6BW7 285 
8DA6 304 
6N8 287 
8D3 80 
9D6 80 
I2AV6 67 
12BA6 67 
5749 67 
6059 303 
6064 80 
6065 80 

REPLACEMENT TYPES 

EF41 190 
EF80 285 

1LD5 
1LN5 
6B8 
6BX6 
6C6 
6D6 
6J7 
6K7 
6U7 
7B7 
7H7 
7R7 
8D2 
9D2 
12C8 
12J7 
12K7 
14H7 
14R7 
77 
78 

221 
223 
180 
285 
339 
339 
111 
111 
111 
212 
212 
219 
45 
45 
180 
111 
111 
212 
219 
339 
339 

Frequency Changers 

Cuitamer TYPES 
DK96 93 
ECF82 308 
PCF82 308 
lAB6 93 
1AC6 93 
1R5 71 
6BE6 79 
61.18 308 

9U8 
12AH8 
12BE6 
5750 

REPLACEMENT 

ECH42 
UCH42 
1LA6 
6A7 
6A8 
6F7 
6K8 
7S7 
12K8 
1487 
15A2 
15D2 
20D2 

308 
294 
79 
79 

TYPES 
185 
185 
224 
346 
115 
345 
128 
215 
128 
215 
41 
41 
42 

Diodes, Triodes and 
Diode Triodes 

CITERENT TYPES 
EABC80 289 
ECC84 306 
ECC85 
ECL80 
HABC80 
PCC84 
6AB8 
6AF4 
6AK8 

75 

312 
300 
289 
306 
300 
92 
289 

6AL5 
6AT6 
6BM8 
6B(47A 
6CW7 
6C4 
6SL7 
6SN7 
6T8 
7AN7 
12AT7 
12AT6 
12AU7 
12AX7 
12BH7 
13D1 
13D2 
13D3 
I9T8 
5726 
6057 
6058 
6060 
6158 

69 
98 
322 
312 
306 
66 
164 
164 
289 
306 
288 
98 
288 
288 
288 
164 
164 
288 
289 
69 
288 
69 
288 
288 

REPLACEMENT TYPES 

EBC41 192 
UBC41 
4DI 
6H6 
6J5 
6N7 
6Q7 

192 
53 
123 
167 
165 
152 



UL41 
1A5 
155 
2A3 
3D6 
3Q4 
354 
6A3 
6/106 
6B4 
6BG6 
6F6 
6K6 
6V6 

BRIMAR—continv,ed 

Diodes, Triodes and 
Diode Triodes 

REPLACEMENT 
7B6 
7C6 
7K7 
10D1 
11D3 
11D5 
12Q7 
12SL7 
14B6 
75 

TYPES 
211 
211 
220 
27 
46 
46 
152 
164 
211 
343 

Efficiency Diodes 

CURRENT TYPES 
EY83 302 
PY81 302 
PY83 302 
8U4 143 

REPLACEMENT TYPES 
PY81-17Z3 302 

Output Valves, 
Sound and T.V. 

CURRENT TYPES 
DL96-3C4 
ECL80-6AB8 
ECL82-6BM8 
EL84-6BQ5 
G-5005 
HL84 
PCL82 
PL81-21A6 
3V4 
6AK6 
6AM5 
6AQ5 
6BW6 
6CD6 
6CH6 
8L6 
7D9 
9BW6 
19AQ5 
5005 
50CD6 
807 
5763 
6061 
6062 
6132 

62 
300 
322 
291 
78 
291 
322 
292 
62 
67 
87 
84 
297 
121 
297 
162 
87 
297 
84 
78 
121 
338 
286 
297 
286 
297 

REPLACEMENT TYPES 
186 
190 
147 
72 
336 
222 
74 
74 
336 
162 
179 
121 
162 
162 
162 

7A2 
7A2 
7A3 
7C5 
7D3 
7D5 
7D6 
7D8 
12A6 
18 
19BG 
25A8 
25L6 
35A5 
35L6 
42 
43 
50A5 
50L6 

30 
54 
54 
217 
54 
54 
54 
54 
162 
341 
6121 
162 
162 
217 
162 
341 
341 
217 
162 

Thyratrons 

2D21 86 

Rectifiers 

CURRENT 
EZ80-6V4 
R10 
RII 
R12 
R17 
R18 
R19-1X2B 
5R4 
5U4 
5V4 
5Y3 
5Z4 
6X4 
35W4 
35Z4 
83 
6063 
6157 
6443 

TYPES 
317 
81 
13 
Wires 
307 
307 
318 
177 
177 
175 
177 
175 
75 
100 
174 
335 
75 
307 
307 

REPLACEMENT 
EZ40 
OZ4 
R2 
R3 
UY41 
1D5 
1D6 
5Z3 
6X5 
7Y4 
7Z4 
25Z4 
35Z3 
80 

TYPES 
195 
172 
15 
15 
189 
31 
340 
335 
124 
210 
210 
137 
218 
335 

Tuning Indicators 

CURRENT TYPES 
EM85 313 

REPLACEMENT 
EM71 
6E5 
6U5-605 
6U5G 
12U5 
1629 

TYPES 
232 
342 
342 
171 
171 
171 

76 

COSSOR 

S.G. and R.F. Pens. 

CURRENT 
0M5B 
0M5C 
0M6 
1S5 
1T4 
6AM5 
6AM6 
6BX6 
6BY7 
6F33 
7B7 
61SPT 
62VP 
63SPT 
171DDP 
210VPA 

TYPES 
111 
111 
111 
73 
70 
87 
80 
285 
285 
80 
212 
170 
190 
331 
287 
43 

REPLACEMENT TYPES 
MS/PEN 44 
MS/PEN/B 45 
MVS/PEN 44 
MVS/PEN/B 45 
1N5 146 
4TSA 58 
6J7 111 
6K7 111 
6SG7 166 
6S117 166 
6SK7 160 
6S57 160 
12SG7 166 
13SPA 45 
13VPA 45 
41MPT 44 
41MTS 51 
42MPT 44 
42PTB 45 
42SPT 44 
210SPT 43 
210VPT 43 
215SG 11 
202 VP 44 
202VPB 45 

Frequency Changers 

CURRENT TYPES 
1R5 
6AJ8 
757 
8A8 
9U8 
1457 
62TH 
141TH 

REPLACEMENT 
0M10 
1A7 
4TFIA 
13PGA 
41MPG 
41STH 
210PG 
210SPG 
202MPG 
202STH 
203THA 
220TH 
302THA 

71 
290 
215 
308 
308 
215 
185 
185 

TYPES 
127 
145 
42 
41 
41 
42 
40 
40 
41 
42 
42 
57 
42 

DDL4 
0M4 
6C5 
6H6 
6J5 
6Q7 
6SL7 
12H6 
125C7 
12SR7 
41MTL 
202DDT 

Diodes, Triodes and 
Diode Triodes 

CURRENT 
SD6 
SD61 
6AB8 
6AK8 
6AL5 
6AQ8 
6J6 
6SN7 
7AN7 
7C6 
12AT7 
12AU7 
62DDT 

TYPES 
99 
20 
300 
289 
69 
312 
68 
164 
306 
211 
288 
288 
192 

REPLACEMENT TYPES 
27 
152 
167 
123 
167 
152 
164 
123 
163 
154 
25 
46 

Efficiency Diodes 

CURRENT TYPES 
17Z3 302 

Output Valves, 
Sound and T.V. 

CURRENT TYPES 
3A4 60 
3S4 74 
GABS 300 
6BQ5 291 
6CH6 297 
6L6 162 
6V6 162 
7C5 217 
16A5 291 
21A6 292 
35A5 217 
62BT 120 
67PT 190 
142BT 162 
451PT 190 
807 338 

REPLACEMENT TYPES 
MP/PEN 54 
PTIO 54 
PT41 29 
105 147 
2P 10 
4XP 10 
6K6 162 
41MPT 44 
41MXP 25 
42MP/PEN 54 
42MPT 44 
61BT 120 
185BTA 120 
215P 10 
2200T 29 
220P 10 



COSSOR—continued 

Output Valves, 
Sound and T.V. 

REPLACEMENT TYPES 
220PA 10 
22OPT 29 
240QP 48 
332PEN 162 
402PuNA 49 

Thyratrons 

REPLACEMENT TYPES 
GDT4B 32 
GDT4C 32 

Rectifiers 

CURRENT TYPES 
8112150A 13 
S1761 Wires 
6V4 317 
6W 2 Wires 
7Y4 210 
19Y3 293 
35Z3 218 
431U 12 
52KU 175 
53KU 175 
54KU 175 
66KU 195 
311SU 187 

REPLACEMENT 
OM1 
81725 
SU2150 
4-100BU 
5U4 
5Z4 
6X5 
27SU 
40SUA 
80 
225DU 
405BU 
45117 
506BU 

TYPES 
174 
119 
13 
12 
177 
175 
124 
144 
31 
335 
56 
12 
12 
12 

Tuning Indicators 

CURRENT TYPES 
EM81 310 
64ME 161 
65ME 310 

REPLACEMENT 
63ME 

TYPES 
171 

EMITRON 

S.G. and R.F. Pens. 

CURRENT 
EF80-6BX6 
EF85-6BY7 
185 
1T4 
6AM6 
6BA6 
7B7 
7H7 

TYPES 
285 
285 
73 
70 
80 
67 
212 
212 

Frequency Changers 

CURRENT TYPES 
ECH81-6AJ8 290 
PCF80-9A8 308 
1R5 
6BE6 
7S7 
1487 

71 
79 
215 
216 

Diodes, Triodes and 
Diode Triodes 

CURRENT TYPES 
EABC80-6AK8 289 
ECC81-12AT7 288 
ECC85-6AQ8 
ECL80-6AB8 
PCCS4-7AN7 
6AL5 
6AT6 
7C6 

312 
300 
306 
69 
98 
211 

Efficiency Diodes 

CURRENT TYPES 
PY80-19X3 293 
PY81-17Z3 302 

Output Valves, 
Sound and T.V. 

CURRENT TYPES 
ECL80/6AB8 300 
EL8416BQ5 291 
PL81,'21A6 292 
3A4 71 
384 74 
6AM5 87 
6AQ5 84 
6L6 162 
7C5 217 
16A5 291 
185BT 120 
185BTA 120 
35A5 217 
807 338 

Rectifiers 

CeRRENT TYPES 
EZ80-6V4 317 
PY82-19Y3 
S1745 
SU2150A 
11709-EZ81 
6W 2 
6X4 
7Y4 
35Z3 

293 
81 
16 
317 
Wires 
75 
210 
218 

REPLACEMENT TYPES 
SU25 119 
6X5 124 
27SU 144 
43117 12 
45117 12 
52KU 175 

Tuning Indicators 

CURRENT TYPES 
EM80 310 

77 

FERRANT! 

S.G. and R.F. Pens. 

CURRENT TYPES 
DAF96-1AH5 73 
DF96-1AJ4 70 
DF97 91 
DP61 65 
EAF42-6CT7 188 
EFB80-6N8 287 
EF41-6CJ5 190 
EF42 191 
EF80-6BX6 285 
EF85-6BY7 285 
EF86 296 
EF89-6DA6 303 
UBF42 188 
UBF80 287 
UF41 190 
1TF85 285 
1TF89 303 
IS5 73 
1T4-DF91 70 
6AG5 65 
6AK5 65 
6AM6-EF91 80 

REPLACEMENT TYPES 
SPT2 
SPT4A 
VPT2 
VPT2 
VPT4 
1N5 
6AB7 
6AC7 
6B8 
6C6 
6D6 
6J7 
6K7 
6SG7 
6SH7 
6SJ7 
6SK7 
6887 
6177 
7H7 
7R7 
12C8 
12J7 
12K7 
12SJ7 
12SK7 

43 
44 
11 
43 
26 
146 
160 
160 
180 
339 
339 
111 
111 
166 
166 
160 
160 
160 
111 
212 
219 
180 
111 
111 
160 
160 

Frequency Changers 

CURRENT TYPES 
ECH42-6C177 185 
ECH81-6AJ8 290 
1AB-DK96 93 
lAC6-DK92 93 
1R5-DK91 71 
6BE6-EK90 79 
9A8-PCF80 308 
9U8-PCF82 308 

REPLACEMENT TYPES 
VI1T2A 40 
VHT4 41 
6A7 346 
6A8 115 

6K8 
6SA7 
6SA7 
7S7 
12K8 

128 
151 
110 
215 
128 

Diodes, Triodes and 
Diode Triodes 

CURRENT TYPES 
DD6 
EABC80 
EBC4I 
PCC84-7M 7 
PCC85-9AQ8 
UBC4I 
UCC85 
6AL5-EB91 
6J6 
6SL7 
6SN7 
12AT7-ECC81 
12AU7-ECC82 
12AX7-ECC83 

69 
289 
192 
306 
312 
192 
312 
69 
68 
164 
164 
288 
288 
288 

REPLACEMENT TYPES 
D4 
EB41 
112D 
114D 
HL2 
L2 
1G6 
1115 
6A6 
6C5 
6F8 
6J5 
6N7 
6Q7 
6SQ7 
7C6 
7K7 
12Q7 
12SC7 
12SL7 
12SQ7 
6116 

25 
193 
28 
46 
10 
10 
130 
133 
344 
167 
151 
167 
165 
152 
154 
211 
220 
152 
163 
164 
154 
123 

Output Valves, 
Sound and T.V. 

CURRENT TYPES 
DL96t3C4 62 
ECL80/6AB8 300 
EL41 
EL42 
EL84/6BQ5 
EL85/6BN5 
PCL82 
PCL83 
PL36-25E5 
PL81-21A6 
PT2 
UL41 
UL84 
1A5 
105 
3Q5 
3S4 
3V4-DL98 
6AM5-EL91 
6AQ5-EL90 

186 
190 
291 
309 
322 
305 
148 
292 
29 
190 
291 
147 
147 
113 
74 
62 
87 
84 



FERRANTI— 

Continued 

Output Valves, 
Sound and T.V. 

REPLACEMENT TYPES 

LP4 
PT4 
PT4D 
6C4 
6F6 
6K6 
6V6 
6Y6 
7C5 
12A6 
25L6 
35L6 
50L6 

10 
54 
47 
66 
162 
162 
162 
162 
217 
162 
162 
162 
162 

Thyratrons 

Cuniuurr TYPES 
EN30 117 
GK10 94 
GK20 
GM 
GL2 
GN10 
GN20 
3C23 

94 
118 
158 
116 
116 
337 

REPLACEMENT TYPES 
GK3 17 

Rectifiers 

Cumuurr TYPES 
EY51-6X2 Wires 
EY86-682 319 
EY91 85 
EZ80-6V4 317 
EZ90-6X4 75 
GZ32 175 
HR2 81 
EIR3 81 
HR6 165 
HR8 142 
HR9 157 
HR11 126 
PZ30 169 
UY85 323 
5RU 177 

REPLACEMENT TYPES 
EZ40 
HR2 
OZ4 
R42 
R43 
R52 
UY41 
5134 
5V4 
5Y3 
5Z4 
6W2 
6X5 
7Y4 
7Z4 
35Z4 
35Z5 
80 

195 
Wires 
172 
15 
12 
175 
189 
177 
175 
177 
175 
Wires 
124 
210 
210 
174 
168 
335 

Tuning Indicators 

CURRENT TYPES 
DM70/1M3 240 
EM80/6BR5 310 
EM81 310 

REPLACEMENT 
VFT6 
1629 

TYPES 
171 
171 

MARCONI 

S.G. and R.F. Pens. 

CURRENT TYPES 
W142 204 
W143 225 
W145 
W147 
W148 
W149 
W150 
WD142 
Z142 
Z145 
Z150 
Z152 
ZD152 

191 
Ill 
212 
212 
199 
188 
191 
198 
191 
285 
287 

Frequency Changers 

CURRENT TYPES 
X142 
X143 
X145 
X147 
X148 
X150 

185 
230 
185 
127 
215 
185 

Diodes, Triodes and 
Diode Triodes 

CURRENT 
B152 
D152 
DH142 
DH147 
DH149 
DH150 
DL145 
LN152 

TYPES 
288 
69 
192 
152 
231 
192 
192 
300 

Efficiency Diodes 

CURRENT TYPES 
U152 293 
U153 302 

Output Valves, 
Sound and T.V. 

CURRENT 
DN143 
KT44/45 
LN152 
N142 
N144 
N145 
N147 
N148 
N150 
N151 
N152 
N153 

TYPES 
226 
59 
300 
203 
95 
190 
162 
227 
203 
201 
292 
301 

U142 
U143 
13145 
15147 
1.1149 
U150 
13154 

Rectifiers 

CURRENT TYPES 
124 
202 
177 
187 
124 
210 
200 
293 

MARCONI OR  

OSRAM 

S.G. and R.F. Pens. 

CURRENT TYPES 
QA2400 80 
QA2403 80 
W17 
W77 
W107 
W719-EF85 
W727-6BA6 
W729 
WD709-EBF80 
Z77 
Z309 
Z319 
Z719 
Z729 
Z759 
ZD17 

REPLACEMENT 
KTW63 
MS4B 
MSP4 
MSP4 
W21 
W61 
W76 
W81 
W101 
Z14 
Z22 
Z63 
Z66 
Z90 

70 
80 
81 
285 
67 
285 
287 
80 
295 
316 
285 
296 
311 
73 

TYPES 
112 
26 
26 
44 
11 
Ill 
Ill 
212 
212 
146 
43 
Ill 
Ill 
331 

Frequency Changers 

CURRENT TYPES 
X17 71 
X18 93 
X79 299 
X109 299 
X719-ECH81 290 
X727-6BE8 79 

REPLACEMENT 
X14 
X22 
X61M 
X65 
X76M 
X78 
X81 
X101 

78 

TYPES 
145 
40 
127 
127 
127 
77 
215 
215 

A1834 
A2134 
HN309 
KT33C 
KT36 
KT61 
KT66 
LN309 
N18 
N19 
N37 
N77 
N78 
N108 
N309-PL83 
N329 
N339 
N349 
N709 
N727-6AQ5 
PX4 
QA2402 
Z759 

Diodes, Triodes, 
Diode Triodes and 

A.F. Pentodes 

CURRENT TYPES 
B36 164 
B65 164 
B309 288 
B319 306 
B329-12AU7 288 
B33-12AX7 288 
D77 69 
DH63 152 
DI177-6AT6 98 
DH107 98 
DH179-EABC80 289 
L63 167 
L77 66 
LN309 305 
QA2401 66 
QA2404 69 
QA2406 288 
QA2408 164 
Z729 296 

REPLACEMENT 
D41 
D63 
DH76 
DH81 
DH101 
DL63 
DL82 
H63 
HD14 
HL2 

TYPES 
27 
123 
152 
213 
213 
152 
213 
156 
133 
10 

Efficiency Diodes 

CURRENT Ty-1,Es 
13152 293 
13309 293 
13329 302 

Output Valves, 
Sound and T.V. 

CURRENT TYPES 
164 
100 
305 
178 
120 
162 
162 
305 
74 
90 
87 
87 
87 
87 
301 
291 
292 
292 
291 
84 
10 
87 
311 



MARCONI OR 

OSRAM—Continued 

Output Valves, 
Sound and T.V. 

REPLACEMENT TYPES 

KT2 29 
KT24 29 
KT32 162 
KT63 162 
KT76 162 
KT81 217 
KT101 217 
LP2 10 
MKT4 54 
N14 147 
N16 113 
N17 74 
PX25 10 

Thyratrons 

CURRENT TYPES 

GT1B 25 
GT1C 25 

Rectifiers 

CURRENT 

GU50 
QA2407 
U18/20 
tug 
U31 
U37 
U41 
U43 
U45 
U50 
U52 
U54 
U78 
U107 
U319 
U709 

TYPES 

13 
75 
12 
13 
174 
Wires 
173 
Wires 
Wires 
177 
177 
175 
75 
63 
293 
317 

REPLACEMENT 

MU14 
U10 
U14 
U19/23 
U33 
U35 
U76 
U81 
U82 
U84 
U101 

TYPES 

12 
12 
12 
13 
13 
126 
174 
228 
210 
228 
229 

Tuning Indicators 

CURRENT TYPES 

Y61 171 
Y63 171 

MAZDA 

S.G. and R.F. Pens. 

CURRENT 

1F1 
1F3 
IFD1 
1FD9 
1S5 

TYPES 
96 
70 
97 
73 
73 

6F1 
6F11 
6F12 
6F12ANI1 
6F14 
6F15 
6F18 
6F33 
10F1 
10F9 
10F18 
20F2 
30FL1 
30F5 

198 
191 
80 
80 
191 
191 
193 
80 
198 
191 
285 
191 
320 
285 

REPLACEMENT TYPES 

AC/SG/VM 26 
AC/VP! 44 
AC/VP2 45 
SP41 256 
SP42 256 
SP61 256 
SP181 256 
V453 256 
VP23 250 
VP41 256 
VP133 256 
VP210 43 
VP1321 44 
VP1322 45 
1F2 70 
1L4 70 
1T4 70 
6F13 191 
6F16 199 
6F32 256 
10F3 191 

Frequency Changers 

CURRENT TYPES 

1C2 93 
1C3 93 
6C9 185 
6C10 185 
!0C1 185 
10C2 197 
30C1 308 

REPLACEMENT 

AC/TH1 
AC/TP 
TH41 
TH233 
T112320 
TH2321 
TP22 
TP25 
TP2620 
ICI 
1R5 
6031 

TYPES 

42 
281 
257 
257 
42 
42 
280 
264 
281 
71 
71 
127 

Diodes, Triodes and 
Diode Triodes 

CURRENT 

6/30L2 
6D2 
6F1 
6F11 
6F12 
6L1 
6L18 

TYPES 

312 
69 
198 
198 
191 
80 
194 

6L19 
6L34 
6LD3 
10D2 
10F1 
1OLD3 
10L1 
20D1 
20L1 
30F5 
30FL1 
30L1 
30PLI 

194 
83 
192 
69 
198 
192 
83 
69 
194 
285 
320 
306 
305 

REPLACEMENT TYPES 

AC/HL 
AC/HLDD 
AC/2HL 
D1 
DD41 
HL23 
HL23DD 
HL41 
HL41DD 
HL42DD 
HL133DD 
P41 
P61 
V312 
6D1 
6D3 
6F13 
6LD20 
1OLD11 

25 
46 
25 
20 
260 
251 
253 
263 
255 
255 
255 
263 
263 
33 
20 
85 
191 
192 
192 

Efficiency Diodes 

CURRENT TYPES 

U191 141 
U251 
U301 
U801 

302 
141 
135 

REPLACEMENT TYPES 

U281 174 
U282 131 
U403 259 

Output Valves, 
Sound and T.V. 

CURRENT 

PEN46 
1P1 
1P11 
3V4 
6P1 
6P25 
6P28 
10P13 
10P14 
12E1 
20P3 
20P4 
20P5 
30PL1 
30P4 
30P12 

TYPES 

261 
62 
62 
62 
162 
162 
120 
190 
162 
120 
162 
120 
190 
305 
148 
291 

REPLACEMENT 

AC/PEN 

AC/21.Ex 
AC/2PENDD 

79 

TYPES 

54 
54 
47 

AC/4PEN 54 
AC/5Pme 54 
AC/5PENDD 47 
PENDD4020 47 
PEN25 252 
PEN44 265 
PEN45 265 
PEN45AN 265 
PEN45DD 282 
PEN2,20 29 
PEN383 265 
PEN384 265 
Pzie453DD 262 
PP3/250 10 
PP5/400 10 
IPIO 74 
20P1 120 
3S4 74 

Thyratrons 

CURRENT TYPES 

20A2 361 
20A3 89 

REPLACEMENT TYPES 

T41 263 
6K25 167 

Rectifiers 

CURRENT 

U25 
U26 
U404 
U801 
UI19 
UY4I 
19G3 
19G6 
19H1 
19H4 

TYPES 

Wires 
321 
189 
155 
195 
189 
125 
81 
13 
173 

REPLACEMENT TYPES 

U22 258 
U24 119 
UU4 15 
UU5 15 
UU6 254 
UU7 254 
ITU8 254 
UU10 15 
U201 174 
U281 174 
U403 259 
U4020 31 

Tuning Indicators 

CURRENT TYPES 

1M1 240 
6M2 159 
10M2 140 

REPLACEMENT TYPES 

ME41 266 
ME91 626 
ME920 50 
6M1 171 
10MI 171 



MULLARD 

S.G. and R.F. Pens. 

Cumuurr TYPES 

DAF70 243 
DAF91 73 
DAF98 73 
DF61 23 
DF62 24 
DF64 23 
DF73 244 
DF91 70 
DF92 70 
DF96 70 
DF97 91 
El8OF 315 
EBF80 287 
EBF89 287 
EF70 247 
EF71 248 
EF72 248 
EF73 245 
EF80 285 
EF85 285 
EF89 304 
EF91 80 
EF92 80 
EF93 67 
EF95 65 
HF93 67 
KF35 129 
M8083 80 
M8100 65 
M8101 67 
M8121 248 
M8122 245 
M8125 247 
M8126 80 
UBF80 287 
UBF89 287 
UF80 285 
UF85 285 
UF89 304 
6A56 78 

REPLACEMENT TYPES 

DF33 146 
DF66 22 
DF72 244 
EAF42 287 
EF9 273 
EF22 212 
EF36 111 
EF37A 111 
EF39 111 
EF40 196 
EF41 190 
EF42 191 
EF50 331 
EF54 332 
EF55 331 
PM12M 11 
SP2 43 
SP2B 55 
SP4 44 
SP4B 45 
SP13 273 
SP130 45 
VP4B 45 
UAF42 188 
LTF41 190 

CURRENT 

DF97 
DK91 
DK92 
DK98 
ECF80 
ECH81 
EK90 
HK90 
PCF80 
UCF80 
UCH81 

UF42 
1N5 
6J7 
6K7 
6SK7 
12J7 
12K7 
12SK7 
78 

191 
146 
111 
111 
160 
111 
111 
160 
339 

Frequency Changers 

TYPES 

91 
71 
93 
93 
324 
290 
79 
79 
308 
308 
290 

REPLACEMENT TYPES 

CCH35 
DK32 
ECF82 
ECH3 
ECH21 
ECH35 
ECH42 
EK2 
EK32 
FC2 
FC2A 
FC4 
FC13 
F0130 
KK32 
PCF82 
TH21C 
UCH21 
UCH42 
1A7 
12A7 
12A8 
12K8 

127 
145 
324 
271 
230 
127 
185 
272 
115 
40 
40 
41 
272 
41 
145 
324 
42 
230 
185 
145 
346 
115 
128 

Diode Triodes and 
A.F. Pentodes 

CURRENT TYPES 

DCC90 61 
EABC80 289 
EAC91 82 
EBC41 192 
EBC90 98 
E090 66 
EC91 83 
ECC81 288 
ECC82 288 
ECC83 288 
E0085 312 
ECC91 68 
ECL80 300 
EF86 296 
EY51 Wires 
EY86 319 
HBC90 98 
HBC91 98 
M8081 88 
M8097 82 

M8099 
M8136 
M8137 
PCC84 
UABC80 
UCC84 
UCC85 

66 
288 
288 
306 
289 
306 
312 

REPLACEMENT TYPES 

DAC32 
EBC33 
E052 
EC92 
ECC32 
ECC33 
ECC34 
ECC35 
ECC40 
EF37A 
HL13 
HL 13C 
KBC32 
PM2HL 
TDD2A 
TDD4 
UBC41 
UC92 
605 
6J5 
6Q7 
6SN7 

133 
152 
333 
66 
164 
164 
164 
164 
194 
111 
275 
53 
114 
10 
28 
48 
192 
88 
167 
167 
152 
164 

Efficiency Diodes 
Cuzitiurr TYPES 

PY81 302 

REPLACEMENT TYPES 

PY31 174 
PY80 293 
PZ30 169 

Output Valves, 
Sound and T.V. 

CURRENT TYPES 

DL64 23 
DL69 23 
DL70 
DL73 
DL92 
DL93 
DL94 
DL96 
DL820 
ECL80 
ECL82 
EL34 
EL42 
EL81 
EL84 
EL85 
EL90 
EL91 
EL821 
EL822 
HL92 
M8082 
PCL82 
PCL83 
PL36 
PL81 
PL82 

80 

248 
246 
74 
60 
62 
62 
22 
300 
322 
149 
190 
292 
291 
309 
84 
87 
297 
297 
78 
87 
322 
305 
148 
292 
291 

PL83 
UCL83 
UL84 

301 
305 
291 

REPLACEMENT TYPES 

CBL 1 274 
CBL31 180 
CL4 276 
CL33 162 
DL33 113 
DL35 147 
DL66 22 
DL68 22 
DL75 246 
EBL1 214 
EBL21 214 
EBL31 180 
EL2 270 
EL31 122 
EL32 112 
EL33 162 
EL37 162 
EL38 122 
EL41 186 
KL35 147 
PEriA4 54 
PENB4 54 
PzN4DD 52 
PEN428 54 
PL33 162 
PL38 122 
PL820 292 
PM22A 29 
PM22D 29 
PM24A 29 
PM24M 29 
PM202 10 
UL41 190 
UL44 198 
UL46 190 
105 147 
3Q5 113 
6F6 162 
6L6 162 
6V6 162 
25A6 162 
25L6 162 
35L6 162 
42 162 
43 162 
50L6 162 

Thyratrons 

CURRENT TYPES 
EN32 134 
EN70 241 
EN91 86 
EN92 89 
Z300T/1267 139 

REPLACEMENT TYPES 

AN1 25 
EN31 138 

Rectifiers 

Crauunrr TYPES 
DY70 Wires 
EY51 Wires 
EY70 242 
EY84 307 
EY86 319 
EZ40 200 



MULLARD—Continued 

Rectifiers 

CURRENT 
EZ41 
EZ80 
EZ8I 
EZ90 
GZ32 
GZ33 
GZ34 
HY90 
PY32 

TYPES 
200 
317 
317 
75 
175 
176 
175 
100 
153 

PY82 
RGI-240A 

REPLACEMENT 
AZ3I 
CY31 
DW4-350 
DW4-500 
EZ35 
FW-500 
FW4-800 
GZ30 
FIVR2 
IW4-350 

323 11V4-500 
13 PY3I 

PZ30 
Tyr» URIC 
177 ITY1N 
174 ITY41 
12 5U4 
12 5V4 
124 5Y3 
12 5Z4 
12 6X5 
175 25Z4 
16 25Z8 
15 35Z4 

15 
174 
169 
31 
132 
189 
177 
175 
177 
175 
124 
174 
123 
174 

35Z5 168 
80 335 

Tuning Indicators 

CURRENT TYPES 
DM70 240 
EM80 
EM81 
UM4 
ITM81 

REPLACEMENT 
EM34 
UM34 

310 
310 
159 
310 

Tyrics 
161 
161 

81 



B4, B3G, B5A, B5 Bases 

84 BASES 

TC . a 

g2 

10 TC.a 

0" 

h,k 

11 

h,k o 

14 15 TC = a 

B3G and BSA BASES 

Red Red 

f 

ro----

o 

12 TC.c2 

16 

h 

92 92 92 

g, g, g, 

17 

f(4-) g, CI.) 
20 22 

g2 

25 IC- 0 26 

85 BASES  

23 

f(-) 

a 

27 TC.g 

Red 

24 

f(+) 

f(-) 
ed 

28 

13 

29 

TC•g2 30 31 TC = a 32 TC-g 33 

Note.—All connections are as viewed from underside of valve bases. 

f 
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B7, B7G Bases 

B7 BASES 

9 2 

TC=54 

M,k 

9 3,5 

h 

40 TC=g, 

g3 
h h h 

TC = g, 45 TC.g 

TC= g, 

g, 

50 

gr 
g3 

Mk 

9 3,5 9 2,4 

h h h 

41 TC=g, 42 

9 2 

a'd 
h h h 

46 TC=g 47 

a'à 

r 92 

92 aà 

h h h h h 

51 TC=g, 52 TC= g 53 

TC a 

g", 

9 3 

h 

43 TC= a 

h h 

48 TC=g, 

f' 

f' 

55 56 TC=g, 

a 

f(-) 

2 IC 

f top 

h 

57 TC.a 2 

h 

B7G BASES 

g g, g2 

a 

92 

h h 

58 TC = a 

63 

ad 

92 

49 

92 

54 

59 

k g, k k a' 

65 66 67 68 69 

Note.—All connections are as viewed from undorside of valve bases. 
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B7G Bases 

(B7G continued) 

ic 

f(-) 

75 

85 

gs 
f top 

g1 

f f (-) 
90 

95 

h top 

100 

77 

82 

9, 

a 
92 

ic 

88 89 

f (-) 

g, 

78 

4 

e 

g, ic 

93 

a"d 

C.,' a 

¡C 

98 

94 

Note.—All connections are as viewed from underside of valve bases. 

g 

g2,4 

84 

99 

2 
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International Octal Bases 

92,4 

TC.g, 

g2 

TC. a 

ic 

TC.° 

9, 
INTERNATIONAL OCTAL BASES 

92 92 92 92 

93 110 TC.g, 

2 

115 

120 

ic 

k' 
135 

g2 

TC.a 

TC.a 

g, 

92 

111 

116 

121 

TC g, 

92 

TC.a 126 TC.g, 

131 

g, 

ic 

112 

127 

132 

IC 

125 

TC . 0 

TC . g, 

a'à a'd 

TC.g 

118 TC.a 

a' 

ad 

k' 
123 

128 

f(-) 

TC. g 133 

136 137 TC.a 138 

a 

h h 
140 

h,k 
TC.k 141 TC.a 142 

h 
143 

ht.,»  

Note.—All connections are as viewed from underside of valve bases. 

85 

114 

119 

a' 

124 

TC.g, 129 

a 

2 

134 

139 

144 



International Octal Bases 

M,gs gl 
150 

(International Octal continued) 

93 s gs 92 

TC.g4 145 TC.g, 146 

k' 

TC.go  

TC.g 

160 

TC.a 

a" 

170 

g" 

k" 

151 TC.g 

156 

161 

165 166 

171 

'a" 

152 

TC.a 148 

153 

TC. a 157 TC.a 158 

g2 91 

162 

168 169 167 

a' 

g' 

IC k ic 

172 TC.a 

92 91 

a' 

h,k h,k' f ht., k 
175 176 177 178 179 TC. 

Note.—All connections are as viewed from underside of valve bases. 

a' 

h 

a 

ic 

163 

173 

93 

crà 

k" 

ic 

86 

149 

aà 

154 

159 

a' 

h 

164 

C' 

a 

a'd 

174 

180 



B8A, B8B (Loctal) Bases 

ic 

ic 

h 
185 

190 

ic 

kg) 

93 

92 

g. 

186 

196 

g2 

h h 
211 

ga,s 

201 

B8A BASES 

ic ic 

ic ic 

192 

197 

202 

B8B BASES ( Lector)  

a" 

ic 

189 

h h h 
193 194 

ga k 7 g2 

g' 

h h 
198 199 

ic 9 2  IC 9 2 

gl 

kaa o 

h h h 
203 204 

93 ic a'à 2 al 

crd 92 91 ed 91 a'd 

ic 

h 

ic 

212 

217 

h 
213 

218 

h 220 f(.4 f(-)221 f(+) f(-) f(+) f(-1 
222 223 

Note.—All connections are as viewed from underside of valve bases. 

aà 92 
214 

f(..) f(-) 
224 
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B8B (Loctal), B8D, M.O. (Mazda Octal) Bases 

(88B continued ) 

ic 

92 0. 'd 

O d 92 

k,g, a 

h h h 
225 226 

t 92,4 ic 

9t 

g, 

240 

245 
a 

92246 

g2 

h 
TC.g, 

h h 
260 TC.a 

h h 
TC.g, 262 

,s 

h 
231 

h 
232 

B8D BASES 

f(r) f(-),s f(+),g, 

2 

ic ic 

ic h h h 
228 229 

242 

M.O. BASES (MAZDA OCTAL) 

251 

g. 

92 g, 

f (4.) 
252 TC g 253 

a, g, g3 

ad 

92 
243 

f(-) f(.) 

h h 
256 TC.g, 

h 
261 

h 
257 

hk h 
TCa 258 

g2 
244 

h,k h 

254 

259 

h f(-) f(t) 
263 TC.g, 264 

Note.—All connections are as viewed from underside of valve bases. 
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M.O. (Mazda Octal), CT8 (Side Contact), B9, BOA Bases 

(M.O.Bases continued) 
g2 g1 

k,ga 

h h 
TC.g, 270 

h h 
TC.g 275 

at 

265 266 

h h h h 

CT8 BASES. (Side Contact) 

92,2 91 92 

2 

2 

3 

h h h 
TC.g, 271 TC.gd 272 TC.% 273 TC.% 

h h 
TC.g, 276 

B9 BASES  

h h 

280 TC.% 281 

92 

g3 
285. 

92 

bp k lys 

g. 
286 

ic 

$1 91 

91 or 91 gi 

B9A BASES 

g2 

h 

93 
287 

a" h to p 

92,4 gr lc 92 ic 93 ic a 

290 291 TC.a 292 293 

Note.—All connections are as viewed from underside of valve bases. 

g. 

ce¡ 

274 

a'd 

a 

289 

93,$ 

at 

ht,p 

294 

89 



B9A, B9G, Bases 

s 320 

(B9A continued ) 
h 

h ht.* h 

g. 5 
92 

295 

h 

Ks 

g2 g 

300 

h 
h Op 

kt 

92 9; s 

at 

305 

h ic 

lc 

g, g2 
k g s 

310 311 

h 

92 gi 

9, ic 

296 

h 

ic 

s ic 

IC IC 

301 TC • k 

• 93,s 93 92 

306 

h ic 

a 

91  

92 9;5 92 
315 316 

h a, 

kt 92 

gr g, 

k„, bp, h,k, 

TCs. 321 

331 

g. 

297 

92 

TC.g, 298 

h 
h 

92 

ic g, 

ic ic 

TC.a 307 

at a ar 

323 
9r 

92 

kr 

322 

B 9G BASES 

4 

332 

h 

h 

93 
303 

gt 
308 

333 

g, 

Note.—All connections are as viewed from underside of valve bases. 

a 

ga 
304 

92 

o 

92 
309 

tr 

t, 
314 

ic 

319 

Op 

Is<F,93, 

kt 

9, 
324 
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UX Bases 

U X BASES  

/I 

f(+) fe f(+) 

335 

TC.g 

340 

g" 

336 

341 

a 

TC.a 337 

at 

h 
TC..a 

h 

h h h h h h 
343 344 TC=g1 345 TC.g, 

Note.—All connections are as viewed from underside of valve bases. 

91 

g2 

h 

338 

342 

346 



VALVE EQUIVALENTS GUIDE 
The following suggestions for valve substitution are given in good faith, but no liability can be accepted as it 

is realised that errors and omissions may exist since sources of information may, on occasion, be inaccurate. 
Some valves are unobtainable but are included for the information of those who possess or wish to replace 
such types. 
The valves listed below include direct " plug in" alternatives and near equivalents, and are intended as 

suggestions only; before effecting a replacement, thought should be given to the function that the valve is 
required to fulfil and any unusual conditions peculiar to the receiver in which it is to be used. Two output 
pentodes, for example, could be satisfactory counterparts in the output stage of a radio set, yet incompatible 
or even harmful when used as a time-base amplifier in a television set. 

Type Britnar Coseor Enritron Ferran Marconi orti 
Otrani 

Mazda Mullard 

AllB R2 — R42 — UU5 IW4/350 
Alle R3 441U R43 — UU5 IW4/500 
AIID R2 — R42 — UU5 IW4/350 
A20B — — H40 — V914 — 
A23A I1A2 — — — AC/HL/DD TDD4 
A27D — — — — — — PEN4DD 
A30B — — D4 — AC2/HL — 
A3OD HLA2 — D4 — AC/HL — 
A36A — — SPT4A — — — 
A36C — — — — — AC/TH1 — 
A4OM — — — — — AC/SG/VM — 
A50A 8AI — — — — SP4 
A50B — — — — — SP4B 
A5OM 9A1 — — VT4A — AC/VP1 — 
A5ON — MVS/PEN — MT4B — — — 
A5OP — — — — AC/VP2 VP4B 
A70B 7A2 — — — AC/PEN — 
A70C 7A3 42MP/PEN PT4 — AC2/PEN PENA4 
A7OD — 420T PT4 — AC2/PEN PENA4 
A70E — 420T — — — AC4/PEN PENB4 
A80A 15A2 41MPG — VHT4 — — FC4 
A430N — MH4 D4 — AC/HL — 
ABC1 — — — H4D — — 
AC/DDT — — — H4D MIFID AC/HLDD TDD 1 
AC/HL HLA2 41MHL — D4 M114 AC/HL 354V 
AC/HLDD 11A2 — H4D MHD4 AC/HLDD TDD t 

AC/HP — MSPEN — SPT4A — — SP4 
AC/P — 41MP — L4 — AC/P — 

AC/PEN 7A2 420T — MKT4/7 AC/PEN — 

AC/SG 8A1 — — SPT4A — AC/SG — 

AC/SGVM 9A1 MVSG — — — AC/SGVM — 
AC/SH — — — — MS4B — — 

AC/SL — MS/PEN — SPT4A MS4B — — 

AC/S2 — MS/PEN SPT4A MS4B — — 

AC/S2PEN 8A1 — — — MSP4 — — 

AC/TH1 2DAI — — X41 — — 

AC/VP — MVS/PEN — VPT4B — — — 
AC/VPB — — — — — AC/VP2 VP4B 

AC/VP1 9A1 — — VPT4 — — VP4 

AC/VP2 — MS/PENB — W42 AC/VP2 VP4B 

AC/Z 7A3 4200T PT4 — AC2/PEN PENA4 

AC/ZDD — 420TDD — PT4D — AC2/PENDD — 
AC/2HL HLA2 41MHL D4 MH4I — 354V 

AC/PEN 7A3 42MP/PEN PT4 KT4I — PENA4 

AC2/PENDD — 420TDD — PT4D DN41 — — 

AC4/PEN — — — — — AC4/PEN PENB4 

AC5/PEN _ PTIO — — AC5/PEN — 
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Type Brimar Cossor Emit ron Ferranti 
Marconi or 
Oeram Mazda Mallard 

AC042 — — LP4 — — — 
AC044 — 4XP — LP4 PX4 PP3/250 — 
AC104 — — — LP4 — PP3/250 — 
APP4A 7A2 MP/PEN — — MKT4/7 AC/PEN PEN4VA 
APP4B — 42MP/Pitx — PT4 KT41 AC2/PEN PENA4 
APP4E — — — — — AC4/Pme PEx134 
APV4 — — — — MU14 UU5 IW4/350 
AX50 — — R43 — — — 
AZ31 — — — — 11143 — AZ31 
B36A/B/C 12SN7GT — — — B36 TH2321 I2SN7GT 
B65 6SN7GT — — 6SN7GT B65 — — 
B152 12AT7 — — ECC81 B309 — ECC81 
B228 — 21OHL — HL2 K3OK — PM2HL 
B309 12AT7 — — ECC81 B309/ 1 2AT7 — ECC81 
B319 7AN7 — — PCC84 B3 1 9/PCC84 30L1 30LI 
B329 12AU7 12AU7 — ECC82 B329 — — 
B339 12AX7 — — ECC83 B339/12AX7 — — 
B719 — 6AQ 8 ECC85 B719/ECC85 — — 
C 1 OB 1D5 — — — — URIC 
C20C IODI — — — — — 
C3OB 4DI — — — — — HL13C 
CC2 — — — — — HLI3 
CE3Il — — 3C23 — — — 
CFI — — — SP13 
CF7 — — — — SP13 
CKI — — — — FCI3 
CL33 — 332PEN — — CL33 
CY IC — — — — URIC 
CY3I — OMI — — — — CY3 1 
D4 HLA2 4 IMHL — D4 MH4 AC/HL 354V 
D63 61:16G — — — — — — 
D77 6AL5 DD6 — EB91 — 6D2 — 
D152 6AL5 DD6 — EB91 D77 6D2 — 
D400 — — — — D41 — —  
DA 4D1 — — DA — — — 
DA90 — 1H5GT — — — ID13 DA90 
DAC32 1H5G — — IH5GT HD14 — IH5G 
DAF91 1S5 1S5 IS5 DAF91 ZDI7 IFD9 DAF91 
DAF96 — — — — — IFD1 — 
DC90 3AF — — — — — — 
DD4 — DDL4 — — D41 V914 — 
DD6 6AL5 DD6 — DD6 D77 6D2 EB91 
DD6G 6AL5 DD6 — DD 6 D152 6D2 EB91 
DDA1 — DDL4 — — D41 — 2D4A 
DDL4 — DDL4 — — D41 V914 2D4A 
DDPP4B — 420TDD — PT4D DN4I AC2/PENDD — 
DDPP4M — — — — DN41 — PEN4DD 
DDT 11A2 DDT — — MH4D AC/HLDD — 
DD2D — — — — H2D — TDD2A 
DDT2 — 210DDT — H2D — — TDD2A 
DDT4 — — — H4D MIID4 AC/HLDD TDD4 
DDT6S 6Q7 6Q7 — 6Q7 — — 6Q7 
DDT13 — 202DDT — — — — — 
DDT220 — 210DDT — H2D — — TDD2A 
DF33 1N5GT 1N5 — 1N5GT ZD 14 •— DF33 
DF91 IT4 1T4 IT4 DF9I W17 IF3 DF91 
DF92 IL4 — — — — IF2 — 
DF98 1AJ4 IAJ4 — DF96 — IF 1 DF98 
DF97 IAN5 — — DF97 — — DF97 
DH42 — — — — — AC/HLDD TDD4 
DI163 6Q70 6Q7 — DH63 — 6Q7G 
DH8 1 7B6 — — 7C6 DH81 — — 
DH142 — — — — — 1OLD3 UBC41 
DH147 — 0M4 — — — — EBC33 
DH149 7C6 — — 7C6 — — — 
DH150 — — — — — 6LD3 — 
DH151 — 62DDT — EBC41 — 6LD3 — 
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Type Brimar Coseor Emitron Ferranti 
Marconi or 
aeram 

Mazda Mut lard 

DH7I9 6T8 — — EABC80 — — — 
DK32 IA7G IA7GT — IA7GT X14 — DK32 
DK33 IN5GT IN5GT — 1N5GT — — — 
DK91 ICI 1R5 — DK91 X17 1CI DK91 
DK92 lAC6 lAC6 — DK2 X18 IC2 DK92 
DK96 IC3 — — DK96 — IC3 DK96 
DL33 3Q5G — — 3Q5G NI6 — DL33 
DL35 105G 1C5GT — 1C5GT NI4 — DL35 
DL63 6R7G — — 6R7G — — 
DL74M 6Q7GT — — 6Q7GT — — 
DL92 3S4 3S4 3S4 DL92 NI7 IPIO DL92 
DL93 — 3A4 3A4 — — — DL93 
DL94 3V4 — — DL94 NI9 IPII DL94 
DL95 3Q4 — — — NI8 — — 
DL96 DL96 — — DL96 — IPI DL96 
DLI45 — — — — — IOLDI I — 
DM70 — — — DM70 — IMI DM70 
DM71 — — — DM70 — 1M1 — 
DN4 1 — 420TDD — PT4D — AC2/PIDTDD — 
D024 — — — LP25 PX25 PP5/400 — 
D030 — — — DA30 — — 
D042 — — — — — — PEN4DD 
DP61 — — — DP61 — — EF95 
DT4I — — — 1I4D — AC/IILDD TDD4 
DT215 — — — — — 111.23D — 
DT436 — — — H4D — AC/HLDD TDD4 
DT1336 — 202DDT — — — — — 
DW2 RI 506BU — R41 U10 — DW2 
DW3 R2 442BU — R4 U14 — DW4/350 
DW4 R3 — — R43 U14 — — 
E235 — — — — — PM202 
E446 — MS/PEN — SPT4A MS4B — _ 
EA50 — SD61 — — — SDI EA50 
EABC80 8T8 6AK8 6AK8 EABC80 D11719 6LD12 EABC80 
EAF42 — — — EAF42 — — EAF42 
EB9 1 6AL5 DD6 6AL5 EB9I D77 8D2 EB91 
EBC33 — 0M4 — — DHI47 — — 
EBC4 1 — 62DDT — EBC4 1 — 6LD3 EBC4 1 
EBC90 6AT6 — — EBC90 D1177 — EBC110 
EBF80 6N8 — — EBF80 WD709 — — 
EBL2 1 — — — — DN 143 — EBL21 
EC90 604 — — EC90 — — — 
EC91 — — — EC9 1 — 6L34 EC9I 
ECC8I I2AT7 1 2AT7 ECC81/12AT7 ECC8I B309 — ECM 
ECC82 12AU7 I2AU7 — ECC82 B329 — ECC82 
ECC83 I2AX7 — — ECC83 B339 — ECC83 
ECC85 ECC85 6AQ8 ECC85/6AQ8 ECC85 B719 6L12 — 
ECC91 — 6J6 — — — — ECC91 
ECH21 — — — ECH21 X143 — — 
ECH35 — OMI 0 — — X61M — — 
ECH42 — 62TH — ECH42 X150 6C10 ECH 42 
ECH81 6AJ8 6AJ8 6AJ8 E01181 X719 6012 ECM 81 
ECL80 — 6AB8 ECL80/6AB8 ECL80 LN152 — — 
EF22 — — — — W143 — EF22 
EF36 — 0M5B — — — — EF36 
EF37A — 0M5B — — — — EF37A 
EF39 — 0M6 — — W147 — EF30 
EF4I — 62VP — EF41 WI50 6115 EF41 
EF42 — — — EF42 Z150 6F13 EF42 
EF50 — 63SPT — — Z90 — EF50 
EF80 6BX6 6BX6 EF80/6BX6 EF80 Z719 ECL80 EF80 
EF85 6BY7 — EF80/6BY7 — W719 EF85 EF85 
EF86 — — EF86 Z729 — EF86 
EF89 — — — EF89 — — EF89 
EF9 1 6AM6 GAMO GAMO EF9I Z77 6FI2 EF91 
EF92 9D6 VP6 — — W77 — EF93 
EF95 — — OAKS — — — 

94 



Type Brimar Cosier Eneitron Ferranti Marconi 
Osram or .3/ azda Mu/ /cod 

EK90 — — 6BE6 EK90 X727 — EK90 
EL33 6AG6G — — — KT61 SP25 — 
EL37 — — — — KT66 — EL37 
EL4I — 67PT — — N150 — EL4I 
EL84 — 6BQ5 EL84/6BQ5 EL84 N709 6P15 EL84 
EL90 — — 6AQ5 EL90 N727 — EL90 
EL9I 6AM5 6AM5 6AM5 EL91 N77 — EL9I 
EL 821 6C1I6 6CH6 — — — EL821 
EM34 — 64ME — — EM34 6ME EM34 
EM80 — 65ME EM80 EM80 EM80 EM80 EM80 
EY51 R12 81561 — EY51 U43 — EY51 
EY81 — EM81 — — 15709 — — 
EZ35 6X5GT 6X5 6X5 EZ35 U147 — 6X5GT 
EZ40 — 66KU — EZ40 15150 — EZ40 
EZ 80 EZ 80 6V4 6V4 EZ80 — — EZ80 
EZ 81 — — — EZ80 UU12 EZ81 
EZ90 6X4 — 6X4 EZ90 1578 — EZ90 
FC2 — 210PG — VHT2A X22 — FC2 
FC4 15A2 41MPG — VHT2 MX40 — FC4 
FC13C 15131 — — — — FC13C 
FW4/500 — 4/100BU — R43 U18/20 — FW4/500 
FW4/800 — — — — U18/20 — FW4/800 
FY — PT41 — — — — PM2431 
G431 506BU R41 — — DW2 
G470 — — — R41 — — — 
G2080 — — — — — CY1 
G4120 — — — R43 — — DW4/500 
G4120N R3 43IU — R42 MU14 UTJ5 IW4/500 
GN24 — 506BU — R41 — — DW2 
GZ 30 5Z4G 5Z4G — 5Z4G — — GZ 30 
GZ 3 1 5U4G — — 5U4G — — — 
GZ32 — 54KIJ — GZ 32 — — GZ32 
GZ33 53KU 53KU 53KU — 1554 — GZ33 
112 — 21OHL — HL2 — — PM2HL 
112D — 210DDT H2D — — TDD2A 
114D 11A2 DDT — MH4D AC/HLDD — 
11210 — 2101IF HL2 — — PM2HL 
HAD 11D3 — HAD — — — 
HBC90 12AT6 — — — — — 11BC90 
11D14 1FI5G — 1H5GT 11D14 — 1H5G 
HD22 — — H2D — — TDD2A 
11D23 — 210DDT — H2D — — TDD2A 
111324 — 210DDT — H2D — HL21DD TDD2A 
11E93 12BA6 — — — — — 11F93 
FIL2 — 21OHL — HL2 HL2 HL2 PM2HL 
HL2K — — — — — — PM2HL 
HL4G — MI14 — D4 MH4 — — 
EIL130 — — —  DA — — — 
HL20 — — — FIL22 — — — 
111,21 — — — FIL22 — — — 
111,22 — — — HL22 — — — 
HL21DD — 210DDT — H2D — — TDD2A 
11L92 5005 — — — — HL92 
HL210 — 21OHL HL2 — — PM2HL 
HL1320 4DI — — DA — — IlL I 3C 
ELLA I IlLA1 41MI1 — — MH4 AC2/1IL — 
HLA2 — 41MHL D4 — AC/HL 354V 
HLB1 — 21011F HL2 — HL2 BM2HL 
HLDD 1320 11D3 — — HAD — — — 
HP2 — 220B — HP2 — — — 
HP135 — — — — — — VP13A 
HP210 — — — SPT2 Z21 — — 
HP4101C — MS/PEN — SPT4A — — SP4 
11P4105 — MVS/PEN — VPT4 — VM4P VPT4 
HP4106 — MVS/PEN — VPT4 VM4P VPT4 
HRI R10 — — HRI — — — 
HR210 — 210FIF — HL2 — — PM211L 
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Type Brimar Caesar Emitron Ferrants 
. aMrconi or 

aeram 
Mazda Mullard 

HY90 35W 4 — — — HY90 
IW2 R1 — — R42 — UU5 — 
IW3 R2 — — R42 MU14 UU5 IW4/350 
IW4 R3 431U 431U R42 MU14 UU5 IW4/500 
IW4/350 — 431U 43113 R42 MU14 UU5 1W 4/350 
IW4/500 — 43113 43IU R43 MU14 1TU5 IW4/500 
K3 — — — GK3 — — — 
K3A — — GK32 — — — 
K3F — — GK40 — — — 
K2313 — 210DDT — 112D — — TDD2A 
K30A — 21OHL — HL2 — — PM2HL 
K3OG — 220PA — L2 — — PM2A 
K3OK — 210HF — HL2 — — PM2HL 
K33A — 220B — HP2 — — — 
K4ON — 215SG — VS2 — VP210 VP12M 
K5OM — — — VPT2 — VP210 — 
K7OB -- 2200T — PT2 — PEN/220 PM22A 
K7OD — — — — PM22D 
K77A — QPT2 QP21 — — 
K77B — 240QP — — — — QP22B 
K80A — 210PG — VHT2A X22 — FC2 
K8OB — — — — — FC2A 
K435/10 — 4XP — LP4 PX4 PP3/250 — 
KD21 — 0A3 — KD21 — — — 
KD24 — 0C3 — KD24 — — — 
KD25 OD23 — KD24 — — — 
KT2 — 220T — PT2 KT24 PEN220 PM22A 
KT24 — 2200T — PT2 KT2 PEN220 PM22A 
KT41 7A3 420T — PT4 KT41 AC2/PEN — 
KT42 7A2 MP/PEN — — MKT4 AC/PEN — 
KT61 6AG6G 50L6 — — KT61 6P25 — 
KT81 7C5 7C5 7C5 7C5 KT81 — — 
KTW74M 12K7GT 12K7 — 12K7GT — — — 
L2 — 220PA — L2 — — PM2111. 
L2/B — 2101IF — HL2 — — PM2HL 
L4 — 41MP — L4 — AC/P — 
L21 — 21OHL — HL2 — — PM2HL 
L21/DD — 210DDT — H2D — — TDD2A 
L63 6J5G 6J5 — 6J5G L63 — 6J5G 
L77 6C4 — — 6C4 L77/6C4 — — 

L210 — 210LF — — — — PM1LF 
LL2 — 210HF — HL2 — — PM2HL 
LL4 — 41MP — L4 — AC/P — 
LN152 ECL80 6AB8 ECL80/6AB8 — — — ECL80 
LN309 — — — PCL83 LN309/PCL83 — — 
LP2(F) — 230XP — LP2 — — PM202 
LP2(M0) — — — L2 — P220 PM2A 
LP4 — 4XP — LP4 PX4 PP3/250 — 
LP25 — — LP25 PX25 PP5/400 — 
LP220 — — — L2 — P220 — 
LZ319 8A8 — 8A 8 PCF80 LZ319 30C1 PCF80 
MH4 — 41MH — D4 MII41 AC/HL 354V 
MH41 HLA2 41MFI — D4 MH41 AC2/HL 354V 
M114105 — 41MPG — VHT4 MX40 — — 
MHD4 11A2 DDT — HD4 MII4D AC/HLDD — 
MHL4 — — — — MHL4 AC/HL — 
MKT4 7A2 MP/PEN — — MKT4 AC/PEN — 
ML4 — 41MP — ML4 AC/P — 
MM4V — — — — AC/SG/VM — 

MP/PEN 7A2 MP/PEN — MKT4 AC/PEN PEN4VA 
MPT4 7A2 MP/PEN — MPT4 AC/PEN PEN4VA 
MS413 — — SPT4A MS4B — — 

MSG/HA — MSG/HA — SPT4A MS4B AC/SG — 
MSG/LA — MSG/LA — — — AC/S2 — 
MSP4 8A1 MS/PEN — SPT4A SP4 — SP4 
MS/PEN 8A1 MS/PEN — SPT4A — AC/SG SP4 

MS/PENA — — — SPT4A — AC/SG — 
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MSIPENB — MS/P NB — — SP4B — — 
31U12 R2 — — R42 MU12 ITU5 IW4/350 
MU12/14 R2 — R42 MU12 1TU5 IW4/500 
MU14 R3 — — R42 MU14 U1:15 IW4/500 
MVSG — MVSG — — — ACISG/V3I — 
MVS/PEN 9AI MVS/PEN VPT4B — AC/VP! — 
MVS/PENB — MVS/PENB — — AC/VP2 — 
MX40 15A2 41MPG VHT4 MX40 — — 
NI4 1C5G IC5 — 1C5GT NI4 DL35 
N16 3Q5GT — — 3Q5JT NI6 — DL33 
N17 3S4 — 3S4 NI7 IPIO DL92 
N18 3Q4 — — — N18 — — 
NI9 3V4 — — 3V4 NI9 1P11 DL94 
N30 7D4 — PTA N30 — — 
N31 — — PTS N31 — — 
N40 7A2 — — N4D — — 
N41 7A3 420T PT4 N41 AC2/PEN PENA4 
N66 7A3 — — N68 EL37 
N77 6AM5 — — 6AM5 N77 EL9I 
N142 — — UL4I N142 — 
N144 6AM5 6AM5 N77 EL91 
N145 — — N145 10P13 
N147 6AG8G — N147 6P25 EL33 
N150 — EL4I NI50 — — 
N151 — EL42 NI51 EL42 
NI52 PL81 — PL81 N359 PL81 
N153 — — — PL83 N309 PL83 
N154 — I6A5 16A5 PL82 N329 PL82 
N309 — — — PL83 N309 PL83 
N329 — 16A5 16A5 PL82 NI54 — PL82 
N339 PL81 — — PL81 N339 — — 
N359 — 21A6 — PL81 N339/PL81 — — 
N709 — 6BQ5 EL84/6BQ5 EL84 N709 — EL84 
N727 — — 6AQ5 6AQ5 N727 — EL90 
0202 — 210PG — X22 — FC2 
0406 — 4IMPG VHT4 — FC4 
01307 — —  VETA — FC13C 
0A3 VR75/30 — KD2I — — — 
OB3 VRI05/30 — KD24 — — 
0C3 VR105/30 — — KD25 — — 
0C3/VR150 — — KD24 — — — 
OD3/VR105 — — KD25 — — 
0G3 — — — — — 85A2 
0M1 — OMI — — — 17201 CY31 
0M4 — 0M4 — — — EBC33 
0345 — 0M5B — — — EF36 
0M5A — 0M5B — — — — EF37A 
0M5B — 0M5B — — — — EF37A 
0M6 — — — W 147 — EF39 
0M7 — 0316 — — W 147 — EF39 
0M9 — — — — — — EL32 
03110 — 03110 — — X147 — ECH35 
OP41 — — — — ACE/PEN PENB4 
OP42 — — PT4 — A02/PEN PENA4 
P2 230XP — LP2 P2 — PM202 
P4 -- 4XP LP4 PX4 — AC044 
P12/250 — 4XP — LP4 PX4 PP3/250 AC044 
P27/500 — — — LP25 PX25 PPS/400 — 
P220A — — — LP2 P2 — PM202 
P225 — — — PT2 KT24 PEN220 PM22A 
P240 — — — LP2 P2 — MM202 
P435 — PT4I — — — — PM24M 
P460 — 4XP — LP4 PX4 — AC044 
P495 7A7 420T — PT4 — AC2/PEN PENA4 
PAI — 41MX.P — — — — — 
PA20 — 2P — — — _ _ 
PABC80 — — — PABC80 — — — 
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PBI — 220PA — L2 — — — 

PCC84 7AN7 PCC84/7AN7 PCC84/7AN7 PCC84 B319 30LI PCC84 
PCF80 — 8A8 PCF80/9A8 PCF80 LZ319 30C1 PCF80 
PCF82 PCF82/9118 9158 — PCF82 PCF82 PCF82 PCF82 
PCL83 — — — PCL83 LN309 — PCL83 
PD22DA — — — HP2 — — — 

PD220 — 220B — HP2 — — — 
PEN4VA 7A2 MP/PEN — — MKT4 AC/PEN — 
PEN4VB 7A3 420T — PT4 KT41 AC2/PEN PENA4 

PEN13C 7D8 — — PTA — — — 
PEN36C 7D6 — — — — — — 
PEN220 — 2200T — — KT2 PEN220 PM22A 

PEN231 — — — — — — PM22D 
PEN1340 7D8 — — PTA — — — 
PENA! — PT41 — — — — PM24M 
PENA4 7A3 420T — PT4 K41 AC2/PEN — 
PENBI — 2200T — PT2 KT2 PEN220 PM22A 
PENB4 — — — — AC4/PEN PENB4 
PEN3520 7D6 — — — — — — 
PL81 — 21A6 PLA81/2IA6 — N359 — PL8I 
PL82 — I6A5 I6A5 PL82 N329 30P16 PL82 
PMIA — 21OHL — HL2 — — PMIA 
PMIHF 2101IF — — HL2 — PM2HL 
PMIHL — 21OHL — HL2 — PM2HL 
PM2 — 220P — — p2 — PM2 
PM2A — 220PA — L2 — PM2A 
PM2B — 220B — HP2 — PM2B 
PM2DL — 21OHL — HL2 — — PM2DL 
PM2HL — 21OHL — HL2 — PM2HL 
PMI2 — 215SG — — Z21 — PM12 
PMI2A — 215SG — — Z21 PEN220 PM12A 
PM12M — 220VSG — VS2 W 21 — PM12M 
PM22 — 22OPT — — — — PM22 
PM22A — 2200T — PT2 KT2 PEN220 PM22A 
PM22C — 22OPT — — — PEN220A PM22C 
PM24M — PT41 — — — — PM24M 
PM202 — 220PA — LP2 P2 — PM202 
PP2 — 2200T — — KT2 PEN220 PM22A 
PP3/250 — 4XP — LP4 PX4 PP3/350 AC044 
PP4 — — — — — PM24M 
PP5/400 — — LP25 PX25 PP5/400 — 
PP6A — — — — EL2 
PP6BG — — — — — EL33 
PP220 — — — — — PM202 
PP222 -- 2200T — PT2 KT2 PEN220 PM22A 
PT2 — 2200T — PT2 KT2 PEN220 PM22A. 
PT4(F) 7A3 42MP/PEN — PT4 — AC2/PEN PENA4 
PT4(M0) — PT4I — — PT4 — PEN24M 
PT4D — 420TDD — PT4D — AC2/PENDD — 
PTIO — PTIO — — — AC5/PEN — 
PT41 — Fret — — — — PM24M 
PTA 71D8 — — PTA N30 — — 

PTS — — — PTS KT31 — — 
PV4 — 442BU — R42 — — DW4/35I 
PV495 — — — R41 — — — 

PV4200 — — — R43 1514 — DW4/50I 
PX4 — 4XP — LP4 PX4 PP3/250 AC044 
PX25 — — — LP25 — PP5/400 — 
PX4I — 4XP — LP4 PX4 PP3/250 AC044 

PX230 — 220PA — LP2 P2 — PM202 
PY80 — — PY80/19X3 — 15152 — PY80 
PY8I — I7Z3 PY81/1723 PY8I U153 — PY8I 

PY82 — I9Y3 PY82/1973 PY82 15154 — PY82 

PZ30 R14 — — PZ30 — — PZ30 
QP21 — 240QP — — — — — 
QP22B — — — — — QP230 QP22B 

QPT2 — — — QpT2 — QP230 — 

D 
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rconi or a 

M Ottram Ma zda Mallard 

RI RI — — R41 1710 ITU5 — 

R2 112 43117 43IU R42 MU14 UU.i IW4/350 

R3 113 — — — MU14 ITU5 IW4/500 
114 R2 442B11 — 114 MU14 U115 DW4/350 
R4A 113 — — — MU14 UU5 — 
RIO — — — HR2 — — — 
1112 6X2 SU61 — EY5I U43/EY51 — EY5I 

R12A — — — EY5I — — EY5I 

1114 R14 — — PZ30 — —  PZ 30 
R16 1116/1T2 — — — 1137 — — 
R41 R41 — — 1141 U10 — DW4 /500 
R42 R2 43IU 43IU R42 — 11116 IW4/350 
1143 — — — — — — FW4/500 
1152 5Z4 5Z4 — R52 — — GZ 30 
RL7 — — — EF54 — — EF54 
RL16 — — — EC52 — — EC52 
RL37 — — — EC54 — — EC54 
RV120/350 — 442BU — 114 U14 — DW4/350 
RV120/500 — — — R4A U14 UlT5 DW4/500 
RV200/600 — — — — U18/20 — FW4/800 
RZ ID5 — — RZ — — URIC 
S2 — 220SG — S2 — — PMI2M 
S4VA — MS/PEN — — MS4B — — 
S4VB — MS/PEN. — — MS4B — 
MIA R1 506BU — 1141 — — — 
SI1D R2 442BU — 114 — — DW4/350 
S30C — 4XP — LP4 PX4 PP3/250 AC044 
S208 — 220SG — VS2 — — PMI2M 
S213 — 220SG — VS2 W21 — PMI2M 
S215VM — 220SG — VS2 W21 — PMI2M 
S218 — — — — Z22 — SP2 
S420 — — — VPT4B — — VP4B 
S435N — — — SPT4A — — SP4 
SD2 — 21OHL — HL2 — — PM2HL 
SD6I — SD61 — — — 6DI EA50 
SE211C — 220SG — VS2 — — PMI2M 
SG2 1 5 — 215SG — — — PM I 2M 
SG215A — 215SG — VS2 — — PM12M 
SP2 — 210SPT — SPT2 221 SP2 
SP4(M) 8A1 MS/PEN — SPT4A MS4B — SP4 
SP4B — MS/PENB — — — — SP4B 
SP6 8D3 — — 6AM6 Z77 6F I 2 EF9I 
SP13B — I3SPA — SPTA — — SP13C 
SP13C — I 3SPA — SPTA — — SP13C 
SP2 1 0 — 210SPT — SPT2 — — — 
SP2I 5 — — — Z21 — 
SP220 — — LP2 — — PM202 
SP1320 — — — SPTA — — SP13C 
SPT4A — MS/PEN — SPT4A MS4B — SP4 
SPTA 8D2 I3SPA — SPTA — — — 
SU45 — — 51.145 — — I9G6 — 
S1761 R12 S1161 — 2Y51 U43/EY51 — EY51 
T4D — — — — — D 1 T4D 
T6D — — — — — — EA50 
TDD 2A — 210DDT — H2D 11D24 F1L21DD TDD2A 
TDD4 11A2 DDT — H4D MHD4 AC/HLDD TDD4 
TH2 — 220TH — — X24 — 7H2 
TFI4 20AI 41STH — — X41 — — 
TH4A — — — — AC/THI — 
TH4B — — — — — AC/THI — 
TH21C — 202STH — — T112321 TH21C 
TH22C — 302THA — — — TH2321 — 
TH29 — 302THA — — — T112321 — 
TH30 — 302THA — — — T112321 — 
TH30C — 302THA — — — TH2321 — 
TH2321 — 302THA — — — TH2321 
TP2 — — — — — AC/TP — 
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Type Brimar Comte Emitron 
. 

Ferrants 
Marconi or 
°cram 

Mazda Mallard 

TT4 — 41MP — L4 — AC/P — 
TT4A — 41MP — L4 — AC/P 
TX4 — — — — X41 AC/TH1 
TX21 — 202STH — — — TH2321 
1710 R1 506BU — — 1110 15135 DW2 
U12 R2 442BU — R4 1112 — DW4/350 
U12/13 — — — — 1112/13 — DW4/350 
1114 R3 — — R3 1114 — DW4/500 
Er 18/20 — — — R43 1718/20 — FW4/500 
1131 25Z4G — — — 1131 — — 
1137 IT2/R16 — — — 1137 — — 
1743 R12/R12A 81361 — EY51 U43/EY51 — EY51 
1350 5Y3G — — 5Y3GT 1750 — — 
U70 6X5G — — 6X5GT U147 — — 
1178 6X4 — — 8X4 U78/6X4 — EZ 90 
1382 7Z4 — — 7Z4 1582 — — 
11142 — — — 11Y41 15142 — UY41 
15143 — — — — 17143 — AZ31 
13145 — — — — 17145 U404 — 
17147 6X5G — — 6X5GT 15147 — EZ35 
11149 7Y4 — — 7Y4 1182 — — 
15150 — 66KU — EZ40 11150 13159 EZ40 
15151 R12 — — — 1543 — EY51 
U152 — — — — 15152 — PY80 
15153 PY81 17Z3 RY81/17Z3 17Z3 15153 17153 PY82 
15154 — — — — 15154 — PY82 
15202 — — — — 1/202 — CY1 
13251 — — — PY81 13329 — — 
11329 — — — 11329 — — 
U404 — — — — 11145 11404 — 
15709 — — U709/EZ81 — 11709 — EZ81 
114020 1D5 40SUA — — 13709 114020 — 
UBC41 — — — UBC41 — 1OLD3 UBC41 
UBF80 — 171DDP — UBF80 — — UBF80 
UCC85 — — — UCC85 — UCC85 UCC85 
UCH82 — 141TH — — X142 — UCH82 
UD2 — — — LP2 — — PM202 
UL41 — 451PT — 13141 N142 UL41 UL41 
tat 1 — — — — — CY1 
URIC 1D5 40SUA — RZ 114020 URIC 
11112 R2 — — R41 — — — 
11153 R2 — — R42 MU14 — IW4/350 
13154 R2 — R42 MU14 — IW4/350 
11155 R3 — — R4A MU14 11135 IW4/350 
UU9 — — — EZ40 — 13139 EZ40 
111160/250 R2 — — R42 — — IW4/350 
1115120/350 R2 — R42 MU14 — IW4/350 
UU120/350A — — — R42 — — IW4/350 
15120/500 R3 — — R43 — — — 
UY41 — 311SU — UY41 — UY41 UY41 
V20 — — — — — — URIC 
V20s — — — — — CY1 
V312 — 41MTL — D4 — — — 
V503 — — — — DA30 — — 
VHT2 — — — VHT2 X22 — FC2 
VHT2A — — — VHT2A — — FC2A 
VHT4 15A2 — — VHT4 MX40 — FC4 
VEITA 15D1 13PGA —  VETA — — 
VMP4 — — — VPT4 — — 
VMP4G 9A1 MVS/PEN — VPT4B — — — 
VMS4B — — — — — AC/SG/VM — 
1702 — — — — X22 — FC2A 
VO4 — — VHT4 MX40 — FC4 
VO6s — — _ — — — EK2 
V013 — — VHTA — — FC13C 
V013s — — — — — FC13 
VP2 — 210VPT — VP2A VP21 VP210 VP2 
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Oeram 

Mazda Mallard 

VP4 9AI MVS/PEN — VPT4 — AC/VP! — 

VP4A 9A1 MVS/PEN — VPT4A — AC/VPI — 
VP4B — MVS/PrNB — — — AC/VP2 VP4B 

VP6 — VP6 — — W77 — EF92 

VP13C 9D2 13VPA — — — VP 1322 — 
VP2 1 — — — VPT2 — VP2I0 — 

VP210 — 210VPT — VPT2 W21 VP2I0 — 

VP215 — — — VPT2 W21 — — 
VP1322 9D2 — — — — VP 1322 — 
VPT2 — — — VPT2 — VP210 — 

VPT4 9AI MVS/PEw — VPT4 — AC/VP! — 
VPT4B — — — VPT4B — AC/VP! — 
VS2 — — — VS2 W21 — PM12M 
VS24 — — — VS2 — — PM12M 
VS210 — 220VSG — VS2 W21 — PM12M 
VS215 — 220VSG — VS2 W21 — PM12M 

VSGA1 — — — — — AC/SG/VM — 

VX2 — — — — — — VT2B 
W17 1T4 — — 1T4 W17 1F3 DF91 

W21 — — — VPT2 W21 VP2I0 — 
W42 — MVS/PENB — — — AC/VP2 — 
W63 6U7G — — 6U7G W63 — — 
W76 I2K7GT — — I2K7GT W76 — — 
W77 9D6 — — W77/9D6 — EF92 
W81 7H7 — 7H7 W81 — — 
W142 — — — UF41 W142 — UF91 
W143 — — — — — — EF22 
W145 — — — WI45 10F9 — 
W147 — — — W147 10F9 — 
W148 7H7 — 7H7 WI48 — EF39 
W149 7B7 — — W149 — — 
WI50 — — — EF4I WI50 — EF4I 
W719 — — EF85 W719 — EF85 
W727 — — — W727/6BE6 — EF93 
W729 — — EF85 W729 — — 
WD142 — — — UAF42 WD142 — UAF42 
WD 150 — — EAF42 — — EAF42 
WD709 — — EBF80 WD709 — EBF80 
X14 1A7G — IA7GT X14 — 1A7G 
X17 IR5 — — 1R5 X17/1T4 ICI DK91 
X18 lAC6 — lAC6 X18/1R5 1C2 DK92 
X21 — — — VHT2A — — FCA2 
X22 — — — X22 — FC2 
X24 — 220TH — X24 — — 
X41 21A1 41STH — — X41 AC/Till — 
X42 I5A2 — — — X42 — — 
X63 6A8G — — 6A8G X63 — 6A8G 
X64 6L7G — — 6L7G X64 — — 
X65 6K8G — — 6K8G X65 — — 
X71M I2K8GT • — I2K8GT X71M — — 
X76M 12K8GT — 12K8GT X76M — — 
X77 6BE 6 — — 6BE6 X77 — — 
X8I 7S7 — — 7S7 X81 — — 
X142 — — UCH42 X142 — UCH42 
X143 — — — — X143 — ECH21 
X145 — — — — 10C1 — 
X147 — — — — X147 — ECH35 
X148 7S7 — 7S7 X148 — — 
X150 — — — ECH42 X150 6010 ECH42 
X719 — — ECH81 X719 — ECH81 
X727 — — — 8BE6 X727 — EK90 
Y61 6U5G — — VFT6 6M1 — 
Y62 — — — VFT6 — — — 
Y63 6U5G — — VFT6 — 6M1 — 
Y220 — — — PT2 KT2 — — 
Z14 1N5G — 1N5GT Z14 — 1N5G 
Z22 — — — SPT2 Z22 — SP2 
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Type Brimar Cossor Emitron Ferranti 
Marconi or 
Osram 

Mazda Mullard 

Z63 6J7G — — 6J7G Z63 — 6J7G 
Z77 6AM6 — — 6AM6 Z77/EF9 1 6F12 EF91 
Z90 — — — — — — EF50 
Z142 — — — UF42 Z142 — TJF42 
Z145 — — — — Z145 10F1 — 
Z150 — — — EF42 Z150 — EF42 
Z152 6BW7 — — EF80 Z719 — EF80 
Z719 6BW7 — — EF80 Z719 — EF80 
Z729 — — — EF86 Z729/EF86 — DAF91 
ZD 10D1 — — ZD — 10D1 — 
ZD14 — — — 1N5GT ZD14 — — 
ZD17 185 — 1S5 ZD17 IFD9 
ZD152 — — EBF80 ZD152 — 

0A3/VR75 — — KD21 — — — 
OB2 — — — — — 10801 
054V PA1 4MXP — — — — 054V 
1A3 — — — — — — DA90 
A7G — 1A7G — — X14 — 1A7G 
1A7GT — — — 1A7GT — — DK32 
lAB6 — — — lAB6 — 1C3 DK96 
lAC6 — lAC6 — lAC6 X18 1C2 DK92 
1AH5 1AH5 lAH5 — lAH5 — 1FD5 — 
lAJ4 — — — lAJ4 — 1F1 DF96 
ICI 1R5 — — 1R5 X17 101 DK91 
102 lAC6 — — AlC6 X18 102 DK92 
1C3 — — — DK96 — 1C3 DK96 
1C5G — — — — — DL35 
1D5 — 40SUA — RZ — U4020 — 
1D13 — — — — — — DA90 
1F1 — — — lAJ4 — 1F1 DF96 
1F2 1L4 — — — — IF2 DF92 
1F3 1T4 — — 1T4 W17 1F3 DF9 1 
1FDI — — — lAH5 — 1FD1 DAF98 
1FD9 185 — — 1S5 ZD17 IFD9 DA91 
1H5GT — IH5GT — 1H5GT HD14 — DAC32 
1L4 1L4 — — — — 1F2 — 
1MI — — — DM70 — 1M1 DM70 
1M3 — — — 1M3 — 1F1 — 
1N5G — 1N5GT — — Z14 — 1N5G 
1N5GT — — — 1N5GT — DF33 
1N5VG — — — 1N5GT Z14 — DF33 
1P1 — — — 304 — 1P1 DL96 
1P10 384 384 3S4 384 N17 1P 1O DL92 
1P11 3V4 — — 3V4 N19 1P11 DL94 
1R5 1R5 1R5 1R5 1R5 X17 101 DK91 
185 — 185 1S5 185 ZD17 IFD9 DAF91 
1T2 R16 — — — — — — 
1T4 — 1T4 1T4 1T4 W17 1F3 DF91 
2D4A — DDL4 — — — V914 — 
2D130 10D1 — — — — — — 
3A4 — — — — — — DL93 
3A5 — — — — — — DCC90 
304 — — 1A4 3C4 — 1P1 DL96 
3Q4 — — — — N18 — — 
3Q5G — — — — N16 — DDL3 
3Q5GT — — — 3Q 5GT N16 — 3Q5GT 
3S4 — — 3S4 3S4 NI7 1P10 DL92 
3V4 — 3V4 — 3V4 N19 1P11 DL94 
4/100BU — — R43 U18/20 — FW4/500 
4D1 — —  DA — — — 
4THA — 4THA — — — AC/TH1 — 
4XP — 4XP — LP4 PX4 PP3/250 — 
5T4 — — — 5U4G — — — 
5U4G 5U4G 5U4G 5174G 5U4G U52 — 5U4G 
5Y3GT — — — 5Y3GT U50 — — 
5Z4 — — 5Z4G — — GZ30 
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Type Brimar Cossor Emitron Ferranti 
Marconi or 
Osram 

Mazda Mallard 

6A8G — 6A8G X63 — 6A8G 
6AB4 — — — — EC92 
6AB8 ECL80 — 6AB8 — ECL80 
6AG6 — — — KT61 — EL33 
8AJ8 — — 6AJ8 — — ECA81 
6AK5 — 6AK5 — — EF95 
6AL5 — — 6AL5 6AL5 D77 8D2 EB91 
6AM5 — 6AM5 6AM5 N77 — EL91 
6AM6 8D3 — 6AM6 6AM6 Z77 6F12 EF91 
6AQ4 — — — EC91 — — EC91 
6AQ5 — 6AQ5 6AQ5 N727 — EL90 
6AQ8 — — — 6AQ8 — — ECC85 
6AT6 6AT6 — 6AT6 6AT6 DH77 — EBC90 
6AV6 — — — — — — EBC91 
8BA6 — — — W727 — EF93 
6BE6 — 6BE8 6BE6 X727 — EK90 
6BJ5 — — — — N78 — — 
6BL8 — — — — — ECF80 
6BQ5 — — 6BQ5 — — EL84 
6BR5 — — — EM80 — — EM80 
6BT4 — — — 6BT4 — — EZ40 
6BX6 6BW 7 — 8BX6 Z719 — EF80 
6BY7 — — 6BY7 W719 — EF85 
6C10 62T11 — ECH42 X150 6C10 ECH42 
6CA7 — — — — EL34 
6CD7 — — — — EM34 
6CH6 — — — — EL821 
6CJ5 — 6CJ5 — EF41 
6CJ6 — — — — ELM 
6CK5 — 6CK5 — EL41 
6CN6 — — — EL38 
6CQ6 — — — EF92 
6CT7 — 6CT7 — EAF9e 
6CU7 — 6CU7 — ECH42 
6CV7 — 6CV7 — EBC41 
6CW7 — — — — ECC84 
6D1 — 6D1 — — — 6D1 EA50 
6D2 6AL5 — EB91 D77 6D2 EB91 
6F5G — — — — H63 — — 
6F6G — — — 6F6G KT63 — 6F6G 
6F12 6AM6/8D3 — — 6AM6 Z77 6F12 EF91 
6F16 62VP — EF41 — — EF41 
6G5G — — — — 6M1 — 
6J5G — 6J5G 6J5G 6J5G/GT L63 — 6J5G 
6J6 — — 6J6 — — ECC91 
6J7G — — 6J7G/GT Z63 — 6J7G 
6K8 — — 6K8G/GT X65 — — 
6L34 — — — EC91 — 6L34 EC91 
6LD3 — 82DDT — EBC41 DH150 6LD3 EBC41 
6N8 — — — 6N8 WD709 — EBF80 
6Q7G 6Q7G 6Q7G — 6Q7G/GT DH63 — 6Q7G 
6R7 — — — 6R7/G DL63 — — 
6T8 6AK8 — — EABC80 DH719 — EABC80 
6U7G — — — 6U7G W63 — 6K7G 
6U8 — — — — — — ECF82 
6V4 6V4 — 6V4 — — EZ80 
6W2 R12A 6W2 6W2 6W2 — — — 
6X2 R12 SU61 — 6X2 — — EY51 
6X5G 6X5G 6X5 6X5GT — — EZ35 
7A2 MP/PEN. — — MKT4 AC/PEN. PEN4VA 
7A3 42MP/PEN — PT4 KT41 AC2/PErr PENA4 
7AN7 7AN7 7AN7 7AN7 B319 30L1 PVC84 
7B6 — — 7C6 DH81 — — 
7B7 7B7 7B7 — W149 — — 
7C5 7C5 7C5 7C5 N148 — — 
7C6 7C6 7C6 7C6 DH149 — — 
7D9 — — 6AM5 N77 — EL91 
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Type Brimar Coaaor Emitron Ferranti 

7D10 
7H7 
7J7 
7S7 
7Y4 
8A1(5p) 
8A1(7p) 
8A8 
8D2 
8D3 
9A1 
9A3 
9A8 
9D2 
9D6 
9118 
10C1 
10F1 
10F9 
IOLD3 
1OLD11 
10P13 
11A2 
12AC5 
12AT6 
12AT7 
12AU7 
12AX7 
12BA6 
12BE6 
13DFIA 
13PGA 
13SPA 
I3VPA 
14KL 
14L7 
15A2 
I5A6 
16A5 
17Z3 
I9D8 
I9X3 
19Y3 
20A1 
21A6 
25E5 
25L6 
30C1 
30L1 
30P4 
31A3 
35W4 
4OPPA 
40SUA 
41FP 
41MH 
41MIEF 
41MHL 
41MP 
41MPG 
4IMSG 
41MTL 
41MXP 
41STH 
42MP/Pini 
420T 
420TDD 

9118 

11D3 
15DI 
8D2 
9D2 

PY81 

PL8I 

9A8 
7AN7 

7D3 
ID5 

HLA2 

I5A2 

PA1 
20AI 
7A3 

7S7 
7Y4 
MS/PEN 
MS/PEN 
8A8 
13SPA 

MVS/PE- N 

I3VPA 

9U8 

DDT 

I2AT7 
12AU7 

13DHA 
I3PGA 
13SPA 
I3VPA 

41MPG 

I6A5 
17Z3 

19Y3 
415TH 
2IA6 

4OPPA 
40SUA 
4IFP 
4IMH 
41MHF 
41MHL 
41MP 
41MPG 
4IMSG 
4IMTL 
41MXP 
41STH 
42MP/1'mq 
420T 
420TDD 

7H7 

757 
7Y4 

PCF80/9- A8 

I2AT7 

16A5 

7H7 
787 
757 
7Y4 

SPT4A 
9A8 
SPTA 
6AM8 
VPT4 
VPT4 
9A8 

9U8 

UBC41 

H4D 
UF4I 

I2AT7 
12AU7 
12AX7 

HAD 
VHTA 
SPTA 

UCH42 
UBC41 
VHT4 
15A6 
I6A5 
17Z3 
UCH81 

19Y3 

21A6 
25E5 
25L6GT 
PCF80 
PCC84 
PL36 
UY41 

D4 
D4 
L4 
VHT4 
SPT4A 
D4 

PT4 

Marconi or 
agram 

W148 • 

X148 
1382 
MSP4 
MSP4 
LZ3I 

Z77 

W77 

X145 
Z145 
W145 
DI1142 
DLI45 
N145 
MHD4 

B309 
B329 
B339 

MX40 
N309 
N329 
13153 
13153 
13309 
13319 
X41 
N359 

KT32 
LZ3I9 
B319 

4IMH 

P41 
MX40 

MH4 

X41 
KT41 
KT41 
DN4I 

Mazda 

AC/SG 

30CI 

6F12 
AC/VP1 

VPI322 

PCF82 
IOCI 
10F1 
10F9 
1OLD3 
IOLDII 
10P13 
AC/HLDD 

VPI322 

AC/TFIl 

30C1 
30L1 
30P4 

U4020 
AC/P 
AC2HL 
MH4 

AC/SG 
AC/HL 

AC/TH1 
AC2/Pzx 
AC2/PEN 
AC2/PENDD 

Mullard 

EL82I 

SP4 
PCF80 

EF91 

EF92 

UBC41 

UF4.1 
HBC90 
ECC81 
ECC82 

HF93 
HK90 

UCH4- 2 
UBC41 

PL83 
PL82 
PY81 
UCH8I 
PY80 
PY82 

PL81 
PL36 

PCF80 
PCC84 

UY41 
HY90 

FC4 

354N" 

PENA4 
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Type Brimar Cormor Emitron Ferranti. 
. aMrconi or 

°cram 
Mazda Milliard 

43IU R2 43IU 43IU R42 MU14 UT75 IW4/350 
44IU R3 44IU — R42 MU14 UU5 IW4/500 
5005 — — — — — — HL92 
50L6GT — — — 50L6GT KT71 — 50L6GT 
52K11 52KU 52KU R52 — •— — 
53KU — 53KU 53KU — 1754 — — 
54KU — 54KU — GZ32 — — GZ32 
62DDT — 62DDT — EBC41 DH150 6LD3 EBC41 
62TH — 62TH — ECH42 X150 6C10 ECH42 
62VP — 62VP — EF41 W150 — EF41 
63ME — 63ME — UFT6 — 6M1 — 
64ME — 64ME — — — 6M2 EM34 
66KU — 66KU — EZ40 U152 •— EZ40 
67PT — 67PT — EL41 N150 •— EL4I 
104V — 41MP — L4 ML4 AC/P — 
121VP — — 1TF41 W142 — UF41 
141DDT — — — UBC41 DH142 1OLD3 17BC41 
141TH — 141TH — UCH42 X141 — UCH42 
164V — — — MHL4 — — 
171DDP — — — 17BF80 — — UBF80 
202STH — 2028TH — — — TH2321 TH21C 
210DDT — 210DDT — H2D HD24 — TDD2A 
210HF — 210HF — HL2 HL2 HL2 PM2HL 
21OHL — 21OHL — HL2 HL2 HL2 PM2HL 
210PG — 210PG — VHT2A X22 — FC2 
210SPG — 210SPG — VHT2A X22 — FC2 
210SPT — 210SPT — SPT2 Z22 SP210 Z22 
210VPT — 210VPT — VPT2 W21 VP210 — 
215SG — 2158G — S2 Z21 — PM12M 
220HPT — 2200T — PT2 KT2 PEN220 PM22A 
2200T — 2200T — PT2 KT2 PEN220 PM22A 
220PA — 220PA — — LP2 — — 
220SG — 220SG — — Z21 — — 
220TH — 220TH — — X24 — — 
220VS — 220VS — VS2 W24 — — 
220VSG — — — — W21 — — 
230XP — 230XP — — — — PM202 
240B — 240B HP2 — — — 
240QP -- 240QP — QPT2 QP21 QP230 QP22B 
244V 244V — D4 MH4 AC/HL — 
302THA — 302THA — — — TH2321 — 
354V 41MH — — D4 MH4 AC/HL 354V 
408BU RI 506BU R41 — — DW2 
415PH — — — X41 — — 
420T — 420T — PT4 KT41 AC2/PEN — 
420TDD — — — PT4D DN41 AC2/PENDD — 
442BU R12 — — R4 U14 UU5 DW4/350 
451PT — — ITL41 N141 — 17L41 
460BU R3 460BU — R41 U10 UU3 DW2 
904V HLA2 — — — — — — 
1561 — 442BU — R4A U14 — • DW4/500 
1821 — — — R41 U10 — DW2 
1851 — — — 6AC7 — — — 
1861 R2 43IU 43IU R43 M1714 UU5 IW4/500 
1867 R2 43IU 43IU R42 MU14 17175 IW4/350 
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